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Preface
The research activities of the Vietnam Atomic Energy Institute (VINATOM) during
the period from 1 January to 31 December 2010 are presented in this Report. The research
activities are focused on the following fields:
1. Nuclear Physics, Reactor Physics;
2. Resesearch Reactor, Nuclaer Power Technology, Nuclear Safety, Nuclear
Power Economy;
3. Instrumentation, Nuclear Electronics;
4. Industrial Applications;
5. Applications in Ecology, Environment and Geology;
6. Applications in Biology, Agriculture and Medicine;
7. Radiation Protection and Radioactive Waste Management;
8. Radiation Technology;
9. Radiochemistry and Materials Science;
10. Computation and Other Related Topics.
The total number of permanent staff working at the VINATOM as December 31,
2010 was 737 including the clerical service staff. The VINATOM was funded from the
Government with the amount to 73.812 billion VN Dong for FY 2010. The international
support for the VINATOM activities is committed over 437,378 USD to the operating
projects including equipment, staff training and expert services.
Main results of fundamental and applied research implemented in the year were
presented in 77 scientific articles, reports and contributions published in many journals,
proceedings of conferences, etc. These results were obtained on the basic of the IAEA
technical cooperation projects (11 VIE projects), the regional projects (42 RAS projects),
the research contracts with the IAEA (15 RCs).
During the time of year 2010, in the VINATOM there were 2 graduated in Ph.D.
courses; about 100 people have been trained abroad in the fields of nuclear science and
technology.

Dr. Tran Chi Thanh
President, VINATOM
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MICROSCOPIC STUDY OF ISOSCALAR EXCITATION BY
INELASTIC ALPHA SCATTERING
Do Cong Cuong, Dao Tien Khoa and Le Xuan Chung
Institute for Nuclear Science & Technology,
Vietnam Atomic Energy Institute
179 Hoang Quoc Viet, Nghia Do, Ha Noi
Project Information:
- Code: CS/10/04-02
- Managerial Level: Institute
- Allocated Fund: 45,000,000 VND
- Implementation Time: 12 months (Jan 2010-Jan 2011)
- Contact Email: dccuong@vaec.gov.vn
- Papers published in relation to the project:
1. D.C. Cuong, D.T. Khoa, and G. Colò, "Microscopic study of the isoscalar
giant resonances in 208Pb induced by inelastic α scattering", Nucl. Phys. A836
(2010) 11.
2. Đỗ Công Cương, Đào Tiến Khoa "Study of cluster states in 12C via
12
C(α,α')12C scattering" Kỷ yếu hội nghị vật lý toàn quốc lần thứ VII/NXBKHKT
p.84
Abstract: The strength distributions for the isoscalar giant monopole resonance
(ISGMR), the ISGDR, the isoscalar giant quadrupole resonance (ISGQR), the isoscalar
octupole resonance (ISGOR), have been used in the framework of the double-folding
model (DFM) with complex interaction to analyze the DWBA of inelastic α+ 208Pb
scattering at incident energies Elab=240 and 386 MeV. The angular distributions of
inelastic α+ 208Pb cross section at incident energy Elab=240 MeV is analyzed in
DFM+DWBA using transition densities form microscopical calculations (HF+RPA).
The results form collective model and HF+RPA calculations are same.

Isoscalar giant resonaces in 208Pb has been studied since 70s of previous century,
and now is still studied in hight energy accelerator with 240 and 386 MeV. The recent
measurement show some new results of strength distribution of EWSR. The new data is
analyzied by MDA method with the differential cross section calculated by DWBA.
Using interaction CDM3Y6 [1] and CDJLM [2], we contructed folded potential to be in
put for DWBA.
For the inelastic scattering form factor, a standard method used so far in the
DFM + DWBA analyses of inelastic  - nuclei scattering [3,4] is to scale the real and
imaginary inelastic folded FF by the same renormalization coefficients NR and NI as
those deduced from OM analysis of elastic scattering data. By using a deformation
length  L of the CM transition density chosen to reproduce the measured transition rate

Bexp ( E 3) ≈ 611 × 10 3 e 2 fm 6 [5], a very satisfactory description of the inelastic
scattering data for 3-1 state of 208Pb has been obtained. We note that the Coulomb part of
inelastic scattering FF is obtained in the present work by double folding the proton parts
of the 4He g.s. density and 208Pb transition density with the Coulomb interaction, using a
folding method similar to that used for the nuclear part.
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In Fig.1 the inelastic  + Pb scattering data at Elab=240 MeV measured for
the energy bin centered at Ex = 10.3 MeV [6] are compared with the DFM + DWBA
predictions based on the EL strengths taken from Refs. [6,7,8]. In this energy bin, the E2
strength deduced from the 240 MeV data is stronger than that deduced from the 386
MeV data and exhausts about 20% of the E2 EWSR, and the DWBA description of the
measured angular distribution is better (see lower panel of Fig. 1) if the CM transition
densities are scaled to the EL strength deduced from the 240 MeV data [6]. Given a
dominant contribution by the isoscalar EL strengths ( 0 ≤ L ≤ 3 ) to the ( ,  ' ) cross
sections (see lower panels of Figs. 1 and 2). We have also observed (lower panel of Fig.
1) that the present DFM + DWBA results slightly underestimate the data points
compared to the MDA results of Ref. [6] and this effect should be due to the use of
single-folding method (see further discussion below).
208

The ISGDR in 208Pb has been observed in both the ( ,  ' ) experiments at 240
MeV [6] and 386 MeV [7,9]. The isoscalar E1 strength distribution has been shown
clearly by these two experiments to split into two parts: a weak low-energy peak
centered at E x ≈ 13 MeV and the main, broad high-energy peak at E x ≈ 22.5 MeV. In
contrast to the ISGMR case, the ISGDR peaks observed in these two measurements are
quite close to each other, except for some difference in the width deduced for the lowenergy E1 peak. Using the empirical formulas [10,11] relating the high-energy ISGDR
peak in 208Pb and nuclear matter incompressibility K ∞ we obtain K ∞ ≈ 210 MeV which
is smaller than that deduced from the ISGMR data by about 20 MeV.

Fig.1: Inelastic  + 208Pb scattering data at Elab=240 MeV measured for the energy bin
centered at Ex = 10.3 MeV [4] in comparison with the DFM + DWBA results given by the CM
transition densities based on the isoscalar EL strengths taken from Refs. [4] (lower panel) and
[5] (upper panel)

18
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The inelastic  + Pb scattering data at Elab=240 MeV measured for the
energy bin centered at Ex = 22.5 MeV [6] and DFM + DWBA results given by the CM
transition densities scaled to the isoscalar EL strengths taken from Refs. [6,7,8] are
shown in Fig. 2. After substraction of the continuum contribution, the MDA [6] implied
that the measured ( ,  ' ) cross section (see Fig. 2) contains mainly the isoscalar E1 and
E3 components which exhaust, respectively, about 8% and 6% of the corresponding
EWSR.
208

Fig.2: Inelastic  + 208Pb scattering data at $E_{\rm lab}=240$ MeV measured for the
energy bin centered at Ex = 22.5 MeV [4] in comparison with the DFM + DWBA results given
by the CM transition densities based on the isoscalar EL strengths taken from Refs. [4] (lower
panel) and [5] (upper panel)

The DFM + DWBA calculation based exactly on these E1 and E3 transition
strengths accounts reasonably for the data (lower panel of Fig. 2), with some
underestimation of the data points at large angles (due perhaps to the contribution from
the isovector E1 mode, see Fig. 5 of Ref. [6]). In contrast to the MDA results for the 240
MeV data, in addition to similar isoscalar E1 and E3 strengths around the peak Ex =
22.5 MeV, the MDA of the 386 MeV data [7,9] has found significant contributions from
the isoscalar E0 and E2 strengths which exhaust, respectively, about 2% and 10% of the
corresponding EWSR. The DFM + DWBA calculation based on the isoscalar EL
strengths given by the MDA of the 386 MeV data also describes reasonably the 240
MeV data for the peak Ex = 22.5 MeV (upper panel of Fig. 2). The high-energy tails of
The Annual Report for 2010, VAEI
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the E0 and E2 strength distributions given by the MDA of the 386 MeV data give rise to
an enhancement of the DWBA cross section at the forward angles as shown in upper
panel of Fig. 2.
In conclusion, the DFM + DWBA analysis of the inelastic  + Pb scattering
data at Elab=240 MeV measured in the energy bins centered at the peaks of the ISGMR,
ISGQR and ISGDR in 208Pb, using the CM nuclear transition densities for the EL
excitation with L ≤ 3 , agree qualitatively with the original MDA of these data [6].
Given a sizable difference in the ( ,  ' ) cross sections obtained with the single- and
double-folding methods for the inelastic scattering FF, the uncertainties in the EL
strengths deduced from the MDA of the considered data [6,7,9] might be significantly
208

larger. Similar DFM + DWBA analysis of the inelastic  + Pb scattering data at
Elab=386MeV strongly underestimates the data points measured in about the same
energy bins and, thus, indicates a strong contribution by the high-multipole (L>3)
excitation modes. However, the gap between the calculated and measured cross sections
is quite different in the excitation energy regions around 10 MeV and above 20 MeV.
This result shows that the maximum angular momentum Lmax taken into account in the
MDA series seems to be energy dependent if the background due to the high-multipole
excitation modes is not explicitly subtracted which is the case for the 386 MeV data
[6,7,8].
208
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DEVELOPMENT OF THERMAL FILTERED NEUTRON BEAM
BASED ON THE RADIAL CHANNEL NO.2 OF DALAT
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Pham Ngoc Son, Vuong Huu Tan, Nguyen Nhi Dien, Nguyen Xuan Hai,
Tran Tuan Anh, Ho Huu Thang and Cao Dong Vu.
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ISSN: 0374-4884 (2011).
2. P. N. Son, T. T. Anh, C. D. Vu, and V. H. Tan, “Measurement of Thermal
Neutron Cross-section and Resonance Integrals of the 69Ga(n,)70Ga and 71Ga(n,)72Ga
Reactions at Dalat Research Reactor”, Journal of the Korean Physical Society, Vol. 59,
No. 2, pp. 1761-1764, ISSN: 0374-4884 (2011).
3. V. H. Tan and P. N. Son, “Development of filtered neutron beams of 24, 59,
and 133 keV at Dalat research reactor”, Nuclear Science and Technology, No. 3
(2009), pp.8-15. ISSN: 1810-5408.
4. V. H. Tan and P. N. Son, “Utilization of filtered neutron beam at Dalat reactor
for hydrogen analysis of basement rock samples”, Nuclear Science and Technology,
ISSN: 1810-5408, Accepted to be published (2011).
5. V. H. Tan, P. N. Son, and N. N. Dien, “Tính toán thiết kế và chế tạo hệ thống
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Ninh Thuận. P. 257; and accepted to be published in Nuclear Science and Technology,
ISSN: 1810-5408 (2011).
6. V. H. Tan, P. N. Son, H.H. Thang, N. A. Son, M. X. Trung, and B. N. Nguyen,
“Monte-Carlo Simulation in Radiation Shielding Design for Neutron Beams at the
Radial Channel No.2 of Dalat Research Reactor” The 2nd Academic Conference on
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7. V. H. Tan, P. N. Son, P. C Hoa, and B. N. Nguyen, “Monte Carlo calculation of
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phân cộng hưởng của 185, 187Re tại lò phản ứng Đà Lạt” in Proceeding of the 7th
Abstract
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and accepted to be published in Nuclear Science and Technology, ISSN: 1810-5408
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Abstract: An optimal structural system of filtered neutron beam and radiation
shielding has been designed and optimal calculated using the Monte-Carlo code
MCNP5. The constructions and installations of all components of the neutron beam
facility at the channel No. 2 of Dalat research reactor have been implemented
successfully in advance. The neutron beam is applicable for experimental studies on
nuclear physics, nuclear data measurements, nuclear elemental analysis and personal
training. The primary product of this project is a filtered neutron beam facility on based
on the radial channel No.2 of Dalat research reactor. The component products
developed under this project could be account as: A new channel plug, a composition of
filter for thermal neutron beam, a neutron filter holding, an instrument for safety of
watertight channel, a system of radiation collimators, and a system of radiation safety
shielding for the channel No.2. From the results of testing measurement and
simulations, it could be state that all of these products have satisfied completely the
objectives and contents proposed in the document of the project. Additionally, the
signification of the project also has been represented through the results of supporting in
graduated education and publishing of research papers in scientific journals and/or
conferences.

I. Introduction
There are three radial and one tangential neutron beam ports at the Dalat
research reactor, located at the Nuclear Research Institute of Vietnam Atomic Energy
Institute. The neutron filter compositions for mono-energies of thermal, 24keV, 54keV,
59keV 133keV and 148keV have been developed [1, 2] and installed at the radial beam
port No.4 and tangential beam port No.3 of the Dalat research reactor. These filtered
neutron beams have been used effectively for neutron capture and total cross sections
measurements, experimental study on nuclear density of excited states, and prompt
gamma-rays neutron activation analysis (PGNAA). In order to enhance the utilization of
Dalat research reactor (DRR) for basic researches on nuclear physics and neutron beam
applications, a new neutron beam facility has been approved to be developed based on
the radial beam port No.2 of DRR. This facility construction has been completed and
installed recently. Accordingly, a reactor based quasi-thermal neutron beam, for
experimental study on neutron capture reactions and applications based on a new
HPGE-BGO Compton-suppression gamma-ray spectroscopy system, has been created
by using neutron filter composition of Silicone and Bismuth single crystals. Under this
frame work of filtered neutron beam development, radiation safety estimation and shield
design are required obligatorily. Monte Carlo method is well known and can be applied
for safety estimation and optimal design of shielding geometry exactly. In this work, the
Monte Carlo simulation has been performed for selecting of optimal geometry model
and shielding materials by using the MCNP5, a general-purpose Monte Carlo N-Particle
computer code [3].
II. Objective
The objective of the project is to develop a filtered thermal neutron beam based
on the radial neutron channel No. 2 of Dalat research reactor for basic research,
application and education on nuclear science and technology.
III. Contents
The main contents of the project are as following: (i) Design and construction of
a new neutron beam plug to be installed in to the channel No.2., (ii) Design and
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construction of a system of collimators and radiation shielding structure, (iii) Design
and construction of a watertight instrument for the channel No.2, and (iv) Development
of a thermal neutron filter composition used single crystals of Silicon and Bismuth.
IV. Method
Radiation transport calculation by Monte Carlo method
Monte Carlo (MC) simulation is known as an essential numerical method for
performing the statistical process of radiation interaction with material. The principle
MC simulation in this subject is randomly selection of particle properties and it’s
interaction behaviors from their probability distribution functions, in which the suitable
libraries of nuclear cross section data are used. By tracking the history of each particle
during the interaction process, the information of particle fluxes, energy spectra and
energy deposition in a specific cell of the simulating model can be provided [3].
Accordingly, the radiation dose rate at any position in the environmental of the
simulating system can be estimated with statistical uncertainty.
Selection of shielding materials
The radiation components at the beam port No.2 of DRR are domination of
gamma-rays and neutrons, covering a large energy range from zero up to about 10MeV.
Therefore, the useful materials selected in this calculation were Lead (Pb) 99.95 % in
purity, and Borated-Hydrogenated concrete (SWS-277) containing 3.4x1022 hydrogen
atoms/cm3 and 1.43x1021 boron atoms/cm3, Borated polyethylene (SWX-207HD)
containing 6.15x1022 hydrogen atoms/cm3 and 8.14x1020 boron atoms/cm3 for
gamma-ray and neutron shielding, respectively. The neutron filter materials used in this
study were single crystal of Silicone and Bismuth.
Geometry model and MCNP calculations
Firstly in this work, a preliminary shielding structure was designed with
requirement to fit the dimension and space conditions of the horizontal beam port No.2
of DRR, and than the designed structure was transferred to mathematical model for
Monte Carlo calculation by using MCNP5 code. During the calculation processes, the
partial ratio of thickness between different material layers, or mass density of those was
adjusted manually under the critical condition of minimum radiation dose rate at
specific positions in environmental outside the beam port.
Fig.1: The selected design
structure for inner channel
gamma and neutron shielding at
the beam port No.2 of DRR;
1)beam shielding for neutron
filters, 2)neutron filters,
3)aluminum cover, 4) gamma
shielding plate, 5)precollimators, 6) gamma and
neutron shielding and
collimator, 7)watertight
collimator, 8) additional gamma
shielding plug, 9)steel sheet, 10)
heavy concrete.
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Fig.2: Monte Carlo simulation model for the neutron channel plug and inner channel
shielding structure for beam port No.2 of DRR

The horizontal cross section of DRR with selected shielding structure for
neutron beam port No.2 is presented in (Fig. 1), and the corresponding MCNP
simulation model is shown in (Fig. 2). The completed creation of the filtered neutron
channel plus is shown in Fig. 3.

Fig.3: The filtered neutron beam plug installed in to the Channel No. 2 of DRR
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V. Results and discussion
The simulated results of dose rate in each stage of calculation were significantly
used for optimal design of the channel plug and radiation shielding system at the
neutron beam port No.2 of DRR. The most priority geometry model has been selected
for construction implementation in the actual development works for the neutron beam.
The experimental results of total (neutron and gamma-rays) dose rate at positions
outside the outer channel shielding system is approximately of 0.5-7.0 µSv/h and 0.35.0 µSv/h at it’s surface and 0.5m distant, respectively, averaged along to the beam line.
The output neutron flux and Cd ratio at sample possition are 1.02x106 n/cm2/s and RCd
= 230, corresponding to 80cm length of crystal Si and 3cm crystal Bi filters. The
visualized output in form of neutron particle tracking layout along and cross to the beam
line are presented in Figs. 4-5.

Fig.4: Visualization of the simulated results of neutron tracking particle
and neutron dose rate (µSv/h) for the complete shielding structure

Fig.5: Visualization
of the simulation
results of neutron
tracking
particle for the
distribution of the
neutron flux density
on the cross
section view of beam
facility
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Fig.6: The neutron beam facility developed resenly
at the channel No.2 of Dalat reactor

As shown in the Figs.4 and 5, almost scattering neutron particles and gammarays are trapped inside the shielding layers. The numbers presented in the Fig.4 indicate
the estimated values of average dose rate in µSv/h at the corresponding locations,
corresponding to 50cm length of crystal Si filter. The neutron flux density on the cross
section plane at the sample position of the neutron beam is in good focus and
homogenous.
The watertight instrument have been constructed and tested which is qualified
all of requirements of the project. This new instrument has been installed into the
channel No.2 in advances. The design and construction structure are shown in the
Figures 7-8.

Fig.7: Designed
diagram of the
watertight instrument
for channel No.2 of
Dalat reactor.
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Fig.8: The watertight instrument for channel No.2 of Dalat research reactor.

Acknowledgments
The authors would like to express our thanks to the Vietnam Atomic Energy
Commission (VAEC) and the Dalat Nuclear Research Institute (DNRI) for their great
encouragement and helpful in creating an advantage research condition for this work.
The present study was sponsored by the Ministry of Science and Technology under the
project No. ĐT.08/09/NLNT.
REFERENCES:
[1]. Vuong Huu Tan, Pham Ngoc Son, Tran Tuan Anh, and Ho Huu Thang,
“Development of Filtered Neutron Beams of 24kev 59kev 133kev at Dalat Research Reactor”,
Nuclear Science and technology, ISSN 1810-5408, No.3 (2009).
[2]. V. H. Tan, P. N. Son, T. T. Anh, N. C. Hai, "Calculation of characteristic
parameters for the development of new filtered neutron beams at Dalat reactor." National
Conference on Science and Nuclear Technology VII, Da Nang, 30-31/8/2007, Publisher of
Science and Engineering, P. 198-201.
[3]. X-5 Monte Carlo Team, “MCNP – A General N-Particle Transport Code, Version
5, Volume I: Overview and Theory”, LA-UR-03-1987, Los Alamos National Laboratory
(April, 2003).

The Annual Report for 2010, VAEI

27

VAEI-AR 10--03

CALCULATE CRITICALITY CONFIGURATION AND SOME
CHARACTERICTIC PARAMETERS OF DALAT NUCLEAR
RESEARCH REACTOR WITH FRESH LEU FUEL ASSEMBLIES
BY MCNP4C2 CODE
Nguyen Van Hien, Giang Thanh Hieu, Hoang Van Khanh and Le Xuan Chung
Institute for Nuclear Science & Technology
179 Hoang Quoc Viet, Nghia Do, Ha Noi
Project Information:
- Code: 27/CS/HĐ/ĐT
- Managerial Level: Institute
- Allocated Fund: 50,000,000 VND
- Implementation Time: 12 months (Apr 2010-Mar 2011)
- Contact Email: nguyenvanhien0111@yahoo.com
- Papers published in relation to the project: (None)
Abstract: This report presents an overview of MCNP4c2 code, the general description
of Dalat Nuclear Research Reactor (DNRR) and the calculation results for DNRR using
fresh LEU fuel assemblies by this code. Without Neutron Trap, the reactor is critical
with 66 LEU fuel assemblies and with Neutron Trap, the reactor is critical with 72 LEU
fuel assemblies. When using control rods, the reactor will work with 92 LEU fuel
assemblies.

1. Introduction
MCNP is a general-purpose Monte Carlo N–Particle code that can be used for
neutron, photon, electron, or coupled neutron/photon/electron transport, including the
capability to calculate eigen-values for critical systems. The code treats an arbitrary
three-dimensional configuration of materials in geometric cells bounded by first- and
second-degree surfaces and fourth-degree elliptical tori. Point-wise cross-section data
are used. For neutrons, all reactions given in a particular cross-section evaluation (such
as ENDF/B-VI) are accounted for. The library includes continuous energy, discrete and
multi groups, dose evaluation, photon, electron and more than 100 nuclides for
neutron/photon/electron calculation. Thermal neutrons are described by both the free
gas and S(α,β) models. The energy range applying in calculation is widening from
neutron (10-11MeV to 20MeV), photon or electron (1keV to 1000MeV) and almost
satisfy requirement of user. The method Monte Carlo is applied in many fields of
science such as design, dose evaluation, and criticality calculation. Developing from
1945, until now MCNP Code has been improved many features to use in
neutron/photon/electron calculation and its cross section libraries. Almost research
reactor in the world use MCNP Code like an official tool for detail neutronics
calculation in reactor core or to verification other deterministic codes.
2. Model calculation for DNRR
DNRR is an only research reactor in Vietnam and to be operating from 1984
until now (Table 1). The purposes of DNRR is research and training; neutron activation
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analysis and radioisotope production. The DNRR is a 500-kW pool-type research
reactor using light water as both moderator and coolant.
Table 1: Specification of Dalat Nuclear Research Reactor
Reactor type

Swimming pool

Nominal thermal power

500kW

Neutron flux (Max. thermal)

2.22×1013 neutrons/cm2.s (104 HEU FAs)

Coolant and moderator

Light water

Reflector

Graphite, Beryllium and water

Fuel type

WWR-M2 HEU and LEU

Number of control rods

7 (2 safety rods, 4 shim rods, 1 regulating rod)

Control rod material

B4C for safety and shim rods
Stainless steel for regulating rod

Neutron measuring channels

9 (6 CFC, 3 CIC)

Vertical irradiation channels

4 (neutron trap, 1 wet channel, 2 dry channels)

Horizontal beam-ports

4 (1 tangential, 3 radials)

Thermal column

1

Spent fuel storage (temporary)

inside reactor building, next to the reactor
shielding

LEU Fuel Assemblies Model
LEU Fuel assemblies utilized in the reactor core are of the VVR-M2 type
(Table 2), manufactured in the former USSR. Each fuel assembly consists of three
coaxial annular tubes (fuel elements), as well as a header and a tail. The outermost fuel
element has a hexagonal shape of 32 mm in width across parallel sides and the other
two inner ones have a circular shape of 22 mm and 11 mm in outer diameter,
respectively. Each fuel element is composed of three layers; the fuel meat, in UO 2Al
dispersion with 47.722wt-% of UO2 and 19.75% enrichment, has a thickness of 0.94
mm and is clad by two aluminium alloy layers of 0.78 mm each in thickness. In
average, each fuel assembly contains about 49.7 g of U-235. The space of 2.5-3 mm in
thickness between the fuel elements serves as the passage for water flow. The total
length of the fuel assembly is 865 mm, of which the fuelled part (active height) is 600
mm long; the remaining non-fuelled parts are made of aluminium alloy.
Table 2: Characteristics of HEU and LEU fuel assemblies
Characteristics

Geometry

32

HEU Fuel Assembly

60cm active, 185cm total length
2.5cm fuel element thickness
0.09cm cladding

LEU Fuel Assembly

60cm active, 185cm total
length
2.5cm fuel element thickness

The Annual Report for 2010, VAEI

VAEI-AR 10--03

0.07cm fuel meat

0.078cm cladding
0.094cm fuel meat

Uranium-235
mass

40.2g

49.7g

Enrichment

36%

19.75%

Fuel meat
composition

U-Al alloy

UO2-Al dispersion

The Neutron trap in the core’s center was modeled like a water cylinder with
65mm diameter, 600mm length and eighteen beryllium blocks around. Each beryllium
block has water gap to face to fuel assemblies. The fuel assembly was described with
60cm active length, 11.5 cm in tail and 15cm head are homogeneous. The cross section
of fuel assembly is accordance with true geometry and dimension.

Fig.1: Neutron trap and LEU fuel assembly WWR-M2 type

Reactor Core Model
Almost components inside reactor core of DNRR were described in model
calculation with truth dimension by MCNP Code. Head and tail of fuel assembly,
aluminum chock rod, beryllium rod and dry, wet irradiation channels were
homogeneous with aluminum and water in composition. The reactor core was described
with 22.3cm radius and 60cm height. The model using for calculation is expanded from
the center of the core to reactor tank following radial direction with 196cm diameter and
from the bottom to the top following axial with 187cm and centerline of the reactor core
coincident with centerline of Graphite Reflector.
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All components from Graphite reflector to reactor tank are kept the same
geometry and dimension in calculation model. All materials are used for MCNP
calculation in 200C condition (cold condition). Some materials are taken from former
TRIGA Mark II, other from design data. A small amount of U- 234 is contented in fuel
meat with approximate 0.14% weight percent of U-238. Continuous neutron libraries
have been used in calculation including ENDF6.1 with delayed neutron for fission
materials and ENDF6.0 for other materials. Treatment S (alpha, beta) also needed for
light water, graphite and beryllium materials.
3. Calculation results for DNRR using fresh LEU fuel assemblies
Criticality configuration without neutron trap

Fig.3: Criticality configuration without neutron trap.

When we design the LEU core, we must get some main safety and utilization
characteristics such as shutdown margin, radial power peaking factors and neutron
performance at some irradiation positions. The minimum fuel assemblies that made the
criticality core were 66 LEU Fuel Assemblies without neutron trap and 72 LEU Fuel
Assemblies with neutron trap. Working core with energy start up was 92 LEU Fuel
Assemblies.
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Criticality configuration with neutron trap

Fig.4: Criticality configuration with neutron trap

LEU working core design

Fig.5: LEU Working Core Design
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The reactor shutdown margin
All control rods are in completely withdrawn position: keff
0.00081

= 1.07896

±

Only two safety rods are in withdrawn position, others control rods (4shim rods
and regulating rod) are fully inserted: keff = 0.97615 ± 0.00092
All control rods are fully inserted: keff = 0.92902 ± 0.00079.
So, when only two safety rods are in withdrawn position, others control rods (4
shim rods and regulating rod) are fully inserted, the excess reactivity is -2.442 %Δk/k.
The reactor shutdown margin, far below the required value of -1.0 %Δk/k.
Radial power distribution
Power

distribution
following radial inside the
core (figure 6) showed
that
high
values
concentrated
around
neutron trap and both
safety rods. Because of
having
complicated
geometry and material so
the power distribution of
DNRR is not symmetry.

Neutron Flux Distribution
For the working core configuration, the neutron flux of the some position in the
core at reactor power of 500 kW is given:
Position in the core

Thermal neutron flux
(n/cm2.s)

Fast neutron flux (n/cm2.s)

Neutron trap

2.28E+13

1.98E+12

Channel 1-4

9.54E+12

2.99E+12

Channel 7-1

5.53E+12

4.24E+12

Channel 13-2

6.06E+12

3.71E+12

So, in the central neutron trap, the maximum flux of thermal neutrons (E ≤ 0.625
eV) is approximately 2.28E+13 n/cm2.s, increases little bit about 2.63% (from 2.22E+13
n/cm2.s to 2.28E+13 n/cm2.s) par comparing with the core configuration including 104
HEU fuel assemblies.
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4. Conclusion
MCNP Code can be used in many fields related to protection shielding
calculation, dose evaluation, kinetics calculation for reactor and others applications
related to Neutron & Reactor Physics. Without Neutron Trap, the reactor is critical with
66 LEU fuel assemblies and with Neutron Trap, the reactor is critical with 72 LEU fuel
assemblies. The working core with energy start up was 92 LEU Fuel Assemblies.
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Abstract: In this project, some thermalhydraunics and neutronics parameters
(multiplier factor k-eff, reactivity, critical heat flux CHF), were calculated in subchannel
of Water-Water Energetic Reactor (VVER) with electric power is 1000 MW [3,4,5] by
SRAC, MVP, and RELAP codes. These parameters are used to carry out nuclear reactor
safety analysis. Although these calculated results are not high correct level but they was
the first step to young researchers can access to VVER1000 technology, and to use
thermalhydraulics and neutronics codes.

1. Studying characters of fuel assembly in VVER1000 reactor [1,3,4,5].
This chapter describe fuel rod and assembly in core of VVER1000. These
matterial and geomatric parameters help to write input files for calculations. Figure 1 is
image and dimensions of fuel assembly.
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Parameter

Value

Pellet diameter, mm

7.56

Central void diameter, mm

1.4

Clad diameter (outside), mm

9.1

Clad wall thickness, mm

0.69

Fuel rod total length, mm

3837

Fuel rod active length (cold
state), mm

3530

Fuel rod active length (hot
state), mm

3550

Fuel rod pitch, mm

12.75

Fuel rod grid
Number of guide tubes

Triangular
18

Guide tube diameter
(outside), mm

12.6

Guide tube diameter (inside),
mm

11.0

Number of fuel pins

312

Number of water
rods/assembly

1

Water rod diameter (outside),
mm

11.2

Water rod diameter (inside),
mm

9.6

FA wrench size, mm

234

FA pitch, mm

236

Fig. 1: Picture and dimensions of fuel rod and assembly in VVER1000 [3].

This data is adequate for thermalhydraulics and neutronics calculations in
subchannel of VVER1000 reactor.
2. Calculation of multiplier factor (k-eff) and reactivity in fuel channel of
VVER1000 reactor.
In this chapter, calculated group performed neutronics calculations for fuel
assembly by SRAC and MVP codes. SRAC (2006) code [6] is installed in Ubuntu 10.0
operation system (OS), on personal computer (PC), MVP/GMVP code [7] runs in
WINDOW XP OS, on PC. In all of neutronics calculations, materail and geometric data
were fixed, but fuel and moderator temperatures were changed to estimate dependent of
multiplier factor and reactivity on these parameters.
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Fiure 2 is result of calculation for change of multiplier factor and reactivity
when fuel average temperature varies.

Fig. 2: Dependent of multiplier factor and reactivity on fuel temperature
by SRAC and MVP code.

Results that were calculated by two different codes (SRAC and MVP) are
coherent, difference is very small, 0.73% when calculate with fuel temperature change,
and 0.85% when calculate with moderator temperature change. This shows that these
neutronics calculations are correct and acceptable.
3. Calculation CHF in coolant subchannel of VVER1000 reactor.
This section carried out estimation of CHF parameter in subchannel of
VVER1000 reactor when mass flow rate changes. RELAP code runs in WINDOW OS,
on PC. Figure 3 indicated change of CHF parameter when mass flow rate decreases
70%.

Fig. 3: Change of CHF in CV-09 by RELAP code

When mass flow rate decreases, in all of control volumes, pressures decrease
and temperatures increase, void fractions increase, too. That make heat transfer
capability decreases, and CHF parameter decreases, too. Obtained result fit in with
theory.
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4. Conclusion
In this project, calculated group completed all of proposed works, described
detailed structure of fuel assembly in VVER1000, knew and calculated multiplier
factor, reactivity, and CHF in subchannel. Calculated results are used for nuclear reactor
safety analysis, although this data is not high correct level but it was the first step to
young researchers can access to VVER1000 technology, and to use thermalhydraulics
and neutronics codes.
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Abstract: This report describes Monte-Carlo simulation and research results for
designing a configuration of system on experimental equipment including multifunction water filled Howitzer using isotope neutron sources of Cf-252 and Am-Be.
From that, the system of water-filled Howitzer was made. It consists of the blocks as
follows: water filled two-layer aluminum cylinder tank with sizes of 1.2x1.2 m2;
temparature exchanging system and circulation water-ejector; system of supporting and
moving neutron sources; neutron measuring system using He-3 and BF-3 counters.
From the Howitzer system, researches were carried out for: measuring neutron flux and
rate-dose using the activated foils of gold; measuring slowing-down and diffusion
lengths as well as migration area of neutrons in water medium; surveying spectrum
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parameters of neutron and determining contents of some elements in cement and coffee
samples; establishing two benchmarks; setting up four related experimentally exercises
for training activity.
From the results of the Project, three scientific articles were issued, five thesies of MSc
were completed, and the Howitzer system served at once three teams of students/staffs
from the other institutions going to the Nuclear Research Institute for practice. The
concrete product of the Project has been the multi-function water filled Howitzer using
isotope neutron sources that was researched and made fist time in Vietnam. It has been
very useful for traning activity in nuclear field.

1. INTRODUCTION
According to the program of human resources development in general nuclear
field and in specific field of nuclear power plant in our country, at present, there are
many teams of staffs and participants going to the Nuclear Research Institute for
practice, getting graduation thesis of university, MSc thesis, etc. yearly. Sometimes, use
of isotope neutron sources for problems of activation, measuring flux, measuring
moderation and diffusion characteristics of neutron, etc. when the research reactor in
none-operation is very convenient about time for participants during practice at the
Institute. So studying, designing and making a multi-function system of experimental
equipment using isotope neutron sources (measuring moderation and diffusion
characteristics of neutron in water medium, activation analysis and neutron dosimetry)
are new matter, have scientific significance and practical needs in present condition of
Vietnam – It is a new point of the project.
Therefore, in order to standardize education and training programs as well as to
agree with international standards, based on practical situation and needs nowadays,
establishment of a scientific research project with contents as above for serving
effectively education and training activities on manpower in the nuclear field for the
branch at present as well as
long-term at the Institute is very necessary.
Target of the project is making equipmental system completely to carry out
experimental measurements of moderation and diffusion processes in water medium,
activation analysis and neutron dosimetry as well as setting up related practical lessons
in order to serve education and training activities in the nuclear field.
2. EXPERMENTS AND RESULTS
2.1. Establishing a configuration of water filled Howitzer system using
isotope neutron source by MCNP simulation
The water filled Howitzer having shape as a cylinder tank with cap and system
of removing and fitting a radioactive source is simulated by code of MCNP5 with input
data (Table 1) and picture of the water filled Howitzer is shown in Figure 1.
Table 1: Parameters for simulating optimal configulation
of water filled Howitzer
Shape

Height

Cylinder 120 cm
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Thickness

Radius

Material

Place of
source

Intensity
of source

3 mm

60 cm

Water,

Center of

2.2×106
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(Source
holding pipe
has thickness
of 1.6 mm)

Al, air

water filled
Aluminium
tank

n/s

Al tank cap
Air
Source pipe
Air
Al tank
Points for
calculating flux
Neutron source

Water

Fig.1: Picture of Howitzer plotted by code of MCNP5

Study and calculation of measuring moderation and diffusion characteristics of
neutron with water filled Howitzer simulated by MCNP were shown calculation results
(moderation length as L = 7.23 cm and migration area as M2 = 67.89 cm2) are rather
suitable in comparison with experimental results announced by the experts of
NuHRDeC/JAEA (L = 8.1 cm and M2 = 67.6 cm2). Besides, due to designing the
Howitzer with aluminium tank having height of 120 cm and radius of 60 cm effects of
neutron activation and dose at the tank surface are very small, and the Howitzer is
radiation safety. This is shown calculating configuration of simulated Howitzer is rather
confidence and used for aim of designing experimental equipment.
2.2. Design and make of a system of experimental equipment for neutron
measurement
2.2.1. Repairing and upgrading of the old neutron device made in India
Low power supply for EUROCARD block is adjusted và preamplifier is
repaired; designing and making high-voltage block of 2 kV, linear-amplifying block and
interface block coupled with PC through USB; wirting a code on data receiving based
on Windows and control micro-program for conecting the device with PC by LabVIEW
language. Picture of the whole neutron measuring device repaied and upgraded is shown
in Figure 2.
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Fig.2: Picture of the whole neutron measuring device placed in the laboratory.

2.2.2. Make of an experimental system of water filled Howitzer
Result of making the experimental system of water filled Howitzer using
isotope neutron source and the actual picture of this system is shown in Figure 3.

Fig.3: Actual picture of the experimental system of water filled Howitzer.

The experimental system made by us (placed at the laboratory with area of 24
m2 in the Nuclear Training Center, Nuclear Research Institute), consists of:
- The cylinder tank containing pure water with 2 aluminium shells (insulating
glue layer filled between 2 shells), iron holder and organic-glass cap.
- The ionization exchanger and circulation-water pump for changing
temperature in the tank.
- The blocks for holding, moving and installing neutron source.
- The blocks for holding, moving and installing neutron counters (He-3 or BF3)
in the tank.
- The block of horisontal and vertical pipes for setting up neutron activation foils
and samples in the tank.
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- The neutron measuring device (repaired and upgraded) with He-3 or BF3
counter.
2.3. Experimental measurement for the water filled Howitzer
2.3.1. Measurement of distribution of neutron flux and dose-rate
2.3.1.1. Experimental equipment and tools
- Gold foils (Au-197, 99.99%) with diameter of 1.27 cm and thickness of 0.05
mm for each one.
- Cadmium boxes with wall thickness of 0.5 mm and inner diameter of 2.54 cm
(for each one) used for activation foils covered by Cadmium.
- Neutron sources of Cf-252 and Am-Be.
- Gamma spectrometer with HPGe detector made in ORTEC Company (relative
counting efficiency of 58%; code of Gammavison–32 for receiving and processing
spectra).
2.3.1.2. Measurement of distrubution of neutron flux and dose-rate with
horisontal radius direction for Cf-252 source: The results of measuring distributions for
thermal and epi-thermal neutrons are shown in graph of Figure 4.

Fig.4: Graph of distribution for thermal and epi-thermal neutrons

2.3.1.3. Measurement of distribution of neutron flux and doe-rate with vertical
direction for Cf-252 source: The results of measurement and calculation are shown in
Table 2.
Table 2: Thermal neutron flux and dose-rate with vertical
direction for Cf-252 source
Distance from
sample with
Place
perpendicular
radius (cm)

Sample
symbol
of Au

Mass
m(g)

Activity
after
irradiation
(Bq/Atom)

Thermal
neutron
flux
(n/cm2/s)

Doserate
(µSv/h)

Error
(%)

1

0.1

Au-M0

0.1185

1.452×10-19

1.415×102 128.738

0.862

2

5

Au-M3

0.1123

7.492×10-20

7.301×101

0.715
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3

10

Au-M5

0.1178

2.595×10-20

2.528×101

23.003

3.032

4

15

Au-M6

0.1145

1.088×10-20

1.060×101

9.646

2.724

5

20

Au-M7

0.1187

4.347×10-21

4.236×100

3.854

5.840

6

25

Au-M4

0.1178

1.723×10-21

1.679×100

1.527 25.442

0.2062

-22

-1

0.555 25.459

-1

0.146 82.390

-1

0.105 55.000

7
8

30
35

Au-9
Au-1b

0.1713

6.262×10

-22

1.646×10

-22

1.181×10

6.102×10
1.604×10

9

40

Au-2

0.2047

1.150×10

10

45

Au-10

0.1859

0.0

0.0

0.0

11

50

Au-13

0.1715

0.0

0.0

0.0

12

55

Au-15

0.1210

0.0

0.0

0.0

2.3.1.4. Measurement of distribution of neutron flux and doe-rate with
horisontal radius direction for Am-Be source: The results of measurement and
calculation are shown in Table 3.
Table 3: Thermal neutron flux and dose-rate with horisontal radius
direction for Am-Be source

Place

Distance
from sample
to source
(cm)

Sample
symbol
of Au

Mass
m(g)

Activity
after
irradiation
(Bq/Atom)

1

1

Au-1b

0.1713

2

5

Au-2

3

10

4

DoseThermal
rate
neutron flux
(n/cm2/s)
(µSv/h)

Error
(%)

4.264×10-19

9.00×103 330.92

0.68

0.2047

2.476×10-19

5.54×103 203.58

0.50

Au-9

0.2062

9.669×10-20

2.24×103

82.29

0.87

15

Au-13

0.1715

3.508×10-20

8.31×102

30.55

1.12

5

20

Au-15

0.1210

2.062×10-20

4.98×102

18.30

2.26

6

25

Au-10

0.1859

5.269×10-21

1.25×102

4.61

1.92

7

30

Au-21

0.1977

2.229×10-21

4.81×101

1.77

4.43

8

35

Au-22

0.2054

1.092×10-21

2.73×101

1.00

7.37

0.1807

-22

1

0.38

40.58

0

0.25

23.31

9
10

40
45

Au-24
Au-25

0.2022

4.104×10

-22

2.708×10

1.03×10
6.78×10

2.3.1.5. Results of measuring distribution of neutron flux and dose-rate with
vertical direction for Am-Be source: The results of measurement and calculation are
shown in Table 4.
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Table 4: Neutron flux and dose-rate with vertical direction for Am-Be source.
Distance from
sample with
Place
perpendicular
radius (cm)

1
2
3
4

0,1
5
10
15

Sample
symbol
of Au

Mass
m(g)

Activity
after
irradiation
(Bq/Atom)

Thermal
neutron
flux
(n/cm2/s)

Doserate
(µSv/h)

Error
(%)

Au-6

0.2082

3.739×10-18

6.673×104 2453.39

0.68

0.2045

-18

4

1103.11

0.24

4

393.18

1.02

3

115.98

1.09

3

Au-7
Au-8

0.2046

Au-17

0.2041

1.689×10

-19

6.014×10

-19

1.801×10

-20

3.000×10
1.069×10

3.155×10

5

20

Au-18

0.2095

6.585×10

1.148×10

42.21

0.45

6

25

Au-19

0.2002

2.291×10-20

3.961×102

14.56

1.19

7

35

Au-21

0.1977

3.287×10-21

5.810×101

2.14

6.80

8

40

Au-22

0.2054

1.449×10-21

2.492×101

0.92

4.55

9

45

Au-24

0.1807

6.192×10-22

1.142×101

0.42 19.18

10

50

Au-25

0.2202

2.187×10-22

4.033×100

0.15 27.62

11

55

Au-26

0.2086

1.805×10-22

3.329×100

0.12 52.31

2.3.2. Measurement of moderation and diffusion characteristics of neutron
2.3.2.1. Slowing-down and diffusion lengths of neutron depend on temperature
for Am-Be source: The results of changing slowing-down length Ls with temperature for
Am-Be source are shown in Table 5 and Table 6.
Table 5: The data of measuring slowing-down length Ls depend
on temperature for Am-Be source.
Dictance
r(cm)

Counts for epi-thermal neutron Cepi(r)

350C

400C

550C

500C

6

2650.59

2710.51

2647.71

2609.81

10

1228.98

1233.33

1224.62

1328.58

14

530.59

535.08

518.80

528.77

18

230.64

239.47

239.54

235.61

22

110.82

112.28

114.36

113.17

26

57.28

56.36

56.26

56.59

30

28.48

29.65

28.86

29.10

34

15.49

15.55

14.86

15.30
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38

8.37

8.23

8.06

8.13

42

4.60

4.43

4.67

4.91

46

2.49

2.70

2.55

2.55

50

1.42

1.44

1.42

1.44

Ls

7.883

7.883

7.882

7.883

Table 6: Change of slowing-down length Ls
with temperature for Am-Be source.
Temperature T(0C)

Ls

ΔLs

Relative error (%)

35

7.883

0.001

0.02

40

7.883

0.001

0.02

45

7.882

0.001

0.02

50

7.883

0.002

0.02

2.3.2.2. Migration area and diffusion lengh: It has been to measure total thermal
and epi-thermal neutrons to determine migration area (M2). The experimental results in
M2 and diffusion lengh (L) depending on temperature of water medium for Am-Be
source are shown in Table 7.
Table 7: Change of diffusion lengh L
with temperature for Am-Be source.
Temperature T(0C)

35

40

45

M2(cm2)

70.079

70.239

70.386

70.499

L(cm)

2.817

2.846

2.871

2.891

σ/σ0

0.994

0.993

0.991

0.989

Lσ/σ0(cm)

2.801

2.825

2.844

2.858

50

where σ0 is specific mass of water at 00C; σ is specific mass of water at
temperature T.
2.3.2.3. Slowing-down and diffusion lengths of neutron at 35oC for Cf-252
source:
Measurement and calculation are similarly carried out as Am-Be source,
slowing-down length (Ls) of Cf-252 source at 35oC is determined as Ls = 6.040 ± 0.003
cm and migration area (M2) is shown in Table 8.
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Table 8: The measured values of M2 for Cf-252 source at 350C
Measuring
number

1

2

3

Average
value

Error

Relative error
(%)

M2(cm2)

44.332

44.331

44.334

44.332

0.002

0.03

2.3.3. Survey of neutron spectrum parameters and ability of determining
contents of some elements in cement and coffee samples
2.3.3.1. Survey of neutron spectrum parameters: Use of 2 Au monitors in foil
shape (Au-M2, Au-M3) and 2 Mo monitors in wire shape (Mo-1, Mo-2). Weight and
calculate thickness of monitors, irradiate without covering Cd and with covering Cd,
then measure activity of these samples by HPGe gamma spectrometer. The calculated
results for parameters of фth, фe, α, f are shown in Table 8 and Table 9.
Table 8: The results of calculating фth, фe, f without calculating
effects of neutron shielding coefficient and α coefficient
фth

(2.09 ± 0.21)×105 (n/cm2.s)

фe

(1.13 ± 0.11)×103 (n/cm2.s)

f

184.1 ± 14.2

Table 9: The results of calculating фth, фe, α, f with calculating
effects of neutron shielding coefficient and α coefficient
фth

(1.42 ± 0.18)×105 (n/cm2.s)

фe

(1.44 ± 0.19)×103 (n/cm2.s)

α

0.27 ± 0.04

f

98.4 ± 6.6

2.3.3.2. Analysis of content of some elements in cement and coffee samples
Based on determining neutron spectrum parameters at the irradiation positions,
experimental analysis is carried out for elements in cement and coffee samples with
using cement standard sample of NIST-114p. Analytical results are carried out by the
method of ko-NAA and the relative method for Ha Tien and Sao Mai cement samples,
and coffee samples are shown respectively in Table 10, Table 11 and Table 12.
Table 10: The results of analyzing contents of Al and Na
in Ha Tien cement samples.
ko-INAA method
Sample

Al

Ha Tien 1 cement

8520

Relative method

Na
1920

Al
20260
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Ha Tien 2 cement

16490

1841

29080

2753

Ha Tien 3 cement

12234

1621

20845

3425

12415

1794

23395

3391

Average

Table 11: The results of analyzing contents of Al and Na
in Sao Mai cement samples.
ko-INAA method
Sample

Al

Relative method

Na

Al

Na

Sao Mai 1 cement

5472

1471

13320

3222

Sao Mai 2

3411

945

9939

2278

4442

1208

11630

2750

Average

Table 12: The results of analyzing content of Na in coffee
samples by k0-NAA method.
Sample

Na

Trung Nguyen 1 coffee

444

Trung Nguyen 2 coffee

449

Thanh Tien 1 coffee

< 147

Thanh Tien 2 coffee

< 136

2.3.4. Establishment of experimental exercises
From the experimental study above, 4 experimental exercises were established
as follows:
- Exercise 1. Measurement of neutron flux and dose-rate in water medium using
isotope source by method of foil activation.
- Exercise 2. Measurement of slowing-down lengh of neutron in water medium
using Cf-252 source.
- Exercise 3. Measurement of migration area (M2) of neutron in water medium
using Cf-252 source.
- Exercise 4. Determination of content of elements by activation method using
isotope source.
2.3.5. Establishment of two reference exercises (Benchmark)
From simulating calculation by MCNP and experimental measurements for the
system of water filled Howitzer, two reference exercises are established as follows:
- Exercise 1. Simulating calculation by MCNP for the experiment on measuring
flux, moderation and diffusion characteristics of neutron for the system of water filled
Howitzer using isotope source of Am-Be.
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- Exercise 2. Simulating calculation by MCNP for the experiment on measuring
flux, moderation and diffusion characteristics of neutron for the system of water filled
Howitzer using isotope source of Cf-252.
3. CONCLUSION
3.1. Results of carrying out the project
In general, the project was completed in the target and contents as follows:
a) Calculation and Monte-Carlo simulation, engineering design in configuration
for the experimental system of water filled Howitzer using an isotope neutron source.
b) Make and setting up for the all system of experimental equipment as follows:
+ The Howitzer is two-layer aluminum tank (insulating glue layer is in between
two aluminium shells) with filled water as moderation medium, system for
holding/moving neutron source and measuring samples, system for changing
temperature of water in the Howitzer, ionization exchanger and circulation-water
pump, holder for all water filled Howitzer.
+ Old neutron measuring device (made in India) using He-3 and BF3 counters
was repaired and upgraded.
c) Study, measurement and process of experimental results for the system of
water filled Howitzer.
d) Establishment of four experimental exercises.
e) Establishment of two reference exercises (Benchmark).
3.2. Scientific & technological products and application of the project
a) System of experimental equipment for measuring neutron: The product of
the project is the multi-function system of experimental equipment for measuring
neutron made ourselves. It is the equipmental system designed and made first time in
Vietnam. It has real significance and is very necessary for training activities of nuclear
manpower.
b) Scientific articles published: Three articles related with the project were
published as follows:
1- N.M. Tuan, T. Q. Duong, N. V. Hung, “Experimental calculation and
simulation on measuringmoderation and diffusion characteristics of neutron in water
medium”, NPHEAP-2010, The 7th national conference on physics, 9-11 Nov. 2010,
Hanoi city, pp. 23-28, Science and Technics Publishing Hourse in Hanoi (2011).
2- N. V. Hung, N. M. Tuan, T. T. Vien, T. Q. Duong, T. C. Su, “Simulation
calculation and testing measurement of migration area (M2) of neutron in water
medium”, Proceedings of the 9th National Conference on nuclear Science &
Technology, 18-19 August 2011, Ninhthuan province, pp. 188-192, Science and
Technics Publishing Hourse in Hanoi (2011).
3- D. Lanh, P. N. Tuan, P. T. T. Huong, N. N. Dien, N. V. Hung, N. T. Dung,
”The neutron spectrometry system using 3He counter”, Proceedings of the 9th National
Conference on nuclear Science & Technology, 18-19 August 2011, Ninhthuan province,
pp. 283-286, Science and Technics Publishing Hourse in Hanoi (2011).
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c) MSc thesises: Completion of five MSc thesises related with the project (three
MSc thesises of Dalat University, two ones of University of Pedagogy in Ho Chi Minh
city). Besides, there is one MSc thesis (of Dalat University) carrying out in 2012.
d) Experimental guide for participants’ teams: Products of the project served at
once three training courses conducted at the Institute in the end of 2011 and in the
begining of 2012.
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RESEARCH, DESIGN AND MANUFACTURE OF A
COINCIDENCE SPECTROSCOPY TO MEASURE ENERGY-TIME
SPECTRA BASED ON THE DSP TECHNIQUE
Pham Ngoc Tuan, Dang Lanh, Trinh Dinh Hai, Truong Van Dat, Tuong Thi Thu Huong,
Huynh Van Minh, Nguyen Xuan Hai, Ho Huu Thang and Tran Tuan Anh.
Department of nuclear Physics and Electronics, Nuclear Research Institute
Project Information:
- Code: ĐT.02/10/NLNT
- Managerial Level: Ministry
- Allocated Fund: 400,000,000 VND
- Implementation Time: 24 months (Mar 2010-Feb 2012)
- Contact Email: phamngtuan@yahoo.com.vn
- Papers published in relation to the project:
1. Pham Dinh Khang, Nguyen Xuan Hai, Pham Ngoc Tuan, Dang Lanh, Nguyen
Nhi Dien, Ho Huu Thang, "Design of a Coincidence Spectrometer Base on Digital
Signal Processing”, Proceeding of Nuclear Science and Technology IX, pp. 272276.
2. Dang Lanh, Pham Ngoc Tuan, Tuong Thi Thu Huong, Nguyen Nhi Dien,
Nguyen Van Hung, Nguy Thanh Dung, “The Neutron Spectrometry System Using
3
He Counter”, Proceeding of Nuclear Science and Technology IX, pp. 283–286.
3. Pham Ngoc Tuan, Dang Lanh, Tuong Thi Thu Huong, Nguyen Nhi Dien,
Nguyen Van Hung, Tran Dinh My Ngoc, “DSP-Based Spectrometer For gammaRay Measurement And Detection”, Proceeding of Nuclear Science and Technology
IX, pp. 329–333.
Abstract: The coincidence technique and the coincidence spectroscopy has been
developed and applied from the 50s of last century. This technique is used mainly for
studying the phenomenon of radioactive decay with time factor correlation. The popular
coincidence spectroscopy are manufacture by analog technology which are many NIM
or CAMAC electronic modules. This made not convenient for users.
Today, the development of digital signal processing (DSP) technique and fieldprogrammable gate array (FPGA) permits made compact spectroscopy with more power
and convenients. This project applied DSP and FPGA to manufacture a compact
coincidence spectroscopy.

Introduction
The shielding active spectroscopy is almost based on coincidence or anticoincidence techniques. All of them consit of NIM or CAMAC modules and based on
coincidence or time to amplitude converter (TAC) units. The basic configuration of
coincidence spectroscopy includes two measurement channels, the selection of
coincidence is based on the apperance time of event from preamplifier’s timming
outputs. The limit of coincidence spectroscopy based on NIM or CAMAC modules is
difficult to synchronize signals between modules and too much spaces.
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The development of computers and FPGA technology which operate at high
frequencies has allowed to design a new spectroscopy with DSP technology. This
spectroscopy is compact in terms of size, simple in terms of connection and use.
At the Nuclear Research Institute (NRI), in the 90s of last century had the research,
manufacturing compton supression spectroscopy and “event-event” coincidence
spectroscopy. The results of these studies have been reported in the document [13,15].
Overall, although there have been significant improvements in terms of acquisition, data
processing, but all of them is based on traditional principles that used fast coincidence
or TAC modules.
Based on the research results obtained in the installation and use of “eventevent” coincidence spectroscopy and manufacturing of MCA by DSP technique at NRI;
the participes of project has found the algorithm for detection of “event-event”
coincidence, design a coincidence spectroscopy based on DSP technique and program in
IC, write data acquisition software and “event-event” analysis software.
I. Objectives
The objective of the project is the application of FPGA and DSP techniques to
manufacture a “event-event” gamma coincidence spectroscopy.
II. Content
- To study DSP technique and apply to processing of HPGe detector’s signals,
they include: algorithms, methods, sampling the signal, the filter transfer function,
sampling for energy and timimg measurement, and output signal for radiation detection
of spectroscopy;
- To apply VHDL language to simulate modules and components used to create
the device such as specialized processors, memory, the filter function, function for
detection of appeared time of pulses and amplitude, arithmetic functions, simulation to
optimal algorithms. Design application-interface based on EZ-USB Tinyboard FX2LP128. Optimize algorithms and program to achieve accuracy and high processing speed;
- To study the method of determining the coincidence events by DSP technique,
algorithm and program for data acquisition;
- To write program for “event-event” coincidence analysis program;
- To design and manufacture “event-event” coincidence spectrosopy based on
FPGA and DSP techniques, the interface with computer via high speed USB port. The
hardware modules include:
+ 02 independent MCA channels; each MCA has resolution 8K / channel, the
entrance to receive pulses from preamplifiers of HPGe detector, the pulse shape of the
linear model.
+ 01 channel for timming detection, control from data acquisition program,
resolution 5 ns.
- Testing and calibration system on the radio isotopes and on the neutron beam.
III. Method and technique
- Using the sampling algorithm of the pre-amplifier’s output pulses (with HPGe
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detector), digital filters, fast filter, convolution and deconvolution algorithm.
- FPGA deveices such as XC3S500E chip, XC6SLX16 Xilinx, Cypress’s micro
controller,... and software and tools kit for programming and circuit configuration.
IV. Results and discussion
IV.1. Design multi-channel analyzer
The block diagram of MCA is presented in Figure 1. The functions of the
diagram can be summarized as follows:
The prefilter works as high-pass filter which make in output a signal with
shapping time is constant. In addition, the prefilter has amplification function to
generate the appropriate signals for ADCs conversion.
The prefilter’s output signals to be sent to flash ADC for sampling. The ADC’s
output signals is a digital copy (discrete sampled) of input’s analog signals.

Fig.1: The block diagram of MCA.

The "Exponential Decay to Rectangular Shape" circuit is tasked input’s pulses
shape of exponential decay convert to pulse shape of rectangular, this circuit functions
is opposite high pass deconvoler (HPD) circuit.
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The "Rectangular Shape to trapezoidal shape" circuit is tasked input’s pulse
shape of rectangular convert to trapezoidal shape pulse, this circuit functions is the low
pass filter (LPF) circuit.
The pulses pile-up rejection, base line restorer and established configuration
circuits are tasked detection of new event, pile-up pulses, level comparision, and
restored base line.
The pulse pile-up rejection circuit detect the pile-up pulses in during time from
rise time to half of the flat with of pulse of slow channel. If no pulse overlapping happen
in mornitoring period, the pulse will be analysis.
Memory for spectrum: the memory is dual RAM port which is intergrated in
FPGA device.
Preset time circuit: the preset time is being set from data acquisiton program
which is 32 bits (capacity ~4.2 109 seconds).
Interface circuit: the interface circuit is intergrated on the main board and
connect to PC through USB-RS232 bridge.
IV.2. Design “event-event” coincidence spectroscopy
The design of “event-event” coincidence spectroscopy consists of two MCAs for
energy analysis and one triger timming channel for detection of pulse’s appear time.
The block diagram of the system components are shown in Figure 2.

PRE-AMPLIFIER
FIRST CHANNEL

PRE-FILTER

FAST ADC

DSP MCA

FAST
COMPARATOR
FREQUENCY

TIME

TIME

GENERATOR

COUNTER

COMPARATOR

TIME
WINDOW

FAST
COMPARATOR
T
PRE-AMPLIFIER
SECOND CHANNEL

E2
PRE-FILTER

FAST ADC

DSP MCA

COINCIDENCE

E1

CONTROLLER

COIN. DATA

128M DDR2
MEMORY

USB
INTERFACE

PC
COMPUTER

Fig.2: The block diagram of “event-event” coincidence spectroscopy

Principal operation:
Two MCAs receive pulses of the preamplifier’s energy output, the pulse’s
amplitude are analysed (by DSP techniques); simultaneously, the preamplifier’s output
pulses are connected to fast comparator circuirt. The output signals of comparator
circuits are used to start/stop timer counter. The used clock frequency is 400Mhz (2.5 ns
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period). The contents of the counter (time interval between two events) are compared
with values of preseted time interval), if the measured time is in the selected range, the
amplitudes of pair of events would be record. Three values E1, E2 and T will be stored
memory; where E1 and E2 are energy values of pair of coincidence gamma ray, and T is
interval time. The measured result is read by data acquisition program and save to file
on the hardisk.
The PRE-FILTER, FAST ADC and DSP MCA are component of amplitude
analysis channel. The FAST COMPARATOR, TIME COUNTER, TIME
COMPARATOR, COINCIDENCE CONTROLLER are component of coincidence
channel. The used memory is DDR2 type.
IV.3. Manufacturing hardware

Fig.3: The mainboard

The entire design is programmable and is configured into the FPGA chip
XC6SLX16-CS324 circuit. The used main board is SP601 kit which was supplied by
Xilinx as Figure 3.
IV.4. Data acquisition data analyser program
Data acquisition program:
The data acquisition program for energy and timimg spectrums was written
under LabWIEW 8.5. The functions of program as follows:
+ Connect device to PC and interface with PC through USB port.
+ Control data acquisition for muti-MCA mode: start/ stop data acquisition,
preset measuring time, save data,…
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+ Control data acquisition for “event-event” coincidence mode: start/ stop data
acquisition, preset measuring time, save data,…
+ The base data analysis: display spectra, counts per channel, energy calibration,
zoom in and zoom out spectra.

Fig.4: The window of data acquisition program

Data analyzer program:
The data analyzer program was written under C + + Builder, Figure 5 is the
main window of the program. The main features of the program includes: linking the
measurement file, analysis coincidence events by time and amplitude, energy calibration
for coincidence events, statistical events and display.

Fig.5: The main window of analyzer program
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IV.5. The main features of spectroscopy:
1. The multi-channel analysis:
- Input: accept the preamplifier’s output pulses from semiconductor detector, the
amplitude from tens to 500 mV;
- Resolution: 8192 channels;
- Capacity counts / channel: 232 -1;
- Preset time capacity: 232-1 seconds with 1 second step;
- The integral nonlinearity: < ± 0.05%;
- The differential nonlinearity: < ± 1%;
- Shaping time: 0.4; 0.8; 1.6; 3.2; 6.4; 12.8; 25.6 μs
- Coarse gain: 1, 2, 5 and 10;
- Fine gain: 0.75 ÷ 1.25, step 0.001;
- Display and resolve the pile-up pulses, baseline correction and dead time
correction.
2. Event-event coincidence:
- Preset coincidence time window: 5 ÷ 100000 ns, step resolution 2.5 ns;
- Mode: coincidence;
- Memory capacity: 16M events.
3. Power supply:
+ 12V/800mA,
- 12V/50mA,
+ 6V/300mA
- 6V/100mA
4. Dimensions: width NIM 2M.
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RESEARCH AND DEVELOPMENT OF COAL ASH OFF-BELT
BULK ANALYZER BASED ON PGNAA TECHNIQUE USING
NEUTRON SOURCE
Nguyen Thanh Tuy, Trinh Van Giap, Khuong Thanh Tuan, Nguyen Tuan Khai,
Dang Quang Trieu, Vo Thi Anh, Nguyen Van Sy, Nguyen Thi Bao My, Vu Van Tien,
Vu Van Tan, Nguyen Quang Long and Nguyen Manh Hung.
Institute for Nuclear Science and Technology (INST),
Vietnam Atomic Energy Institute (VAEI)
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- Code: ĐT.03/09.NLNT
- Managerial Level: Ministry
- Allocated Fund: 510,000,000 VND
- Implementation Time: 30 months (Apr 2009- Sep 2011)
- Contact Email: thanhtuyf@yahoo.com.vn
- Papers published in relation to the project:
1. Coal ash analysis system based on PGNAA techniques and its application;
Journal of Science Activities, No.629, 10/2011
2. “On-line analysis system of coal ash contents using neutron – induced gamma
spectrometry”; Journal of Nuclear Science and Technology, No1 2011.
3. PGNAA technique for coal ash analysis and other application; Journal of
Vietnam mining industry, No5 2011.
Abstract: IAEA-RCA/RAS on NCS project have been operating from 2001 brought a
new conception and approach about application of nuclear and nucleonic techniques in
member states. Through 4 cycle of projects (RAS/8/089, RAS/8/094, RAS/8/099 and
RAS/8/107), by a step-by-sep technical transfer, higher level on later phase, this
technical transfer way has corrected disadvantages and opened new applications, helps
the member states from passive receiving to active joining into higher level of technical
development for particular application, in each member state. A regional demonstration
centre has been set up in Hanoi - Vietnam, to train personnel from around the RCA
region in the use of this instrumentation. The centre in Hanoi has been set a coal ash
determination instruments using back-scattered gamma and coal ash logging instrument
using PGNAA methods. In 2008, through project RAS/8/107, IAEA has aided a neutron
generator and Vietnam had a responsibility to develop Ash content Bulk Analysis by
PGNAA. Prompt gamma neutron activation analysis technique (PGNAA) is one among
advanced techniques over the world. Advantages of this technique are fast analysis,
good accuracy, sample process is not required, no influences of measurement
environment and analysis of almost elements in the periodic table. Based on this issue,
project “Research and development of PGNAA coal ash analyser using neutron
generator”, carried out since 9/2009, finished in 9/2011 have achieved the first
achievements in fast coal ash determination. Developed Ash content Bulk Analysis by
PGNAA has following technical parameters: result of coal ash determined has absolute
error less than 1%; uses Cf-252 neutron source with neutron flux of 0.85 x 106 n/s; uses
BGO detector with size of 51 x 51mm, 2000 channels of ADC; analysis time is 600s;
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mass of analysed coal sample is 700 kg; PC connected via USB interface on Window
XP; neutron dose and gamma dose around the instruments are less than allowed doses
in IAEA safety standards (allowed dose for radiation personnel is 5 µSv/h). The project
has created out following procedures: procedure of coal ash analysis, procedure for
calibration of ash content, procedure for processing of standard samples; user manual is
also written. This Ash content Bulk Analysis by PGNAA system is using in laboratory,
and its is needed to study and to improve more, to analyse not only ash content of coal
buts also element contents and other parameters, such as moisture, volatiles content and
so on of the coal; it is also needed to open new capability of measurements for other
object (cement, soil…), and changing the design to be a field an in-situ instrument. It is
emphasized to improve this system and technique, step-by-step, to make it suitable for
strict requirements of industry in industrialize-modernize process of Vietnam. By
revealed advantages of PGNAA technique, this kind of system should be developed and
improved to catch the fast development of automation in industry.

Nucleonic Control Systems (NCS) have been widely used by various industries
to improve the quality of product, to optimise processes, and to save energy and
materials. The economic benefits have been demonstrated and recognized by industry.
Looking at trends in the industrialization process of developing countries, there is
evidence that NCS technology will continue to play an important role in industry for
many years to come. However, there has been significant evolution of both the
capabilities of the instrumentation for more advanced quantitative analysis and a wider
applicability of the information obtained from the instruments. In addition, these
techniques are being applied to a wider variety of problems. Therefore, it is much more
appropriate to think of instruments, systems and methodologies as PGNAA (prompt γray neutron activation analysis) Analysis Systems. The development of advanced
PGNAA makes these systems applicable for solving a wide spectrum of minerals
industry problems. The PGNAA technique is a popular multi-elemental analysis
technique and used in industrial process control. In PGNAA technique, the prompt γrays are produced through neutron inelastic scattering and thermal neutron capture
reactions. Due to neutron energy dependence of these reaction cross-sections, the
performance of a PGNAA system also depends upon neutron energy. For design of a
PGNAA system, it is PGNAA systems utilizing 252-Cf source to determine the ash
content.
Based on a neutron source, project team has developed a coal ash bulk analysis
system using PGNAA technique in order to serve for IAEA - Regional trainning course
and Demontrations Center of NCS’s project (RAS/8/107) to traning and technique
transfer in the Region, and also apply it in exploitation and mining of Vietnam coal.
Developed system is used for demonstration of PGNAA technique in training course
will be held in Vietnam in frame of NCS’s IAEA-RAS’ project.
The optimum configuration for the system consists of a 0.85x106n/s of 252 Cf
neutron source, a 51 x 51 mm BGO detector, and a source-to-detector spacing of 15 cm.
This configuration gives the best vertical resolution as well as the smallest rms
deviation for ash determination.
The calibration equations obtained in four coal’s samples of Hatu coal Mine.
The standart deviation of the correclation between the ash content predicted by the
technique and the chemical analysis was a 0.94 (Fig.4).
Summary of content:
• Section 1: Overview of PGNAA technique and coal ash determination
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methods using PGNAA technique.
• Section 2: Description of system development porocess, includes: mechanical
system, (source container and measurement chamber, Fig.1); electronic hardware
(preamplifier, amplifier, ADC: Fig.2) and software.
• Section 4: Processing of coal ash samples assay;
• Section 3: Inspection of parameters of the system and calibration.
Configuration parameters (shielding materials and thichness of shielding layers);
• Section 5: Analysis procedures and writing users’manual.
Summay of obtained results:
The project has developed successfully a coal ash off-belt bulk analysis system
using PGNAA technique, with use 0,85x106n/s (6/2011) of Cf-252 neutron source. The
configuration of system includes mechanical system (Fig 1) and electronics sytem
(Fig2).

Fig. 1: The system includes source container and measurement chamber

Fig. 2: Measurements process of background spectrum
ENERGY CALIBRATION VS H & Si PEAKS OF
COAL SPECTRUM

5500
5000

NL (keV)

4500
4000
3500

y = 4,7528x + 271,71
R 2 = 0,9983

3000
2500
2000
1500
200

300

400

500

600

700

800

900

1000

1100

1200

Chanel

Fig. 3: Calibration of energy date 06/7/2011
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Fig. 4: Ash-chemical vs neutron-gamma predicted in bult coal samples

This system is suitable to the aim of the project, with technical parameters and
criteria as expected and registered. Results of coal ash predicted (analysis
measurements) are accurate, with absolute errors are in range of + 1% ash, compared to
assays (standard) values, see table 1;
Table 1: Results of coal ash measurements on the system, with calibration

y = a.x + b; a = 43.43; b = -34.19; R2 = 0.936
TT

Date

Meas.
time(s)

%Ash
(laboratory
assays)

%Ash
(predicted)

Absolute
Error

1

23-09

1000

19.44

19.887

0.447

2

840

19.44

19.957

0.517

3

720

19.44

20.056

0.616

4

600

19.44

19.892

0.452

5

1000

19.44

19.948

0.508

6

840

19.44

19.823

0.383

7

720

19.44

20.098

0.658

8

600

19.44

19.765

0.325

9

1000

19.44

19.894

0.454

10

840

19.44

20.007

0.567

11

720

19.44

19.908

0.468

12

600

19.44

19.869

0.429

1000

19.44

20.123

0.683

14

840

19.44

20.162

0.722

15

720

19.44

20.353

0.913

16

600

19.44

20.000

0.560

13
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17

1000

19.44

20.202

0.762

18

840

19.44

19.943

0.503

19

720

19.44

20.100

0.660

20

600

19.44

20.005

0.565

21

1000

19.44

19.852

0.412

22

840

19.44

19.927

0.487

23

720

19.44

19.926

0.486

24

600

19.44

19.706

0.266

25

1000

19.44

19.750

0.310

26

840

19.44

19.984

0.544

27

720

19.44

19.808

0.368

28

600

19.44

19.929

0.489

29

1000

19.44

19.758

0.318

30

840

19.44

20.068

0.628

31

720

19.44

19.928

0.488

32

600

19.44

19.922

0.482

1000

19.44

19.296

-0.144

34

840

19.44

19.611

0.171

35

720

19.44

19.388

-0.052

36

600

19.44

19.509

0.069

37

1000

19.44

19.568

0.128

38

840

19.44

19.460

0.020

39

720

19.44

19.357

-0.083

40

600

19.44

19.416

-0.024

41

1000

19.44

19.210

-0.230

42

840

19.44

19.357

-0.083

43

720

19.44

19.210

-0.230

44

600

19.44

19.233

-0.207

45

1000

19.44

19.354

-0.086

46

840

19.44

19.215

-0.225

47

720

19.44

19.198

-0.242

48

600

19.44

19.320

-0.120

33

26-09
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The main technical parameters of system:
* Use of Cf-252 neutron source, neutron flux is 0.85 x 106 n/s (June 2011).
* Use of BGO detector with size of 51x51mm, REXON, 2k channels ADC.
* Automatic spectrum stabilization, maximum channel shift: 5 channels.
* Measurement time: 600s – 1000s.
* Mass of coal in Measurement: ~ 700 kg.
* Computer connecting uses USB interface, on Windows XP OS.
* Distance from measurement container to electronic block: 30 meters.
* Interlock of source in case of standby.
* Measured results have absolute error less than 1% ash.
Major products of the project:
1. Measurement system (probe, electronic block, measurement chamber and
source container);
2. Standard coal ash samples;
3. Analysis procedure;
4. Users’ manual;
5. A published paper: “Coal ash analysis system based on PGNAA techniques
and its application” published on Journal of Science Activities, No. 629, 10/2011. It is
planning to publish 1 or 2 an English papers on a professional journal.
Economical and social benefits:
1. Success in development a coal ash bulk analysis system using PGNAA
technique using Cf-252 neutron source; this system is the first one in this kind is made
in Vietnam;
2. Project team has own capabilities to develop this kind of system using
PGNAA technique.
3. Product of the project is a good instrument for demonstration, for technical
transfer and for training about PGNAA technique.
Further Suggestion in research and development:
The following issues should be suggested for further studies:
1. Conversion of system, from a laboratory system to field system. With current
configuration as in fig. 1, measurement must be in a fixed position (laboratory). This
makes many difficulties: amount of sample is large, time of chaging the samples must
be longer, working environmets polluted by dust, etc. So with current system, price of
analysis for a large amout of coal will be not so acccepted. In order to overcome these
disvanges, the idea of conversion the system froma laboratory system to field system
shuld be considered. In details, the system can be transported on a vehicle, with some
correction in configuration of system and vehicle (Fig. 5). This configuration will be
more mobile and more flexible for field analysis.
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2. Broadenning of functions of the system to elemental analysis capability. In
principle of PGNAA technique, it is able to develop the system from coal ash analyser
to elemental analyser, based on characteristic gamma peaks in PGNAA spectra.
Otherwise, using a higher flux of neutron source will strengthen capability of elemental
identiofication and improve accuracy.

Fig. 5: Model of a PGNAA system on a vehicle (for illustration)

3. Moisture determination: the system can be use in moisture determination
based on thermalisation of fast neutron in materials. It maybe useful in moisture
determination of coal and other materials.
4. Broadenning of measurable objects. Based on principle of PGNAA
technique, it is not so complicated to develop some new procedures for other materials
such as ores and soils, in quality control of raw materials in cement industry, and
elemental analysis in exploration and exploitation in mining industry.
5. Conversion from a bulk and off-belt analysis system to online system.
6. Use of neutron generator instead of neutron sources. Currently, due to
some limits in manufacture of neutron generators, such as short life time, low quality or
high price, so total price of a PGNAA system using neutron generator is still high. This
is a reason to limit of using neutron generators in current condition of Vietnam.
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202A, 11th St., Linh Xuân Ward, Thu Duc Dict., Ho Chi Minh City, Viet Nam
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Abstract: There are some characteristics of electron beam on industrial irradiation
purpose must be determined are: energy, scanning width, stability and beam spot. The
procedures to measure these characteristics are given. For UELR-10-15S2 individual,
the energy of electron measured by using these procedure with Risø wedge is 10.28
MeV for Ep and the average energy is 9.8 MeV; whereas, measuring by aluminum
stack, the result are 10.28 MeV and 9.65 MeV respectively. Other characteristics are
also determined.

1. Approach
By using GEX B3 radio-chromic film dosimeter to measure depth-dose profile
in aluminum stack/wedge irradiated on UELR-10-15S2 electron accelerator, then
determined the Rp and Ra values, applying ISO-ASTM 51649-2005[1] and ICRU
No.35’s [2] formulas to determine the most probable electron energy Ep and average
electron energy Ea on UELR-10-15S2.
2. Result
2.1 Energy measurement
The Ep and Ea values are determined by using the relationship of them to the
practical range Rp and half-value dept R50 in aluminum respectively [2].
Ep(MeV)=0.20 + 5.09 Rp
Ea = 6.2 R50

[1]
[2]

The Rp and R50 are determined on the depth dose profiles in aluminum
stack/wedge (Fig.1).
The depth dose profiles in wedge and stack are showed on Table 1 and Table 2
respectively.
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Fig.1: Wedge and stack energy measurement device
Table 1: Depth dose profile in aluminum stack irradiated on ERLR-10-15S2 machine

No. of
aluminum
pallet
0

Total
thickness
(mm)
0

Dose
(kGy)

Total
thickness
(mm)
11.67

Dose
(kGy)

15.14

No. of
aluminum
pallet
10

1

1.17

15.78

11

12.84

17.19

2

2.33

16.74

12

14.00

14.69

3

3.50

18.34

13

15.17

11.79

4

4.67

19.04

14

16.34

7.78

5

5.84

19.74

15

17.50

5.62

6

7.00

20.51

16

18.67

4.24

7

8.17

21.21

17

19.84

1.99

8

9.34

21.27

18

21.00

0.97

9

10.50

20.06

19

22.17

0.56

19.36

Table 2: Depth dose profile aluminum wedge irradiated on ERLR-10-15S2 machinein

Thickness
(mm)
1.81

Dose
(kGy)
12.0

Thickness
(mm)
11.51

Dose
(kGy)
13.4

2.70

12.9

12.38

12.4

3.64

13.9

13.27

10.8

4.50

13.7

14.15

9.4

5.38

14.5

14.99

7.9

6.27

15.3

15.86

5.8
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7.13

16.1

16.77

4.5

7.99

15.4

17.57

3.7

8.91

15.8

18.58

2.2

9.79

15.8

19.42

1.4

10.70

15.0

20.23

1.1

21.16

0.6

In aluminum stack, the Rp value is 1.984 cm and the E50 value is 1.557 cm.
The most probable electron energy Ep is:
Ep=0.2 + 5.09*Rp = 0.2 + 5.09*1.984 = 10.28 MeV.
And average electron energy Ea is:
Ea = 6.2*R50=6.2*1.557=9.65 MeV
For the aluminum wedge, the Rp, R50, Ep and Ea are 1.98 cm, 1.50 cm, 10.28
MeV and 9.80 MeV respectively.
kGy

25
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15

10

5

0
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25
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Fig.2: Electron depth dose profile in aluminum stack

kGy

20

15

10

5

0
0

5

10

15

20

Fig.3: Electron depth dose profile in aluminum wedge
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Table 3: Energy of UELR-10-15S2 measuring by different method

Stack
Monte Carlo [2]
1.55

R50 (cm)

Wedge

Empirical [1]
1.58 ± 0.06

1.58

Ea (MeV)

9.57

9.7 ± 0.3

9.80

Rр (cm)

1.98

1.98 ± 0.08

1.98

Ep (MeV)

9.50

10.3 ± 0.3

10.28

2.2 Current measurement
In this section, the current of electron beam is measured by Calorimeter [4] to
check the power of UELR-10-15S2. The current value is calculated by the surface dose
D(kGy) and velocity of conveyor v(m/min) and the width of scanning w(cm) [3]
Ia =

v .w .D
540

[3]

Then, the power P (kW) of machine is calculated by multiply the beam current
value I(mA) and electron energy value E(MeV) [3]
P = E .I a

[4]

Table 4: The power of UELR-10-15S2 in empirical

Power
(kW)
2.5

Setting value
w
D
(cm)
(kGy)
50
1.85

v
(cm/min)
1.4

Ia
(mA)

Determined power
(kW)

0.24

2.4

4

50

3.5

1.2

0.39

3.9

5.3

50

6.18

0.9

0.515

5.2

6.5

50

5.9

1.2

0.655

6.6

8.0

50

6.8

1.25

0.79

7.9

2.3 Scanning width measurement and the stable of dose on scanning
direction
In this section, the film dosimeters are arranged along the scanning direction
with 5cm separated at the surfaces dummy box. The dummy box is chosen with
dimension in 40x60x30 cm, and 20 kg in weight. This size of dummy box avoid the
effect of the lower beam to the film dosimeter placed in front surface of dummy box and
in opposite. The width dose profile on front and back surface of the dummy box is
showed in table 5.
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Table 5: Width dose profiles in scanning direction

Dose (kGy)

cm

Front suf.

Back suf.

0

17.8

18.3

2

18.3

19.0

5

17.9

19.0

10

17.8

17.8

15

19.1

17.7

20

17.5

17.5

25

18.7

18.2

30

18.9

18.2

35

20.1

18.5

40

18.9

17.3

45

19.0

17.2

50

18.1

17.8

Average dose (kG)

18.4

18.52

2

0.75

0.68

25

kGy
20

15

10

5
Upper
Lower
0
0

5

10

15

20

25

30

35

40

45

Fig 4. Width-dose profile in surfaces of the dummy box
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DISTILLATION APPARATUS
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Abstract: The process of establishing joint technology mark on the oil wells, Mark
Technical Department of the Center for Applications of Nuclear Techniques in Industry
(CANTI) have used the low carbon number alcohol like methanol (MeOH) attached
14C mark and Ethanol (EtOH) affixed 3H wells in the joint survey of rock and sand
foundation.
Fractional distillation technique used for separation and enrichment of alcohol. The
radioactive isotope 14C and 3H in the marking compound after enrichment was
analyzed by measurement of liquid scintillation counting
Mission design, installation and testing of 02 systems automatic temperature controller
for distillation systems enriched tracers isotopes by the method of PID feedback control
to stabilize the temperature at Isothermal, in order to increase yield by fractional
distillation system enriched isotopes radioactive and stable and uniform distillation time
of the distillation system, on the other hand, saving time of people who do experiments
in distillation.
The device includes a temperature control module integrates its PID Omron (OMRON
E5CN-Q2HBT) is highly accurate and easy parameter setting right on the machine
controller and displayed on the display; Solid State Relay (SSR) of the firm Omron
(OMRON G3PA-210B) precision and high switching frequency, time delay for the
switching process is 3ms, the large load 6A; BTA-06 triac circuit used to current
controller provides heating stove; Thermocouple used with Omron's JPT 100 resolution
thermal measurements from -200 to 500oC
he device can operate in two modes
distilled through the switch back, the first mode is the mode of the old distillery system
and mode 2 is the distillation mode automatically controls the temperature of the newly
installed .
Automatic temperature controller with an error in temperature for the two processes of
fractional distillation is CANTI ±1° C; recovery efficiency of the two processes are
analyzed to achieve> 65% for process MeOH and> 75% for the EtOH process analysis;
distillation time stability for the two systems is 6 hours or 8 hours depending on the
parameter settings for the current percentage of the BTA.
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Purpose: Designed and manufactured automatic temperature controller for distillation
apparatus which enriched radioisotopes in studying produced water in the oilfield, can
establish temperature for each different distillation procedure s with an error of ± 1 ° C.
Keywords: Fractional distillation, Automatic temperature controller, PID, MeOH,
EtOH,

I. OVERVIEW
I.1. Automatic temperature controller performance
Now there are 05 fractional distillation equipment which were set up by USA
since 2002 for enriched radioisotopes in studying produced water in the oilfield in
CANTI.
As being seen in the picture, the thermal
source is 70cm from the measurement point.
Because of the long distance between the
measurement point thermal source and its
measurement point, the thermal inertia is large
enough. This makes the error of the thermal control
become considerable. If applying the thermal
control method using Triac or ON-OFF regulation,
the error will be come larger.
Fig. 1: Fractional distillation
system in CANTI

I.2. Extraction and Analysis of Carbon-14
Labeled ethanol from Oil Field Tracer Samples
1) The sample as received from the field should be cleaned to remove any
crude oil. Shaking the entire sample with about 10% volume of toluene in a 1-liter
separator funnel conveniently does this. The cleaned aqueous phase is separated after
the sample is allowed to phase separate.
2) The aqueous phase is measured and then transferred to the 1-liter round
bottom flask. If the sample is greater than 950 cc, transfer only 950 cc since any greater
amount will not allow adequate head space in the flask when boiling commences.
3) Add 6.0 cc’s of unlabeled ethanol to the sample in the flask. The ethanol
serves as a carrier of the labeled ethanol so that the extremely small quantity present is
not lost to adsorption or other chemical or physical reactions that could reduce the
recovery of the tracer during the distillation process.
4) Assemble the distillation apparatus. In order to get efficient separation of the
azeotropic vapors, the Vigreux column should be insulated.
5) Be sure that the temperature control is set between 50 and 60% of full scale.
At this point begin the stirring and heating.
6) The distillation should proceed slowly, taking at least 4 hours.
7) Collect the first 6 cc’s of the distillate in the trap and then shut off the heat
source allowing stirring to continue until the sample is cooled. The suggested amount,
6 cc’s, is a target. Less may be collected, especially if distillation stops due to difference
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in boiling points of the azeotrope and water. However, at least 4 cc’s should be
collected.
8) Empty the contents of the trap into a scintillation vial. A small amount of
ethanol can be used to rinse the trap into the scintillation vial. The maximum amount of
distillate plus rinse is 10 cc’s.
9) Add Instagel liquid scintillation cocktail to the sample so that the total
volume is 20 cc’s. Mix thoroughly.
10) Place in liquid scintillation counter after making sure the sample is single
phase and begin counting. The sample should be counted 60 minutes. The counter
should be operated in ‘dual label’ mode if tritiated water is present.
11) Calculation of the C-14 is based on the starting volume of the sample and
distillation efficiency. The volume of the distillate does not enter into the calculation.
12) The distillation efficiency is determined by analyzing a known sample.
I.3. Extraction and Analysis of Carbon-14 Labeled methanol from Oil Field
Tracer Samples
1) The sample as received from the field should be cleaned to remove any
crude oil. Shaking the entire sample with about 10% volume of toluene in a 1-liter
separator funnel conveniently does this. The cleaned aqueous phase is separated after
the sample is allowed to phase separate.
2) The aqueous phase is measured and then transferred to the 1-liter round
bottom flask. If the sample is greater than 950 cc, transfer only 950 cc since any greater
amount will not allow adequate head space in the flask when boiling commences.
3) Add 3.0 cc’s of unlabeled methanol and 1.3 cc’s of toluene to the sample in
the flask. The methanol serves as a carrier of the labeled methanol so that the extremely
small quantity present is not lost to adsorption or other chemical or physical reactions
that could reduce the recovery of the tracer during the distillation process.
4) Assemble the distillation apparatus. In order to get efficient separation of the
azeotropic vapors, the Vigreux column should be insulated.
5) Be sure that the temperature control is set between 20 and 30% of full scale.
At this point begin the stirring and heating.
6) The distillation should proceed slowly, taking at least 4 hours.
7) Collect the first 8 cc’s of the distillate in the trap and then shut off the heat
source allowing stirring to continue until the sample is cooled. The suggested amount, 8
cc’s, is a target. Less may be collected, especially if distillation stops due to difference
in boiling points of the azeotrope and water. However, at least 4 cc’s should be
collected.
8) Empty the contents of the trap into a scintillation vial. A small amount of
methanol can be used to rinse the trap into the scintillation vial. The maximum amount
of distillate plus rinse is 10 cc’s.
9) Add Instagel liquid scintillation cocktail to the sample so that the total
volume is 20 cc’s. Mix thoroughly.
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10) Place in liquid scintillation counter after making sure the sample is single
phase and begin counting. The sample should be counted 60 minutes. The counter
should be operated in ‘dual label’ mode if tritiated water is present.
11) Calculation of the C-14 is based on the starting volume of the sample and
distillation efficiency. The volume of the distillate does not enter into the calculation.
12) The distillation efficiency is determined by analyzing a known sample.
I.4. The distillation efficiency without Automatic temperature controller

Distillation,
%

3

203

155

76

1

55

46

84

3

203

140

69

2

55

18

33

1

203

137

67

2

55

39

71

1

203

134

66

3

55

22

40

2

203

147

72

2

203

171

84

Measured,
dpm

56

Spike, dpm

31

Equipment
No

55

Spike, dpm

1

Equipment
No

Distillation,
%

Table 2: Distillation efficiency of
Carbon-14 labeled methanol

Measured,
dpm

Table 1: Distillation efficiency of Carbon-14
labeled methanol

Average

60

Average

72

STD

20

STD

9

II. Designed and manufactured automatic temperature controller for
azeotropic distillation apparatus
II.1. Control Module
In the scope of this talk, we
did not focus on circuit design but the
designed beforehand circuit from
OMRON corporation
(OMRON
E5CN-Q2HBT) was used.
Structural diagram of
Controller system
The beside diagram shows the
centre of the system is CPU, this CPU
controls all of functions of system.
Thermal value was measured by

Fig. 2: Control Module
E5CN-Q2HBT
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sensor, this signal is validated and
amplified by a amplified circuit.
This signal will come to ADC to
change into digital value before
reach to CPU. Information from
ADC and KEY import are
compared by beforehand installed
algorithm. The result of the
procedure was exported and
changed to analog signal via DAC
to control the electromagnetic
contactor.
The PID controller possesses the function of:
II.2. Power circuit
In the thermal control process, the Power circuit need to be designed to adapt
the demands as follows:
- The Power circuit with small power and dynamical circuit with big power
- Ensure the high ON-OFF frequency
- Interference needs to be avoided
Optical contactor - SOLID STATE RELAY (SSR)
Solid State Relay (SSR) is a electronic
facility that used for segregating and controlling
The Power circuit with small power and
dynamical circuit with big power. It can be
adapted to the high electric intensity (5A – 75A
for 300 VAC output voltage and 50A – 74A for
300 VAC output voltage). Because the parts of
SSR are segregated and not to turn on or off by
hand like the mechanical contactor, there is no
appearance of electric arcs. The delay time for
this ON-OFF process is 3ms is enough prevent
the sudden potential pulse.

Fig. 3: Solid State Relay (SSR)
OMRON G3PA-210B

In this talk, we used RSS OMRON
G3PA-210B, ON-OFF frequency of 3 ms,
electric intensity of 6A for Optical contactor
Triac BTA circuit
Rheostat R4 is divided into zero to
100%, when this rheostat is adjusted, the LOAD
output intensity is changed appropriately.
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II.3. Thermal sensor option
Control module of OMRON E5CN-Q2HBT can support various kinds, so in
this talk we used the platinum JPt100 sensor. This type of sensor is stable and exact
enough for work. The shape and dimension of the sensor is appropriate to system with
the thermal range of minus 1000 C to 400oC

Fig. 4: Images of automatic thermal controller system

II.4. Studying of Extraction and Analysis of carbon-14 labeled ethanol and
carbon-14 labeled methanol in azeotropic distillation with automatic temperature
controller

73

4

203

149

73

4

203

151

74

4

203

151

74

4

203

149

73

4

203

149

73

5

203

157

77

5

203

157

77

5

203

169

83

5

203

169

83

5

203

178

88

5

203

178

88

5

203

156

77

5

203

156

77

Measured,
dpm

Measured,
dpm

Distillation,
%

149

Spike, dpm

203

Spike, dpm

4

Equipment
No

Equipment
No

Table 5: Distillation efficiency of
Carbon-14 labeled ethanol

Distillation,
%

Table 4: Distillation efficiency of Carbon-14
labeled methanol

Average

78

Average

80

STD

5

STD

7
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Comments
- The average distillation efficiency of MeOH analysis without automatic
temperature controller is 60% , standard deviation is 20%. After automatic temperature
controller installed, the average distillation efficiency of MeOH analysis is 80%,
standard deviation is 7%.
- The average distillation efficiency of EtOH analysis without automatic
temperature controller is 72% , standard deviation is 9%. After automatic temperature
controller installed, the average distillation efficiency of EtOH analysis is 78%, standard
deviation is 5%.
III. Conclusions and recommendations
The Project “Designed and manufactured automatic temperature controller for
distillation apparatus which enriched radioisotopes in studying produced water in the
oilfield” was performanced from 4/2010 to 4/2011, have achieved the target set, the
completion of research content and products. Features and technical characteristics of
the distillation apparatus have achieved the requirements of the project, as follows:
- Operation mode: Two thermal control modes
+ Automatic thermal control mode PID
+ Control by triac BTA06
- Temperature range: Operation temperature from minus -100 to 400oC
- Thermal error: ±1oC
- MeOH recovered efficiency: >65%
- EtOH recovered efficiency: >75%
- Distillation Time: Stable from 6-8h
- Manipulation: Easy to control the temperature for various modes of operation.
This talk has completed the following content:
- Technical drawing and principle description of new facility system
- EtOH and MeOH Distillation procedure for new facility system
- 02 Automatic Thermal controller for distillation.
REFRERENCE:
1. Theory for automatic control– Science and Technique Publisher.
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STUDY ON BEAM DIAGNOSTICS FOR ACCELERATORS
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Abstract: In the frame of the project, methods of beam diagnostic in acceleration
system is studied on four characteristics of beams such as intensity, profile, emittance
and energy.
For beam intensity measurement, principles applied depend on the expected intensities
and cover a wide spectrum ranging from absolute determination to more complicated
relative methods. There are the methods studied such as Faraday cup, calorimetric
intensity measurement, beam current transformers, the cryogenic current comparator,
secondary electron monitor, ionization chambers and particle counting.
Beam profile measurements and their continuous monitoring are important during
routine machine operation as well as for accelerator experiments to optimize parameters
settings and study space charge effect. In the project non-destructive or nearly nondestructive devices for beam profile measurement are studied, including profile grid,
profile grids with gas amplification, residual gas monitors, viewing screens and wire
scanner.
Emittance/density of beam particles in both the transverse and longitudinal phase space
is not measured directly. They must be inferred from beam properties which are
available to laboratory measurement, such as the one or two dimensional profiles in the
transverse space (x,y).Methods for beam profile measurement to determine emittance
are phosphor-screen monitor, transition radiation monitor, transverse emittance
measurement and peper-pot technique.
The determination of beam energy is inferred from bunch number between two or three
pickups by measuring time of flight (TOF).
Procedures of measurement techniques for beam diagnostics in cyclotron and linac
system studied here are based on factors such as mordent, high precision and reliability
and population. The method for beam intensity measurement in cyclotron and linac is
Faraday cup. The methods such as profile grid, residual gas monitor and dc current
transformer for beam profile are chosen. For beam energy determination capacitive pick
up and TOF is chosen in cyclotron and linac. The techniques for transverse and
longitudinal emittance determination are based on beam profile measurement devices,
monitor camera and calculation of emittance.
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Study on measurement technique of beam intensity
Faraday cup
In principle, a Faraday cup (FC) is a beam stopper. It means that the beam is
isolated from the beam pipe ground potential and is connected to a current meter.
Although FC is destructive measurement device it has some its advantages:
- Measuring dc-current of the beam if the beam has no time-structure;
- Component of the accelerator structures and beam transport system are
automatically protected using FC for intensity monitor.
- Using FC to stop the beam in case of emergency
For low power beams, FC should not be cooled because the power loss on a
noncooled FC is not exceed some watts, avoiding heating up of FC. However, designing
a non-cooled FC, the following effects have to taken into account:1) emission of
secondary electrons; 2) leak currents arising due to sputtering and deposition of
sputtered material onto isolating ceramic parts.
If the average power loss in a FC becomes higher than some watts cooling FC is
a solution. Cooling FC can either contact cooling or water cooling method. Contact
cooling has the following advantages such as simpler design, higher achievable
accuracy, safer from the vacuum technical point of view.
The designer of FC for high energy electrons has to take two effects into
account: 1) generation of “bremsstrahlung” when an electron is accelerated in the
Coulomb field of nucleus; 2) for bremsstrahlung with an energy higher than 2 times the
rest energy of the electron, creation of electron –positron pairs begins.
Calorimetric Intensity measurement
Using calorimetric intensity measurement for neutral beams to solve the lack of
electrical signal.
Beam current transformers
The use o a beam current transformer (BCT) for intensity measurement of
charged particle beams has the following advantages:
- Non-destructed signal extraction
- The measurement will be nearly independent of beam position and beam size
- Most important advantage is the direct proportionality of the output signal to
the beam current.
Furthermore, precise absolute calibration can be performed.
There are some detailed beam transformer methods which are studied here such
as the passive beam transformer, active beam transformer, dc transformer, integrating
current transformer, resonant current transformer.
The cryogenic current comparator
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A problem is needed to solve when use the above methods. This is cooling down
the detector to reduce the thermal noise. A cryogenic current comparator (CCC) was
developed as a standard for calibration of current measurement devices.
Secondary electron monitors
The principle of this method (SEM) is measure energy of secondary electron
generated from a foil surface which beam is passing. Beam intensity then is inferred
from energy of secondary electron according to formula and experiment data.
Ionization chambers
The method for high beam intensity measurement is ionization chamber (IC).
The current of electrons created in IC by ionization of particle beam passing will be
measured.
Study on measurement technique of beam profile
Profile grids, harps (PG)
The principle of this device is the penetration depth of the particles is small in
comparison to the thickness of the grid wires. The electric current signal from a wire is
the sum of the charge of the stopped particle itself and the escaping secondary electron.
Therefore, beam profile signal will either gain from secondary electron or be lowered,
depending on positive or negative ion hit wires.
Profile grids with gas amplification (MWPC)
In case of higher beam energies, particles go through wires/stripes with the
following consequences: 1) considerable loss in signal strength; 2) the reduction in
signal strength at high energies.
In addition for requirement of precise beam profile applied on cancer therapy,
required energies and intensities are relatively low. Thus the signals from conventional
profile grid and harp are too small.
As consequence multiwire proportional chamber (MWPC) is used for gas
amplification downstream PG.
This method is rather complex and expensive.
Wire scanner
Profile signal generation from a wire scanner is comparable to that from a PG.
However instead of many wires covering the beam cross section only one wire is moved
through the beam thereby only one signal processing electronic circuit.
Scintillation screens
The combination of a scintillation screen with a camera CCD for observation of
the light spots is a very simple and reliable profile monitor.
Comparing scintillation screen with PG most of the summarized points favor
PG.
Residual gas ionization monitor (RGM)
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The particles beam passing through a vacuum chamber ionize residual gas by
collision with the atoms or molecules, and consequently electrons-ion pairs are
produced. The RGM detects these charged particles not to perturb the beam.
Study on measurement technique of emmitance
There are experimental techniques for measurement of the density of beam
particles in both the transverse and longitudinal phase space. The second moments of a
two-dimensional density in conjugate coordinate are combined to form the emittance.
Four different methods of emittance measurement are studied.
Beam profile monitors
The emittance of a beam are not measured directly but inferred from the one or
two –dimensional profiles in the transverse position space (x,y). A beam profile monitor
is a device which when placed in the beam’s path converts the beam flux density as a
function of position into a measurable signal.
• A phosphor-screen monitor: consists of a phosphor screen which is viewed via
a 45o mirror by a CCD camera. Electron beam passes through the screen and excited the
phosphor. The image is reflected out of beamline by the mirror and into the CCD
camera. The image is digitized pixel-by-pixel by a digitizer and stored in a PC for
subsequent analysis. The device destroys the beam during the profile measurement.
• A transition-radiation monitor: is a possibility for nondestructive imaging of
the beam profile. If the phosphor screen were removed the monitor, there were still be
transition radiation produced as the beam enters the mirror. The direction of the
transition radiation of a particles entering a metal is along the direction of the image
charge and hence into the camera in the case of a 45o mirror. A limit to utility of
transition radiation as a profile monitor set by the laws of Heisenberg’s uncertainty
principle.
Transverse emittance measurement
• Use of multiple profile monitors: Use of multiple profile monitors aims
measurement of the beam width at several locations along the beamline. The element σi
in the beam matrix is determined by width of beam at monitor points. Then transverse
emittance is easily calculated through σi.
• Use of variable quadrupole strengths: Another way to vary the transfer matrix
elements is to change parameters of a magnetic beamline element such a quadrupole
lens.
• The “peper-pot” technique: When the entire beam is incident on a profile
monitor, all information about the angular distribution is lost. However, if the beam is
collimated into individual smaller “beamlets” of known size, the divergence of these
beamlets can be detected after they propagate a sufficient distance. Such a technique is
called a “peper-pot” diagnostics and can provide simultaneous information about a
beam profile and angular divergence in a single measurement.
Longitudinal emittance measurement
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Monitor of the longitudinal emittance of a beam are less common than that for
the transverse emittance. However it needs to map the longitudinal emittance onto an xy plane suitable for observation with a profile monitor.
Study on measurement technique of beam energy
Method of beam energy determination is the combination of capacitive pick up
and time of flight measurement (TOF). Energy is determined on the basic of two
measurements: 1) determination of the number of bunches between pickups by
measuring the time of flight from one pickup to other pickup; 2) determination of the
time of flight t = N.Tacc+δt. With β = L1/ct (L1- distance of pickups, c- light speed, t- time
of flight) the kinetic beam energy follows:



1
W [MeV / u ] = mo c 2 [MeV / u ]
− 1
 1−  2



Procedures for measurement of four beam parameters in cyclotron
Measurement of beam intensity by Faraday cup
Faraday cup is an often used device for beam
intensity
measurement with low energy. FC acts as a beam
stopper. An insulated metallic cup is connected to either
an integrating amplifier measuring the number of
incoming charge or a current sensitive amplifier in which
the beam current is measured. A typical setup of beam
intensity by FC is shown in F.1

Fig. 1: Drawing of the FC

Measurement of beam profile
• Use residual gas ionization monitor (RGM)
The performance of RGM system is shown in
F.2. In RGM an electrostatic field accelerates the
ionization products by the beam and residual gas
towards a micro channel plate (MCP). When these
particles reach the MCP secondary electrons are
produced and accelerated against a phosphor screen,
where they produce light spots. These can be observed
by a CCD camera or by a photo-diode array.

Fig. 2: RGM operational principle
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• Use dc current transformer (DCCT)
In the DCCCT (F.3) two cores are fed in
opposite phase with modulation current driving the
cores into saturation. The signal from secondary
windings connected in series will procedure a zero
sum signal. Since the magnetization curve will be
perfectly symmetric, only odd harmonics of the
modulation frequency will be in the modulation
spectrum. A dc current passing through the coils
introduces a bias in the excitation, the sum signal
become non zero will appear in the spectrum.
Fig. 3: Principle of the DCCT

Measurement of beam emittance
• Use wire scanner (WS) for beam profile measurement
The system (F.4) has three gold plated
tungsten mounted to the WS at angle of 45o.
The signal of gamma-ray photons and
secondary electrons which caused by interaction
between beam and wires are observed by a
photomultiplier.
The
signal
from
photomultiplier and potentiometer are sampled
at the same moment by an analog to digital card
added into a PC. The profile derived from signal
is displayed in the control-room together with
the calculated beam FWHM, σ and emittance
Fig. 4: Schematic drawing of WS

Measurement of beam energy
Use capacitive pickup (CP) for beam current measurement is to obtained number
of bunches passing pickups and thereby calculation of beam energy.
The pickup signals may be used to observe
the shape of bunches as well as to measure the position
of bunches in time with reference to a rf –signal.
Operational principle of CP (F.5) is that by passing the
inner electrode, the particle bunch induces a current on
the electrode, which is proportional to the time
derivation of intensity distribution within the bunch.
Fig. 5: Operational principle of CP
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Procedures for measurement of four beam parameters in linac
Measurement of beam intensity by Faraday cup
Principle of beam intensity measurement in linac is similar to that in cyclotron.
Measurement of beam profile
To expand the measurements to the higher intensity region, the ionized residual
gas monitor (RGM) is combined profile grid (PG) for determination beam profile.
The processing of the
signal flow from the grid wires
respectively collecting strips of the
RGM to the display at the
operating desk is shown in F.6.
The first step of the signal
processing is an I/U conversion.
With the following sample-andhold module the signal can be
stored until the readout process
has been finished. Two analogue
multiplexers are used to switch
between the 32 channels during
readout.
After
a
second
amplification stage the signal is
transferred through the control
module to the A/D-converter
located in PC. After transmitting
the digitized
signal to the
operating desk, the beam profile
can be visualized.

Fig. 6: Diagram of data acquisition

Measurement of beam emittance
• Transverse emittance measurement by three-gradient or three-distance
technique.
The three-gradient, or quad-scan, technique is used to measure beam transverse
emittance on the linac. It consists in associating a profile monitor to a quadrupole lens
located upstream. A group of three profile measurements, corresponding to three
different values of the current in lens is used to determine the three coefficients of the
beam matrix and therefore the beam emittance.
Transverse emittance is also measured by means of the three-screen, or distance,
technique, which requires profile measurement on at least three screens located in a drift
region.
• Longitudinal emittance measurement by three-RF technique
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Longitudinal emittance measurements are performed by measuring the pulse
length with a streak camera and the energy spread in the middle of the 180 degrees
bend, as a function of the rf phase.
Measurement of beam energy
Use capacitive pickup (CP) for beam current measurement is to obtained number
of bunches passing pickups and thereby calculation of beam energy
Conclusion
The project was completed with isues related to beam diagnostic in accelerators,
including methods and technlogies for measurement of beam intensity, beam profile,
emittance and beam energy. The procedure of above four characterizations
measurements also mentioned basicaly in project’s result.
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The project was carried out under the finacial support of Ministry of Science and
Technology.
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Abstract: The “Research for developing CT/SPECT technique utilizing the lab-scaled
of industrial one source – one detector CT system” is the continued project following
the “Design and fabrication of a lab-scaled of industrial one source – one detector CT
system”. The main aim of this project is to approach the SPECT technique for the
development of the imaging technique research in the Centre for Applications of nuclear
technique in industry (CANTI); fabricate and set up a hardware configuration; develop
the image reconstruction software for CT/SPECT. Since the project budget is limited,
the main product of this project is an associated hardware configuration of SPECT and
CT (2 detector for SPECT and one source – one detector for CT) which can be taken
SPECT/CT image in static condition. The SPECT/CT images can be reconstructed
either by Filtered back projection (FBP) or Algebraic reconstruction technique (ART) or
Expectation Maximization (EM) algorithms.
Keywords: SPECT, CT, Industrial process gamma tomography, attenuation correction,
FBP, ART, EM,

I. INTRODUCTION
CT (Computed Tomography) and SPECT (Single photon Emission Computed
Tomography) are tomographic techniques which were mainly invented for the purpose
of medical diagnostics. Each technique has different advantages and different uses.
While SPECT provides images of the distribution of activity of radioactive tracers in the
body, the CT provides images of structures inside the body by mean of the linear
attenuation coefficient of transmitted radiation). The combination of SPECT and CT can
provide more useful information in the diagnosis and treatment of disease. Furthermore,
CT is also used to localize the distribution of radioactive tracers and the correct the
attenuation of single-energy gamma radiation in the body quickly and optimally.
In industrial applications as well as
research, computer tomography is used as
capable of measuring the material density as
multi-phase objects without affecting their

applications in science and technology
a non-destructive advanced technique,
well as the phase distribution inside the
operation. Each technique can provide
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quantitative information as well as a fairly quantitative accuracy and reliability.
However, these techniques can be combined to obtain more accuracy and higher
reliability information, e.g. SPECT/CT in medical. In industry, CT and SPECT can also
be used together for investigating multi-phase system, which are the main components
in almost industrial processes.
The following sections are described the achievements of implementation of the
project “Research for developing CT/SPECT technique utilizing the lab-scaled of
industrial one source – one detector CT system” including the experimental hardware,
image reconstruction software and the results of experiments.
I. HARDWARE
Figure 1 and 2 show the experimental
hardware of SPECT / CT system of the project.
The hardware configuration consists of a
mechanical structure and an automated control
system. There are 1 source – one detector
configuration for CT measurement and two
detector configuration for SPECT measurement.
The function of CT and SPECT can be easily
converted by exchanging the radioactive sources
holder in collimator (for the CT configuration)
by a detector (for SPECT configuration) or
vice versa.

Fig.1: The experimental hardware

of SPECT/CT system
Automatic control system consists of
two stepper motors generate translational and
rotational motion. One motor simultaneously moves the source and the detector for a
parallel beam scanning, whereas the other motor rotates the scan table at a preset
projection angle. The motors are controlled through drivers linked to a central electronic
circuit which is able to collect data from detectors. Automatic control system and data
acquisition are operated via a software based – PC which is compatible with Window
XP or Window 7.

Fig.2: Left: CT hardware configuration (one source – one detector), right: SPECT hardware
configuration (2 detectors). Converting CT configuration to SPECT configuration by replacing
the source holder by a detector in collimator
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II. IMAGE RECONTRUCTION SOFTWARE
The image reconstruction software for SPECT/CT image of this project is
further developed from the software of the project on 2008. The software was developed
basing on four basic algorithms: Back Projection (BP), Filter Back Projection (FBP),
Algebraic Reconstruction Technique (ART), and Expectation Maximization (EM). All
of these algorithms used in this program to generate the images, which is 256x256
pixels of maximum resolution. This is a multi-windows program, which allows the
users to manipulate several windows at the same time. By this feature, user can perform
reconstruction the image from a data set with several different algorithms as mentioned.
Furthermore, user can compare visually the quality of images between different
algorithms.

Fig.3: User can choose CT or SPECT
according to the experiment

Fig.4: There are four algoritms to choice. CT
or SPECT (without attenuation correction)
images can be recontructed using BP, FBP,
ART and EM. Corrected attenuation SPECT
image can only be reconstructed by ART.

Fig.5: Multi-windows interface with multi – task function (sinogram, image
reconstruction, histogram, plot row or column, edit color, etc)

The Annual Report for 2010, VAEI

97

VAEI-AR 10--11

III. EXPERIMENT
III.1. Experiment No.1
The first experiment on SPECT / CT
was performed on a phantom with the structure
shown in Figure 6. Phantom is made of PVC
consists of a PVC pipe outer diameter 90 mm,
thickness 12 mm filled with water. Inside there
are 2 smaller PVC pipe with outer diameter is
34mm and 21mm, respectively. Wall thickness
of two small PVC pipe is 2mm.
CT image of the phantom was obtained
Fig.6: Phantom SPECT/CT
using 20mCi of Cs-137 sealed source. . Figure 7 (a)
below shows the reconstructed CT images of phantom (64 projections, 121
measurements/projection, rotation angle: 2.8150, total angle: 1800)

(a)

(b)

(c)

Fig.7: Images of (a) CT, (b) SPECT, (c) SPECT with attenuation correction
For SPECT imaging, 200 µCi of I-131 dissolved in 100 ml of water was filled into two
small PVC pipe. SPECT projections were measured using 2 detectors. SPECT images

were reconstructed by ART algorithm. Attenuation compensation in SPECT images was
done using the linear absorption values which were obtained from CT images (CT and
SPECT image format must be in same size). Figure 7 (b) SPECT images are reconstructed
by ART algorithm. Figure 7 (c) the SPECT images were corrected absorption. Figure 8 show
the combination images of SPECT / CT.

Fig.8: Images of SPECT/CT (1st experiment)
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III.2. Experiment No.2
The second experiment was implemented with a phantom simulating a
petroleum core An cylindrical plastic tube with 200 mm outer diameter, wall thickness
is 10mm, inside contains crushed granite sized 2 ~ 3 cm with unordered distribution.
Water is poured into a plastic tube to fill the gaps between the granite stones. The pore
volume is around 150 ml.
CT image of the phantom was obtained using 20mCi of Cs-137 source. . Figure
9 (a) below shows the reconstructed CT images of phantom (128 projections, 256
measurements/projection, rotation angle: 1.40, total angle: 1800)

(a)

(b)

(c)

Fig.9: Images of (a) CT, (b) SPECT, (c) SPECT with attenuation correction

1mCi isotope I-131 with a volume of 10 ml was introduced into the water in
plastic tube. There was no force to mix the radiotracer and the existence water inside the
tube. SPECT projections were measured using 2 detectors. SPECT images were
reconstructed by ART algorithm. Attenuation compensation in SPECT images was done
using the linear absorption values which were obtained from CT images (CT and
SPECT image format must be in same size). Figure 9 (b) SPECT images are
reconstructed by ART algorithm. Figure 9 (c) the SPECT images were corrected
absorption. Figure 10 shows the combination images of SPECT / CT

Fig.10: Images of SPECT/CT (2nd experiment)
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IV. CONCLUSION
The project "Research for developing CT/SPECT technique utilizing the labscaled of industrial one source – one detector CT system" was implemented from
4/2010 to 3/2011 (extended to March 11/2011) has achieved its objectives, completed
its content and products. The project has been successfully approached to the SPECT
technique and a method for attenuation correction in SPECT image.
The detail products of the project are as follows:
- An experimental hardware configuration for CT and SPECT
- An image reconstruction software with four algorithms for CT and SPECT
(without attenuation correction): Back Projection (BP), Filtered Back Projection (FBP),
Algebraic Reconstruction Technique (ART) and Expectation Maximization (EM). The
attenuation correction for SPECT can be only performed by ART algorithm.
- Results of experiments
Although the system is simple and still at an incipient stage, the results of this
project confirms the industrial applicability of the system to process diagnosis.
Furthermore, the system’s geometry needs to improve. By adopting a multi-detector or a
highly efficient detector, we can reduce the measuring time. Future developments of
gamma ray CT can be focused on large scale, dynamic condition, so the research for
development of an advanced CT or SPECT system need to be followed, i.e. developing
fan beam gamma CT system or multi – detector SPECT system.
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Abstract: An analytical procedure for sulphur isotope ratio in sulphate/sulphide (δ34S)
dissolved in groundwater was developed. The procedure included: i) SO42- and S2precipitation by BaCl2 and AgNO3, respectively ii) sulphur isotope ratio (δ 34S) analysis
by continuous flow isotope ratio mass spectrometry (CF-IRMS) with on-line
combustion of the sulphate/sulphide to form SO2. The δ34S in the dissolved sulphate of
33 deep (more than 30 m) wells, 20 shallow (less than 30 m) wells, in water from the
Da river in the study area, the Red river, the Hoa Binh lake, and the precipitation
collected during both rainy and dry seasons in the Thuan My, Hanoi and Lang Son
regions, as well as in water waste samples were analyzed. The accuracy of the analysis
was made by the participation in inter-comparison exercises and the precision of the
δ34S value obtained was usually better than ± 0.2‰. The SO42- concentration in water
from the deep wells is from 674 to 2,197mg/L and the δ34S values in the constituent are
in a narrow range of from +15.66 to +17.73‰. These values along with chemical data
gathered for other constituents presented in the water allow one to explain the source of
SO42- in water from the deep wells to be from the dissolution of gypsum minerals
(CaSO4.2H2O). On the other hand, the SO42- concentration in water from the shallow
wells, are in a wide range, from 6.1 to 1,279 mg/L and the δ34S values of the substance
are also in a wide range, from +2.04 to +28.87‰ suggesting the sources of SO42- in
water from these wells to be originated from the mixing of the water waste from deep
wells of high sulphate concentration with the water recharging from the Da River that
possesses low sulphate content but depleted with the heavy sulphur isotope.

1.INTRODUCTION:
The origin and the fate of sulphate in groundwater has concerned hydrogeologists for many decades. With increasing industrialisation throughout this century,
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the differentiation between natural and ‘man-made’ sulphate became important. A
particular challenge is evaluating potential and existing additions of the latter to
groundwater and drinking water supplies. On regional and even global scales, sulphate
as a component of ‘acid rain’ captured scientific and public awareness in the 1970s and
1980s. Subsequently, intensive research programs on the effects of atmospheric sulphate
deposition on terrestrial and aquatic ecosystems were initiated. Today, more than twothirds of the sulphate in atmospheric deposition in heavily industrialised regions of the
northern hemisphere is of anthropogenic origin. The rate and the degree to which these
increased sulphate inputs have led to acidification of surface water and groundwater has
been a matter of considerable scientific debate in the past two decades. For the
delineation of various sources of groundwater sulphate, the application of stable isotope
techniques has proven most useful.
Analysis of the isotope composition of sulphate and sulphide dissolved in water
has many applications in the study of the chemistry, evolution of hydrologic systems
and groundwater pollutions. Some of the more important applications include 1)
determining the source of dissolved sulphur species, including natural sources such as
gypsum or pyrite in rocks and anthropogenic sources such as fertilizer and acid rain, 2)
understanding chemical reaction occurring in groundwater systems, such as the
oxidation of sulphide or microbial reduction of sulphate.
Sulphur has four stable isotopes : 32S, 33S, 34S and 36S with approximate
abundances of 95.02 %, 0.75%, 4.21% and 0.02% respectively. The ratio of 34S to 32S
is most commonly measured. Stable isotopic ratios of unknowns are reported in parts
per thousand (per mill, also ‰) relative to a standard, according to the following
equation :

=

RS − RStd
.1000 (‰)
RStd

Rs is 34S/32S of unknown and Rstd is 34S/32S standard samples.
Positive and negative δ34S values mean that the sample is enriched and depleted
respectively in the heavier isotope with respect to the reference.
2. STUDY AREA
The study area is mineral water in Thuan My village, Ba Vi, 30 km northwest of
Son Tay town. The study area is around 1.5 km2 and located between the dyke and the
Da river. The land use is dominated by non-irrigated crops, such as corn and sweet
potato. The mineral water was discovered 10 year ago with the SO42- concentration in
water from the deep wells from 674 to 2,197mg/L and temperature of water in these
wells also high up to 45oC. With high concentration of SO42- and temperature in water,
the villager open service of “taking bath on hot mineral water for disease treatment”.
3. METHODOLOGIES
Groundwater samples in deep and shallow wells were collected during two
seasons : dry in Mar. and raining in Sep. 2009 from small family wells. In addition, the
samples from the Da river in the study area, the Red river, the Hoa Binh lake, and the
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precipitation collected during both rainy and dry seasons in the Thuan My, Hanoi and
Lang Son regions, as well as in water waste samples were collected.
Samples for major ion analysis were filtered through a 0.45mm membrane and
returned to the laboratory in 500 ml plastic containers. cation and anion analysis
SO42-, NO3-, Cl-, F-, PO43-, NO2-, Na+, K+, Mg2+, Ca2+, NH4+ were determined on
DIONEX 600 liquid chromatography.
The collected procedures of SO42- and S2- were introduced below.
3.1 Sulphate collection
A reliable sulphur isotope analysis depends first of all on collecting a
sufficiently large, unfractionated, uncontaminated sample in the field. The methods for
collecting samples depend upon the dissolved sulphate in the samples. For samples with
sufficiently high sulphate concentration (equal to or greater than 20mg/L SO42-),
dissolved sulphate is typically collected by direct precipitation as BaSO4. 500 ml of
water is collected in bottles and brought to the laboratory for BaSO4 precipitation.
Anion exchange resin is used to collect sufficient dissolved sulphate from 5 liters (less
than 20mg/L SO42-). The samples were collected and preserved at the field site by the
addition 1ml of Zn(CH3COO)2 saturated solution for precipitation all H2S in the
samples and then the samples were brought to laboratory to do chemical processing.
On return to the laboratory, the water samples were heated to boiling point to
ensure the removal of CO2 and thus minimize co-precipitation of BaCO3. Sulphate was
precipitated as BaSO4 by addition of 50 ml of 10% BaCl2 solution, and the precipitate
washed with warm, deionised, distilled water and dried overnight in an oven at 90 oC.
The dried BaSO4 was then scraped and used for determining the 34S.
3.2 Sulphide collection by direct precipitation
To collect dissolved sulphide by direct precipitation, first determine the
dissolved sulphide concentration and then determine how much sample is needed to
produce sufficient Ag2S for isotopic analysis (collect at least 5mg Ag2S). The sulphide
concentration measured above also will assist in determining how much 10% AgNO 3 to
add to the sample.
Adding AgNO3 is a critical step because, if the amount of Ag+ added is
insufficient to precipitate the available sulphide, the Ag2S produced will be fractionated.
If a large excess of AgNO3 is added, however, a large amount of AgCl may be
produced, which will greatly slow the filtering process. Results of the experiments,
suggest that a three-times excess of AgNO3 is an appropriate amount to add to the water
sample for direct precipitation of Ag2S.
BaSO4 and Ag2S samples were weighed into 3-5 mm tin capsules and introduced
into a EuroVector elemental analyzer, reacted to SO2 with an oxidation/reduction
column, heated to 1050oC in a high purity oxygen (99.999%), transported by high purity
helium (99.999%) through a prepacked 0.8 m PTFE GC column, and heated to 90oC to
produce a SO2. The SO2 from the sample was transported by helium (100 ml/min) into a
IsoPrime continuous flow isotope ratio mass spectrometer. Isotope ratios are reported as
-values relative to the standards meteoritic Canyon Diablo Troilite (CDT). The
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international standards were used in this study, NBS-127, IAEA-SO-5 and IAEA-SO-6
with 34S(‰) +20.3, +0.5 and -34.1, respectively [4].
4. RESULTS
Evaluation of the procedures for SO42- and S2- collection
The recovery of SO42- > 20mg/L by direct precipitation at laboratory from 74.8
to 104.5%. The experiments of SO42- from 30 to 40mg/L had recoveries 92.0 to 104.5%.
The sulphur isotope composition of the sulphate collected ranges +8.1 to +8.3 with
average of +8.2 ± 0.1 (‰).
The recovery of SO42- < 20mg/L by ion exchange resin from 74.8 to 100.1%.
The experiments of SO42- from 5 to 12mg/L had recoveries 80.5 to 100.1%. The sulphur
isotope composition of the sulphate collected ranges +8.1 to +8.5 with average of +8.3 ±
0.2 (‰).
The recovery of S2- is always high from 99.7 to 100.9% with S2- in the samples >
2mg/L. The sulphur isotope composition of the sulphide collected ranges -0.7 to -1.0
with average of -0.8 ± 0.2 (‰).
Inter-comparison
Five samples were sent to Geokarst laboratory, Trieste, Italy for a intercomparison analysis. The results of two laboratories shown that the 34S value
obtained was the same in the accepted values.
Precision Evaluation
Ten samples were analysed with triplicate or duplicate samples from a chemical
processing. The results shown that the precision of the 34S value obtained was usually
better than ± 0.2‰.
The deep wells
Chemical composition of water collected from the 33 deep wells in both seasons
is sulphate canxi. Sulphate concentration in 33 deep wells : 15 samples collected in the
dry season and 18 samples in rainy season range from 600 to 2.200mg/L and the 34S
values in these wells in narrow range from +15.66 đến +17.73‰, and average +16.42 ±
0.49‰.

Fig. 1: Sulphate composition and δ34S values in the deep (left)
and shallow (right) wells The shallow wells
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Chemical composition of water collected from the 20 shallow wells in both
seasons is mixed sulphate calcium and bicarbonate. Sulphate concentration in 20
shallow wells : 8 samples collected in the dry season and 12 samples in rainy season
range from 8.2 to 1.279mg/L and the 34S values in these wells in wide range from
+2.04 to +28.77‰.
Precipitation and Da river in the study area, Hoa Binh lake, Red river and
precipitation in Hanoi and Langson regions.
Sulphate concentration in the samples above from 2.33 to 126.86 mg/L and the
δ34S values from 3.18 to 8.81‰ in dry season. In the rainy season, sulphate
concentration from 1.56 to 9.86mg/L and the δ34S values 1.14 to 5.88 ‰.
5. DISCUSSION
Potential sulphate source to the deep wells
Six potential sources of high sulphate concentration in the deep wells could be :

1) Recharge from precipitation, river and lakes in or close with the study area :
The hypothesis of these potential sources is easily dismissed because all samples above
that were taken had much very low sulphate concentration than those in the deep wells.
The 34S values of deep wells are around +16.42 ± 0.49‰ and the 34S values of
precipitation and river samples are 1.14 to 8.81 ‰ [5, 6, 7, 9, 12].

2) Anthropogenic such as industrial and agricultural activities: The

34

S
values of these activities are around +1 to +10‰, thus industrial and agricultural
activities are unlikely a potential source of sulphate [1, 2, 5, 7, 10, 12].

3) Seawater intrusion : Seawater incursion is relatively easy to detect because

high-sulfate waters should also be high in chloride ; the corresponding Cl-/SO42- ratios
(in mg/L) being approximately 7.8 . The Cl-/SO42- ratios for the deep wells are much
lower than that, ranging from 0.12 to 0.22, thus seawater intrusion can be ruled out as a
source of sulfate [2, 5, 12, 6, 10, 12, 14].

Fig. 2: Relation between δ34S values and Cl-/SO42- and Ca2+/SO42- in the deep wells
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4) Reduced inorganic sulphur in minerals such as pyrite and reduced inorganic
sedimentary sulphur compounds by microbial activity: Microbial activity, in particular
sulfate reduction has the potential to dramatically alter the isotopic composition of
sulfate [1, 3, 5, 6, 8, 12]. The δ34S values of these activities is from -30‰ to +10‰.
And also at the deep wells, the absence of sulfide rules out any significant microbial
activity.
5) Magma volcano : Sulphur from volcanic emission often has δ34S values near
+5‰ [5, 10, 12, 29, 30] so that the source of sulphate from magma volcano is not true.

6) Local dissolution of gypsum: The local dissolution gypsum seems to be
good explained the high sulphate concentration in these deep wells. Because gypsum
(CaSO4*2H2O) is a major source of sulfate. The Ca2+/SO42- ratio (in mg/L) in 33 deep
wells are from 0.3 to 0.44 and the δ34S of SO42- in these wells is very close to that of the
gypsum. Thus potential source of sulphate in these wells is from dissolution of gypsum
[5, 9,11, 13, 14, 15, 16].
Potential sulphate source to the shallow wells
The sulphate concentration of shallow wells are mixed from many sources.
Some the potential sources have to be evaluated :
1) Waste water with high SO42- concentration : Some of these wells have the
same 34S values with gypsum of this area and the Ca2+/SO42- ratio (in mg/L) is also
from 0.3 to 0.44. The SO42- of these wells was not dissolved directly from gypsum but
from waste water of the deep wells. This hypothesis was improved clearly in the dry
season because the SO42- in the dry season was higher than those in rainy season. In the
dry season, it is rare raining and cool so that the service on “taking bath on hot mineral
water for disease treatment” was much higher than rainy (hot) season. There is not
collected waste water system in this area [5, 11, 12, 15,16].
2) Mixing waste water and raining : The SO42- of the shallow wells in rainy
(hot) season was lower than those of the dry season and the δ34S values in the wide
range because raining water with SO42- low was recharged and diluted high SO42- of the
waste water in the shallow wells [6,11, 12].
3) Reduced inorganic sedimentary sulphur compounds by microbial activity :
the H2S in the shallow wells was not detected so the microbial activity was unlikely
source of sulphate [11, 12, 16].
6. CONCLUSION
1) SO42- in water with concentrations of greater than 20mg/L is collected by
precipitation BaSO4 in the laboratory.
2) Anion exchange can be used to collect sulphate less than 20mg/L in the
laboratory.
3) A method for collection of dissolved sulphide up to 1- 2 mg/L by
precipitation of Ag2S in an AgNO3 trap.
4) δ34S Isotopic analysis of pure BaSO4 and Ag2S precipitation by Continuous
Flow Isotope Ratio Mass Spectrometry. Uncertainty of analysis is ± 0.2‰.
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5) Potential sulphate in the deep wells of Thuan My, Ba Vi, Hanoi are from
dissolve of gypsum.
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Abstract: A method was studied for the simultaneous determination of mercury and
selenium in food and food stuff by soil-phase heated distil and neutron activation
analysis.
After irradiation in Dalat Nuclear Research Reactor for 20 hours with a neutron flux of
2.1x1012 n/cm2s:
For foodstuff: Mercury and selenium were separated from sample by heating the
furnace at 9000C and collected in the ampul -1, after mercury was separated from
selenium by heat activated carbon in the ampul -1 at 4000C and collected in the
ampul -2.
For food: Mercury was separated from sample by heat from the furnace at 4000C for
about 1 hour and collected in the ampul -1, after temperature of the furnace was
increased to 9000C, selenium was evaporated and collected in the ampul -2.
The activated carbon in the ampuls was quantitatively transferred into polyethylene
vials for counting 76Se and 203Hg.

Introduction
Neutron activation analysis with the use of reactor thermal neutrons is one of
the important nuclear analytical techniques for the determination of trace elements in
environmental objects. This technique allows the simultaneous analysis of multiple
elements in the sample with high accuracy and high sensitivity. The detection limits of
NAA are in the range of ppm and in some cases in the range of ppb.
Some elements for analysis are in the materials with complex components with
a large concentration of substrate. When irradiated, they are interfered, which causes
the determination to be inaccurate or even impossible, especially for the concentration
of analyzed element to be a micronutrient or trace. For example, analyzing oil and gas,
or other types of geological samples or food samples with complex components… To
be able to solve this problem, people have combined the separation method to enrich
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with NAA to isolate the studying isotopes. Thus, the sensitivity and accuracy of RNAA
is enhanced…. However, for some samples containing a large amount of organic
compounds, it is very difficult to determine not only by RNAA method but other
methods such as AAS, ICP-MS are also difficult to dissolve the sample. In this topic,
we will research to provide a heat treatment method to separate the elements Hg, Se
and determine by NAA. This is a simple separation technique which does not cost too
much chemicals, shortens process duration and minimizes risks of radioactive
contamination.
I. Experiments
I.1. Equipments
The Dalat Research Reactor of 500kW swimming pool type is available for
neutron irradiation at a flux of 5.1012n.cm-2s-1(in pneumatic transfer system) and of
1.1012 n.cm-2s-1 (in Lazy Susan facility).
Gamma spectrometry system with detector HPGe which is connected to a multichannel analyser and computer. The resolution is of 1.9 keV at 1332.5 keV full energy
peak.
I.2. Reagents
- Standard solutions of mercury and selenium were prepared from singleelemental standards (1000µg ml-1 Merck - Germany).
- The reference material of NIST – SRM Bovine liver – 1577b and IAEA Hay
Powdered –V-10.
II. Proceduces
About of 0.2 - 0.5 gram of each sample and 0.5 µg of Hg and Se were sealed in
PE bag for irradiation. Samples and standards were irradiated simultaneously in Lazy
Susan facility at the Dalat nuclear reactor for 20 hours at a flux of 2x1012n/cm2sec.
For foodstuff: After 10-14 days of decay time, the samples and standards have
been quantitatively transfered into different ceramic heatproof boats. The boat was
inserted into the quartz tube, which was packed with activated carbon ampul -1. The
tube was placed in the tube furnace. Oxygen gas of about 0.4L/phút was passed over
the sample while sample was being ignited by the heat from the furnace at 9000C for
about 1 hour. Both mercury and selenium were evaporated from sample and completely
colleted in the ampul -1. After the activated carbon in ampul -1 was quantitatively
transferred into polyethylene vial for counting 76Se. The activated carbon into
polyethylene was quantitatively transferred into a ceramic heatproof boat, and oxygen
was replaced by nitrogen gas and the temperature of the furnace was heated at 4000C
for 1 hour. In this process only mercury was separated from selenium and completely
colleted in the other ampul. The activated carbon in this ampul was quantitatively
transferred into polyethylene vial for counting 203Hg
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For food: After 10-14 days of decay time, the samples and standards have been
quantitatively transfered into different ceramic heatproof boats. The boat was inserted
into the quartz tube, which was packed with activated carbon ampul -1. The tube was
placed in the tube furnace. Nitrogen gas was passed over the sample while sample was
being ignited by the heat from the furnace at 4000C for about 1 hour. Mercury was
evaporated from sample and completely colleted in the ampul -1. After the ampul-1
was replaced by the ampul -2, the temperature of the furnace was increased to 9000C
and nitrogen gas was replaced by oxygen gas. The sample was heated for 1 hour.
Selenium was separated from sample and completely colleted in the ampul -2
The activated carbon in ampul -1 and ampul -2 was quantitatively transferred
into polyethylene vials for counting 203Hg and 76Se.
III. Results and Discussion
III.1. Adsorption of mercury and selenium depend on temperature and
kind of gas.
The experiments were made with oxygen and nitrogen gas at different
temperature. The results are presented in Table 1.
Table 1: Adsorption of mercury and selenium depend on temperature and kind of gas
No

(0C)

1

Nitrogen gas

Oxygen gas

S (279keV)

H (%)

S (279keV)

H (%)

100

2389

32.8

2107

28.9

2

200

4121

56.6

3814

52.4

3

300

6231

85.6

5612

77.1

4

400

6612

90.8

5712

78.5

5

500

6537

89.8

5634

77.4

6

600

6578

90.3

5819

79.9

7

700

6514

89.5

6533

89.7

8

800

6527

89.6

6491

89.1

For nitrogen gas: Mercury and selenium were evaporated from sample and
completely collected about 90% and 87% at 4000C and 8000C respectively.
For oxygen gas: Mercury and were evaporated from sample and completely
collected about 78.5% and 92% at 4000C and 8000C respectively.
III.2. The recovery yield
The recovery yield of mercury and selenium was determinated by tracer
techniques by burning of non irradiated sample with known amounts of 203Hg and 75Se
tracers. The results obtained are 90.1% and 92.1% with a relative standard deviation of
± 1.2% and ± 1.0% for 203Hg and 75Se, respectively. The reliability test of the
radiochemcal separation was indicated in Table 2.
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Table 2: Results of the recovery yields by proposed procedure
Elements

Recovery (%)

Hg

90.1 ± 1.2

Se

92.1 ± 1.0

III.3. Analytical quality control.
In order to check the method, the reference material NIST – Bovine liver –
1577b and IAEA - Hay Powdered –V-10 was analyzed. A conparison between the
results obtained for Hg, Se and the certified values are given in Table 3. Mean and
standard deviations were calculated too. The values obtained agree fairly well with the
cetified values.
Table 3: Comparison of the present results with certified values in Bovine Liver-1577b
and V-10
Bovine Liver-1577b

V-10

Elements

Certified
values

This work
X±SD (n=3)

Certified values

This work
X±SD (n=3)

Hg

-

-

0.013

0.015 ± 0.002

Se

0.73±0.06

0.66 ± 0.05

0.213 ± 0.018

0.188 ± 0.021

Table 4: Concentration of Hg and Se in food and foodstuff
No

Name of samples

Hg ( X ± SD )

Se X ± SD

1

Tao Nguyen rice

18 ± 2

201 ± 23

2

Thom Min rice

32 ± 4

132 ± 12

4

Nep cai rice

9±2

183 ± 14

5

Mixed human diet -1

15 ± 2

487 ± 33

6

Mixed human diet -2

22 ± 2

512 ± 27

7

Prok spam

5023 ± 39

369 ± 56

8

Chicken spam

125 ± 11

869 ± 37

IV. Conclusions
1. The radiochemical separation procedures for determination of mercury and
selenium in food and foodstuff samples has been established.
2. The sensitivity of this method was estimated to be 0.005 µg, 0.007 µg for Hg
and Se, respectively.
3. From analytical results of Hg and Se in International Standards were
determined by the method. The present results show that the implemented method was
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reliable and have good accuracy and precision. Our results were usually within the
quality control plan acceptance range 10- 15 % of the certified value.
4. Determination of of Hg and Se in food and foodstuff.
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Abstract: Thoron, an invisible, odorless, heaviest (nine times heavier than air) and
radioactive gas is an aberration. It is ubiquitously present in dwellings and in the
environment. Passive detectors used for large-scale and long-term surveys are generally
calibrated in a well-controlled environment such as a thoron chamber. It has been also
pointed out that some of them are sensitive to thoron. Thus it is necessary to check the
thoron contribution to the detector response with the proposed or similar test before
practical use. LR-115, Type- II (Kodak Pathe, France), plastic track detectors
commonly known as solid state nuclear track detectors (SSNTDs) were used to measure
the radon, thoron concentration over long integrated times. Alpha particles emitted from
radon, thoron cause radiation damage tracks, which at the end of the exposure time, the
detectors were removed and etched in 2.5 NaOH solution at 60° C for one and halfhour. The films are then scanned for the measurement of track density by using a precalibrated spark counter. The recorded track densities are then converted in Bq/m3 by
using an appropriate calibration factor.

I.

INTRODUCTION

Thoron (220Rn) was discovered in 1899 by R B Owens. Most of the early work
focused on the fundamental physical properties of natural radioactivity, but some of it is
still relevant to modern environmental consideration. Important step in 220Rn research
occurred in the atmospheric sciences when it was realized that 220Rn and its progeny
are a major source of atmospheric ions near the earth’s surface. These ions are
important to a wide range of atmospheric processes, including nucleation of water drops
which are necessary for radon and formation of thunderstorms. 220 Rn and its progeny
have been used as tracer in studies of atmospheric transport processes, such as eddy
diffusion. Much of these early atmospheric research was by has Israel and others and
the field has continued to be very active. There are few industrial situations where 220
Rn can be found to be more in isolation from 222 Rn. Most of these are connected with
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industrial applications of thorium. Thorium is a component in certain alloys, like
magnesium, and plays a small role in nuclear fuel cycle industry. However, health
problems associated with these applications have not been striking. Mining of thorium
ore is done in well ventilated open pits. Wastes and tailings from thorium bearing ores
processed for metals other than thorium can potentially release significant 220 Rn.
Although a lot of studies on radon have been done for a long time, there are few reports
on thoron. It was considered that the presence of thoron could be negligible because of
its own quantity compared to that of radon. However, recent studies have shown high
thoron levels in our living environment. In particular, high thoron concentrations were
occasionally observed in some areas, Japan. This fact made it clear that some of passive
radon detectors were sensitive to the presence of thoron. They are commonly used for
indoor radon surveys. It is possible that such detectors will give false values unless they
are placed properly. Therefore, it is important to understand the detector response to
thoron before practical use. A compact thoron chamber system was set up for the
purpose. In this study, the followings are shown: configuration of the thoron chamber
and sensitivity to thoron of several passive radon detectors. The 220 Rn has a short halflife, 55.6 s, compared to 222 Rn with a half-life of 3.82 days. This means that the
distance 220 Rn gas atoms can migrate in the ground, inside building materials,
buildings, etc., before it decays is much shorter than 222 Rn gas. It can be easily
stopped by wall paper and other surface sealants. Therefore, risk for high 220 Rn levels
indoors can be expected to be low, at least much lower than the risk for high levels of
222 Rn. However, in buildings with an ineffective barrier between soil and indoor air,
the entry of 220 Rn could be significant. This is prominent if the gravel or sand filler or
the soil itself immediately under the building has 232 Th. Li et al. have demonstrated
that the soil is a significant source of indoor 220 Rn. The release of 220 Rn from
building materials is also to be considered, especially for unsealed surfaces such as bare
walls, floors, and ceilings. Under certain circumstances, outdoor air is probably the
source of high indoor 220 Rn levels. Increased concentrations of 220 Rn were recently
measured in traditional residential dwellings in China and India. Because of the short
half-life of radioactive gas, the main source of indoor concentration is surrounding
building materials. In traditional dwellings, this is the bare soil floor, either soil in cave
dwellings or unburned adobe bricks and uncovered stone walls in above ground
dwellings. Public exposure to radon (222 Rn) and its progeny has been a worldwide
concern in the past decades. Many types of passive integrating 222 Rn monitors with
solid state nuclear track detectors have been developed for large-scale and long- term
measurements. However, most of the monitors are sensitive to not only 222 Rn, but also
thoron ( 220Rn) to different extents. To precisely measure 222 Rn concentration, it is
necessary to evaluate the inﬂuence of 220 Rn on the 222 Rn measurements. On the
other hand, recent surveys have revealed that the exposure to 220 Rn and its progeny
can equal or even exceed that of 222 Rn and its progeny in some areas. Therefore,
measurements of 220 Rn are indispensable for more precise assessment of public
exposure to 222 Rn and 220 Rn. For longterm measurements of 220 Rn, it is still
difﬁcult to measure only 220 Rn itself. However, 220 Rn can be evaluated by
discriminating it from 222 Rn through the simultaneous measurements of both 220 Rn
and 222 Rn. At present, several types of 222 Rn and 220 Rn discriminative monitors
have been developed.
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II. MEASUREMENT EQUIPMENT
2.1. Solid State Nuclear Track Detectors
The LR 115 detectors described here were manufactured by DOSIRAD, France
(LR 115 film, Type 2, non-strippable). The detectors consist of an active layer of red
cellulose nitrate on a 100 µm clear polyester base substrate. Solid State Nuclear Track
Detector based dosimeters were used for the measurement of radon and is a good
technique for long-term measurements. The mode of sampling is passive and integrated
for a long duration, taking into account the diurnal, monthly, and seasonal variations of
222 Rn and 220 Rn concentrations. The detailed descriptions of experimental
methodology and the calibration procedure are available in the literature.
2.2. Spark Counter
The Spark Counter technique is applicable to plastic track detectors, which
provide a convenient, economical, and fast method for track counting. This technique
was developed by Cross and Tommasino and is discussed in detail by several
researchers.
2.3. Twin Diffusion chambers
The diffusion chambers used in the present study, commonly named as the
“Karlsruhe” diffusion chambers, are conical, with inner base radius of 2.35 cm, top
radius of 2.35 cm and height of 4.8 cm. There are holes in the brim of the chamber
which allow air to flow in and out of the chamber, shown in Fig.1. Twin diffusion
chambers consist of two diffusion chambers. One is covered by a filter paper which
allows both radon and thoron gas to diffuse inside the chamber and the other is covered
by four layers of polyethylene (PE) membranes which can exclude most of the thoron
gas due to the long diffusion time needed to go through the PE membranes and the short
half-life of thoron gas (55 s). Since radon progeny are particles in nature, they cannot
pass through the filter paper or PE, while radon, being a gas, is free to diffuse into the
chambers. An LR 115 detector is placed on the inner bottom of each chamber. Radon
gas, thoron gas and their progeny formed by decays inside the chambers irradiate the
LR 115 detectors and form damaged trails. Another LR 115, detector which is placed on
the top of one chamber, acts as a bare detector to detect all alpha particles coming from
radon and thoron gas, and their progeny in air.

Fig. 1: The dimension of
the diffusion chamber
used
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III. METHODOLOGY
3.1 Preparation of Twin diffusion chambers
The Twin diffusion chambers used in the experiments are shown in Fig 2. On
the brim of the chamber, there were holes which can allow air to flow in the chambers.

Fig. 2: The real appearances of Twin diffusion chambers.

For each set of experiment, two diffusion chambers (Twin diffusion chambers)
were used. A 3cm x 3cm LR 115 detector was placed at the bottom of each chamber.
While another 3cm x 3cm LR 115 detector which acted as a bare detector was placed at
the top of either one chamber. Before attaching an LR 115 detector onto the chambers, a
piece of supporting paper was placed at the bottom of each LR 115 detector to make
sure that the detector was flat and had equal probability of recording alpha particles. For
the bare detector, a paper was used to cover it until the start of exposure after the
exposure. After preparation, the twin diffusion chambers were placed inside a storage
bag from which almost all air has been extracted out. The storage bag could prevent the
chambers from exposing to the atmosphere before the start of the experiment.
3.2. Etching
At the end of the exposure, the twin diffusion chambers were collected and put
into the storage bag (with paper covering the open detector). Before etching process,
the detectors were put into the refrigerator to minimize the recombination of the broken
polymer chains. In the etching process, detectors were placed in a 10% aqueous solution
of NaOH maintained at 60o C by a water bath for about 90 minutes. The temperature
was kept constant with an accuracy of ± 10C. After etching, the detectors were rinsed
with deionized water and dried immediately.
Procedures:
- Preparation before measurements:
1. The LR 115 detectors were normally stored in a preserved condition, like
protected by the plastic bag and kept in a refrigerator in order to prevent exposure to
radon gas or progeny and high temperatures.
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2. Forceps were always used to handle the detectors such as scissors, nilon bags,
filter paper, PE…
3. A small slab of the LR 115 SSNTD, with a size of 3×3 cm2 and stored in the
plastic bags.
- For measurements:
4. At the selected site for monitoring, using two Urban cup chamber and two
3x3 chamber. Detectors was placed onto the bottom of the Urban cup chamber by the
forceps.
5. The alpha track material was irradiated by the emissions from the radon and
the progeny produced inside the diffusion chamber, leaving sub microscopic damages
along the track of each alpha particle.
6. The initial time was recorded immediately.
7. After exposure, the SSNTDs were removed from the diffusion chambers and
were carefully stored in plastic bags
8. The final time of the actual measurements were recorded accurately.
9. The detectors were brought back to the laboratory and were kept in the
refrigerator.
- For etching:
10. The slab was etched in 2.5M aqueous solution of NaOH (prepared by
adding 300 ml distilled water to 30g of NaOH).
11. The solution was maintained at 60℃ by a water bath. The water bath was
sheltered by a plastic cover to reduce water loss. The solution was kept stirring for 1,5
hour.
12. The region of damage around each track was extended by the etchant so that
the tracks became visible as small holes on the surface of the detector.
13. After 1,5 hour chemical etching the films are rinsed in running cold water,
for 30 minutes and dried and put back into a plastic bag for protection.
- For track density counting:
14. The number of tracks was determined by counting them with spark counter
with the number of tracks per unit area (minus the background) being proportional to
the number of alpha particles striking the detector surface during exposure.
15. Determine average thoron concentration follow below equation:

CΤ =

24 *

( −  )
Τ

Β

Cf *H

where:
CT: is concentration of the 220 Rn gas (Bq/m3)
Cf: Calibration factor (Cf) 220 Rn gase (0.021 tracks.cm-2/Bq.m-3.h)
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ρT: density tracks per unit area of exposured SSNTD (tracks.cm-2)
ρB: density tracks per unit area of background SSNTD (tracks.cm-2)
H: is exposure time (hours)
4. RESULTS AND DISCUSSION
Evaluation of the procedure
Precision evaluation
Twenty four exposured SSNTD and three background SSNTD were analysed
with duplicate SSNTD from preparation, exposure, etching and counter processing. The
results shown that the precision of tracks value obtained was usually better than ±
2.54%.
Etching evaluation
Region of plateau etching time from 85 to 100 minutes. The results, my group
set up etching time was 90 minutes.

Fig. 3: Relation between tracks density (tracks/cm2) and etching time (minutes)

Evaluation of calibration curve.
Calibration factor (Cf) 220 Rn gase in the cup mode were determined through a
series of experiments. Cf for 220 Rn in terms of tr.cm-2 per Bq.m-3h can be obtained as:
Cf = 24.T/CT.H
where, T is the tracks per unit area (tr. cm-2), CT is concentration of the 220
Rn gas (Bq. m-3) and H is the exposure time (hours). Experimentally obtained
calibration factors for 220 Rn for cup mode exposure. Cf for 220 Rn in the filter
compartment is found to be equal 0.021 (tr.cm-2 / Bq.m-3.h)
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Fig. 4: Relation between integrated thoron concentration (kBq/m3.h)
and tracks density (tracks/cm2)

5. CONCLUSION
Set up procedure determine 220 Rn concentration has been carried out in
laboratory using Solid State Nuclear Track Detector based passive detector technique.
Calibration factors for the measurements have been derived experimentally equal 0.021
(tr.cm-2 / Bq.m-3.h). Calibration curve relation between integrated thoron concentration
(kBq/m3.h) and tracks density (tracks/cm2) with R2 equal 0.975.
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Abstract: The high pressure liquid chromatography mass spectrometry method for
determination of dexamethasone has been studied. The authors have some results in
found the optimal conditions in high pressure liquid chromatography mass spectrometry
system for applications analysis of dexamethasone such as flow rate 0.5ml/minute, the
rate of mobile phase ACN: 0.1% HCOOH (80:20), injection volume was 20 µl. Besides,
the authors analyzed a number of experimental samples with recovery range 84-96%.
These initial results give the high pressure liquid chromatography mass spectrometry in
operation.

1. Introduction
Dexamethasone is a potent synthetic member of the glucocorticoid class. It acts
as an anti-inflammatory and immunosuppressant. It has 20 to 30 times more potent than
the naturally occurring cortical hormone, and 4 to 5 times more potent than prednisone.
The chemical structural of Dexamethasone molecular is as the following formula:

C
C22H29FO5 M = 392.47
Fig. 1: Chemical structural formula of Dexamethasone
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Nowadays, the growth stimulants such as: Testosterone, Estradiol, Growthpromoting hormones used in productions of animal product, and Synthesis hormones of
Diethylstilbestrol are spread widely. Specially, the harmful caused by poisoning
Dexamethasone are extremely serious. It often cause disease of celiac, water and salt
intoxication to create swelling, fat fake, osteoporosis in adult and influence to cell
creation in children.
In order to help protect consumers in health care, environmental and strengthen
control of antibiotic residues, the assessing for adaptation of analytical methods is
necessary, particularly methods of analysis by liquid chromatography. The purpose of
this study is to survey the parameters of liquid chromatography LC-MS in analysis of
residues Dexamethasone in pharmaceutical products, food, and in analysis of antibiotic
residue in general. Gradually bring the LC-MS facility at the Center for Nuclear
Techniques in Ho Chi Minh city to be used efficiently.
2. Materials and methods
1.1. Chemicals
− Dexamethasone, 99.61%, Testing Institute - Ministry of Health
− Acetonitrile ACN used for liquid chromatography, merk
− HCOOH used for liquid chromatography, Merk,
− Distilled water (two times)
1.2. Equipment, instruments.
- Liquid Chromatography Mass Spectrometry (LC – MS) system, series 12006100, Agilent,
- Column C18, Agilent (150mm × 4,6mm × 5μm),
- Vortex,
- Machine homogeneous sample,
- Centrifuges,
- Analytic balance (10-5 g), Ohaus, USA,
- Balance (0.01 g), Ohaus, USA,
2.3. Preparation of samples
- Food sample and traditional medicine
To weigh accurately an amount of 5g homogenized sample and we transfer this
amount of sample into a 50 mL centrifuge tubes. Suck 5 mL water and then shake the
tube using a vortex for 30 seconds. Add to each tube 10 mL ACN. The tube was capped
and shook for 30 seconds. An Agilent QuEChERS EN extraction salt packet was added
to each. Sample tubes were capped tightly and shaken vigorously for 1 minute.
Transfer tubes in the refrigerator at 40C for 10 minutes, and then take the tube
centrifuged at 4000 rpm for 5 minutes. A 6mL aliquot of the upper ACN layer was
transferred into a dispersive-SPE. The tubes were tightly capped and vertical for 1
minute, and than transferred to the refrigerator at 40C. After that, the tubes were
centrifuged at 4000 rpm for 5 minutes.
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- Pharmaceutical samples
For sample of pharmaceutical product in form of powder, we weighed accurately
of 200-500 mg after homogenized, and then add 10 mL ACN. After the solution through
the membrane filter micron 0.45 μm. Purified sample was transferred into the injected
auto-sampler for analysis.
For a liquid sample, we transfer 100-500 µL sample into 50 mL flask and then
passed through 0.45 µL. Purified samples were analyzed.
2. Results and discussion
2.1. Investigation of optimal conditions
To determine the optimal conditions for process of chromatography with
dexamethasone, we examined the retention time, the mobile phase composition, flow
rate of mobile phase in the chromatography process. The selection of the appropriate
column for dexamethasone is also taken in to account. The results are shown in Table 1.
Table 1. The parameters was studied
No

Parameter

Results

1

Sample injection volume

20µL

2

Temperature in Column

35 oC

3

Mobile phase

4

Flow rate

5

Ion quantitative

393 (100)

6

Ion reference

373 (25)

Acetonetril: HCOOH
0,1% (80:20)
0.5 mL/minute

2.2. Determination of the detection limit
According to the international container as ISO, IUPAC and ICH, LOD is
defined as follows:

Where:
σ: is the standard deviation value, which is estimated by the standard deviation
of the balance value from the regression line.
S: is the value of the slope in the regression equation.
Detection limits was determined with the standard mixed solution of the
concentration points: 22313 mg / kg, 44,625 mg / kg, 89,251 mg / kg, 111,563 mg / kg,
148,751 mg / kg, 223,126 mg / Kg. The results are presented in Table 2.
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Table 2: The parameters to calculate the LOD value
C (ppb)

Y

(Y-Yi)2

Yi

22.313

119690

125964.6

39370766.81

44.625

304962.7

258889.6

2122729535

89.251

494669.2

524739.6

904229381

111.563

642654.3

657664.6

225309259.9

148.751

862214.5

879206.3

288720198.8

223.126

1344563.6

1322289.6

496131279.6

σ

S

LOD
(μg/Kg)

31769.17

31769.17

5957.385503 16.0

∑(Y-Yi)2 = 4037119654.7
3.3 Building of calibration curve
Calibration was has been performed with the concentration of standard
Dexamethasone: 22.313 μg/Kg, 44.625 μg/Kg, 89.251 μg/Kg, 111.563 μg/Kgb, 148.751
μg/Kg, 223.126 μg/Kg. The results are shown in Table 3 and Figure 2.
Table 3: peak area depends on the concentration of Dexamethazone
C (μg/Kg)

Area

22.313

119690

89.251

494669.2

111.563

642654.3

148.751

862214.5

223.126

1344564

Fig. 2: calibration of curver for determination of Dexamethasone
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2.3. The accuracy of measurement
To assess errors and repeatability of the measurements, we use the calibration
standard solutions mixed a concentration of 89,251 ppb. Measurements were repeated 4
times, and the results are shown in Table 4.

Table 4: Errors and repeatability of the measurement procedure
Standard solution

Dexamethasone

Concentration (ppb)

89.251

Peak area Si

1First time

2nd time

3Th time

4th time

512888.8

512248.4

492649.4

494669.2

Si average

503113.95

Peak area St

505947.744

Xtb (%)

1.87

CV (%)

1.18

2.4. Recover Testing
Recovery experiments were performed by comparing the analytical results for
samples of chicken (this sample of chicken was tested and the results shown that no
characteristic ion fragments of dexamethasone was not detected).
The result presented in table 5 states that this method can be used to analysis
food sample with recovery of 84%-90%.
Table 5: Results of recovery survey in food sample
Dexamethasone

Amount of
Dexamethasone are added
(μg/kg)

Amount of Dexamethasone
are found (μg/kg)

% Recovery

Sample 1

44.625

39.273

88.01

Sample 2

44.625

40.163

90.00

Sample 3

44.625

37.485

84.02

Sample 4

44.625

39.548

88.62

Sample 5

44.625

38.765

86.87

Pharmaceutical sample was also conducted similarly, Table 6 shows the result in
this study. These present results shown that, the recovery of Pharmaceutical sample
reached to 90-96 %.
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Table 6: Results of recovery survey in pharmaceutical sample
Dexamethasone

Amount of
Dexamethasone are added
(μg/kg)

Amount of Dexamethasone
are found (μg/kg)

% Recovery

Sample 1

44.625

40.527

90.82

Sample 2

44.625

42.322

94.84

Sample 3

44.625

42.876

96.08

Sample 4

44.625

41.634

93.30

Sample 5

44.625

40.236

90.02

2.5. Results of analysis for real samples
Results
(mg/ Kg)

control
results
(mg/Kg)

LOD
(mg/Kg)

No

Name’s sample

1

Traditional medicine for arthritis for
NA
sinusitis

0.016

2

Traditional medicine for arthritis

NA

0.016

3

Drug for arthritis (injection )

2019.653

2000

0.016

4

Tobradex drug (eye treatment)

1052.356

1000

0.016

5

Otitar drug (ear treatment)

497.534

500

0.016

6

Inflammatory drugs (tablet)

1669.324

7

Salmon

NA

NA

0.016

8

Shrimp 1

NA

NA

0.016

9

Shrimp 2

NA

10

Chicken

NA

0.016

0.016
NA

0.016

2.6. Discussion
Based on the experimental results obtained in this work, the analysis procedures
for identify of Dexamethasone in pharmaceuticals and foods samples by using the liquid
chromatography mass spectrometry developed and applied at Center for nuclear
techniques in Ho Chi Minh city, including procedures for sample preparation, and
equipment operating procedures.
Analysis of Dexamethasone in pharmaceutical and food samples is also promise
for the analysis of other compounds on LC - MS system at the center for nuclear
techniques in Ho Chi Minh city. However, outside the LC-MS, GC and professional
capacity need additional processing equipment to meet the demand pattern analysis of
antibiotics, hormones or residues of plant protection, pesticides.
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Abstract: Irradiated chitosan in dry flek form was carried out on the gamma Co-60
source. The obtained results showed that the molecular weight of chitosan after
irradiation was decreased with the increase of absorbed dose. Chitosans were irradiated
of 20-30kGy their molecular weight was 282 kDa and 10kDa at dose of 300kGy. The
effect of irradiated chitosan on the growth development and the survival ratio of
breeding chickens in the process were also studied. Field test results showed that the
chicken feed supplemented by 300ppm chitosan with molecular weight of 282 kDa, the
weight of chickens increased by 113% and survival ratio was 100% while the normal
survival ratio was only 93.34%.

INTRODUCTION
In recent years the agricultural production of our country is relatively
developed, especially in livestock. With the rapid growth of agriculture and livestock,
especially poultry, in the world and even our country is developing the agricultural
sector-oriented "natural and clean food".
Currently most used animal food industry, industrial-type farming, using a
variety of stimuli: sex hormone substances, chemicals, stimulants, antibiotics, ... cause
rapid weight gain as an artificial muscle tissue in the area of water and other
unfavorable factors also residues in meat, eggs reduces the flavor of the food and harm
human health. So recently scientists were interested in the research component of feed
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for poultry, cattle have the ability to increase weight naturally, reduce the mortality rate,
creating clean products, meat delicious eggs [1, 2].
In parallel with the developing other economic fields, nuclear techniques are
applied effectively in many science and technology fields particularly in medicine and
agriculture. Radiation modification of biological polymers to prepare performance
applications in agriculture and medicine is one of the interesting application
achievements and are being studied in many countries in the world. Chitosans with
different molecular weights are not only potent antibacterial effects, but growth
regulators also. Therefore, it has great potential for use in agriculture, pharmaceuticals,
health care, etc. Especially recently some countries have research and application of
chitosan as an ingredient in animal feed and poultry to increase immunity of them [3, 4, 5].
I. The content of project
1. Irradiation of chitosan by gamma radiation
2. Fractionnation of irradiated chitosan by chemical methods
3. Effects of irradiated oligochitosan parameters on the test product
II. Obtained results
1. Irradiation of chitosan by gamma radiation
Chitosan, one of the natural polymers is easily degraded by ioniziong radiation.
The altering molecular weight of chitosan with various doses are presented in Fig. 1.

Fig. 1: Molecular weight chitosan according to radiation doses

The experimental results showed that the molecular weight of dried chitosan
decreased with the increase of dose. This is entirely consistent with the theory of direct
interactions and indirect effects of radiation on matter. Thus under the effect of gamma
radiation, dry chitosan has been degraded. This result is consistent with the findings of
the authors Ulanski, Rosiak when irradiated chitosan in dry powder form [9].
2. Fractionnation of irradiated chitosan by chemical methods
Chitosan also known as low molecular weight oligochitosan fractions separated
from gamma irradiated chitosan by chemical method based on the effects of
precipitation and crystallization mixture solution of methanol and acetone. The
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measurement of molecular weight oligochitosan formed after irradiation, and fractions
are shown in Figure 2.
The experimental results showed the molecular weight of oligochitosan received
after the fractional decrease in absorbed dose. At the same irradiated dose chitosan is
not fractionated may have molecular weight higher than fraction I about 10%.
In the first fraction, molecular weight range of chitosan is about 100-282 kDa,
molecular weight range in the second fraction of about from 14-21kDa and third is from
2-6kDa. This result indicated that for chitosan flakes form when the irradiation it was
formed a mixture of oligomers include many of different molecular weight ranges, and
by using the solvent methanol, acetone with different ratios able to separate the
oligochitosan with different molecular weights suitable for each purpose.

Fig. 2: The dependence of the fractionated chitosan molecular weight upon
absorbed dose. Chitosan flakes irradiation, dose rate 5.0 kGy.h-1

To get molecular weight chitosan need to 18kDa reference dose absorption,
whereas fractions separated by the method of solvent used in this study can obtain
chitosan with molecular weight even at doses above 20kGy. On the other hand the
results from the third fraction also showed that by using the method of fractional solvent
methanol and acetone also enables receiving oligochitosan in the form of monomers,
dime and trimers, . This is the product dissolves in water and is one the sugar form of
glucosamine, if continued implementation process will chlorinated chemical sulfate or
glucosamine HCl product/or glucosamine sulfate. The research results of several
authors (Le Hai et al.) showed significant differences on the biological effects of
oligochitosan with different polymerization degrees.
3. Effects of irradiated oligochitosan parameters on the test product
+ The molecular weight of oligochitosan on chicken feed
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Testing: Raising the age of 30 chickens a day with food supplemented with
different molecular weight oligochitosan , at concentration of 300ppm, cultured in 50
days. The results are in Table 1.
Results Table 1 shows the 50-day-old chickens, weight and survival ratio of
group fed complementary foods oligochitosan have increased markedly compared with
the control groups. Special group 2 (molecular weight oligochitosan 282 kDa: 110.65%
and increased the survival ratio was 100%). So oligochitosan was so affects the
development of the chicken. Oligochitosan may have promoted the absorption of
nutrients and increase immunity to chickens [7, 8].
Table 1: The appropriate oligochitosan Mw have added feeding chicks

Description

Control

group 1

group 2

group 3

group 4

-

392

282

150

82

Dosage of additional
chitosan (ppm)

300

300

300

300

300

Number of tested
chicken (head)

30

30

30

30

30

Raiser period (day)

50

50

50

50

50

1516±125

1501±122

100

97.67

Molecular weight
chitosan (kDa)

Average of total
weight (g/head)

1446±120 1545±118 1600±124

Survival ratio (%)

93.34

100

100

+ Effect of chitosan concentration on chicken feed
From the above results show that molecular weigh oligochitosan of 282 kDa for
the best effect, so we chose to conduct this type of oligomer determine the appropriate
concentration of chitosan added to chicken feed. Experiments on 06 groups, 01-day-old
chickens and 30 heads per group with different concentrations.
Table 2: The appropriate concentration added oligochitosan feeding chicks

Description

Control

Group 1

Group 2

Group 3

Group 4

Group 5

Chitosan Mw
(kDa)

-

285

285

285

285

285

Additional
chitosan (ppm)

-

50

100

200

300

400

Tested chicken
(head)

30

30

30

30

30

30

Raiser period
(day)

50

50

50

50

50

50

Average

1420±120 1445±132 1520±128 1580±134 1610±145 1590±142
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weight
(g/head)
Survival ratio
(%)

93.34

96.67

96.67

100

100

100

The results are in Table 2 shows the additional molecular oligochitosan 282 kDa
into chicken feed ingredients in different concentrations (50, 100, 200, 300 and
400ppm) and observed for 50 days time, the weight of the chickens in the experimental
group increased compared to the control group (no additional oligochitosan). Especially
in the most effective concentration of 300ppm at this concentration increased the most
(up 113.38% compared to the control and survival rate was 100%). This result fully
consistent with the research were published in Thailand [6].
Results on survival in Tables 1 and 2 show that the chickens fed with feed
supplemented with different molecular weights of oligochitosan have reduce the death
ratio, increased survival ratios. Monitored throughout the process of breeding, chickens
usually die early days as young age (from 1 to 15 days), probably because this is the
period of weak chicken no resistance to the environmental impact around. Many
scientific reports have presented the chicks in the first weeks after hatching an immune
response without fully and therefore highly sensitive to infectious diseases [2].
Some researchers say that when added molecular weigh oligochitosan to chicken
feed oligochitosan worked through several mechanisms: the inhibition of absorption of
intestinal pathogens, regulate immune function and metabolism of nutrients. Huang et al
reported that dietary supplementation of chicks with 0.1% chitosan reduced the number
of E.coli in the chick intestine, increasing digestion and facilitate nutrient absorption has
an effect results [7].
CONCLUSIONS
1. Have investigated the radiation dose to 20-30kGy decomposed chitosan dry
scab forms create oligo approximately 282kDa. Has established the modulation process
is molecular weigh oligochitosan different from irradiated chitosan by fractionation
method. First fraction corresponding to methanol solvent water ratio (1:1) obtained
molecular weigh oligochitosan have high molecular weight (100-300kDa), the second
fraction with solvent methanol/water ratio (9:1) obtained molecular weigh oligochitosan
(15-20kDa) and the third fraction with solvent acetone water (9:1) molecular weigh
oligochitosan obtained up to 6 kDa.
2. The suitable molecular weigh chitosan was determined for the development of
the chicken is 282 kDa. Oligochitosan concentration used for the highest effect is
300ppm. Culture in 50-day-old chicken weight increased 113% compared to the control,
survival ratio is 100% chicken.
REFERENCES:
[1]. Dương Thanh Liêm, “Thức ăn và dinh dưỡng gia cầm”, NXB NN, 2008.
[2]. PTS. BS. Nguyễn Hữu Vũ – PTS. BS. Nguyễn Đức Lưu, “Bí quyết thành công
trong chăn nuôi gà”, NXB Nông nghiệp, 1999.

138

The Annual Report for 2010, VAEI

VAEI-AR 10--16
[3]. E. Muraki et. al, Carbohydr Res., Vol. 239, pp. 227-237, 1993.
[4]. FNCA, Workshop “on Application of Electron Accelerator Radiation processing of
Natural Polymer”, 27-31 October 2008, Shanghai China, 2008.
[5]. Hai L., et al. Nucl. Instr. Meth. Phys. Res. B, 197, 259, 2002
[6]. Piyabutr Wanichpongpan and Kan Chantraromma, “Application of chitosan as broller
growth”, Advances in Chitin Science, pp. 524-526, 2002.
[7]. Rui-Lin Huang, ect., “Dietary oligochitosan supplementation enhances immune status
of broilers”, J. Sci. Food and Agr. Vol. 87, pp. 153-159 , 2007.
[8]. Shigehiro Hirano, etc., “Chitosan as an ingredient for domestic animal feeds”, J.
Agric. Food Chem, Vol. 38, 1214 -1217, 1990.
[9]. Ulanski, P., Rosiak, J., Priliminary “Studies on radiation-induced changes in chitosan”,
Radiation Physic and chemistry, Vol. 39, pp. 53-57, 1992.

The Annual Report for 2010, VAEI

139

VAEI-AR 10--17

INVESTIGATION AND CALCULATION ON THE ATMOSPHERIC
DISPERSION OF RADIONUCLIDES RELEASE FROM
NINH THUAN NUCLEAR POWER PLANT
Truong Y, Nguyen Thanh Binh, Vuong Thu Bac, Phan Son Hai, Tran Van Hoa,
Tran Dinh Khoa, Nguyen Thi Linh, Nguyen Van Mai, Nguyen Trong Ngo,
Nguyen Van Phuc, Le Nhu Sieu and Nguyen Dinh Tung.
Nuclear Research Institute, Dalat
Project Information:
- Code: ĐT.01/09/NLNT
- Managerial Level: Ministry
- Allocated Fund: 658,000,000 VND
- Implementation Time: 24 months (Apr 2009-Mar 2011)
- Contact Email: truong_y@yahoo.com
- Papers published in relation to the project:
Truong Y, et al. Variation of Artificial Radionuclides Released from the
TEPCO’S Fukushima Daiichi Nuclear Power Station Accident in the Air at the
Southern of Vietnam. Proceedings of 9th National Conference on Nuclear Science
and Technology, 15-17/8/2011, Phan Rang-Thap Cham.
Abstract: The atmospheric dispersion model can be applied to forecast and evaluate the
distribution of pollutant concentrations in ambient air by one or more fixed sources
causing in the surrounding area. Besides, to obtain the transport parameters in air
environment, we have collected aerosols and fallout samples in Phan Rang
meteorological stations in the period from 7/2010 to 5/2011. From the data on the
concentration and density of deposition of radioactive isotopes obtained in Phan Rang,
wet / dry deposition velocities and washout ratio were calculated to provide input data
for dispersion models. The regional meteorological, topography data and technological
parameters of the plant emissions along with the transport parameters of radioactive
isotopes is the key input data for dispersion models. Atmospheric dispersion modeling
with various atmospheric stability classes, viz., Pasquill categories A-F, and ORIONWIN & CALPUFF computer codes have been investigated and applied to take part in
resolving the environmental pollution problem. The artifical radionuclide concentration
data of the air parcel at the ground were calculated surrounding Ninh Thuan nuclear
power plant (1000 MW power, 150m stack height) at the prevailing wind directions in
both dry and rainy seasons. The obtained results show that the distance in which the
radionuclide concentrations of the air parcel at the ground reached maximum were
estimated by using the atmospheric dispersion modeling to be about 1.5-1.8km from the
plant’s stack.

INTRODUCTION
In the process of urbanization, industrialization and modernization of the
country, environmental protection issues have become the planners and decision-top
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concern. This is a serious problem and is also very important duty in Vietnam as well as
countries in the world.
In Vietnam to ensure sustainable development in the period of industrialization
and modernization of the country, the Environmental Protection Law stipulates
provisions on environmental impact assessment. In addition, the Government's Decree
No. 29/2011/ND-CP dated 04/18/2011 of regulations on "strategic environmental
assessment, environmental impact assessment, environmental commitment", also
referred to specify requirements for environmental impact assessment for development
projects. Law on Atomic Energy was the National Assembly XII of Socialist Republic
of Vietnam, 3rd Session, passed on 03/06/2008 and is effective from 1/1/2009, which
regulates nuclear power plants at approved locations when put into operation should be
evaluated and assessed radiation and nuclear safety. The role of the assessment is likely
to prove acceptable in the design and selection of facility location, particularly the
feasibility of implementing measures to correct the problem when there abnormal
situation occurs to protect employees and people of the region.
One of the important factors affecting radiation safety for the operation of
nuclear power plants is the ability to spread radioactive material in gaseous medium
from the normal operation as well as incidents of plants. To serve the evaluation of
radiation safety for the nuclear power plant in Ninh Thuan, the researchers calculated
and building assessment process spread radioactive material in air from the operation of
nuclear power plants is essential.
I. THEORY
The atmospheric dispersion model can be applied to forecast and evaluate the
distribution of pollutant concentrations in ambient air by one or more fixed source
causing the surrounding area. The researchers calculated the spread of pollutants in the
air have been conducted in countries around the world in two main directions of
empirical surveys and application of mathematical models to calculate the spread
pollution in the air.
The study abroad.
The study calculated spread of pollutants in the air were carried out in the early
years of the 20th century in a developed industrial countries in the world, then has
grown significantly since the electronic computer born.
To assess, control and management of environmental quality, scientists have
built many models estimate the diffusion of pollutants in the air. The models are
increasingly relying on developing devices measure meteorological parameters and the
high ground is not related to the diffusion process.
At present, in the world there are more than 20 available atmospheric dispersion
models with three groups as follows:
 Experimental statistics models based on Gaussian theory: These models were
developed by mathematicians such as Taylor (1915), Sutton (1925-1953), Bosanquet &
Pearson (1936), Turner (1961-1964), Pasquill (1962-1971), Seilfeld (1975) and have
completed/applied recently by environmental scientists of USA, United Kingdom,
France, Hungary, India, Japan, China, etc.
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 Aerodynamical statistics model with semi-dimension theory (K model), this
model was completed/applied by Berliand in former USSR, another name was Berliand
model).
 Numeric models, e.g. differential equations are solved with numeric methods.
This trend has not approached.
The Experimental statistics models and Aerodynamical statistics model are
widely applied to calculate the dispersion of gases and aerosols into the atmosphere,
these models take into account the influence of many meteorological factors.
The study in the country.
In recent years, the use of modeling tools to serve the environmental
management of air quality has been some research institutions and environmental
agencies in our country are concerned with different levels. The mathematical models
are selected and applied in Vietnam to calculate the spread of pollutants is the Gaussian
model and Berliand model, in which Gaussian model is the most widely used.
Most models used in our country is the software program is built based on the
equations, dispersion models are available and are programmed by experts in the
country and abroad. Some agencies have been using these softwares is the Center for
Nuclear Techniques in Ho Chi Minh City, Institute for Tropical Technology and
Environmental Protection, Oil and Gas Environmental Center, Department of Science
and Technology in Ho Chi Minh City, Institute for Environment and Natural Resources,
etc... Most of these softwares are included factors affecting the diffusion processes of
gaseous and aerosols pollutants in the atmosphere such as meteorological factors,
topography, adjacent works, etc…
1.1. Atmospheric dispersion
1.1.1. Atmospheric dispersion differential equation
Equations of the diffusion process of gaseous and aerosols pollutants in the
atmosphere is used as the basis for all mathematical formulas perform this process is
derived from the classical equation of heat conduction in solid materials.
In the case of turbulent airflow, pollutant concentration at (x, y, z):
∂C ∂  ∂C  ∂  ∂C  ∂  ∂C 
 + kz
= kx
 + ky

∂ ∂x  ∂x  ∂y  ∂y  ∂z  ∂z 

(1)

Where, C - pollutant concentration, g/m3
τ - time, s
kx, ky, kz - turbulent dispersion coefficients in the x, y, z directions, respectively.
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Fig. 1: Gaussian plume
model depiction

1.1.2. Classification of contaminated sources in the calculated model
When calculating the pollutants in the air, it is divided into groups of following
emission sources:
- Altitude group: High and short sources
- Conformation group: Point, area and line sources
- Heat group: Hot and cool sources
1.1.3. Factors affecting the diffusion of air pollutants.
1.1.3.1. Characteristics of the atmosphere.
Layer covering the Earth's atmosphere composed primarily of 78% nitrogen,
21% oxygen and inert gases such as argon, neon, helium, etc. ... about 1% by volume. In
addition, in the atmosphere there are CO2 and water vapor with different rate vary by
region and season.
1.1.3.2. The influence of meteorological factors for the dispersion process.
Wind: Wind frequency, wind speed at each direction, season over the entire
year.
Temperature: Temperature inversions play a significant role in air pollution
meteorology. Within an inversion the air is stable against buoyant vertical motion. That
stability also lessens the exchange of wind energy between the air layer near the ground
and high altitude winds, so that both horizontal and vertical dispersions of pollutants are
hindered.
Humidity, fumigation, stagnation and rain: If a pollutant source is located in a
region that has a strong, ground-based inversion then its plume of pollutants will be
trapped in the inversion and will travel with the local wind with very little dilution.
1.1.3.3. Topography.
Under conditions of irregular topography the direct application of a standard
dispersion model is often invalid. Topography produces their own microclimate and
unique dispersive plume characteristics.
With down-slope flow when the receptor is at a lower elevation than the source,
a likely assumption is that the flow parallels the slope; i.e., no allowance is made for the
difference between ground-level elevations at the source and at the receptor. The objects
on the surface (roughness elements) over which the wind is flowing will have a
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frictional effect upon the wind speed nearest the surface. The gradient wind occurs at
the height above the surface where the effects of the surface are no longer felt. It can be
considered as the free-stream flow and is in response to the pressure and temperature
gradients. Both the height and the spacing of the roughness elements on the surface will
influence the frictional effect on the wind. A single parameter, the surface roughness
length, zo, is used to signify this effect.
1.1.4. Atmospheric boundary layer.
The mixing height is the height above the surface through which relatively
vigorous mixing occurs. Therefore the mixing height is assumed to occur with unstable
and neutral conditions and to be undefined when the surface layer is stable. Plume
trapping occurs when the plume is trapped between the ground surface and a stable
layer aloft. Such a stable layer frequently caps the mixing height. Pollutants released at
ground level will be mixed almost uniformly up to the mixing height but not above it.
Thus the mixing height sets the upper limit to dispersion of atmospheric pollutants.
The atmospheric turbulence can be distinguished into two fractions: Convective
turbulence due to surface heating and mechanical turbulence generated by shear at
surface.
Three major atmospheric stability categories affect the turbulence:
- Unstable: Enhance convective turbulence
- Neutral : Enhance mechanical turbulence
- Stable : Suppress mechanical turbulence
1.1.5. Plume rise.
The effective stack height: H = Ho + ∆H

(2)

Where: Ho: Stack height
∆H: Plume rise
∆H to be contingent: Stack exit velocity, Buoyancy, Wind speed, Stack gas and
atmospheric temperature, Stack diameter, etc.
In the world there are many studies about the plume rise of gas flow exiting
from the stack. Each author only refers to a detailed impact parameter. The studies are
based on actual observation and experiment or a combination between theory and
experiment. Specifically, the calculation formula of Davidson W.F., Bosanquet-Carey &
Halton, Holland J.Z., Briggs G.A., Berliand M.E., Andrayev P.I., Kliughin S.A., Ivanov
IU.V., etc...
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Fig. 2: Schematic diagram of plume rise from the stack

1.2. Compare the results of the concentration of pollutants on the ground
under the formula of Bosanquet-Pearson, Sutton, Gauss and Berliand
For comparison purposes, we use the formula of the authors to calculate the
distance to reach maximum concentration (xM), the maximum ground concentration
(Cmax) and the ground levels at locations around by 2000, 3000, 4000, 6000 m from the
stack, with the input parameters as follows:
-

Stack height: 150 m
Inner diameter of stack: 4.5 m
Emission inventory: 4000 kg/h
Stack exit velocity: 29.7 m/s
Temperature of gaseous effluent: 138oC
Air temperature: 27oC
Average wind speed: 2.7 m/s
Atmospheric Stability: Neutral

- The effective height of the stack was calculated by the formula of Davidson
W. F. (for the case of Bosanquet-Pearson, Sutton and Gauss) and the formula of the
Institute of Sanitary Engineering Research Moscow (for the case of Berliand ).
Calculation results are presented in Table 1 and shown in Fig. 3.
Table 1: Comparing the results calculated by the formula of Bosanquet-Pearson,
Sutton, Gauss and Berliand

Formula

Concentration (mg/m3)

xM (m)
Cmax

C(2000)

C(3000)

C(4000)

C(6000)

BosanquetPearson

2200

0.628

0.618

0.585

0.480

0.312

Sutton

5600

1.089

0.045

0.461

0.891

1.080

Gauss

3200

0.772

0.486

0.766

0.727

0.527

Berliand

4400

0.996

0.536

0.878

0.989

0.934
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Fig. 3: Distribution of pollutant concentrations calculated by the different models

From the results are shown in the figure, we see that: Results of BosanquetPearson method and Gauss method are quite close together, while the results of Sutton
are very different compared with Bosanquet-Pearson and Gauss. About distance, the
concentration peaks of Sutton method give relatively large value compared with other
methods.
If we take the Gaussian model to represent experimental statistics models to
compare with aerodynamical statistics model (Berliand), then: In shape, these two
curves are quite similar. About distance peak concentration (x M), the maximum ground
concentration (Cmax) and the ground levels at locations around the 2000, 3000, 4000m
from the stack, the values calculated by Berliand method larger by Gauss method from
1.1-1.4 times, particularly at distances greater than 6000 m, the maximum ground
concentration may be greater than 2 times.
Thus, based on the calculation results and analysis above, we can choose the
Gaussian model and Berliand model to apply to the calculation of emissions of
atmospheric pollutants. This is also consistent with the general situation in the world of
research areas, calculations and predicts air pollution.
2. EXPERIMENTS
2.1. Selected and applied research models of radioactive emissions
2.1.1. Investigation of atmospheric dispersion models.
Currently, the world exist many software for the assessment of pollutant
emissions in the atmosphere. The softwares are very useful in the analysis of
environmental impact assessment for development projects. Some software are studied,
including: ADMS 3, AERMOD, CALLPUFF, PUFF-PLUME, NAME, ATSTEP,
RIMPUFF, ORION-WIN, PAL 2.1 and ACCIDENT.
2.1.2. Selection of atmospheric dispersion models
The selection of model is an important step in the simulation calculations. In
atmosphere, pollutants affected by meteorological factors as wind direction, wind speed,
air temperature, humidity, pressure, rainfall, cloud cover, radiation,.. Besides,
geographical factors also play an important role in the formation, accumulation, spread
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of pollutants. To perform this study, in addition to the collection of meteorological
parameters, terrain, the census of active stack with released technology must be made:
height of stack, fuel use, temperature, gas flow, the data of monitoring the concentration
of pollutants in the stack.
2.1.2.1. ORION-WIN.
The computer code ORION-WIN II was constructed in Tokai Works, JNC,
Japan. It is Fortran program using a steady state model to estimate environmental
concentration, deposition density of radionuclides on ground surface, radionuclide
concentration in food, and internal and external dose to public due to routine release of
radionuclides to atmosphere from the nuclear facilities. This program can apply to
sensitivity analysis of safety assessment for the nuclear facilities and to dose assessment
based on the amount of radioactive materials released from the stack.
Atmospheric dispersion formula.
Gaussian plume model is applied to calculate atmospheric dispersion. The model
assumes that the dispersion of radioactive materials released to the atmosphere can be
described by a Gaussian distribution in both lateral and vertical directions. The basic
equation is expressed by formula:

 y 2    (z − H )2 
 (z + H )2  
Q


 ( x, y , z ) =
. exp −
. exp −
 + exp−
  (3)
2
2
 2 2   
2 . y . z .U
2

2

y
z
z


 

 
Where,  ( x, y, z ) : Atmospheric concentration at point (x,y,z), Bq/m3
Q

: Uniform release rate of radioactive materials from the stack, Bq/s

U

: Wind speed at the height of the stack, m/s

H

: Effective stack height, m

 y , z : Lateral and vertical dispersion parameter, m
Ground level concentration is required for the dose assessment, and therefore, z
can be assumed to be zero and the above mentioned basic equation can be derived. The
concentration of pollutant materials released to the atmosphere is provided to calculate
as the three following options:
- Sector axis concentration
- Sector averaged concentration
- Sector averaged concentration including adjacent sectors.
Source Term Modification.
- Gravitational settling.
- Dry depossition.
- Precipitation scavenging.
- Radioactive decay.
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Dispersion Parameters.
Dispersion parameters, σy and σz, are expressed as functions of distance and
stability.
The atmospheric stability can be divided into 7 categories of wind speed,
insolation and net radiation.
Plume rise.
- Briggs’ formula.
- Formulae from IAEA Safety Series No.50-SG-S3.
The outputs of ORION-WIN code.
Concentration.
- Pollutant materials air-concentration of distance from the stack,
- Deposition concentration of distance at the surface from the stack,
- Concentration in food.
Dose calculation.
- External dose: Submersion and ground surface contamination.
- Internal dose: Inhalation and oral intake.
2.1.2.2. CALPUFF
CALPUFF is a Lagrangian puff dispersion model that is able to simulate the
effects of complex meteorological condition in the process of pollutant transport (Scire,
2000). CALPUFF has been accepted by the U.S. EPA as a preferred model for
regulatory applications from April, 2003. It consists of three main components:
CALMET, CALPUFF, and CALPOST. CALMET is a meteorological processor that
develops hourly wind and temperature fields in the three-dimensional gridded modeling
domain; CALPUFF is a transport and dispersion processor that simulates dispersion and
transformation processes of pollutant(s) along the dispersion way; CALPOST is a
postprocessor used to process the files from CALPUFF to produce a summary of the
simulation results (USEPA, 1998).
This model can handle emissions from any types of sources including point,
line, area, and volume sources. Both gridded receptors and discrete receptors can be
accepted in one run time. It could be driven by either complicated three-dimensional
meteorological data provided by CALMET for a full run or simple meteorological data
from a single weather observation tower. The model contains algorithms for near-source
effects such as building downwash, partial plume penetration, sub-grid scale
interactions as well as longer-range effects as pollutant removal,
chemical
transformation. Best performance of CALPUFF usually depends on high quality of
meteorological data (USEPA, 1998). Figure 4 illustrates the approach puffs travel in
atmosphere from a point source adopted by puff models.

The Annual Report for 2010, VAEI

151

VAEI-AR 10--17

Fig. 4: A typical plume
from an elevated point
source in the Lagrangian
puff modeling

The Lagrangian puff formula can be expressed as (Arya, 1999):

(4)
Where: Qip is the instantaneous point source emission rate; the other variables
have the same meaning as in equation 3.
For centerline concentration of ground-level released source, the value of y = z =
H = 0, so we get:

(5)
Although puff dispersion model is more sophisticated and can better represent
actual weather condition, it still has some demerits compared with plume models. For
example, it is more difficult to handle the weather data in Puff models. Puff model is
suggested to be used in some circumstances as when the meteorological condition or
terrain is very complicated or the period of low wind speed happens frequently.
To run the CALPUFF dispersion model, software CALPUFF and CALPOST
must be run in sequence. CALPUFF is a Graphical User Interface (GUI) used to yield a
binary file to be used in CALPOST. Inputs of CALPUFF include nine parts: Run
information, Grid setting, Species, Chemical Transformation Method, Deposition,
Model Options, Sources, Receptors, and Output. All these nine parts above must be
filled before a successful run. CALPOST can refine and prepare the output of
CALPUFF in certain formats for some specific purposes, e.g., it can produce
concentration data in the format ready for drawing graphics or list four top
concentration values at each receptor. Meteorological data involved in the part “Model
Option” in CALPUFF could be prepared by CALMET or ASCII file.
General remarks:
In 2 computer codes were selected, ORION-WIN software is based on the
Pasquill-Gifford model to serve for the evaluation of the amount of pollutants
discharged into the environment, deposition density of radionuclides on ground surface,
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radionuclide concentration in food, and internal and external dose to public due to
routine release of radionuclides to atmosphere from the nuclear power plant. And
puff model with the CALPUFF software is acceptable for use in some cases when
meteorological conditions, complex terrain or in periods of low wind speeds occur
regularly and in case of response nucler power plant incidents.
2.2. Collect data for meteorology, hydrology, geography & topography of
the area around the Ninh Thuan NPP
Ninh Thuan province in southern central of Vietnam. The area of 3363.1 km2.
Includes a city (Phan Rang - Thap Cham), 6 district (Ninh Son, Ninh Hai, Ninh Phuoc,
Bac Ai, Thuan Bac and Thuan Nam). Population of 567.9 thousand people (2006),
including 27 ethnic groups: Kinh, Cham, Raglay, Coho, etc... Low hilly terrain from the
eastern side the Central Highlands to the coastal plain.
2.2.1. Geographical location - topography
Geography
Ninh Thuan is a coastal province of South Central Coast, is separated from the
former Thuan Hai province (4/1992) in the range from 11o18'14 "to 12o09'15"N and
from 108o09'08" to 109o14'25" E. Ninh Thuan has a coastline of 105 km with about
18000 km2 of territorial waters.
Ninh Thuan lies in three areas of strategic trunk roads run through the National
Highway 1A, North - South Railway and Highway 27 to Dalat. Adjacent to Ninh
Thuan, Khanh Hoa, where ports and Cam Ranh airport and a tourist center in the
Central; the gateway to the sea of Lam Dong.
Topography
Terrain lower from northwest to southeast. Ninh Thuan territory covered
mountains on 3 sides: the north and south were two high mountains spread out to the
sea, west of the mountains bordering the eastern province of Lam Dong and the East
Sea. Ninh Thuan has 3 types of terrain: mountains, hills and half-mountain half-plain
area, the coastal plain.
2.2.2. Climate
Located in the arid areas of the country, has the tropical monsoon climate is
characterized by typical hot dry windy, strong evaporation from 670-1827mm. The
average annual temperature of 27oC. The climate has two seasons: rainy season from
September – November and dry season from December – August of the following year.
The average rainfall is 700-800mm in Phan Rang and increases with the height of 1100
mm in mountainous areas. Air humidity from 75-77%. Large radiation energy 160
kCal/m2. Total Heat 9500 - 10000oC.
Ninh Thuan is mainly influenced by two monsoon systems: northeast monsoon
from November to March next year and the southwest monsoon occurs from May to
September.
2.3. Determination of transfer parameters
2.3.1. Experimental design.: Experimental design includes the main contents
such as location selection for collecting samples, object selection, select the element,
determine the frequency of collecting samples and select the analytical methods.
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2.3.1.1. Position
The determination of position for the purpose of experiments is collected
transport parameters of some radionuclides in the atmosphere, the transport parameters
depend strongly on climatic, geography, environmental conditions, etc... they need to be
accurately determined for each specific location. However, with the characteristics of
the terrain, climate of the province is in the 30 km radius from Phan Rang - Thap Cham
city, the meteorological parameters observed values not significantly change. Therefore,
for the purpose of receiving the transport parameters of some radionuclides in air
environment, we choose the location that collects samples at the Center for
Hydrometeorological Forecasting in Ninh Thuan province (11o35'N, 108o59'E).
2.3.1.2. Subjects
Aerosols:
- Flexible and spread without borders.
- Reflecting rapid changes in the status of environmental radioactivity.
Fallout:
- To reflect the direct impact from the atmosphere to the ground.
- Coordinate with air monitoring results to determine the dry/wet deposition rate
fell dry (and speed cleaning the atmosphere by rain).
2.3.1.3. Element: 238U, 232Th, 214Pb, 214Bi, 40K, 7Be and 137Cs.
2.3.1.4. Frequency: weekly for aerosols, 2 weeks for fallout.
2.3.2. Method of collecting, processing and analysis:
Method of collecting samples, sample pretreatment and analysis methods
comply with regulations on The Procedure on Monitoring and Analysis of
Environmental Radioactivity of Nuclear Research Institute based on the IAEA's
procedures.
2.3.2.1. These devices collect, process and analysis are:
a. Equipment for sampling:
- For aerosols: air sampler HV 3000 with flow rate of 60-100 m3/h, standardized
measurement of flow rate, sample volume. Using Cellulose filters 604LB.
- For fallout: stainless steel tray, with area of 1m2.
b. Analysis equipment - low background gamma spectrometer system:
Use of high-pure semiconductor detector (GX-3019) with volume sensitivity of
138 cm3, relative efficiency of 30%, the ratio of peak/Compton of 56, resolution of 1.90
keV at 1332 keV of 60Co.
2.3.2.2. Sample handling and sample preparation and measurement
After collecting samples are dried at a temperature of 60°C in a vacuum oven to
constant weight (> 24 hours) and then sampling from oven and let the average moisture
over a period of 3-4 hours need to determine the total sample volume. After balancing is
complete, samples were kept in normal moisture to make the subsequent analysis.
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2.3.2.3. Analysis of samples
Radioactive analysis method with low background gamma spectrometer is the
traditional method used to determine the low radioactive isotopes. The principle of this
method is gamma radiation interacts with a semiconductor detector material generated
signal is amplified and quantified as the pulse line. The magnitude of the pulse is
directly related and proportional to the energy absorbed from gamma rays which is
pulsed change from analog to digital form by ADC converter. By distinguishing
between the magnitude of the pulse, gamma spectra were included. Spectrum analyzer
to identify the peaks belonging to different isotopes found gamma, which calculated the
specific activity of isotopes in the sample based on the known standard samples.
and

232

The concentrations of radioactive isotopes (7Be, 40K, 137Cs, 238U, 210Pb, 228Th
Th):
For 7Be: calculated peak at 478 keV energy
For 40K: calculated peak at 1461 keV energy
For 137Cs: calculated peak at 661 keV energy
For U: the results of the corresponding peak in the following:
- 63 keV for 234Th,
- 186 keV for 235U + 226Ra,
For 210Pb: calculated peak at 46 keV energy
For 228Th: take the top of the results follows:
-

583 keV for 208Tl.

For 232Th: take the top of the results follows:
-

911 keV for 228Ac.

The reliability of analysis results of environmental radioactivity laboratory we
have been challenged many times involved a comparative analysis by the IAEA-AQCS
international organizations and apply standard procedures as well as regulations on
QA/QC by the Department of Environmental Protection issued (Circular No.
10/2007/TT-BTNMT, signed on 20/10/2007).
Our laboratory has also been the Bureau of Accreditation decisions are
recognized laboratory in accordance with ISO/IEC 17025:2005 and our Accreditation
No. is VILAS 525.
3. RESULTS AND DISCUSSION
3.1. Transfer parameters.
To obtain the transfer parameters in air environment, we have collected samples
of aerosols and fallout in Phan Rang meteorological stations in the period from 7/2010
to 5/2011. The results of the average value, range of concentration of natural and
artificial radioactive isotopes in aerosols and fallout are presented in Tables 2 and 3.
Table 2: Average values, ranges of concentrations of radioactive isotopes in aerosols in
Phan Rang (from 7/2010 to 5/2011)
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Concentration, Bq/m3

Isotope

Average value ± Standard deviation

Range
7

497 ÷ 5849

2248 ± 1331

K

6.3 ÷ 65.5

23.0 ± 12.4

Th

0.19 ÷ 4.25

1.41 ± 1.00

U

1.10 ÷ 13.24

4.68 ± 3.29

Pb

119 ÷ 908

449 ± 209

Be

40
232

238
210

Table 3: Average values, ranges of concentrations of radioactive isotopes in fallouts in
Phan Rang (from 7/2010 to 5/2011)

Density deposition, Bq/m2.month

Isotope
Range
7

8.1 ÷ 72.1

25.8 ± 15.2

K

3.0 ÷ 28.7

14.0 ± 7.4

Th

0.04 ÷ 0.28

0.12 ± 0.06

U

0.03 ÷ 1.04

0.30 ± 0.26

Pb

0.12 ÷ 60.76

19.90 ± 20.19

Be

40
232

Average value ± Standard deviation

238
210

3.1.1. Deposition velocity
Deposition velocity was defined by Chamberlain (1953) as follows:

V g (m / s) =

Density.deposition.( Bq / m 2 .month)
.
Activity.concentration.of .air.abovesurface.( Bq / m 3

(6)
Table 4: Deposition velocity of radioactive isotopes at Phan Rang in the period 20102011.

Isotope

Deposition velocity, cm/sec
Range

7

0.080 ÷ 2.575

0.565 ± 0.528

K

6.271 ÷ 45.780

26.589 ± 11.943

Th

0.001 ÷ 9.804

4.484 ± 2.608

U

0.003 ÷ 16.463

4.648 ± 3.784

Pb

0.007 ÷ 5.147

1.398 ± 1.552

Be

40
232

238
210
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3.1.2. Washout Ratio
The washout ratio, W, is a parameter that relates the average concentration of
radionuclides in surface level precipitation with its average concentration in unwashed
surface level air. It is calculated from the following relationship [e.g., McNeary and
Baskaran, 2003]:

W = 

C rain
C air

(7)

Where ρ is the density of air at standard conditions (1.2 kg/m3, at 20°C and 760
mm Hg) and Crain and Cair are the radionuclide concentrations in bulk deposition (in
Bq/kg) and surface air (in Bq/m3), respectively. The washout ratio is based on the
assumption that the specific content of the air in the precipitating cloud is the same as
that measured at the surface level in aerosol.
Table 5: The washout ratio due to wet deposition at Phan Rang in the period 20102011.

Isotope

Washout ratio
Average value ±

Range
7

Be

40
232

K

Th

238
210

U

Pb

Standard deviation

1 ÷ 9

4 ± 3

3569 ÷ 20883

10838 ± 6151

31 ÷ 106836

52189 ± 42897

25 ÷ 71857

23072 ± 23903

0.27 ÷ 93

38 ± 37

The washout values for 210Pb are similar to 7Be values, as expected since 7Be
and
Pb attach to aerosols of similar size, and thus rain is equally effective in
removing both radionuclides from the atmosphere. And The washout values for 40K,
232
Th and 238U were high and similar, they get into the air from dust particles and mount
a large size compared to 7Be and 210Pb.The highest values occur in the months with less
rain, and the lowest values in the months of more rain. This indicates that the cleaning
process of aerosols in the atmosphere is more effective in the first event of rain.
210

3.2. Distribution of pollutant concentrations.
3.2.1. Distribution of relative concentration.
To apply dispersion models with ORION-WIN and CALPUFF softwares for
nuclear power plant in Ninh Thuan, the meteorological factors was collected at the
Meteorological Station in Phan Rang together with the technological parameters of the
plant as input data.
- The height of stack

: 150 m

- Diameter of stack

: 4.5 m
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- The velocity of the effluent : 29.7 m/s
- Temperature of the effluent : 138oC
: 27oC

- Air temperature

The result of the distribution of relative concentration with distance from the
discharge point and each direction is presented in Figs 5 and 6.

Fig. 5: Relative concentrations (χ/Q) by 16 Fig. 6: The distance from the discharge
point to the point with the maximum
directions around the discharge point.
ground concentration of pollutants in 16
directions.

3.2.2. In the normal operation case of NPP
In the normal operation case of NPP, use of ORION-WIN software, along with
information on emissions technology, isotopic composition and rate of emissions,
combined with meteorological data as the input data for simulations. Diffusion
parameters were calculated using the formula of Martin D.O. Elevation terrain map be
looked up on Google Earth. For the high emission sources, the influence of neighboring
buildings can be ignored.
Application of dispersion models for Ninh Thuan NPP with the meteorological
data collected at the Meteorological station in Phan Rang, the topographical information
and technological parameters of the NPP.
Some information on Ninh Thuan NPP with reactor pressure water (PWRs pressurized water reactor) as follows:
- Capacity: 2×1000 MWe
- The height of the stack: 150 m
- Diameter of stack: 4.5 m
Isotopic composition is discharged into the atmosphere are presented in Table 6.
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Table 6: Isotope composition of emissions of PWR reactor - by UNSCEAR 1980, 1982
and 2000 [31, 32, 33].

Isotope

Bq/MWe year

Isotope

Bq/MWe year

H-3

7.800E+09

I-132

4.440E+05

C-14

2.220E+08

I-133

2.479E+06

Ar-41

2.100E+09

I-134

9.250E+04

Kr-85

2.500E+10

I-135

2.072E+06

Kr-88

2.000E+09

Sr-90

1.813E+06

Xe-133

4.690E+11

Ru-103

1.813E+06

Xe-135

2.600E+10

Ru-106

1.813E+06

I-129

1.813E+06

Cs-134

2.200E+06

I-131

1.947E+06

Cs-137

2.200E+06

The result of effective dose rate distribution with distance from the discharge
point and each direction are presented in Table 7 and represented on the Figures 7-10.
Table 7: Effective dose due to radioactive isotopes emissions from the southwest in the
normal operation case of NPP.

Effective dose, mSv

Distance,
m

Cloudshine

Groundshine

Inhalation

Total

400

0.00E+00

0.00E+00

0.00E+00

0.00E+00

600

2.09E-04

2.00E-04

7.45E-06

4.17E-04

800

1.43E-03

1.37E-03

5.09E-05

2.85E-03

1000

1.89E-03

1.81E-03

6.75E-05

3.77E-03

1200

2.26E-03

2.17E-03

8.06E-05

4.51E-03

1400

2.49E-03

2.39E-03

8.87E-05

4.97E-03

1600

2.59E-03

2.48E-03

9.22E-05

5.16E-03

1800

2.61E-03

2.50E-03

9.30E-05

5.21E-03

2000

2.59E-03

2.48E-03

9.23E-05

5.16E-03

2500

2.44E-03

2.33E-03

8.67E-05

4.86E-03

3000

2.24E-03

2.14E-03

7.94E-05

4.45E-03

4000

1.93E-03

1.83E-03

6.80E-05

3.82E-03

6000

1.46E-03

1.37E-03

5.12E-05

2.89E-03

8000

1.15E-03

1.07E-03

3.97E-05

2.25E-03
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10000

9.24E-04

8.58E-04

3.19E-05

1.81E-03

15000

6.12E-04

5.53E-04

2.06E-05

1.19E-03

20000

4.49E-04

3.95E-04

1.47E-05

8.59E-04

30000

2.94E-04

2.45E-04

9.10E-06

5.48E-04

40000

2.19E-04

1.73E-04

6.44E-06

3.99E-04

50000

1.72E-04

1.30E-04

4.83E-06

3.07E-04

Fig. 7: Effective dose due to inhalation of Fig. 8: Effective dose due to cloudshine of
pollutants by 16 directions around the discharge pollutants by 16 directions around the discharge
point in the normal operation case of NPP.
point in the normal operation case of NPP.

Fig. 9: Effective dose due to groundshine of Fig. 10: Effective dose due to radioactive isotopes
pollutants by 16 directions around the emitted from the plant in the direction of
discharge point in the normal operation case of southwest in the normal operation case.
NPP.

From the results obtained, notice that in the case of normal operation NPP, the
effective dose rate due to radioactive isotopes emitted from the plant is very low (Table
7, the maximum effective dose rate is 5.2 µSv/y), compared with the limit dose rate of
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50 µSv/y for the people living in the vicinity of NPP (NSCRG: L-RE-I.0), the value lost
about 10 times smaller, so do not affect health and the environment.
3.2.3. In the accident case of NPP
Regulatory Guide 1.183 offers components emit radiation in the basic design
accident (DBA). According to sources that emit radiation in the DBA at nuclear power
plants were calculated based on the following factors:
- Fission product inventory
- Release fractions
- Timing of release phases
- Radionuclide Composition
- Chemical form.
Fission Product Inventory
The inventory of fission products in the reactor core and available for release to
the containment should be based on the maximum full power operation of the core with
currently licensed values for fuel enrichment, fuel burnup, and an assumed core power
equal to the current licensed rated thermal power. The period of irradiation should be of
sufficient duration to allow the activity of dose-significant radionuclides to reach
equilibrium or to reach maximum values. The core inventory should be determined
using an appropriate isotope generation.
Table 8: Lists the fission product (and activation product) inventories assumed to be
present in an Light Water Reactor (LWR) core about 30 minutes after shutdown. It is assumed
that the core is at equilibrium i.e., been operating for at least one fuelling cycle (18 months).
This could over-estimate the inventory of long-lived fission products for a new core (IAEATECDOC-955)

Inventory
Isotope

Inventory
Isotope

[kBq/MWe]

[kBq/(1000
MWe)]

I-132

4.44E+12

4.44E+15

8.88E+14

I-133

6.29E+12

6.29E+15

1.74E+12

1.74E+15

I-134

7.03E+12

7.03E+15

Kr-88

2.52E+12

2.52E+15

I-135

5.55E+12

5.55E+15

Rb-86

9.62E+08

9.62E+11

Xe-131m

3.70E+10

3.70E+13

Sr-896

3.48E+12

3.48E+15

Xe-133

6.29E+12

6.29E+15

Sr-90

1.37E+11

1.37E+14

Xe-133m

2.22E+11

2.22E+14

Sr-91

4.07E+12

4.07E+15

Xe-135

1.26E+12

1.26E+15

Y-90

1.44E+11

1.44E+14

Xe-138

6.29E+12

6.29E+15

[kBq/MWe]

[kBq/(1000MWe)]

Kr-85

2.07E+10

2.07E+13

Kr-85m

8.88E+11

Kr-87
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Y-91

4.44E+12

4.44E+15

Cs-134

2.78E+11

2.78E+14

Zr-95

5.55E+12

5.55E+15

Cs-136

1.11E+11

1.11E+14

Zr-97

5.55E+12

5.55E+15

Cs-137

1.74E+11

1.74E+14

Nb-95

5.55E+12

5.55E+15

Ba-140

5.92E+12

5.92E+15

Mo-99

5.92E+12

5.92E+15

La- 140

5.92E+12

5.92E+15

Tc-99m

5.18E+12

5.18E+15

Ce-141

5.55E+12

5.55E+15

Ru-103

4.07E+12

4.07E+15

Ce-143

4.81E+12

4.81E+15

Ru-105

2.66E+12

2.66E+15

Ce-144

3.15E+12

3.15E+15

Ru-106

9.25E+11

9.25E+14

Pr-143

4.81E+12

4.81E+15

Rh-105

1.81E+12

1.81E+15

Nd-137

2.22E+12

2.22E+15

Te-127

2.18E+11

2.18E+14

Np-239

5.92E+13

5.92E+16

Te-127m

4.07E+10

4.07E+13

Pu-238

2.11E+09

2.11E+12

Te-129

1.15E+12

1.15E+15

Pu-239

7.77E+08

7.77E+11

Te-129m

1.96E+11

1.96E+14

Pu-240

7.77E+08

7.77E+11

Te-131m

4.81E+11

4.81E+14

Pu-241

1.26E+11

1.26E+14

Te-132

4.44E+12

4.44E+15

Am-241

6.29E+07

6.29E+10

Sb-127

2.26E+11

2.26E+14

Cm-242

1.85E+10

1.85E+13

Sb-129

1.22E+12

1.22E+15

Cm-244

8.51E+08

8.51E+11

I-131

3.15E+12

3.15E+15

Release Fractions
The core inventory release fractions, by radionuclide groups, for the gap release
and early in-vessel damage phases for DBA LOCAs are listed in Table 9 for BWRs and
PWRs.
Table 9: BWR and PWR Core Inventory Fraction

Radionuclide
groups

BWR

PWR

Gap release

Early in-vessel

Gap release

Early in-vessel

Noble Gases

0.05

0.95

0.05

0.95

Halogens

0.05

0.25

0.05

0.35

Alkali Metals

0.05

0.2

0.05

0.25

0

0.05

0

0.05

Tellurium Metals
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Ba, Sr

0

0.02

0

0.02

Noble Metals

0

0.0025

0

0.0025

Cerium Group

0

0.0005

0

0.0005

Lanthanides

0

0.0002

0

0.0002

Timing of Release Phases
Table 10 tabulates the onset and duration of each sequential release phase for
DBA LOCAs at PWRs and BWRs. The specified onset is the time following the
initiation of the accident (i.e., time = 0). The early in-vessel phase immediately follows
the gap release phase. The activity released from the core during each release phase
should be modeled as increasing in a linear fashion over the duration of the phase.
Table 10: LOCA Release Phases

Phase

PWR

BWR

Onset

Duration

Onset

Duration

Gap Release

30 sec

0.5 hr

2 min

0.5 hr

Early In-Vessel

0.5 hr

1.3 hr

0.5 hr

1.5 hr

Radionuclide Composition
Table 11 lists the elements in each radionuclide group that should be considered
in design basis analyses.
Table 11: Radionuclide Groups

Group

Element

Noble Gases

Xe, Kr

Halogens

I, Br

Alkali Metals

Cs, Rb

Tellurium Group

Te, Sb, Se, Ba, Sr

Noble Metals

Ru, Rh, Pd, Mo, Tc, Co

Lanthanides

La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am

Cerium

Ce, Pu, Np

Chemical Form
The radioiodine released from the reactor coolant system (RCS) to the
containment in a postulated accident, 95% of the iodine released should be assumed to
be cesium iodide (CsI), 4.85% elemental iodine, and 0.15% organic iodide. This
includes releases from the gap and the fuel pellets. With the exception of elemental and
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organic iodine and noble gases, fission products should be assumed to be in particulate
form.
When applying the dispersion model for NPP safety assessment, often using the
kind of accident is an Major Accident (MA), Hypothetical Accident (HA) and Design
Basis Accident (DBA). Within the framework of the subject, we use scripting accident
due to loss of cooling water (LOCA) by the main-steam-line rupture in the basic design.
In the case of DBA-LOCA, CALPUFF software used to calculate emissions
evaluation with diffusion parameters were calculated using the formula of Martin D.O.,
elevation terrain map be looked up on Google Earth and ignore the influence of
neighboring buildings due to high emission sources. The results of applying the model
to the case of NPP DBA-LOCA with prevailing wind direction is northeast, with the
source data for the accident case in the Tables 8-11, are shown on the Figs. 11-17.

Fig. 11: Activity of radioactive iodine isotopes Fig. 12: Deposition density of radioactive
in the air parcel at the ground in the direction iodine isotopes on the ground in the direction of
of southwest from the NPP in the case of DBA. southwest from the NPP in the case of DBA.

Fig. 13: Effective dose due to radioactive
isotopes emitted in the direction of southwest
from the NPP in DBA cases occurred within 2
hours.
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Fig. 14. Thyroid dose for children due to the
radioactive iodine isotopes emitted in the
direction of southwest from the NPP in DBA
cases occurred within 2 hours.
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Fig. 15: Thyroid doses for adults due to the Fig. 16: Effective dose due to radioactive
radioactive isotopes emitted from the southwest isotopes released from the southwest NPP in
NPP in DBA cases occurred within 2 hours.
DBA cases occur within 30 days.

Fig. 17: Thyroid doses for adults due to the
emission of radioactive isotopes from the
southwest NPP in DBA cases occur within
30 days.

From the results indicate that, in the case of DBA-LOCA occurred within 2
hours, the maximum effective dose rate is 0.17 mSv, thyroid dose for adults is 0.63 mSv
and for children is 0.43 mSv at a distance of 1.8 km downwind from the northeast of the
NPP’s stack.
When DBA-LOCA accidents occur in 30 day period, the maximum effective
dose rate is 11.3 mSv and thyroid dose for adults is 42.8 mSv at 1.8 km distance
downwind from the northeast of the NPP’s stack. These values are smaller than the
recommended value for the case of NPP accident many times [7].
Table 12: Caused dose from DBA-LOCA cases in Ninh Thuan NPP.

Dose
Effective dose rate (mSv)

Objective

2 hr.

30 days

Limit [37]

Child and Adult

0.17

11.3

250

Child

0.43

29

1500

Adult

0.63

42.8

3000

Thyroid dose (mSv)
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For Ninh Thuan 1 NPP, in the case of DBA-LOCA occurred in northeast
monsoon (from October to March next year), the residential area within a radius of 20
km, including Quan The (12.6 km), Phuoc Minh (12.6 km), Phuoc Diem (15 km), Ca
Na (18.5 km) will be affected by the flow of radioactive waste and the people in these
areas suffer a 2-3 mSv effective dose during 30 days from when the accident occurred.
For Ninh Thuan 2 NPP, in the case of DBA-LOCA occurred in the northeast
monsoon, the residential area within a radius of 25 km, including Nhon Hai (8.5 km),
Khanh Hai (16 km), Phan Rang ( 21.5 km), Van Hai (18 km), Phuoc Dan (25 km) will
be affected by the flow of radioactive waste and the people in these areas are subjected
to a effective dose of about 1.5-4.0 mSv within 30 days from when the accident
occurred.
If the DBA-LOCA cases occurred in southwest monsoon, the flow discharge of
the two plants will spread to the sea, affecting inland areas will be significantly reduced.
4. CONCLUSIONS
Subject basically completed the research contents were proposed.
The main results of the research can be summarized as follows:
• Research some dispersion models have been applied in the country and the
world.
• Collection of meteorological data and terrain of the region as well as
technological parameters of NPP emissions (mainly emissions of PWR technology) as
input parameters for modeling dispersal.
• Initial acquisition of transport parameters in air environment at Phan Rang,
contributing to the data input to the emissions model.
• Application of ORION-WIN and CALPUFF softwares to calculate the amount
of pollutants emitted from a nuclear power plant with high stack.
• Has the second simulation case of NPP: case normal operation and accident
cases due to loss of cooling water in basic design.
• Maximum concentrations of the ground level pollutants emitted from a nuclear
power plant based model has a radius of about 1.5-1.8 km from the base of stack. This
result will be the basis for regional planning rule, the low population density and
distance of high population centers.
• In Vietnam, the research field diffusion models of environmental pollutants in
the air by one or more fixed emission sources cause the area around the new focus and
strengthened in recent years. This is a relatively new field should be concerned more.
Therefore, to have greater exposure in the development of this research should:
- Survey details the characteristics and elements of the NPP exhaust, as well as
the technological parameters of the facility emissions.
- Define the parameters of the nuclear transport from soil to plants, animals and
the food chain, etc…
- Set up a meteorological observation station synchronization, increase the
frequency up (10 minutes / time).
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the model to accurately assess and compare the external radiation doses to the
public for nuclear power program in the future.
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Abstract: The study have established beta energy dependence for many kinds of
instruments and developed two calibration procedures for instruments measuring alpha,
beta surface contamination and method of calculating efficiency within 20% uncertainty
and 95% reliability, assisting radiation protection in evaluating surface contamination
more accurately and effectively. The study investigated the instruments’ response to 4
radionuclides with different areas and established energy dependence of each
instruments. The radionuclides have maximum beta energy from 225 keV to 2274 keV.
The study performed experiments and provided method for calculating instruments’
efficiency in different distance ranging from 0.5cm, 1cm, 2cm, 3cm, 4cm to 5cm.
Consequently, the results showed that the efficiency of instruments gradually decreases
when we increased the distance between the detector and the source’s surface. The
study carried out experiments with many kinds of materials such as plastic, aluminum,
bronze and lead, around the detector probe and calibration radioactive sources and the
instruments’ responses showed significant changes. Correspondingly, Bremsstrahlung
and scattering factors considerably contributed to the results. The instruments’
efficiency also depends on source’s geometry, therefore, the study performed a
comparison between two methods, evaluating efficiency for small area (2.27cm2)
sources and large area sources (100cm2) for different distances: 1cm, 2cm, and 5cm.
To date, surface contamination instruments have been widely used in many nuclear
medicine institutions, research institutes and industrial companies relating to uncovered
radioactive source in Vietnam. Therefore, accurate estimation for the instruments is
absolutely necessary. This study was undertaken to establish calibration methods and
procedure for a number of instruments for alpha, beta surface contamination.

Measuring instruments and calibration sources used in the study:
Instruments
1
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Alpha detection

Aloka TCS – 222 (Japan)
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2

Radiagem 2000 + SAB100
(America)

3

Aloka TGS-176 (Japan)

4

Beta detection

5

Radiagem 2000 +SPAB-15
(America)
Victoreen 290 (America)

Alpha radionuclides for calibration
Nuclide

Area

Energy [keV]

Am-241

2.27 cm2

5486

Beta radionuclides for calibration
Nuclide

Area

Energy [keV]

Pm-147

100cm2

225

Tl-204

100cm2

763

Sr/Y-90

100cm2

546keV = 100%
2274 keV= 100%

Tl-204

19.63cm2

763

Sr-90

19.63cm2

546keV = 100%
2274 keV= 100%

Tl-204

2.27 cm2

763

Sr-90

2.27 cm2

546keV = 100%
2274 keV= 100%

Cs-137

2.27 cm2

512keV= 94.6%
1173%= 5.4%

As alpha particle emitting energy of 4.5 – 5.5 MeV, GM instruments have
almost the same efficiency to most of alpha emitting radionuclide. The instruments
listed above were surveyed with Am-241 source.
Since the instruments’ efficiency greatly depends on radiation energy, hence, the
study investigated the instruments’ response to 4 radionuclides with different areas and
established energy dependence of each instruments (see fig.1a,b) . The radionuclides
have maximum beta energy from 225 keV to 2274 keV.
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Fig. 1a: Beta energy dependence of Radiagem
2000’s efficiency

Fig. 1b: Beta energy dependence of Victoreen
290’s efficiency

Instruments’ efficiency also depends on geometry factor, therefore, it is
important to carry out calibrations with a precisely reproducible geometry. This can be
achieved by using detector holders designed to fit the detector probe. Some plastic
holders were designed and produced to ensure the distance between front face of
detector and active surface of the source is 5 mm. Moreover, when carrying out the
measurements for surface contamination, contaminated radionuclides may have very
high energy, or hardly approach to surfaces of contamination, hence we should place the
detector probe further. The study performed experiments and provided method for
calculating instruments’ efficiency in different distance ranging from 0.5cm, 1cm, 2cm,
3cm, 4cm to 5cm. Consequently, the results showed that the efficiency of instruments
gradually decreases when we increased the distance between the detector and the
source’s surface (see fig. 2a,b).
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Fig. 2a: Instrument’s efficiencies vs distance
from the probe to sources. (Radiagem 2000)

Fig. 2b: Instrument’s efficiencies vs distance
from the probe to sources.(Victoreen 290)

Besides, effect of GM tube’s dead-time of the instruments was investigated in
the study by using the same radionuclides with different radioactivities. As a result, the
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instruments’ efficiency for high radioactivity nuclide is considerable decreased in
comparison with the one of low radioactivity.
For in field measurement, contaminations may be on wooden or metallic surface
or even on the floor... and on the area surrounding contaminations may present some
objects inducing bremsstrahlung and scattering. Due to these reasons, the study carried
out experiments with many kinds of materials such as plastic, aluminum, bronze and
lead, around the detector probe and calibration radioactive sources, the instruments’
responses showed significant changes. Correspondingly, Bremsstrahlung and scattering
factors considerably contributed to the results.
The instruments’ efficiency also depends on source’s geometry, therefore, the
study performed a comparison between two methods, evaluating efficiency for small
area (2.27cm2) sources and large area sources (100cm2) for different distances: 1cm,
2cm and 5cm.
The study brought out the method evaluating the uncertainties and calibration’s
reliability. The uncertainty of calibration surface contamination instruments is lower
than 20% with 95% reliability.
To sum up, the study have established beta energy dependence for many kinds
of instruments and developed two calibration procedures for instruments measuring
alpha, beta surface contamination and method of calculating efficiency within 20%
uncertainty and 95% reliability, assisting radiation protection in evaluating surface
contamination more accurately and effectively.
REFERENCES:
[1]. IAEA/RCA Workshop on calibration of personal dosimeters and survey
instruments for radiation protection, Japan, 2000.
[2]. The Examination, Testing and Calibration of Portable Radiation Protection
Instruments, Measurement Good practice Guide 14, National Physical Laboratory 1999.
[3]. Portable radiation survey instruments use and calibration, 2009.
[4]. Calibration of Survey Instruments for the Assessment of Ionizing Radiation Fields
and Radioactive Surface Contamination, NCRP Report No.112,1991.
[5]. Safety Reports Series No.16, Calibration of radiation protection monitoring
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Abstract: One of the methods for effective surface decontamination which has been
developed in both detecting and removing the radioactive isotope and heavy metal
elements from contaminated surfaces is strippable polymer coating. It has been widely
used in nuclear facilities in the world. A polymer coating is produced to be sprayed or
brushed on contaminated material of uranium. The places of U contamination are shown
by color change of polymer coating. After radioactive isotope and heavy metal elements
are absorbed into the polymer coating, it is dried up to form a strong film and
contaminated surfaces are cleaned by removing the film.

I. I Experimental Results and Discussion
1. Preparation of strippable polymer solution
1.1 Effect of PVA concentrations on characteristics of polymer coating
The experiment has shown that with 13, 15, 16, 17, 18 (%wt) PVA
concentrations result different viscosity of gel solutions. The gel solution selected
should have moderate bonding capacity with surface so that it will have weak adhesion
to the horizontal, vertical surface of steel and painted concrete and can be easily peeled
off. The 17 (%wt) PVA concentration in distilled water which forms the high viscosity,
milk white solution has been selected in our studies as it meets the above requirements.
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1.2. Effect of glycerin concentrations on characteristics of polymer coating
Glycerin can make polymer coating more flexibility. It is the good moisturer.
The experiments on effect of glycerin concentrations to characteristics of polymer
coating were carried out with 0; 2.5; 5; 7.5; 10 (% wt) glycerin. It can be seen that the
higher concentration of glycerin is, the time for drying of coating increases. The
experiment results were showed in the graph 1. The glycerin concentration of 5 %wt has
been selected in our studies as it meets the flexibility and drying, storage time of
polymer coating
II. 1.3. The abilities of several decontamination agents for uranium
To determine the effectiveness of a potential agents, the surface of stainless steel
coupon was contaminated of U. This contaminated surface was pasted with the polymer
coating containing a potential decontamination agent 0.5 (%wt). Each coupon was
analyzed via α, β counting by MPC- 200 – PC Desktop Alpha/Beta Counting before and
after being treated with the strippable coating. After these studies were completed, it
was determined that EDTA was the most effective decontamination agent for this
particular coating. This decision was based on both the decontamination effectiveness
and the detecting ability of U. The decontamination efficiency of potential
decontamination agents for uranium was showed in the graph 2.
Decontamination efficiency of a material is given by the decontamination
coefficient K, which is calculated by formula:
K= [(A0-Af)/A0]*100

(1)

Where: K - decontamination efficiency
A0 - radioactivity (cpm) of material surface before decontamination,
Af - radioactivity (cpm) of material surface after decontamination
y
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Graph1: Effect of glycerin concentrations on drying time
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Graph2: Decontamination efficiency of decontamination
agents for uranium

Where:

A: Acid oxalic
P: Ammonium hydro phosphate.
N: Sodium carbonate;
E: Ethylenediaminetetraacetic acid disodium salt (EDTA),

1.4. Effect of EDTA concentrations on uranium decontamination of
polymer coating
The study on uranium decontamination ability of polymer coating were carried
out in 0.25; 0.5; 1.0; 1.5; 2.0 (%wt) EDTA. The results were showed that at the point of
0.5(%wt) EDTA, decontamination efficiency of coating was the highest, it reached to
98%. Therefore, 0.5 (%wt) EDTA was chosen as optimal concentration for next our
experiments.
1.5. Effect of arsenazo III indicator concentrations on polymer coating
Uranium was detected by a visible color change from pink to green. The color
was changed clearly when we changed the concentration of arsenazo III indicator in the
coating. The experiment showed that with 0.5 (%wt) arsenazo III solution (0.005g
arsenazo III in 1 ml of distilled water) in the coating, the color in the surfaces can be
observed well. This concentration was chosen as optimal of arsenazo III indicator in our
procedure.
1.6. The visible detection limit for U
As mentioned above, uranium was detected by a visible color change from pink
to green. Detection limits were measured as the smallest contaminant concentration on a
specific surface that produced an observable colorimetric change. The results were
reported that the visible detection limit of polymer coating for uranium on stainless steel
is 0.2 μg/cm2, this coating is very sensitive to small amounts of uranium.
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1.7. Procedure for preparation of polymer coating surface decontamination
of uranium
Dissolve 170g of polyvinyl alcohol (17 %KL) in 774 g distilled water in a 1- L
beaker at 500 – 600C. The mixture was stirred well by using a mechanical stainless steel
stirrer. After all of polyvinyl alcohol (PVA) were dissolved fully that formed white
heterogengeous solution, add 50g of glycerine, 5g of ethylenediaminetetraacetic acid
disodium salt (EDTA), 0.005g arsenazo III (in 1 ml of distilled water) to the polymer
solution (all were laboratory reagents). Continue stirring about 30 min until the red –
violet viscous gel solution was formed. Site the beaker for overnight at room
temperature without stirring for defoaming, then transfer this mixture in to a clean
polyethylene bottle for storage.
2. Surface decontamination in the laboratory.
To measure the decontamination effectiveness of the polymer coating on the
different kinds of surface, the contaminated surfaces were prepared by evaporating
uranium solution on a variety of coupon. Using the counting rates before and after
decontamination, we can calculate decontamination efficiency (K) by formula (1)
The decontamination ability of our coating and Decongel 1101 on several
different types of contaminated surfaces for two kinds of uranium samples was also
studied. Uranium from uranium oxide in 0.1 M HNO3 and uranium from Nong Son
uranium ore processing (from uranium mill in Vietnam) are studying in the laboratory
of Institute for Technology of Radioactive and Rare Elements (ITRRE). The uranium
solution contains 1mg/ml U; 4mg/ml Fe; 2mg/ml Al, and small amount of elements: Ca;
Mg; Th; rare earth elements. This study indicates that uranium could still be
decontaminated with high efficiency and detected in the presence of the interfering
elements.
The results in table 1 showed that decontamination efficiency of our coating as
high as Decongel 1101. Our coating can detect uranium on the surface by color change
of the coating (from pink to green), but the Decongel 1101 (blue) cannot. Besides, our
coating can decontaminate and detect thorium on the surface of different materials. The
decontamination efficiency reaches 99.5 % on the stainless steel surface.
Table 1: Decontamination efficiency of the coating on difference materials
K (%)
Surface

Coating

U in uranyl nitrat U in uranium ore processing
(250 μg/cm2)

Stainless steel

Our coating

98.7

97.5

Stainless steel

Decongel 1101

96.8

96.2

Mild steel

Our coating

93.2

90.6

Mild steel

Decongel 1101

95.4

94.2

Painted concrete Our coating

75.4

72.3

Painted concrete Decongel 1101

82.5

80.6
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II. Conclusions
The polymer coating we have developed actually meets the needs to surface
decontamination in nuclear facilities. They are not only capable of decontaminating
contaminated surfaces with high efficiency but also have behavior by indicating the
positions of U, Th contamination. This is very important because contaminated portions
of the coating can be separated from uncontaminated areas in radioactive waste
management. Furthermore, surface decontamination techniques by polymer coating can
save costing for secondary waste processing that produced in decontaminating.
In Vietnam, radiation and radioisotopes have been applied in health care,
agriculture, industry, geology, mining, meteorology, hydrology, education, research
…etc. Especially, in order to meet the energy demand in the future, the first nuclear
power plant (NPP) will be put in operation in 2020. It is very important to apply the
surface decontamination technique with high efficiency and cheap cost, because the
application and development of atomic energy in peace must ensure absolute safety for
people and environment.
We hope that this study to develop the efficiency decontamination material that
will be able to apply in nuclear facilities of Vietnam in the future.
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Abstract: The determination of P-32 and I-131 radioactivity in the human urine by the
liquid scintillation counting (LSC) was first studied and applied in the field of internal
radiation dosimetry at the Nuclear Research Institute. After urine samples were
preliminarily processed with formaldehyde, we applied the phosphor separation
procedure by the precipitation with ammonium phosphor molypdate (NH4)3[PMo12O40].
The chemical separation efficiency of 91% was obtained. The radioisotope of I-131 was
extracted with CCl4 and its chemical separation efficiency of 86% was obtained. Iodine
was enriched three times through the extraction. Then the processed samples were
measured by using the efficiency tracing method with unquenched standards of C-14
and the liquid scintillation counting system of ALOKA-LSC-6100.
Based on the counting efficiency of liquid scintillation in combination with the
enrichment process of samples of interest, we have experimentally determined the
method sensitivity of P-32 and I-131 in the urine samples. The detection limit
determined 69.5 pCi/litre for P-32 and 516.2 pCi/litre in case of I-131. From the
sensitivity obtained for P-32 and I-131 we determined the one-day intake of the P-32, I131 through respiratory system 74.0 Bq and 95.0 Bq for P-32 and I-131 corresponding.
Based on the specialized internal radiation dosimetry software of MONDAL, the
effective dose was calculated 0.1 µSv for P-32 and 1.0 µSv for I-131.
The determination of P-32 and I-131 in urine samples by liquid scintillation counting
(LSC) is used to calculate the internal dose for workers producing P-32 and I-131, and
patients using P-32 and I-131. The results obtained by LSC were compared with other
methods being used currently.

INTRODUCTION
The determination of radioactivity by the LSC has been studied and applied in
many laboratories worldwide. Although this method is rather new, it has been applied in
some laboratories in the field of environmental research, radioisotope hydrography due
to its advantages such as high sensitivity and accuracy. Therefore, applying this method
for the determination of P-32 and I-131 in urine samples in the field of internal
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dosimetry is significant because it can diversify the methods with the low limit of
detection.
In order to eliminate the interference of other radioisotopes present in urine
which is the reason for the error when the radioactivity of radioisotopes of interest is
determined, we must separate the one of interest from the interfering. Besides, the
separation and enrichment of P-32 or I-131 in urine contribute to increasing the method
sensitivity.
EXPERIMENTAL
1. Collection and preparation of urine samples
Some requirements for the collection of urine samples to determine the
efficiency as follows:
- Urine samples without P-32 and I-131 as well as others of radioisotope
production process or radiotherapy, ...)
- Collect urine samples with volumes from 200ml to 4000ml, put in clean plastic
jars of 0.5 liter and then add with 5ml of formaldehyde to prevent them from releasing
bad odour during the storage of samples.
- Before the experiment, urine samples were checked by using a low background
gamma spectrometer and liquid scintillation counting system.
2. Chemical separation of P-32 in urine samples [7, 8]
2.1. Principle
• The white precipitate of NH4MgPO4 is formed with the presence of Mg 2 + ,
PO43− and NH 4+ ions in ammoniac solution. The precipitate is not dissolved in ammoniac
solution but dissolved in acid.
NH 4+ + Mg 2 + + PO43− = NH 4 MgPO4 ↓
• With the presence of (NH4)2MoO4 in nitric acid and PO43− ion, the yellow
precipitate of (NH4)3 [PMo12O40] is formed. The precipitate is not dissolved in nitric
acid but dissolved in alkali and ammoniac solution.
3 NH 4+ + PO43− + 12 MoO42 − + 24 H + = ( NH 4 )3[ PMo12O40 ] + 12 H 2O ↓

2.2. Procedure
1. Take 50ml of urine into a 250ml flat bottom flask. Add 1 gram of KMnO4
and 4ml of H2SO4 (d = 1,84) and heat it on a sand stove.
2. Add oxalic acid until the solution is colorless and filter out the precipitate if
present. Add 1ml of phosphorus carrier solution containing 15.3 mg of PO3-4.
3. Add concentrated ammoniac solution until sample solution is alkaline.
4. Add 5ml of Mg2+ reagent, stir for 5 minutes, centrifuge it until the white
precipitate is seperated from the solution.
5. Dissolve the precipitate with the solution of 3M HNO3 (a)
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6. Heat the solution until it dries and adjust the solution to alkalinity by using
ammoniac solution, and then add 1 ml of phosphorus carrier solution and repeat step 4.
Take the precipitate and remove the solution. Dissolve it with 3ml of nitric acid solution
(b). Gather portion (a) and (b).
7. Add a few drops of Aerosol O.T and warm the solution with hot water.
Slowly add 30ml of molybdate reagent solution, stir for 5 minutes, centrifuge, remove
the solution. Rinse the precipitate twice with 3ml of 0.5 M NH4NO3 solution.
8. Dissolve the preciptate with 5ml NH4OH solution (d = 0.88).
9. Transfer all the solution into a vial, measure the radioactivity of P-32 by
using the liquid scintillation counting system of ALOKA-LSC-6100 for 20 min/sample.
10. Calculate and correct the radioactivity of P-32.
3. Chemical separation of I-131 in urine [7, 8]
3.1 Principle
Iodine present in urine is deoxidized to I2 according to the following reaction:
IO3− + 5 I − + 6 H + → 3I 2 + 3H 2 O

Then iodine is extracted with the organic solvent of CCl4.
3.2 Procedure
1. Take 30ml of urine into a extracting flask of 125ml, adjust to the neutral
medium by using 4N HNO3 or 4N NaOH solution.
2. Add 5ml of 4M Na2CO3 and 1 ml of NaI carrier solution of 1mg I/ml
3. Shake the mixture for 5 minutes.
4. Add 1ml of 6N HNO3 solution and 2ml 1M hydroxyl ammonium chloride
solution.
5. Extract iodine for 2 times, each with 5ml of CCl4, remove aqueous phase and
keep organic phase containing I-131.
6. Take 5ml of the extracted solution and measure I-131 by using the liquid
scintillation counting system of ALOKA-LSC-6100 for 20 min/sample.
7. Calculate and correct the radioactivity.
4. Determination of chemical separation efficiency of P-32 and I-131 in
urine
Calculating chemical separation efficiency by using the following formula:
H (%) =

A
x100
A0

(1)

in which A is radioactivity determined after chemical separation and A 0 is the
radioactivity added to urine samples.
For urine samples whose activities of P-32 and I-131 were known, we used the
chemical procedure in article 2 to separate P-32 and article 3 to separate I-131. Then the
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samples were measured by using the liquid scintillation counting system of ALOKALSC-6100 and the efficiency tracing method with unquenched standards of C-14 made
in Japan to determine radioactivity of P-32. Based on the radioactivity added to the
samples and the radioactivity determined after chemical separation, we used formula 1
to determine the efficiency of chemical separation of P-32. We determined efficiencies
of 5 different samples. Then average efficiency of chemical separation of P-32 is
calculated to be 91 ± 3%. For I-131, we used the procedure in articles 3 and measured 5
different urine samples. We measured them with the gamma spectrometer in the same
conditions of measuring time and sample geometry. The efficiency of chemical
separation of I-131 is 86 ± 2.5%.
5. The sensitivity of liquid scintillation counting [11, 13, 15, 16]
The limit of detection is determined by the following formula:
LOD =

2,71 + 4,65 B ⋅ t
t

( 2)

in which LOD is the detection limit of the equipment, B is background count
rate, and t is measuring time
When B is in cpm, measuring time is in minute and LOD is in cpm. When B is
in cps, measuring time is in second and LOD is in cps. (1 cps = 1 cpm/60)
MDABq =

LOD
H ⋅

(3)

in which MDA is minimum detectable activity, η is beta ray abundance (η = 1
for P-32; η = 0.89 for I-131).
When both chemical seperation and enrichment are applied, detectable minimum
activity (Bq/l) is determined by the following formula:
MDA( Bq / lit ) =

LOD ⋅ 1000
H ⋅ ⋅ V ⋅ Y ⋅ R

(4)

in which V is volume of the samples measured (ml), Y is chemical seperation
efficiency of P-32, and R is enrichment factor.
After the samples were seperated chemically, measure their background, add a
known amount of P-32 and I-131 to them. Then measure them with the liquid
scintillation counter to determine real detection limit of the system. Calculate its
sensitivity by using formula 4. The sensitivity obtained for P-32 and I-131 were 69.5
pCi/litre and 516.2 pCi/litre respectively while the minimum detectable limit of one-day
intake through resporatory system is 74 Bq of P-32 and 440 Bq of I-131 with the GM
gross gamma counting system in our group of internal dosimetry and radiation control.
6. Internal dosimetry for radiation workers producing P-32 and I-131
6.1. Sample preparation and measurement
The urine samples of the radiation workers producing radioisotopes were
collected one day after the production day with volumes of 200ml to 400ml. They were
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processed preliminarily and P-32 seperated chemically according to the procedure in
article 2. The procedure in article 3 was used for I-131. Measure the samples.
• For P-32
- Measure the samples for 20 minutes with the LSC system and calculate the
activity of P-32 using the efficiency tracing method and unquenched standards of C-14.
- Measure the samples with the GM gross beta counter.
• For I-131
- Measure the samples for 20 minutes with the LSC system and calculate the
activity of I-131 using the efficiency tracing method and unquenched standards of C-14.
- Apply the direct method of the gamma spectrometer to measure I-131 in urine
samples.
Based on the radioactivity results of P-32 and I-131 obtained, we used the
specialized software of MONDAL for internal radiation dosimetry. The results of the
whole-body effective dose of P-32 and I-131 for the radiation workers producing the
radioisotopes are shown in Table 1 and 2, for workers of Radiation Protection
Department in Table 3 and for patients using P-32 and I-131 in Table 4 and 5.
Table 1: Results of whole-body effective dose of P-32.

N0

Name of
Date of 32P
Date of
radiation
production measurement
workers

DTT (µSv)
Method of GM
gross beta counting

Method of
LSC

1

4/7/2010

7/7/2010

T.Binh

3.40

3.60

2

25/7/2010

27/7/2010

T.Binh

2.80

3.20

3

25/7/2010

27/7/2010

P.Tho

1.60

1.70

4

15/8/2010

17/8/2010

P.Tho

1.40

1.20

5

14/9/2010

16/9/2010

P.Tho

4.80

4.60

6

11/10/2010

14/10/2010

T.Binh

0.79

0.72

7

11/10/2010

14/10/2010

P.Tho

1.10

1.20

8

14/11/2010

17/11/2010

T.Binh

4.10

4.20

9

11/10/2010

17/11/2010

P.Tho

4.40

4.80

10

9/01/2011

12/01/2010

T.Binh

-

0.77

11

9/01/2011

12/01/2010

P.Tho

-

0.70

12

23/01/2010

26/01/2011

T.Binh

-

0.58

13

23/01/2010

26/01/2011

P.Tho

-

0.65

14

20/02/2011

23/02/2011

T.Binh

1.50

1.70

15

20/02/2011

23/02/2011

P.Tho

-

0.51
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Table 2: Results of whole-body effective dose for radiation workers producing I-131.

N0

Name of
Date of 32P
Date of
radiation
production measurement
workers

DTT (µSv)
Method of GM
gross beta counting

Method of
LSC

1

V.Đong

16.28

14.16

2

V.Cuong

131.44

111.72

3

N.Đien

120.82

103.91

P.Tho

84.24

75.82

5

V.Khoa

142.65

121.25

6

Đ.Khoa

66.66

60.66

7

H.Quang

141.47

124.49

8

V.Đong

11.88

9.62

9

V.Cuong

69.53

59.80

N.Đien

18.1

15.39

Đ.Khoa

30.15

26.53

12

T.Binh

13.57

15.61

13

Đ.Lam

42.68

38.41

14

V.Đong

149.13

140.18

15

V.Cuong

279.62

248.86

16

P.Tho

21.59

22.67

Đ.Khoa

134.22

116.77

H.Quang

20.56

17.48

19

T.Binh

98.57

88.71

20

Đ.Lam

214.38

190.16

21

T.Minh

11.94

9.91

22

V.Đong

12.82

15.38

23

V.Cuong

133.15

118.50

P.Tho

22.29

24.52

H.Quang

308.55

273.68

26

Đ.Lam

13.95

11.33

27

T.Minh

38.92

33.47

V.Đong

60.99

51.23

4

10
11

17
18

24
25

28
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6/6/2010

4/7/2010

25/7/2010

15/8/2010

12/9/2010

7/6/2010

5/7/2010

26/7/2010

16/8/2010

13/9/2010
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29

V.Cuong

365.91

289.07

30

N.Đien

38.42

33.81

31

P.Tho

64.03

58.78

32

V.Khoa

38.12

29.35

33

H.Quang

18.16

16.71

34

Đ.Lam

21.29

17.46

35

T.Minh

45.74

39.34

36

V.Cuong

139.97

121.77

37

N.Đien

13.41

11.93

38

P.Tho

22.86

18.70

Đ.Khoa

22.61

18.99

H.Quang

115.51

107.42

41

T.Binh

44.05

36.56

42

Đ.Lam

153.83

130.76

43

T.Minh

65.50

56.66

44

V.Đong

36.18

32.56

45

V.Cuong

57.71

53.09

46

N.Đien

21.46

18.67

47

P.Tho

27.16

23.09

V.Khoa

20.14

17.22

Đ.Khoa

12.29

10.82

50

H.Quang

23.89

20.55

51

T.Binh

56.39

51.31

52

Đ.Lam

50.14

45.48

53

T.Minh

25.84

24.03

54

V.Đong

21.35

18.57

55

V.Cuong

89.71

80.74

56

N.Đien

8.30

7.06

P.Tho

6.20

5.46

58

V.Khoa

8.11

6.93

59

Đ.Khoa

146.34

122.93

60

H.Quang

121.14

105.39

39
40

48
49

57

10/10/2010

14/11/2010

9/01/2011

11/10/2010

15/11/2010

10/01/2011
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61

T.Binh

154.23

138.81

62

Đ.Lam

121.44

106.87

63

V.Đong

113.43

97.18

64

V.Cuong

117.23

106.47

65

N.Đien

56.32

47.60

66

P.Tho

157.46

136.59

V.Khoa

108.54

90.72

68

Đ.Khoa

16.78

14.88

69

H.Quang

89.43

83.66

70

T.Binh

180.20

151.20

71

Đ.Lam

179.00

157.52

72

V.Đong

24.34

26.77

73

V.Cuong

139.97

131.57

74

N.Đien

21.65

18.84

P.Tho

10.61

12.73

Đ.Khoa

22.61

18.99

77

H.Quang

115.51

103.96

78

T.Binh

44.05

36.56

79

Đ.Lam

65.50

55.68

67

75
76

23/01/2011

20/02/2011

24/01/2011

21/02/2011

Table 3: Result of whole-body effective dose of I-131 for two workers
of the Radiation Protection Department

N0
1
2
3
4
5

Name of
Date of 32P
Date of
radiation
production measurement
workers
6/6/2010

7/6/2010

4/7/2010

5/7/2010

12/9/2010

13/9/2010

11/10/2010

11/10/2010

6
7

184

DTT (µSv)
Method of GM
gross beta counting

Method of
LSC

H.Thai

7.25

6.45

Đ.Vu

7.84

7.29

Đ.Vu

11.88

10.34

H.Thai

7.37

8.48

Đ.Vu

8.61

10.76

H.Thai

7.74

10.06

Đ.Vu

8.52

9.37
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8
9
10
11
12

14/11/2010

15/11/2010

23/01/2011

24/01/2011

20/02/2011

21/02/2011

20/02/2011

21/02/2011

13
14

H.Thai

1.34

1.50

Đ.Vu

7.52

6.99

H.Thai

1.40

1.31

H.Thai

3.52

3.33

Đ.Vu

10.24

9.50

H.Thai

7.74

8.13

Đ.Vu

8.52

7.33

Table 4: Results of whole-body effective dose for the patients using P-32.

N0

Date of P- Intake
dose
32 intake
(mCi)

Date of
sample
collection

Name
of
Sex
patients

DTT (Sv)
Method of
GM gross
beta counting

Method of
LSC

1

13/10/2010

30 .0

14/10/2010

P.N1

F

1.62

1.71

2

13/10/2010

30.0

14/10/2010

P.N2

F

1.93

2.02

3

13/10/2010

30.0

14/10/2010

P.N3

F

2.00

2.11

4

13/10/2010

30.0

14/10/2010

N1

M

1.71

1.85

Table 5: Results of whole-body effective dose for the patients using I-131.

DTT (Sv)

N0

Date of
P-32
intake

1

12/1/2011

5.0

13/1/2011

M.Hang

F

3.10

2.81

2

12/1/2011

5.0

13/1/2011

T.Tam

F

2.86

2.49

3

14/1/2011

5.0

15/01/2011 N.Chau

F

3.04

2.67

4

14/1/2011

5.0

15/1/2011

T.Vu

F

2.87

2.67

5

22/2/2011

5.0

23/2/2011

K.Hue

F

2.52

2.29

6

22/2/2011

5.0

23/2/2011

T.Huong

F

2.78

2.52

7

22/2/2011

5.0

23/2/2011

T.Nong

F

3.19

2.87

Intake
dose
(mCi)

Date of
sample
collection

Name of
patients

Sex

Method of
GM gross
beta counting

Method of
LSC

Note: - is not dectectable.
6.2. Internal dose assessment [22, 26]
The results of the total dose for two subjects were obtained with 15-time sample
collection shown in Table 1. DTT (µSv) is the whole-body effective dose for P-32
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contaminated subjects according to each series of collection. Table 1 shows that the
whole-body effective dose ranges from 0.79 to 4.80 µSv for the GM gross beta counting
method and from 0.51 to 4.80 µSv for the LSC method.
Similarly, the results of the total dose shown in table 2 for ten I-131
contaminated subjects were obtained with 79-time sample collection according to each
series of collection. The whole body dose ranges from 6.2 to 365.9 µSv for the direct
method of gamma spectrometry and from 5.46 to 289.7 µSv for the LSC method.
Besides, our project group collected the samples for 14 series and determined
the radioactivity of I-131 for two subjects in the Radiation Protection Department who
were involved the most in the radioisotope production. Their maximum whole body
dose was 11.88 µSv for the direct method of gamma spectrometry and 10.76 µSv for the
LSC method.
The whole body doses for different subjects shown in Table 1, 2 and 3 are lower
than the permissible limit of 20 mSv/year for a radiation worker equivalent to 1666.6
µSv/month [26]. The maximum dose including both external and internal dose
determined was one fifth of the permissible limit. It means that the P-32 and I-131
radio-contamination of these subjects was still low, which ensure the safety in the
radiation protection aspect.
The internal doses determined were very high ranging from 1.71 Sv to 2.11 Sv
for the patients using P-32, and from 2.29 to 2.87 Sv for the patients using I-131.
However, these were the cases of radiotherapy whose dose of intake depends on their
physical and pathological state and the doctors’ therapy.
7. Comparison of dosimetric results
In the similar conditions of chemical seperation and enrichment, the results of
the GM gross beta counting method were different from those of the LSC method. The
difference was less than 14% shown in Figure 3. In the two series of the isotope
production in January and February 2011, lowly P-32 contaminated subjects were not
detected by the GM gross beta counting but detected by the LSC. It is clear that the
confidence level of the LSC method is higher than the GM gross beta counting method
in the low P-32 contaminated subjects.

Fig. 3: Whole-body dose determined by the methods of GM gross
beta counting and LSC

186

The Annual Report for 2010, VAEI

VAEI-AR 10--20

The dose values of I-131 in Table 2 show that the internal radiation doses
obtained by using the LSC are about 88% of the values gained by the direct method of
gamma spectrometry. In 79 times of internal dosimetry for radiation workers producing
I-131 by two methods, there were two values below 88% (76% và 79% ) accounting for
2.5%, 26 values ranging from 80% to 86% accounting for 32.9% and 44 values ranging
from 87% to 94% and 56,7% compared with the gamma spectrometry method. There
are 6 times of dosimetry by the LSC in which its values were higher than those of the
gamma spectrometry accounting for 7.5%. In average, the values obtained by the LSC
were 10% higher than the value determined by the gamma spectrometry method, which
was related to radiation workers with low dose.
Athough the accuracy for internal dosimetry by the LSC combined with
chemical seperation and enrichment of I-131 is not as good as that by the direct method
of gamma spectrometry. The values of 79 times of internal dosimetry by the LSC range
from 80% to 94%. Compared with the direct method there is up to 89.6% of the values
falling on the range.
CONCLUSION
The experiment results shows that the method of internal dosimetry by the LSC
can be applied to determine internal doses for both radiation workers involving the
unsealed sources of P-32 and I-131 in radiation facilities and patients using these
radioisotopes at health centers.
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Abtract: Polyvinylpyrrolidone (N-PVP) and carboxymethyl starch (N-CMS) nanogels
were studied and prepared by the intramolecular crosslinking technique under the
exposure to electron beams at a suitable absorbed dose of 11.6 kGy for a 0.5% PVP
solution and at a suitable absorbed dose of 15.6 kGy for a 0.7% CMS solution. The
following characteristic properties of N-PVP and N-CMS were determined: intrinsic
viscosity, weight average molecular weight, coil size, coil size distribution, stability,
etc. In addition, N-CMS and N-PVP systems were also evaluated on their age as
exposed to gamma radiation and sunlight. The field test of leaf-spray fertilizer solution
based on two following formulations: N-PVP, KNO3 and micro-elements (GEF-K); and
N-CMS, kali humate and micro-elements (GEF-Humat) on Chinese cabbages, peanut
trees, rice and dragon trees has been carried out. The field trial results are promising for
large scale applications of the products in the near future.

1. Introduction:
Carboxymethyl starch (CMS) is a polysaccharide derivative with more
advantangeous characteristics than that of starch such as thermal stability, crosslinking
ability, and dissolubility in water. Accordingly CMS is often used in the following
fields: oil drilling, pharmaceutics, cosmetics, nutrition, pesticide, foodstuff, and cell
encapsulation [1]. Crosslinking of CMS at a paste-like concentration is probably
performed by chemical or radiation processes [24].
Polyvinylpyrrolidone (PVP) ia a biocompatible and hydrophilic substance,
which is commonly used in pharmaceutics, biomedicine, foodstuff and cosmetics [16].
The research works were concentrated mainly in the radiation corsslinked PVP hydrogel
to form macrogels as the result of a intermolecular crosslinking process [4,14,26]. The
decreased gyration radius with an unchanged weight averaged molecular weight was
explained according to the mechanism of an intramolecualr crosslinking process [8].
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Intramolecular crosslinking of the separate polymeric chains was initiated by
ionizing radiation to form a nanogel [8]. At present, studies on the nanogel synthesis are
mostly carried out on the basis of the polymerization combined with the intracrosslinking process by a conventional method [10]. The study on preparation of poly
(acrylylate) nanogel utilized as the carrier of flubiprofen for eye treatment [11].
One of the unique and promising techniques is a drug delivery system containing
nanoparticles, which is not only the perfect characteristics of a hydrogel material but
also carries nanoparticles in it such as poly (ethylene oxide), poly (ethyleneimine), and
poly (N-isopropylacrylamide) [31]. Normally in a nanogel system, the intrinsic viscosity
of the nanogel system exposed to electron beams decreases with increasing the absorbed
doses, while its weight averaged molecular weight tends to either be up or unchange
[23, 29]. The size of physically or chemically crossslinked nanogels is about a range of
0.1 – 100 nm. In the way, nanogels were prepared in the following methods: (i) radical
free polymerization or (ii) condensation polymerization, for example, poly (vinyl
alcohol) and glutaraldehyde [3], poly (allylamine) and 1,4-dimethoxybutane-1,4-diimine
dihydrochloride [2,5]. Besides, nanogels were made either from the radiation
intramolecular crosslinking method in a pure diluted polymeric aqueous solution or the
radiation polymerization of dilute emulsified monomeric solution. These are poly (vinyl
alcohol) [6], PVP [8], poly (vinyl methyl ether) [7, 9] and poly (acrylic acid) [15].
In China, the researchers studied on the preparation of the chitosan/poly (acrylic
acid) mixture with the nanometer size [12]. In addition, some studies on hydrogel used
as biomaterial were published in Poland, USA [13]; meaningly, there are results of
study in the radiation synthesized nanogels, for instant, poly (acrylic acid) (PAAc), and
PVP [6].
In Japan, a lot of scientists made successfully some nano-composite consisting
of polymers and layer silicates [17, 19]. In the new research field, nanogel can be
formed with the exposure of the highly intensive and short pulse electron beam
radiation into the pure polymeric aqueous solution such as PVA, PVP, poly (ethylene
oxide) (PEO), poly (vinylmethyl ether) (PVME), PAAc, and poly (pyrrone)
[18,23,27,28].
In USA, study works have applied the nanotechnology in making polymeric
transistors in order to replace the conventional silic transistors. The superchip (wafer)
combined with the polymeric transistor aimed for making the intelligent memory chips
or nanocables [24, 36].
In France and Italy, there were some research works regarding thermoplastic
polymers reinforced with carbon filler, making the nanocomposite from polypropylene
and carbon nanotube [21]. Battery was produced from carbon nanotube used for laptops
and mobile phones without recharging for some weeks [22], or nanosensor or solar cell
made from plastic [25,33, 35]. Radiation crosslinked carboxymethyl cellulose (CMC)
hydrogel was used as a super water absorbent [30].
In Vietnam, a lot of study works were published in the field of nano-material, to
which has developed to apply. Scientists working in Ho Chi Minh City Advanced
Technology Park produced the “liquid” nano-material used for printing inks, chips, and
semiconducting components in 2003 [32], and making carbon nanotubes [34]. There
were some studies on producing composites from PVC or rubber mixed with
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montmorillonite in Ho Chi Minh city National University. In VINAGAMMA, the
antiseptic substance was synthetised silver nanoparticle colloid through radiation
processing, which was successfully studied and developed in 2007.
In this report, the implementation group of the subject was concentrated in the
study to prepare PVP and CMS nanogels using the EB radiation processing technique.
Nanogels were combined with KNO3 or potassium humate, and micro-elements used as
a leaf-spraying fertilizer solution. The field test of fertilizers were applied on long or
short harvested plants to evaluate their efficiency and to be permitted for their
agricultural applications.
2. Experiment
2.1. Raw material, chemicals
Na-Carboxymethyl starch, Emsize CMS 150 (CMS, MW = 600 kDa, DS = 0.85),
Emsland-Stärke, Germany; Sartorios filter with a porous size of 0.45 and 0.8 µm.
Polyvinylpyrrolidone, Polyvidone 25 (PVP, Mw= 36 kDa) and distilled water (Merck,
Germany), KNO3, Potassium humate, MnSO4, và ZnSO4 (China).
2.2. Instrument, equipment
Viscometer, Ubbelohde AVS 470, Germany
Gel permeation chromatography, 110, detector RI, Agilent, USA
Scanning Electron Microscope (SEM), FE-SEM 4800. Hitachi, Japan
UV-VIS Spectrophotometer, UV-2401P, Shimadzu, Japan
Surebeam Linear Electron Beam accelerator, 150 kW, 5 MeV (Son Son Co.
Ltd., HCMC). And other laboratory equipment.
2.3. Sample preparation method and irradiation
a) CMS sample:
Antioxidant in presence of CMS was removed by immersing it in methanol for
overnight, filtered and dried in vacuum oven at 60 0C for 18 hrs before use. CMS was
dissolved in distilled water while stirred at 40 0C for overnight. The 1% CMS aqueous
solution was pre-irradiated using gamma radiation emitted from SVST/Co-60/B
industrial source in VINAGAMMA at an absorbed dose of 30 kGy in order to get
approximately Mw of 14 kDa. The irradiated solution was filtered through a 0.8 µm
Sartorios filter and diluted into CMS solutions at concentrations of 0.3; 0.5; 0.7%
respectively. All prepared solutions were divided into 25 ml glass vases with the caps,
which were saturated by nitrogen inert gas for 15 minutes, tightened and then irradiated
by electron beams in Son Son Co. Ltd., at following absorbed doses of 0, 6, 16, 20 và
26 kGy.
Stability, sunlight exposed age and gamma irradiated age of 0.7% CMS and
0.7% N-CMS irradiated at 15.8 kGy were observed during 0, 1, 2 and 3 months
according to specific properties such as viscosity, absorbance and SEM image. As for
sunlight exposed age, the samples were exposed to sunlight; the properties were
measured during a given exposure interval. Concerning gamma irradiated age, the
samples were irradiated on the Co-60 gamma source at 0, 15, 30 kGy. The samples were
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saturated by nitrogen inert gas in the capped vases tightened. Their viscosity and
absorbance were measured during a certain time period.
b) PVP sample:
0.3% PVP aqueous solution was prepared as follows: dissolving 0.3g of PVP
powder in 50 ml of distilled water in a thermostat at 550C for 4 hrs while stirred;
keeping the solution at room temperature for some hours, fixing to 100 ml level with
distilled water, filtering the solution with the 0.45 µm Sartorios filter, dividing it into 25
ml vases with the caps, and then saturated by nitrogen inert gas for 15 minutes. The
PVP aqueous solutions at corresponding concentrations of 0.5 and 0.7% were also
prepared as same as 0.3 % PVP aqueous solution was. The obtained solutions were
irradiated by EB radiation in Son Son Co. Ltd. at various absorbed doses of 0, 2, 6, 13,
18, 30 kGy.
Stability, sunlight exposed age and gamma irradiated age of 0.5% PVP and 0.5%
N-PVP irradiated at 11.6 kGy were observed during 0; 1.5 and 3 months according to
specific properties such as viscosity, absorbance and SEM image. As for sunlight
exposed age, aging procedures were carried out like that of CMS. Regarding gamma
irradiated age, the samples were irradiated on the Co-60 gamma source at 0, 30, 50
kGy; and other procedures were similar to that of CMS.
2.4. Analysis of characteristic properties
(a) Weight averaged molecular weight (Mw) of the samples was measured on
the GPC 110, detector RI, Agilent, USA at 30 0C, 250 and 500 Ultrahydrogel column
(Waters), flow rate of solvent of 1 ml/min, Pullulan (M w=780-380.000 Da) used as a
standard agent.
(b) Viscosity of the solution was measured on a Ubbelohde AVS 470 viscometer
(Germany) at 250C with water solvent.
(c) Nanogel samples were taken on FE-SEM 4800, Hitachi, Japan.
(d) Absorbance of the samples was measured on a UV-VIS spectrophotometer,
UV- 2401P, Shimadzu, Japan at a wavelength of 215 nm for CMS and 223 nm for PVP
at 25 0C with water used as a blank.
2.5. Technical document to be requested on a permission of the field test of leafspraying fertilizer solution
(1) A Registration form for the field test of fertilizer, No. 01-11/KN signed on
27/01/2011
(2) A copy of business certificate
(3) A commitment form for
27/01/2011

naming of fertilizer, No.02-11/KN signed on

(4) An application form for the technical specifications of fertilizer
(5) An application form for the fertilizer production aiming at the field test, No.
03-11/KN signed on 27/01/2011
(6) A draft of the field test
(7) A contract on the field test, No. 05/KNPB signed on 24/12/2010
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(8) A decision, No. 369/TT-ĐPB, signed on 23/03/2011 by Cultivating
Department, Ministry of Agriculture and Urban Development on agreement to the
Research and Development Center for Radiation Technology to produce two kinds of
fertilizers: GEF-K and GEF-Humat for the field test
(9) A registration certificate on the field test of fertilizer, No.370/CNKN-TTĐPB, signed on 23/03/2011 by Cultivating Department, Ministry of Agriculture and
Urban Development, issued to the Research and Development Center for Radiation
Technology to be permitted the field test on the above mentioned fertilizers
3. Results and discussion
1. The characteristic properties of PVP solution system

In trin sic v isc o sity , m l/g

1.1. Influence of the absorbed dose on the viscosity of PVP

4 0 .0
3 0 .0
2 0 .0
1 0 .0
0 .3 0 %

0 .5 0 %

0 .7 0 %

0 .0
0

5
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A b so rb e d d o se , k G y

Fig. 1: Influence of the absorbed dose of EB radiation on
viscosity of PVP at various concentrations

Figure 1 shows that there is a relationship between the absorbed dose and
viscosity of PVP solutions at different concentrations of 0.3; 0.5; 0.7% w/w. In a range
of the absorbed dose of 6 – 12 kGy, N-PVP is formed in a range of concentrations from
0.3 – 0.7 %. It means that PVP chains are intramolecularly crosslinked. The viscosity of
0.5 % PVP is stable when irradiated by EB radiation in an investigation range of
absorbed doses. So the 0.5% concentration of PVP is selected to prepare the N-PVP.
1.2. Effect of the absorbed dose on the Mw of PVP at different concentrations
Figure 2 shows that there is a relationship between the absorbed dose and M w of
PVP at different concentrations. In a range of the absorbed dose of 6 - 15 kGy, Mw
unchanges mostly; sometimes the Mw increases slightly; it could be explained that the
intramolecular crosslinking process happens to form the N-PVP. However, the absorbed
dose increases over 15 kGy, Mw has a tendency to be a strong increase at all studied
PVP concentrations. It is revealed that intermolecular crosslinking process has occurred.
As a result, the concentration of 0.5% PVP solution is chosen to form the N-PVP when
irradiated by EB radiation at a range of 6-12 kGy.
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Fig. 2: Effect of the absorbed dose on Mw of PVP at different concentrations

1.3. SEM images of PVP samples
a

dtb = 180  24 nm

b

dtb = 58  8 nm

c

dtb = 72  7 nm

Fig. 3: SEM images of 0.5% PVP unirradiated (a),
0.5 % N-PVP irradiated by EB at 11.6 kGy (b) and at 30kGy (c).

Figure 3 shows that the particle size of PVP (3a) is larger than that of N-PVP
(3b and 3c). The particle size of PVP before irradiated is about 180 nm, while the
particle of N-PVP after irradiated has the size about 58 nm at dose 11.6 kGy and 72 nm
at dose 30 kGy. The results of study demonstrate that the intramolecular crosslinking
process occurs to decrease the particle size of PVP.
2. The characteristic properties of CMS solution system:
2.1. Influence of the absorbed dose on the viscosity of CMS
Figure 4 shows that a 0.7% CMS is suitable for the intramolecular crosslinking
process when irradiated by EB radiation in a range of absorbed doses of 8-16 kGy.
While the absorbed dose is higher than that of 16 kGy, the viscosity of the CMS
solution reduces. It is indicated that radiation degradable process is predominant.
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Fig. 4: Influence of absorbed dose on the viscosity
of CMS at various concentrations

2.2. Effect of the absorbed dose on Mw of CMS
Figure 5 shows that the absorbed dose is lower than 5.0 kGy, M w decreases due
to a radiation degradation of CMS. In a range of the absorbed dose of 6-16 kGy, Mw
increases with increasing the absorbed doses. It is known that the N-CMS is formed
according a process called “intramolecular crosslinking”. Therefore the absorbed dose
increases over 16 kGy with reducing their Mw. It is anticipated that the radiation
degradable evidence happened at a high absorbed doses, excluding a increased and
stable Mw of the 0.7% CMS.
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Fig. 5: Influence of the absorbed dose on Mw of CMS
at various concentrations
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2.3. SEM images of CMS samples
Figure 6 shows the particle sizes of CMS before irradiated (6a), after irradiated
by gamma at 30 kGy (6b), and after irradiated by gamma at 30 kGy with EB at 16.5
kGy (6c). Figure 6 shows that the particle size of CMS (6a) is larger than that of NCMS (6b and 6c). The particle size of CMS before irradiated is about 200 nm, while the
particle one of CMS after irradiated by gamma has the size about 110 nm; the scission
of chain occurs to decrease the Mw and the particle size of CMS. The size of CMS
particle after irradiated by gamma and then EB (6c) is the smallest; the results of study
demonstrate that the intramolecular crosslinking process occurs and continues to
decrease the particle size of CMS.
a

dtb = 200  50 nm

b

c

dtb = 110  25 nm

dtb = 31  7 nm

Fig. 6: SEM images of 0.7 % CMS (a), 0.7 % CMS γ-irradiated at 30 kGy (b)
and 0.7 % N-CMS γ- irradiated at 30 kGy, then irradiated at 15.8 kGy (c)

3. Stability of PVP and N- PVP
3.1. Change of absorbance in storage time
Table 1: The absorbance of PVP and N-PVP versus the storage time

Absorbance,  = 223 nm
Storage time, months

0

1.5

3

0.5% PVP unirradiated

2.87 ± 0.04

2.94 ± 0.05

2.89 ± 0.04

0.5 % N-PVP, 11.6 kGy

2.98 ± 0.05

3.08 ± 0.04

3.13 ± 0.05

Table 1 shows that the absorbance of 0.5% PVP reduces after 3 months, because
of the less stability of the solution as a result in a cloud-like aggregation of PVP
particles. In contrast, the absorbance of N-PVP increases with increasing the storage
time. It is shown that the stability of N-PVP system increases and was well distributed
by N-PVP particles in the solution after 3 months stored.
3.2. Change of viscosity in storage time
Table 2 shows that the viscosity of the 0.5% PVP solution and N-PVP is
relatively stable, unchanges mostly for 3 months. The viscosity of the PVP solution
increases slightly up to the storage time due to occurring the particle adherence. In case,
the viscosity of the N-PVP is upward during 3th month, it is proved that the local
crosslinking of some close PVP chains happens.
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Table 2: The viscosity of PVP and N-PVP versus the storage time

Intrinsic viscosity, ml/g
Storage time, months

0

1.5

3

0.5% PVP unirradiated

11.42 ±0.22

12.94 ± 0.31

12.75 ± 0.25

0.5 % N-PVP, 11.6 kGy

11.23 ± 0.18

11.99 ± 0.35

11.42 ± 0.24

3.3. Change of Mw in storage time
Table 3: Mw of PVP and N-PVP versus the storage time

Mw, Da
Storage time, months

0

1.5
4

3
4

0.5% PVP unirradiated

3.6 x 10

2.3 x 10

2.0 x 104

0.5 % N- PVP, 11.6 kGy

1.9 x 104

2.0 x 104

2.6 x 104

Table 3 shows that the Mw of 0.5 % PVP solution decreases with increasing the
storage time. It is anticipated that PVP is degradable in water and have a chain scission
due to a tension of water hydrated force. While the M w of N-PVP increases with the
increased storage time, the intermolecular crosslinking of the close N-PVP coils in
water is able to happen. The process makes N-PVP coil size increased when stored.
3.4. Change of PVP, N-PVP coil size in the storage time illustrated by SEM
images

Fig. 7: SEM images of PVP and N-PVP taken immediately (a,b) respectively
and taken after 3 months (c,d) respectively
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3.5. Aging of PVP and N-PVP exposed to sunlight
3.5.1. Change of the viscosity of PVP and N-PVP in aging time
Table 4: The viscosity of PVP, N-PVP versus the aging time of sunlight exposure

Intrinsic viscosity, ml/g
Aging time, months

0

1.5

3

0.5 % PVP unirradiated

10.87 ± 0.12

10.26 ± 0.23

9.78 ± 0.18

0.5 % N-PVP, 11.6 kGy

10.55 ± 0.25

11.12 ± 0.21

10.95 ± 0.15

Table 4 shows that the viscosity of PVP and N-PVP unchanges in aging time
and is stable after 3 months.
3.5.2. Change of the absorbance in the aging time
Table 5 shows that the absorbance of PVP and N-PVP decreases with the
increased aging time. It is shown that the stability of PVP and N-PVP solution reduces
slightly but not significant after 3 months.
Table 5: The absorbance of PVP and N-PVP at λ=223 nm
when exposed to sunlight versus the aging time

Absorbance
Aging time, months

0

1.5

3

0.5 % PVP unirradiated

2.88 ± 0.02

2.37 ± 0.07

2.54 ± 0.03

0.5 % N-PVP, 11.6 kGy

2.74 ± 0.03

2.41 ± 0.05

2.45 ± 0.02

3.6. Aging of PVP and N-PVP irradiated by γ rays
3.6.1. Change of the viscosity of PVP and N-PVP in the γ-rays absorbed dose
after irradiated immediately
Table 6: The viscosity of P-PVP and N-PVP versus the γ-rays absorbed dose

Intrinsic viscosity, ml/g
Absorbed dose, kGy

0

30

50

0.5 % PVP unirradiated

10.79 ± 0.21

32.15 ± 0.15

50.63 ± 0.15

0.5 % N-PVP, 11.6 kGy

10.47 ± 0.13

23.78 ± 0.20

27.54 ± 0.17

Table 6 shows that the viscosity of PVP và N-PVP solution increases with the
increased aging time because of the γ-rays crosslinking. The viscosity of 0.5 % P-PVP
solution has a stronger increase than that of N-PVP for the intermolecular crosslinked
PVP, while the viscosity of N-PVP increases as slower as possible due to a priorly
intramolecular crosslinked N-PVP. Thus the molecular structure of N-PVP is more
stable than that of P-PVP.
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3.6.2. Change of the absorbance of PVP and N-PVP in the absorbed does after γrays irradiated immediately
Table 7: The absorbance of PVP and N-PVP versus the γ-rays absorbed dose

Absorbance, at λ = 223 nm
Absorbed dose, kGy

0

30

50

0.5 % PVP uniradiated

2.86 ± 0.2

2.82 ± 0.02

2.80 ± 0.02

0.5 % N-PVP, 11.6 kGy

2.74 ± 0.02

2.93 ± 0.04

3.00 ± 0.05

Table 7 shows that the absorbance of PVP unchanges in the absorbed dose. It
means that the stability of PVP is good under the effect of γ-rays. While the absorbance
of increases with increasing the absorbed dose. It is indicated that the stability of NPVP is higher than that of PVP, as a result in the better coil distribution of N-PVP
solution upto 50 kGy.
4. Stability of CMS and N- CMS
4.1. Change of the absorbance of CMS, N-CMS in storage time
Table 8: The absorbance of CMS and N-CMS versus the storage time

Absorbance, λ = 215 nm
Storage time, months

0

1

2

3

0.7 % CMS unirradiated

4.2 ± 0.4

5.0 ± 0.2

4.4 ± 0.6

5.0 ± 0.3

0.7 % N-CMS, 15.8 kGy

4.1 ± 0.5

5.0 ± 0.4

4.4 ± 0.4

5.0 ± 0.5

Table 8 shows that the absorbance of CMS and N-CMS unchanges in the storage
time after stored for 3 months. It is shown that the stability of CMS and of N-CMS is
relatively good.
4.2. Change of the viscosity of CMS and N-CMS in the storage time
Table 9: The viscosity of CMS and N-CMS versus the storage time

Intrinsic viscosity, ml/g
Storage time, months

0

1

2

3

0.7 % CMS unirradiated

9.32 ± 0.25

6.54 ± 0.28

5.62 ± 0.17

4.69 ± 0.20

0.7 % N- CMS, 15.8 kGy

6.36 ± 0.17

4.87 ± 0.12

4.50 ± 0.21

4.13 ± 0.16

Table 9 shows that the viscosity of CMS and N-CMS reduces with increasing
the storage time. It is shown that CMS and N-CMS are degradated slightly in water
during the storage time.
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4.3. Change of Mw of CMS and N-CMS in the storage time
Table 10: Mw of CMS and N-CMS versus in the storage time

Mw, Da
Storage time, months

0

1

3

0.7 % CMS unirradiated

7.4 x 103

4.5 x 103

3.7 x 103

0.7 % N-CMS, 15,8 kGy

8.5 x 103

4.3 x 103

3.4 x 103

Table 10 shows that Mw of CMS and N-CMS reduces strongly after stored for 1
month, but the Mw decreases slightly in duration of storage time from 1-3 months. It is
indicated that the reduced viscosity of CMS and N-CMS solution is known as a their
chain degradation due to a water solvation.
4.4. Change of coil size in the storage time observed by SEM images

Fig. 8: SEM images of CMS and N-CMS taken at first (a,b), respectively
and taken after 3 months stored (c,d), respectively

4.5. Aging of CMS and N-CMS exposed to sunlight
4.5.1. Change of the viscosity of CMS and N-CMS in the aging time
Table 11: The viscosity of CMS and N-CMS versus the aging time

Intrinsic viscosity, ml/g
Aging time, months

0

1

2

3

0.7 % CMS unirradiated

9.32 ± 0.25

6.54 ± 0.28

5.62 ± 0.17

4.69 ± 0.20

0.7 % N-CMS, 15.8 kGy

6.36 ± 0.17

4.87 ± 0.12

4.50 ± 0.21

4.13 ± 0.16

202

The Annual Report for 2010, VAEI

VAEI-AR 10--21

Table 11 shows that the viscosity of CMS and N-CMS reduces with increasing
the aging time once exposed to sunlight. It is revealed that UV radiation chain
degradation of CMS và N-CMS solution makes them less stable.
4.5.2. Change of Mw of CMS and N-CMS in the aging time
Table 12 shows Mw of CMS and N-CMS reduces strongly after 1 month
exposed to sunlight and then decreases gradually during from 1 – 3 months. It is shown
that the scission occurs with the reduced viscosity and Mw of CMS and N-CMS
solution. However, the structure of intramolecular crosslinked N-CMS is more stable
than that of linear CMS chain.
Table 12: Mw of CMS and N-CMS exposed to sunlight versus the aging time

Mw, Da
Aging time, months

0

1
3

2
3

3
3

0.7 % CMS unirradiated

7.4x10

3.9x10

3.4x10

2.7x103

0.7 % N-CMS, 15.8 kGy

8.5x103

4.3x103

3.9x103

2.8x103

4.6. Aging of CMS and N-CMS irradiated by γ-rays
4.6.1. Change of the viscosity of P-CMS and N-CMS in the absorbed dose after
irradiated immediately by γ-rays
Table 13: The viscosity of CMS and N-CMS versus the absorbed dose of γ-rays

Intrinsic viscosity, ml/g
Absorbed dose, kGy

0

15

30

50

0.7 % CMS unirradiated

9.82 ± 0.20

5.63 ± 0.25

3.26 ± 0.18

1.99 ± 0.23

0.7 % N-CMS, 15,8 kGy

7.27 ± 0.13

3.44 ± 0.15

2.17 ± 0.20

1.26 ± 018

Table 13 shows that the viscosity of CMS and N-CMS reduced with increasing
the absorbed dose of gamma radiation. It can be seen that the degradable effect is a
priority.
4.6.2. Change of Mw of CMS and N-CMS in the absorbed dose after irradiated
immediately by γ-rays
Table 14 shows that Mw of CMS and N-CMS reduces strongly with increasing
the absorbed dose to 15 kGy, but at higher absorbed doses M w of CMS and N-CMS
decreases gradually. The ionized radiation degradation of polysaccharide chains at a
high concentration is often observed.
Table 14: Mw of CMS and N-CMS versus the absorbed dose after irradiated
immediately by γ-rays

Mw, Da
Absorbed dose, kGy

0

15

30

50

0.7 % CMS unirradiated

7.4x103

4.2x103

4.0x103

3.8x103

0.7 % N-CMS, 15.8 kGy

8.8x103

4.5x103

4.1x103

4.0x103
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5. The field test
5.1. The result of field test on rice tree
(1) Soil and place: Alluvium soil, in Thanh Duc ward, Ben Luc district, Long
An province. The field test time duration: March 2011 to December 2011. Rice variety:
VND 95-20
(2) The formulation of experiment and test: CT1: Substrate + spraying water
(Reference); CT2: Substrate + leaf-spraying fertilizer (GEF-K); CT3: Substrate + leafspraying fertilizer (GEF-Humat)
(3) Substrate: (110 kg N + 70kg P2O5 + 55kg K2O)/ha
(4) Chemical fertilizers applied:
Basal fertilizing:

100% P2O5

Additional fertilizing: The first time (after sowing for10 days): 1/3 N + 1/4 K2O
The second time (after sowing for 20-22 dats): 1/3 N + 1/4 K2O
The third time (after sowing for 40-45 dats): 1/3 N + 1/2 K2O
(5) Sowing density: 110kg/ha. Observed standards: blooming number/m2, firm
paddy grain number, yield and economic effeciency.
5.1.1. The result of experiment
Table 15: The effect of two kinds of fertilizers of GEF-K, GEF-Humat on rice

Formulations

Bloom
no.
/m2

Firm grain
no./bloom

P1000
grain
(gram)

Yield
(ton/ha)

Increased
yield
ton/h
a

%

Crop 1 (March – July 2011)
1. Subtrate (Reference)

375.50b

74.13b

21.18

5.01b

2. Substrate + GEF-K

420.10a

81.56a

21.91

5.58a

0.57

11.3

3. Substrate
Humat

416.25a

81.61a

5.53a

0.52

10.3

CV(%)

5.60

8.80

9.89

7.2

LSD0,05

39.41

6.63

ns

0.48

+GEF-

21.78

Crop 2 (August – December 2011)
1. Substrate (Reference)

369.65b

69.14b

21.21

4.85b

2. Substrate + GEF-K

411.55a

76.21a

21.32

5.41a

0.56

11.5

3.Substrate + GEF-H

408.72a

75.64a

21.22

5.36a

0.51

10.5

CV(%)

9,30

10,90

10,28

7,1

LSD0.05

36.45

6.27

ns

0.46
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Table 15 shows that the rice yield once used additional leaf-spraying fertilisers
of GEF-K and GEF-Humat is higher than 10.38 – 11.55 % compared to that without
using the fertilizer because of increasing bloom no./m2 and firm grain no./bloom in both
of crops. There is a meaning difference in statistics between the formulations used the
added leaf-spraying fertilizers if compared with reference. There is not significantly
different in statistics among the added leaf-spraying fertilizers to each other.
5.1.2. The result of test
Table 16: The economic efficiency of leaf-spraying fertilizers of GEF-K
and GEF-Humat used for rice

Formulations

Yield
(ton/ha)

Icreased
yield
compared
to ref.
(ton/ha)

Increase
d
expense
s
(1,000
VND)

Increase
dincome
(1,000
VND)

Profits up
(1,000
VND)

-

-

-

1. Substrate (Ref.)

4.79

2. Substrate + GEF-K

5.31

0.52

1,238

2,860

1,623

3. Substrate +GEF-H

5.27

0.48

1,226

2,640

1,414

Notes: - Selling price: 5,500 VND/kg
- Fertilizer price: GEF-K: 70,000 VND/litre; GEF-Humat: 65,000 VND/litre
- Labour cost: 120,000 VND/labour (4 labours/ha/spraying time)
Ircreased expenses = expenses for fertilizers+labours for spraying the fertilizers
Table 16 shows that the yiels are up 0.48 – 0.52 ton/ha; the profits are up
1,414,000 – 1,623, 000 VND/ha/crop when sprayed the leaf-fertilizers of GEF-K and
GEF-Humat.
5.2. The result of test on Chinese cabbage
(1) Soil and place: Rich soil in Nhuan Duc ward, Cu Chi district, HCMC. Crop
duration: March 2011- September 2011. Variety: Chinese cabbage seeds supplied by
Trang Nong Co. Ltd.
(2) Substrate: 150N + 90P2O5 + 65K2O
(3) The field test formulations: CT1: Substrate + water (Reference); CT2:
Substrate + leaf-spraying fertilizer (GEF-K); CT3: Substrate + leaf-spraying fertilizer
(GEF-Humat)
(4) Plating density: 15 x 15 cm. Observed standards: tree height; tree weight;
yield and economic efficiency.
5.2.1. The result of experiment
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Table 17: The effect of leaf-spraying fertilizers of GEF-K
and GEF-Humat on Chinese cabbage

Formulations

Tree
height
(cm)

Tree
weight
(g)

Yield
(ton/ha)

Increased yield
compared to Ref.
Ton/ha

%

Crop 1(March – May 2011)
1. Substrate (Ref.)

31.24

40.52b

24.32b

-

-

2. Substrate + GEF-K

34.45

45.22a

27.04a

2.72

11.18

3. Substrate + GEF-Humat

34.14

44.62a

26.67a

2.35

9.66

CV(%)

10.53

7.2

7.3

LSD0.01

ns

3.12

2.34

Crop 2 (July – September 2011)
1. Substrate (Ref.)

30.56

41.12b

23.45b

-

-

2. Substrate + GEF-K

34.21

45.63a

26.12a

2.67

11.39

3. Substrate + GEF-Humat

34.19

45.15a

25.81a

2.36

10.06

CV(%)

9.81

7.10

7.1

LSD0.01

ns

3.87

2.19

Table 17 shows that the yield of Chinese cabbage is up to 9.66 – 11.39 % when
used leaf-spraying fertilizers of GEF-K and GEF-Humat compared to that of reference
including an increase of tree height and weight in 2 crops. There is a meaning difference
in statistics between the formulations used the added leaf-spraying fertilizers if
compared with reference. None of significant difference in statistics is observed among
the added leaf-spraying fertilizers to each other.
5.2.2. The result of test
Table 18: The economic effeciency using leaf-spraying fertilizers of GEF-K
and GEF- Humat for Chinese cabbage

Formulations

Yield
(ton/ha
)

Increased
yield
compared
to ref.
(ton/ha)

Increased
income
(1.000
VND)

Increased
expenses
(1.000
VND)

Profits up
(1.000
VND)

1. Substrate (Ref.)

24.11

2. Substrate + GEF-K

26.54

2.43

12,150

1,598

10,552

3.Substrate+ GEF-Humat

26.12

2.01

1,050

1,586

8,464

Notes: - Selling price: 5,000 VND/kg
- Fertilizer price: GEF-K: 70,000 VND/litre; GEF-Humat: 65,000 VND/litre
- Labour cost: 120,000 VND/labour (4 labours/ha/spraying time)
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Increased expenses=Expenses for
fertilizers

fertilizesr + labours for spraying the

The yield is up to 2.01-2.43 ton/ha and the profits is up 8,464,000 – 10,552,000
VND/ha/crop when used the leaf-spraying fertilizers of GEF-K và GEF-Humat for
Chinese cabbage.
5.3. The result of the field test on peanut tree
(1) Soil and place: Rich soil in Nhuan Duc ward, Cu Chi district, HCMC.
Croptime duration: March - December 2011. Variety: A local one. Planting density: 10
cm x 15 cm
(2) The field test formulations: CT1: Substrate + Water (Ref.); CT2: Substrate +
leaf-spraying fertilizer of GEF-K; CT3: Substrate + leaf-spraying fertilizer of GEFHumat
(3) Substrate: 40kg N + 80kg P2O5 + 80kg K2O/ha
(4) The chemical fertilizers applied:
Basal fertilizing: 100% muck + 100% super phosphate
Additional fertilizing: Time 1 (after sowing for 20-25 days): ½ N + ½ KCl
Time 2 (after seeding for 40-45 days): ½ N + ½ KCl
(5) Observed standards: as mentioned in the data collection
5.3.1.The result of experiment
Table 19: The effect of the leaf-spraying fertilizers of GEF-K and GEF-Humat on the
yield made factors and the yield of peanut

Formulations

Nut/
bush
(nut)

P100,
dried
nut (g)

Yield,
dried
nut/tree
(g)

Kernel
ratio/
nut (%)

Yield,
dried
nut
(ton/ha)

Yield using
fertilizer
compared to
reference
Ton/ha

%

Crop 1(March – July 2011)
1. Substrate (Reference)

15.24

109.14

17.30b

70.51b

3.23b

-

-

2. Substrate + GEF-K

16.87

113.51

18.78a

77.85a

3.58a

0.35

10.84

3. Substrate + GEF-H

16.71

109.76

18.43a

77.78a

3.54a

0.31

9.60

CV (%)

10.53

11.23

9.86

6.7

9.89

LSD0.05

ns

ns

0.81

6.12

0.28

Crop 2 (August – December 2011)
1. Substrate (Reference)

16.01

105.51

16.16b

68.76b

3.12b

-

-

2. Substrate + GEF-K

16.86

110.54

18.51a

75.67a

3.50a

0.38

12.18
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3.Substrate + GEF-H

16.59

108.76

18.11a

75.16a

3.41a

CV (%)

10.67

9.65

5.9

10.53

8.4

LSD0.05

ns

ns

1,8

5.57

0.25

0.29

9.29

Table 19 shows that the peanut yield is upto 9.29 – 12.18% used the leafspraying fertilizers of GEF-K and GEF-Humat compared to that only used water as
reference. Nut no./bush, yield/tree and kernel ratio/nut used leaf-spraying fertilizers are
higher that without using leaf-spraying fertilizer (reference). There is a meaning
difference in statistics between the formulations used the added leaf-spraying fertilizers
if compared with reference. None of significant difference in statistics is observed
among the added leaf-spraying fertilizers to each other. The difference is explained by
the increase of peanut yield and economic efficiency.
5.3.2. The result of test
Table 20 shows that the peanut yield is up to 0.34 – 0.37 ton/ha and the profits
increases from 4,894,000 – 5,422, 000 VND/ha/crop used the leaf-spraying fertilizers
compared to that without using the fertilizer (reference).
Table 20: Economic efficiency on peanut using leaf-spraying fertilizers
of GEF-K and GEF-Humat

Formulations

Yield
(ton/ha)

Increased income

Increased
expenses

Net
profits

ton/ha

1,000
VND

1,000 VND

1,000
VND

1. Substrate (Reference)

3.21

-

-

-

-

2. Substrate + GEF-K

3.58

0.37

6,660

1,238

5,422

3. Substrate + GEF-Humat

3.55

0.34

6,120

1,226

4,894

Notes: - Selling price: 17,000 VND/kg dry peanut
- Fertilizer price: GEF-K: 70,000 VND/litre, GEF-Humat: 65,000 VND/litre
- Labour cost: 120,000VND/labour (3 labours/ha/spraying time)
Increased expenses = Expenses for fertilizers + Labour for spraying fertilizer
5.4. The field test result in dragon tree
(1) Place: Thanh Duc ward, Ben Luc district, Long An province. Test soil:
Alluvium soil. Time duration: March – December 2011. Variety: Red meat dragon fruit
at 4 years old. Planting desity: 1,000 trees/ha
(2) Formulation of field experiment and test: CT1: Substrate + water
(Reference); CT2: Substrate + leaf-spraying fertilizer of GEF-K; CT3: Substrate + leafspraying fertilizer of GEF-Humat
(3) Substrate: (170 kg N + 90kg P2O5 + 120kg K2O)/ha
(4) The chemical fertilizers applied:
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Time 1(after finishing the prior harvested crop): 50%N+70% P2O5+30% K2O
Time 2 (before having flower buds for 25-30 days): 30% P2O5 + 30% K2O
Time 3 (as fallen pollen with a ratio > 80%): 50 N% + 40% K2O
(5) Observed standards: Fruit no./tree, average weight/ fruit, Brix index, yield
and economic efficiency.
5.4.1.The result of experiment
Table 21: The effect of leaf-spraying fertilizers of GEF-K và GEF-H on dragon tree

Formulations

Brix
index
(%)

Fruit
no./tree
(fruit)

Wt./fruit
(g)

Yield
(ton/ha)

Increased yield
compared to
ref.
Ton/ha

%

1. Substrate (Ref.)

14.45

46.13b

445.11

21.11

-

-

2. Substrate + GEF-K

14.56

47.87a

462.45

22.87

1.76

8.34

3.Substrate + GEF-H

14.57

47.62a

461.14

22.45

1.34

6.34

CV(%)

9.52

9.68

10.18

LSD0.01

1.21

ns

1.26

Table 21 shows that the yield of dragon tree is up to 6.34 – 8.34 % using the
leaf-spraying fertilizer of GEF-K and GEF-Humat compared to that without using
fertilizer (reference) because of a increase of fruit/tree. There is a meaning difference in
statistics between the formulations used the added leaf-spraying fertilizers if compared
with reference. None of significant difference in statistics is observed among the added
leaf-spraying fertilizers to each other.
5.4.2. The result of test
Table 22: The economic efficiency of leaf-spraying fertilizers of GEF-K and GEFHumat for dragon tree

Formulations

Yield
(ton/ha)

Increased income

Increased
expenses

Net profits

ton/ha 1,000VND

1,000
VND

1,000VND

-

-

-

1. Substrate (Reference)

21.56

2. Substrate + GEF-K

23.13

1.57

7,850

1,692

6,158

3. Substrate + GEF-H

22.75

1.19

5,950

1,674

4,276

Notes: - Selling price: 5,000 VND/kg
- Fertilizer price: GEF-K: 70,000 VND/litre, GEF-Humat: 65,000 VND/litre
- Labour cost: 120,000 VND/labour (4 labours/ha/spraying time)
Increased expenses = Expenses for fertilizers+ Labour for spraying fertilizers
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Table 22 shows that the yield of dragon tree is upto 1.19 - 1.57 ton/ha and the
profits is upto 4,276,000 - 6,158,000 VND/ha/crop using the leaf-spraying fertilizers of
GEF-K and GEF-Humat
6. Conclusions
- Nanogel PVP (N-PVP) is formed at 0.5% PVP concentration, 6-12 kGy
absorbed dose by intramolecular radiation crosslinking with an attainable particle size
of 58 ± 8 nm;
- Nanogel CMS (N-CMS) is formed at 0.7% CMS concentration, 8-16 kGy
absorbed dose by intramolecular radiation crosslinking with an attainable particle size
of 31 ± 7 nm;
- N-CMS at 0.7 % CMS concentration , 15.8 kGy absorbed dose and N-PVP
at the 0.5 % PVP concentration, 11.6 kGy absorbed dose are relatively stable for the 3
months storage duration;
- N-PVP is more stable than N-CMS once exposed to sunlight or irradiated by
gamma radiation. 0.5 % N-PVP is more stable than 0.5% PVP when exposed to
sunlight or irradiated by gamma radiation;
- The positive effect of leaf-spraying fertilizers of GEF-K and GEF-Humat is
tested on some plants with the highly relative economic efficiency: the yield for rice
upto 10.60 – 11.78%; for Chinese cabbage upto 9.66 – 11.39%; for peanut tree upto
9.29% – 12.18 % and for dragon tree upto 6.34 – 8.34% .
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Abstract: Silver nanoparticles (AgNPs) with diameter of 7.8 ± 1.2 nm were
immobilized on the surface of cotton fabrics by simultaneous irradiation of fabrics in
the AgNO3 solution. Effects of absorbed dose, the concentration of AgNO3 solution and
chitosan stabilizer on immobilization of the AgNPs on fabrics were investigated. The
optimal dose was selected to be 13.8 kGy, the suitable concentration of AgNO3 was 1.5
mM in 1% chitosan solution. The content of AgNPs on fabrics was determined to be
1696 mg/kg for these conditions. The presence of AgNPs on fabrics was confirmed
from scanning electron microscopy (SEM) images and X ray diffraction (XRD)
patterns. Washing Fastness Indicator (WFI) was determined to be 50.71 % for AgNPs
fabrics, after 40 washings. The antibacterial activity of dyed fabrics with an amount of
AgNPs about 300-400 mg/kg against S. aureus and E. coli was found to be 99.99 %. In
addition, the AgNPs fabric products were innoxious to the skin (k=0) after 1, 5, 10, 20,
30 and 40 washings by skin-irritation testing to animal (rabbit).

1. Introduction
The synthesis and functionalization of silver nanoparticles have been extensively
investigated in past decades due to their remarkable properties and potential
applications. A number of reports are available on the synthesis of metal nanoparticles
in solution by different methods [1, 2, 3]. However, so far the work on the synthesis of
metal nanoparticles through irradiation was estimated conveniently [4]. The broadspectrum antimicrobial properties of silver nanoparticles encourage its use in
biomedical applications, water and air purification, food production, cosmetics,
numerous household products [5, 6]. Silver nanoparticles can be immobilized on the
fibers, bringing new properties to the final textile product, especially for antibacterial
effect. The antibacterial fabrics can be used to make bandage, gauze, bed sheets,
surgical clothes… [7, 8]. Silver nanoparticles interact with the bacterial membrane and
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are able to penetrate inside the cell. The mechanism of interaction involved, it is evident
that silver nanoparticles attached to bacterial cell membranes increase permeability and
disturb respiration. Silver nanoparticles may catalyze reactions with oxygen leading to
reactive oxygen species (ROS) production which can cause DNA damage, protein and
cell membrane breakdown. The catalytic silver can destroy bacteria’s disulfide bonds to
counteract the synthesis of bacterial cell. Silver nanoparticles are oxidized generating
silver ions that can disrupt ATP production (adenosine triphosphate) to inhibit the
adsorption of phosphate of protein [9].
In this research, silver nanoparticles immobilized on cotton fabrics by in situ
synthesis. Silver ions were reduced to silver atoms by irradiation, simultaneously
stabilizing silver nanoparticles formed on the fabrics.
2. Experimental
2.1. Materials
-

White cotton fabrics

-

Chitosan of deacetyl degree ~ 80%, Mv ~7.63 × 104 Da

-

Pure AgNO3 was purchased from Shanghai Chem. Co., China

-

Pure Lactic acid of Franchisee Guangzhou Jenhuada Chemical Reagent

-

Pure NaOH of Merck.

2.2. Methods
2.2.1 Preparation of in situ AgNPs cotton fabrics by irradiation of AgNO 3
solution and cotton fabrics
Cotton fabrics were irradiated simultaneously in AgNO3 solution using the
stabilizer of 1.0 % chitosan in the range of doses from 5 to 20 kGy. Next to, treated
cotton fabrics were dried at 70oC for 15 minutes, then washed and dried again. The
content of silver nanoparticles was evaluated after 1, 5, 10, 20, 30, 40 washings. The
washing fastness indicator (WFI) was determined from ratio of the content of AgNPs on
fabrics after washing cycles and the content of AgNPs before washing.
2.2.2 Measurement and characterization
The presence of silver nanoparticles onto fabrics was confirmed by SEM image,
X ray diffraction patterns and its content on the fabric was determined by Inductively
Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) method. Characterization
of silver colloid was depicted by UV-Visible spectra. The size and morphology of the
AgNPs were analyzed with a transmission electron microscopy (TEM).
2.2.3 Antibacterial efficacy and skin irritation test of product
Antibacterial properties of cotton fabrics were verified according to the
Vietnamese Pharmacopoeia III against Staphylococcus aureus and Escherichia coli
[10]. One gram of nanosilver-treated fabrics were agitated with 10 ml of germ having a
bacterial concentration of 107/ml for S. aureus and E.coli for 30 minutes. The
bacteriostatic activity of AgNPs fabrics was evaluated by calculating the percentage
reduction of bacterial on plates of AgNPs fabrics in comparison with control.
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Skin irritation test was carried out by Institute of drug testing following ISO10993-10: 2002 [11]. This test was carried out on grown and healthy rabbits weighing at
least 2 kg. The rabbits used for the irritation test were reared at temperature 25 oC, with
humidity of 30-70%. The AgNPs cotton fabrics were applied to skin and were observed
the skin conditions of the rabbits after 12, 24, 48, 72 hours.
3. Results and discussion
3.1 Preparation of AgNPs cotton fabrics
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The AgNPs cotton fabrics were prepared by simultaneous irradiation of cotton
fabrics in silver nitrate solution depend on factors such as the initial Ag+ concentration,
stabilizer content and adsorbed dose… During gamma irradiation of cotton fabrics in
the AgNO3 solution, the hydrated electron (eaq-) and activated radical of H• by water
radiolysis can reduce Ag+ to Ag. Continuous reduction of the Ag+ solution causes the
aggregation of clusters into nanoparticles, simultaneously stabilizing the AgNPs formed
on the cotton fabrics. The •OH groups can react with the chitosan molecules formed
chitosan radicals and abstracted H atoms. These radicals can reduce the cluster of Ag+
ions capped by chitosan stabilizer generating the cluster of Ag atoms. The absorbed
dose plays an important role in formation and growth of silver nanoparticles by
reduction of Ag+ to Ag atom by irradiation. At a low dose, nanoparticles have not
appeared yet, while large particles will be formed at a higher dose. In this study, the
preparation of the AgNPs cotton fabrics by in situ synthesis in which Ag+ ions were
reduced to Ag atoms, simultaneously stabilizing AgNPs on cotton fabrics. The content
of AgNPs on the cotton fabrics changed insignificantly in the range of irradiation doses
from 4 to 10 kGy, but increased and obtained the maximal value of 1696 mg/kg at the
dose of 13.8 kGy for 1.5 mM AgNO3 solution (Fig.1a).
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Fig. 1: The content of AgNPs corresponding to a. Irradiation dose, b. AgNO3 Conc.,
c. Chitosan Conc.

The size of AgNPs in oligochitosan stabilizer decreased from 16 nm at 1.0 × 10-3
mM AgNO3 to 5 nm at 1.2 × 10-4 M by reduction of electron irradiation [12]. The effect
of Ag+ salt concentration on size of the AgNPs colloid also proved by Y. Liu who
prepared AgNPs in sodium alginate stabilizer. The typical peaks of UV-Visible spectra
appeared on the absorption bands from 403 to 411 nm corresponding to the colloidal
solutions at concentrations of 1-10 mM AgNO3. In addition, the peak intensity also
increased respectively for increasing concentration. These results proved that the
dependence of the dimension and quantity of Ag-NPs on the initial Ag+ content [13].
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As the mechanism of formation and immobilization AgNPs on the cotton
fabrics, the content of AgNPs and the initial Ag+ concentration has a relationship. In
Fig.1b, the content of AgNPs on the cotton fabrics increased as using the Ag+
concentrations from 0.5 to 5 mM at the dose of 13.8 kGy. However, a fit content was
also selected to agree with the predetermine requirement. The cotton fabrics were
immobilized AgNPs with the content of 1696 mg/kg corresponding to Ag+ salt
concentration of 1.5 mM was used for the next antibacterial experiments.
The stable agents for synthesis of metal nanoparticles can control the reduction
velocity of metal ions and aggregation of metal atoms. The stabilizer is often soluble in
the suitable solvents or surfactants. For example, the substances contain the functional
groups such as thiol (-SH), cyan (-CN), carboxyl (-COOH) and amino (-NH2) or sodium
dodecylsulfate (SDC). The selection of stable agents depends on usable purpose. In the
previous report, we used two stabilizers of chitosan and polyvinyl pyrrolidone (PVP) for
stabilizing the size of Ag-NPs then immobilization on the cotton fabrics. The result
showed that chitosan capped the colloidal particles with the smaller distribution of
particle sizes in comparison with PVP [14]. Moreover, the AgNPs cotton fabrics which
have prepared for antibacterial requirement are suitable with the chitosan stabilizer. The
stabilizer concentrations also affected on the content of AgNPs attached on the cotton
fabrics significantly for the simultaneous irradiation of cotton fabrics in
AgNO3/chitosan solution. The content of AgNPs immobilized on the cotton fabrics
increased together with the increasing of chitosan concentration from 0.5 to 1.5 % (wt)
in lactic acid solvent (Fig.1c). At a higher chitosan concentration, the viscosity of
solution will be high leads to dissimilarity for distribution of Ag+ ion in mixture, so the
optimal concentration was selected to be 1.0 % chitosan solution.
3.2 Characterization of AgNPs cotton fabrics
a

c

d
b

e

f

Fig. 2: SEM images a. control; b. AgNPs fabric; c. UV-Vis spectra of silver colloid;
d. TEM image; e. XRD pattern of AgNPs; f. XRD pattern of control

The presence of silver nanoparticles onto fabrics can be seen in SEM images in
Fig. 2b. The tiny particles which were uniformly dispersed on the surface of the cotton
fibers demonstrated the immobilization of silver nanoparticles on the fabrics. UV-
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visible spectra were recorded for the silver colloidal samples containing 1.5 mM AgNO3
in 1.0 wt % chitosan were irradiated by γ-ray with cotton fabrics, in the range of doses
from 4 to 20 kGy. The UV-Vis absorption peak of AgNPs appeared around 412 nm and
increased intensity respectively for irradiated samples from 4 to 20 kGy (Fig. 2c). These
results proved that the formation yield of the AgNPs increased corresponding to the
absorbed doses. However, the optimal dose was selected to be 13.8 kGy where the Ag+
ions conversed Ag atoms absolutely.
The typical TEM image of the silver colloid from 1.5 mM AgNO3 solution,
which was irradiated simultaneously with cotton fabrics at dose of 13.8 kGy, was
depicted in Fig. 2d. The particles are spherical in shape and distribute uniformly with an
average diameter of 7.8 ± 1.2 nm. The XRD patterns showed peaks at 14o and 22o
which can be attributed to the chitosan crystalline, two peaks at 34º and 76º respectively
assigned to diffractions from the (111) and (220) planes of face-centered cubic silver
(Fig. 2e). This result agrees with reports from other authors who used polysaccharics for
stabilizing AgNPs [15].
3.3 Antibacterial effect and skin irritation test
The durability of antibacterial substance linked with fabrics was also an
important factor for using. In this research, the AgNPs were immobilized on fabrics by
the bonds of the atomic silver and oxygen in cellulose structure, besides the hydrogen
links of -OH groups in cellulose and -NH2 of chitosan capped AgNPs. According to the
result in table 1, the washing fastness indicator (WFI) was determined to be 50.71%
after 40 washings. The signs of VAgtt0, VAgtt1, VAgtt5, VAgtt10, VAgtt20, VAgtt30
and VAgtt40 were the abbreviations of the AgNPs cotton fabrics before washing and
washing 1, 5, 10, 20, 30 and 40 cycles, respectively. The content of AgNPs on the
fabrics decreased quickly after the first washing but changed insignificantly for next
washings. The layer-by-layer links of the stabilizer molecules coating outside were
formed from electrostatics force, so that they were broken easily by physical impact or
detergent. However, the bonds from the reactive center of cellulose to AgNPs capping
chitosan were durable.
Table 1: Numerical grades for testing skin-irritation on
the rabbit skin of the AgNPs fabrics

Samples

VAgtt0
VAgtt1
VAgtt5
VAgtt10
VAgtt20
VAgtt30
VAgtt40

The content of
AgNPs on the
fabrics (mg/kg)
1696
1034
1024
910
880
860
858

Numerical grades

Erythema

Oedema

0
0
0
0
0
0
0

0
0
0
0
0
0
0
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Skin-innoxious (k = 0)
Skin-innoxious (k = 0)
Skin-innoxious (k = 0)
Skin-innoxious (k = 0)
Skin-innoxious (k = 0)
Skin-innoxious (k = 0)
Skin-innoxious (k = 0)

217

VAEI-AR 10--22

In previous subject, we demonstrated that antibacterial activity was influenced
by the content of AgNPs on the fabrics. After 30 washings, the fabrics remained an
amount of AgNPs about 364 mg/kg which inhibited inoculums of S.aureus and E.coli to
be 99.90 and 99.99 % respectively [14]. P. Gupta et al. also reported that the AgNPs
content of the fabric is a key factor in controlling its antibacterial activity [7]. In this
research, we investigated the bacterial reduction of the dyed AgNPs fabrics and undyed
ones with the content of AgNPs about 300-400 mg/kg. The results also proved that a
low amount of AgNPs on fabrics still reduce bacterial to 99.99 % for S. aureus and E.
coli. Moreover, the dye did not effect on the antibacterial activity. The AgNPs diameter
of 8-9 nm was suitable for testing bacterial inhibition.
Testing skin-irritation was carried out for the samples which were synthesized
in situ by irradiation of fabrics at the dose of 13.8 kGy in 1.5 mM AgNO3 solution. The
AgNPs fabrics were washed 1 (VAgtt1), 5 (VAgtt5), 10 (VAgtt10), 20 (VAgtt20), 30
(VAgtt30), 40 (VAgtt40) cycles then applied on the rabbit skin. The noxiousness on
skin was determined from observing the skin situation after contact times for 12, 24, 48
and 72 hours, experimenters recorded that the numerical grades to be 0 for erythema
and oedema. These results confirm that AgNPs cotton fabrics is innoxious to skin with
coefficient of k = 0.
4. Conclusions
- The silver ions reduced effectively by gamma irradiation and stabilized onto
the cotton fabrics by in situ synthesis. The maximal AgNPs content deposited on the
fabrics was determined to be 1696 mg/kg, when the fabric sample was irradiated
simultaneously with the 1.5 mM AgNO3 in the 1.0 % chitosan solution, at the dose of
13.8 kGy.
- Characterizations of the colloidal particles were confirmed by UV-Vis
spectra and TEM images. The average diameter of AgNPs was determined to be 7.8 ±
1.2 nm. The presence of AgNPs on the fabrics was depicted by SEM images and XRD
patterns.
-

Antibacterial efficacy of the dyed AgNPs fabrics and undyed ones with an
amount of AgNPs about 300-400 mg/kg was 99.99 % for S. aureus and E. coli. The
AgNPs fabrics were innoxious to skin (k = 0) for the AgNPs fabrics washed 1, 5, 10,
20, 30 and 40 times.
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Abstract: Gold nanoparticles (AuNPs) with diameter from 4 to 10 nm were synthesized
in hyaluronan (HA) solution without usage of any reductant and •OH radical scavenger
by gamma irradiation reduction. The size and size distribution of AuNPs were
determined by TEM images. The λmax (517 - 525 nm) of colloidal AuNPs solutions as
prepared was measured by UV-Vis spectroscopy. The influence factors on the size of
AuNPs particularly the concentration of Au3+, HA and dose rate were investigated. The
stability of AuNPs/HA as synthesized was more than 6 months in storage under ambient
condition. AuNPs with the size less than 10 nm and narrow size distribution stabilized
by HA is biocompatible so that AuNPs/HA can potentially be applied in biomedicine
and cosmetic.
Keywords: Gold nanoparticles, hyaluronan, gamma irradiation.

I. Introduction
Gold nanoparticles (AuNPs) with diameter less than 100 nm exhibits new
characteristics such as catalytic property for conversion of CO to CO2 at low
temperature (35 0K) [1], enhancement of free radical for antioxidation in cosmetics [2],
acceleration of reaction speed in highly sensitive bio-sensor [3] and cancer diagnosis
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and therapy [4]. In addition, AuNPs can be used to modify pharmaceuticals for targeted
therapy purpose [5],.. . AuNPs have already been studied to synthesize by several
deferent methods such as laser ablation of bulk gold (top-down) [6], reduction of Au3+
ion in solution (button-up) by chemical reductants [3, 7], UV [8], X ray [5], gamma Co60 ray [9-12],.. . Compared with other methods, gamma Co-60 ray irradiation is
considered as an effective method due to several advantages such as: (1) the reaction is
carried out at room temperature; (2) yield of AuNPs is high; (3) AuNPs can be purely
prepared without contamination of excessive chemical reductant and Au3+ ions residue;
(4) the size of AuNPs is easily controlled by varying Au 3+ ions or seed enlargement
approach; (5) mass production can be carried out and satisfying to requirement of clean
production [9-12]. Furthermore, according to Meyre et al. [10], the size of AuNPs (~2
nm) prepared by gamma Co-60 irradiation method was smaller compared to that by UV
(~6 nm) and by chemical reduction (~10 nm) from the same Au3+ concentration.
Therefore, gamma Co-60 radiation is useful tool for preparation of AuNPs with suitable
size for application in different fields especially in bio-medicines [5]. Characteristics of
AuNPs depend on morphology, size of particles and surface ligands [4, 6, 13]. For
instance, AuNPs with particles size bigger than 5 nm, chemical inert property is
relatively the same as bulk gold [14]. AuNPs of ~2 nm with positive surface charge
ligand is toxic for cells while it’s non toxic with negative charge [14]. AuNPs has not
maximum absorption wavelength in visible region [7]. Stabilizers such as PVA [13], Pa
[7, 13, citric [15],.. must be used for protection from agglomeration among AuNPs.
Recently, natural polymers such as CM-chitosan [8], protein [16], alginate [11],
chitosan [12 and glycosaminoglycan [17] have been studied for stabilization of AuNPs
instead of synthetic polymers. AuNPs stabilized by natural polymers are considered to
be safe and biocompatible for application in biomedical, cosmetic and pharmaceutical
field [8, 16, 17]. In our previous researches, alginate [11] and chitosan [12] have been
used as stabilizer for preparation of AuNPs with particles sizes of 8-40 and 16-20 nm,
respectively. In this report, we present the results of the study on synthesis of AuNPs
with 4-10 nm by gamma Co-60 irradiation using hyaluronan (HA) as stabilizer. The
factors affected on particles size, such Au3+ and HA concentration, and dose rate have
been also investigated. Moreover, HA is anionic polysaccharide which consists of two
type of monomers (glucosamine and glucuronic acid). HA plays an important role in
many biological processes and is one of the main components of the extracellar matrices
found in many tissues [17]. Therefore, the resultant AuNPs is biocompatible for
application in biomedicine and cosmetics.
II. Experimental
1. Chemicals: Hydrogen tetrachloroaurate trihydrate (HAuCl4⋅3H2O) and pure
water from Merck, Germany and pure HA (sodium HA) from Sigma, USA were used as
received. Glasswares were treated with regia solution (1V HNO3 : 3V HCl), washed and
dried.
2. Method:
Preparation of Au3+/HA solution and irradiation: To dissolve HAuCl4⋅3H2O
and HA into water for preparation of two stock solutions with concentration of 10 mM
Au3+ and 1% HA. To pour slowly Au3+ solution into HA solution with desired different
concentration while stirring of about 5 min. . Solutions of Au3+/HA were put into glass
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bottles with caper. Irradiation was carried out on the gamma Co-60 irradiator STSVCo60/B (Hungary), dose rate ~1.25 kGy/h at VINAGAMMA Center (HCM City) and on
Gamma Chamber 5000, BRIT (India), dose rate 0.5 - 5.0 kGy/h at Nuclear Research
Institute (Dalat).
Characteristic of colloidal AuNPs/HA solution: Absorption spectra of AuNPs
solution which was diluted by water to 0.05 mM calculated as Au3+ concentration were
taken on an UV-Vis spectrophotometer model UV-2401PC, Shimadzu, Japan. The size
and size distribution of the AuNPs were characterized by TEM images on transmission
electron microscope (TEM) model JEM1010, JEOL, Japan and statistically calculated
from about 500 particles [13].
III. Results and discussion

Fig. 1: UV-Vis spectra of Au3+, HA, Au3+/HA solution
before (a) and after (b) irradiation

The results of UV-Vis absorption spectra in Fig. 1a indicated that Au3+, HA and
Au3+/HA solution before irradiation have no absorption peaks in visible region.
However, in UV region Au3+, HA and Au3+/HA solutions have maximum absorption
wavelengths (λmax) at 290, 259 and 280 nm, respectively. Absorption peak of
Au3+/ligand solution depends on ligand type forming complex with AuCl4-, for example
AuCl4-/citric: λmax at 310 nm [15], AuCl4-/PVA: λmax at 259 nm [13]. After irradiation,
the color of Au3+/HA solution turned from yellow to purple with λmax at ~520 nm which
is surface plasmon resonance characterized for AuNPs [13]. Results of UV-Vis
absorption spectra of irradiated solution of 0,4 mM Au3+/0,2% HA in Fig. 1b indicated
that optical density (OD) at λmax (~520 nm) increased slowly with increasing dose and
attained stable value at 3 kGy. Thus, when solution of 0.4 mM Au 3+/0.2% HA is
irradiated at 3 kGy, the Au3+ is reduced completely to Au0 by e-aq, •H and •HA occurring
during irradiation and this dose is called saturated conversion dose [11, 16]. This value
of dose (3 kGy) is fairly in agreement with theoretical calculation on reduction of Au 3+
to Au0 by gamma radiation, the dose of 6 kGy for complete reduction of 1 mM Au3+ [9].
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Table 1: OD, λmax and the size of AuPNs (d) from solution of 0.2% HA/Au3+ (0.05 –
0.4 mM) irradiated 4 kGy (dose rate: 1.25 kGy/h)

Au3+ conc.
(mM)

max
(nm)

OD

d (nm)

Distribution
range (nm)

Distribution
peak (%
AuNPs)

0.05

517.0

0.17

4.3 ± 1.7

1 - 13

42.1 (3 nm)

0.1

518.5

0.17

6.0 ± 2.6

1 - 17

32.1 (5 nm)

0.2

521.0

0.19

9.0 ± 3.2

1 - 19

25.2 (9 nm)

0.4

523.0

0.18

9.2 ± 3.6

1 - 23

24.7 (9 nm)

Results in Table 1 indicated that λmax of AuNPs solution increased from 517 nm
(0.05 mM) to 523 nm (0.4 mM) and particles size of AuNPs also increased from ~4 nm
(0.05 mM) to ~9 nm (0.2 and 0.4 mM). The tendency of the increase of AuNPs size
with the increasing Au3+ was also reported for AuNPs/alginate [11], AuNPs/chitosan
[12] and AuNPs/CM-chitosan [8]. The main reason for this phenomenon is due the
development of clusters and the agglomeration among AuNPs when the ratio of
stabilizer and Au3+ is not high enough.

Fig. 2: TEM images of AuNPs from 0.1 mM Au3+/0.05% HA
(a), 0.4% HA (b) and size distribution (c)

The effect of HA concentration has also been studied for 0.1 mM Au3+
concentration. The average diameters of AuNPs were of 10.2; 7.0; 6.0 and 5.5 nm for
HA concentration of 0.05; 0.1; 0.2 and 0.4%, respectively. Results in Fig. 2c indicated
that the size distribution of AuNPs was Gaussian type and narrow for 0.1 mM
Au3+/0.4% HA and quadratic equation form for 0.1 mM Au3+ /0.05% HA. Thus, for 0.1
mM Au3+, the concentration of 0.2 - 0.4% HA is suitable for preparing AuNPs with
smallest size (~5 nm). The effect of stabilizers concentration has also been studied for
PVA [13], citric [15], polymer-thiol [7] and protein BSA [16]. Results also indicated
that AuNPs size decreased with the increasing of stabilizer concentration. For 0.5 mM
Au3+, the AuNPs size was of about 8 nm and 16-20 nm for alginate of 0.5 - 1% [11] and
chitosan of 1 - 2% [12], respectively. On the chain of HA, there are –OH, −COO–
groups which have affinity with Au3+ [8, 11, 15], therefore HA has ability to stabilize
AuNPs and simultaneously HA is free radical scavenger via hydrogen abstraction by •H
and •OH occurring during radiolysis of water. The colloidal AuNPs/HA solution is in
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good stability for more than 6 months in storage at ambient condition due to nonsignificant changes of OD, λmax and the size of AuPNs.
Table 2: OD, λmax and d of AuPNs from solution of 0.1 mM Au3+/0.2% HA with
different dose rate (dose: 4 kGy)
Dose rate
(kGy/h)

max
(nm)

OD

d (nm)

Distribution
range (nm)

Distribution peak
(% AuNPs)

0.5

532.5

0.14

9.5 ± 2.3

1 - 19

41.4 (9 nm)

1.25

518.5

0.17

6.0 ± 2.6

1 - 17

32.1 (5 nm)

2.5

517.5

0.18

5.6 ± 2.1

1 - 13

41.7 (5 nm)

5

516.5

0.16

5.0 ± 1.9

1 - 15

47.8 (5 nm)

Results in Table 2 indicated that the chacteristics of AuNPs are also affected by
dose rate particularly when dose rate increased from 0.5 to 5 kGy/h, the AuNPs size
decreased from 9.5 to 5 nm and λmax shifted from 533 to 517 nm. The reason for this
phenomenon is due to the competition of the absorption Au3+ onto resulted clusters with
the reduction reaction of Au3+  Au2+  Au1+  Au0 to form new clusters [9, 10]. At
high dose rate, the reduction reaction is predominant, therefore there are much new
clusters to form smaller AuNPs. Inversely, at low dose rate the absorption of Au 3+ onto
clusters is predominant, therefore AuNPs are bigger.
IV. Conclusions
Gamma Co-60 radiation is effectively applied for preparing AuNPs of 4-10 nm
and stably dispersed in HA solution. AuNPs size can be controlled by varying Au 3+, HA
concentration and dose rate. Colloidal AuNPs/HA solution prepared by gamma Co-60
irradiation is pure and biocompatible so that AuNPs/HA can potentially be applied in
biomedicine and cosmetic.
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Abstract: Silver nanoparticles deposited on silica (Ag nano/SiO2) have been prepared
by Co-60 gamma irradiation of the mixture Ag+/SiO2/H2O/ethanol. The reduction of
Ag+ in the suspension of SiO2 is brought by e-aq and H• generated during the radiolysis
of water/ethanol solution. The presence of SiO2 prevents agglomeration of Ag clusters.
The conversion dose (Ag+→ Ag0) was determined by UV-Vis spectroscopy. The size of
Ag nanoparticles was characterized by transmission electron microscopy (TEM). As a
result, the particle sizes were determined to be in the range of 15-30 nm for Ag+
concentration about 10 mM. The crystal structure of silver nanoparticles was also
investigated by X-ray diffraction (XRD). In addition, antifungal activity of Ag
nano/SiO2 was tested against Aspergillus niger var Tieghn by plate count method. The
results indicated that the antifungal efficiency of Ag nano/SiO2 was about 64, 71, 81, 82
and 96% at the concentrations of Ag nanoparticles of 30, 50, 70, 100 and 150 ppm,
respectively.
Key words: Silver nanoparticles, silica, gamma irradiation.

I.

Introduction

The preparation of metal nanoparticles is interested in the current studies
because of the electronic, magnetic and optical properties which are different from both
the ion and bulk materials [1, 2]. Among them, silver (Ag) nanoparticles are known to
have antibacterial, antifungal activity and relatively high safety [3, 4]. Many various
methods have been used for synthesis of Ag nanoparticles such as chemical reduction,
photoreduction, microwave-assisted polyol, gamma irradiation,.. [5-9]. Gamma
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irradiation has been considered as a useful method for preparation of silver
nanoparticles [4]. Solvated electron (e-aq), hydrogen atom (•H) formed during gammaradiolysis of aqueous solution reduce silver ion (Ag+) to silver atom (Ag0) [10]. There
are several studies using inorganic materials such as silica (SiO 2), zeolite, titanium
oxide (TiO2), aluminum oxide (Al2O3) as carriers to produce Ag nanoparticles [3, 5, 6,
11, 12]. In particular, SiO2 is widely used to embed Ag nanoparticles because it has high
thermal stability, chemical resistance, creating transparent suspension and preventing
caking [6, 11-14]. In our earlier work, we had studied the fabrication of Ag
nanoparticles by Co-60 gamma irradiation using alginate as stabilizer [15]. In this work,
we studied the preparation of Ag nanoparticles embedded on SiO2 by Co-60 gamma
irradiation and examined the optical characteristics, particle sizes of Ag nanoparticles
formed on the surface of SiO2 spheres. In addition, the antifungal activity of Ag
nano/SiO2 was investigated against Aspergillus niger var Tieghn.
II. Experimental
1. Chemicals
Silver nitrate (AgNO3) and ethanol used in the present study were analytical
pure products, China. Silica (SiO2) with average particle sizes from 0.2 to 0.3 nm was
supplied by Cabot Corp. (USA). Distilled water was used to prepare samples in
experiments. Fungal culture agar (Sabouraud) was purchased from Himedia (India).
Strain of fungus was isolated from the house wall with identified name as Aspergillus
niger Tiegh var.
2. Method
- SiO2 powder was mixed into ethanol, soaked in 1 hour and stirred to prepare
SiO2 suspension. AgNO3 was dissolved in water and Ag+ solution was slowly poured
into SiO2 suspension for resulting in a sample with content of 9% (w/v) SiO2, 80% (v/v)
ethanol, H2O 20% and 10 mM Ag+ while stirring of about 20 minutes. The mixture of
/H2O/ethanol (Ag+/SiO2) was put into glass bottles with caper. Irradiation was carried
out on the Co-60 gamma irradiator SVST Co-60/B (Hungary), dose rate ~1.25 kGy/h at
VINAGAMMA Center (HCM City).
- UV-Vis spectrometry: absorption spectra of Ag nano/SiO2 which was diluted
by water to 0.1 mM calculated as Ag+ concentration were taken on an UV-Vis
spectrophotometer model UV-2401PC, Shimadzu, Japan. From UV-Vis spectra,
saturated dose (Dbh) (Ag+ → Ag0) was determined through optical density (OD) at the
maximum absorption wavelength (λmax).
- TEM photography: the size of the Ag nanoparticles embedded on SiO 2 was
characterized by TEM images on transmission electron microscope (TEM) model JEM1400, JEOL, Japan.
- XRD spectrometry: powder Ag nano/SiO2 pattern was recorded on X Pert' Pro
(Panalytical, Netherland) diffractometer using CuKα radiation. These samples were
scanned in the 2θ range of 10-800. By X-ray line broadening analysis, the average
crystal size (t) of the Ag nanoparticles was calculated using the Debye-Scherrer
equation t (Ao) = 0.9 × λ / (β × cosθ) [5] with the x-ray wavelength of the CuKα
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radiation (λ = 1.54 Ao), the Bragg angle (θ) and the width of peak at the half height
(maximum) (β) in radians.
- Antifungal activity of Ag nano/SiO2 was tested against Aspergillus niger var
Tieghn by plate count method. Percentage of growth inhibition of Aspergillus niger var
Tieghn (~ 106 CFU/ml) was investigated at various concentrations of Ag nano of 30, 50,
70, 100 and 150 ppm. The number of fungal cells was determined by TCVN-5165-90
standard [11]. Percentage of growth inhibition (η) was calculated using the equation η
(%) = 100 × ( N1 – N2 ) / N1 with the number of colonies in the control discs N1
(without Ag nano/SiO2) and the number of colonies in sample discs N2 (with Ag
nano/SiO2).
III. Results and discussion
1. Preparation of Ag nano/SiO2 at 10 mM Ag+ concentration.
Absorption spectra of suspension of Ag nano/SiO2 at different irradiation doses
were shown in Figure 1. As can be seen, the suspension of Ag nano/SiO2 has a
maximum absorption at 408 nm at radiation dose of ~8 kGy while mixture of Ag+/SiO2
which has no this absorption peak in visible region. When radiation dose increases, the
intensity of absorption at maxima increases. The maximum absorption wavelength
(λmax) at radiation dose from 8 to 32 kGy is respectively 408-441 nm. In theory, Ag
nanoparticles showed characteristics absorption band in the visible region (λmax 390-450
nm) corresponding to surface plasmon resonance band [9, 12]. So, the absorption
spectra showed in figure 1 demonstrated that silver nanoparticles formed on surface of
silica spheres.
In suspension of SiO2, there was equilibrium between the silver absorbed at the
SiO2 surface and that freed in solution [13]. When the aqueous suspension of silica
containing 10 mM Ag+ and 80% ethanol was irradiated with gamma radiation, the
radiolysis of water created solvated electron (e-aq), hydrogen atom (H•) and hydroxyl
radical (•OH). In there, e-aq and H• were strong reducing agents because of redox
potential: Eo (H2O/e-aq) = -2.87 VNHE and Eo (H+/H) = -2.3 VNHE in comparison with Eo
(Ag+/Ag0) = -1.8 VNHE [14, 15], which reduced Ag+ on surface of SiO2 into zerovalent
Ag (Ag0). These Ag0 associated with Ag+ from solution forming Ag+2/SiO2. Silver
atoms that formed on silica inclined to be oxidated back into Ag+ by •OH. Thus, alcohol
(ethanol, iso-propanol,..) was used to react with •OH radicals to prevent the oxidation of
Ag0 into Ag+. The •OH radicals reacted with ethanol resulting in the formation of the
CH3•CHOH which reduced silver ion cluster (Ag+n/SiO2) to form silver atom cluster
(Agn/SiO2). The mechanism of this process was reported in detail in the work [16].
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λmax (nm)
Fig. 1: UV-Vis spectra of Ag nano/SiO2 at concentration of 10 mM Ag+
at various radiation doses

The saturation dose is required radiation dose to change completely Ag+ into
Ag0. When the radiation dose increased, the density of the absorption spectrum at λmax
of silver nanoparticles increased up to a radiation dose of 24 kGy and achieved a stable
value. So it can be concluded that the radiation dose of 24 kGy is required dose to
transform 10 mM of Ag+ into Ag0. Thus, the dose of 1 kGy can reduce 0.42 mM of Ag+
in the silica suspension into Ag0. Results of previous researches indicated that, the yield
of reducing radicals (e-aq, H•, CH3•CHOH) was 6 per 100eV of energy deposition of
gamma irradiation. In other word, radiation dose of 1 kGy could completely reduce 0.57
mM of Ag+ [17]. According Ramnani et al. [12], a radiation dose of ~0.9 kGy was
sufficient to bring about complete conversion of 0.5 mM of Ag+ into Ag0. Meanwhile,
the work of Sarkany et al. showed that [18], radiation dose of 8 kGy needed to
completely reduce 2.5 mM of Ag+. Resulting in this study indicated that radiation dose
of 2.4 kGy was essential dose to reduce 1 mM of Ag+ into Ag0, which was higher than
the value of theoretical calculations. The cause of this variation could be free oxygen in
the sample that diminished the efficiency of the reduction process.
d ~15-30 (nm)

Fig. 2: TEM image of Ag nano/SiO2 at concentration of 10 mM Ag+
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Results in the TEM images showed that Ag nano/SiO2 at concentration of Ag+
10 mM has Ag nanoparticles size in the range 15-30 nm.
The crystal structure of Ag nanoparticles was investigated by X-ray diffraction
(XRD). XRD spectrum of SiO2 (Figure 3a) has a peak at 2θ = 21.9° and suggests that
the SiO2 particles (figure 3b) have amorphous structure [3, 5]. Meanwhile, outside the
characteristic peak of SiO2, XRD spectrum of Ag nano/SiO2 has four prominent
characteristic peaks of metallic silver at 2θ values of 37.96o, 44.23o, 64.22° and 77.23°
representing the 111, 200, 220 and 311 Brags reflections demonstrated the FCC (face
centered cubic) structure of silver nanoparticles [18]. The average crystal size of silver
nanoparticles supported on SiO2 is calculated as 23 nm from XRD spectrum [5]. This
result is in agreement with results of previous research works [19, 20].
a) SiO2
b) SiO2/Ag nano

Fig. 3: XRD spectra of SiO2 (a), Ag nano/SiO2 (b)

2. Examination of antifungal activity against Aspergillus niger var Tieghn
of Ag nano/SiO2
Table 1: Antifungal efficiency of Ag nano/SiO2 at various concentration
of Ag nano against Aspergillus
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Sample

CFU/ml

η (%)

0 ppm (Control)

1.8×106

0

30 ppm

6.4×105

64

50 ppm

5.2×105

71

70 ppm

3.4×105

81

100 ppm

3.1×105

82

150 ppm

7.1×104

96

The Annual Report for 2010, VAEI

VAEI-AR 10--24

(CFU/ml) × 105

20

0%

15
10

64%

71%

5

81%

82%
96%

0
0

30

50

70

100

150

Concentration of Ag nano (ppm)
Fig. 4: Antifungal efficiency of Ag nano/SiO2 at various concentration of Ag nano

Results in table 1 and figure 4 showed that the density of fungal cells between
the various concentrations of Ag nanoparticles was obviously different. The higher
concentration of Ag nanoparticles was used, the stronger antifungal efficiency was
attained. In the range of the concentrations of Ag nanoparticles from 30 to 150 ppm, the
antifungal efficiency of Aspergillus was achieved 64, 71, 81, 82 and 96% at the
concentration of Ag nanoparticles of 30, 50, 70, 100, 150 ppm, respectively. The
concentration of 150 ppm Ag nano reduced 2 levels of log CFU/ml of Aspergillus
fungal cells from 1.8 × 106 to 7.1 × 104 CFU/ml. The antifungal efficiency depends on
the size, shape, concentration of Ag nanoparticles, cell structure of fungus and the
contact time of Ag nanoparticles with microorganisms [2, 3]. The results of study of Oh
et al. also indicated that the antifungal efficiency of Botrytis cinerea was about 65, 99.9
and 99.9% at the concentration of Ag nanoparticles of 10, 50, 100 ppm, respectively
[21].
IV. Conclusions
Silver nanoparticles which were embedded on SiO2 (Ag nano/SiO2) have been
synthesized by Co-60 gamma irradiation method. The size of prepared Ag nanoparticles
was in the range of 15-30 nm for 10 mM Ag+ concentration. The average crystal size of
the Ag nanoparticles determined by XRD spectrum was ~ 23 nm and prepared Ag
nanoparticles had face centered cubic structure. Antifungal efficiency of Ag nano/SiO2
was of 64, 71, 81, 82 and 96% at the concentrations of Ag nanoparticles of 30, 50, 70,
100 and 150 ppm respectively. Thus the Ag nano/SiO2 can be used as antifungal
substance in different fields especially in toothpaste, paint, cosmetic,.. .
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Abstract: Gold nanoparticles were prepared from (Au3+) aqueous solution by the
method of γ-ray irradiation using polyvinylpyrrolidone (PVP) and alginate as stabilizer.
The absorbance peaks are obtained at wavelength of λ max = 524 nm and 527 nm for PVP
and alginate respectively, due to surface plasmon resonance. The saturated conversion
dose (Au 3+  Auo) determined by UV-Vis spectroscopy is about 5 kGy. The average
diameter of gold nanoparticles observed by transmission electron microscope (TEM)
was of 15.9 ± 4.3 nm and 25.9 ± 8.9 nm for PVP and alginate respectively. The effect of
the primary concentration of Au3+, stabilizer concentration, absorbed dose, dose rate on
the particles size and stability of colloidal gold nanoparticles with storage time were
also studied.

I. The content of project
1. UV-Vis absorbance spectroscopy measurement
2. Determination of the saturated conversion dose (Au 3+  Auo).
3. Effect of the primary concentration of Au3+
4. Effect of stabilizer concentration
5. Effect of dose rate
6. Stability of colloidal gold nanoparticles with storage time
II. Obtained results
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1.

UV-Vis absorbance spectroscopy measurement.

Fig. 1: The UV-Vis absorbance spectra of Au nano particles solutions

a) Au3+/PVP 1.5%/isopropanol 5% (unirradiated)
b) Au3+/alginat 1.5% (unirradiated)
c) Au3+/PVP 1.5%/isopropanol 5% (irradiated 5kGy)
d) Au3+/alginat 1.5% (irradiated 5kGy)
In metal nanoparticles such as in gold, the electrons move freely. These
electrons give rise to a surface plasmon resonance (SPR) absorption band, occurring due
to the collective oscillation of electrons of gold nanoparticles in resonance with the light
wave. When the frequency of the electromagnetic field becomes resonant with the
coherent electron motion, a strong absorption takes place. This absorption strongly
depends on the particle size, dielectric medium and chemical surroundings. The UV/Vis
absorption spectra of the gold nanoparticles solutions are shown in Fig. 1. The
absorption peaks are obtained at wavelength of 524 nm and 527 nm for PVP and
alginate respectively.
2.

Determination of the saturated conversion dose (Au 3+  Auo).

Fig. 2: The dependence of
optical density on dose
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The dependence of optical density (OD) on dose is shown in Fig. 2. It indicates
that the OD increases with increasing absorbed dose and attains the saturated value at
dose of 5 kGy for both case of PVP and alginate.
3. Effect of Au3+ concentration
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Fig. 3: TEM image and size distribution of Au nano with different Au3+ concentration

(Au3+/PVP 1.5%/isopropanol 5%, 5 kGy)
The size of gold nanoparticles is increased upon increasing the concentration of
starting HAuCl4 solution.
4. Effect of stabilizer concentration
PVP stabilizer
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TEM image and size distribution of Au nano with different alginate

(Au3+10-3M/PVP /isopropanol 5%, 5kGy)
The average size of gold nanoparticles is 19.8 ± 5.2 nm, 15.89 ± 4.3 nm and 32.9
± 5.7 nm for PVP concentration of 1%, 1.5% and 2% respectively
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Fig. 5: TEM image and size distribution of Au nano with different alginate
concentration (Au3+10-3M/alginat, 5 kGy)

The average size of gold nanoparticles is 40.9 ± 14.6 nm, 25.9 ± 8.9 nm and 39.0
± 15.1 nm for alginate concentration of 1%, 1.5% and 2% respectively.
5. Effect of dose rate
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Fig. 6: TEM image and size distribution of Au nano with different dose rate (Au 10
3

M/PVP 1.5%/isopropanol 5%, 5 kGy)
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The size of gold nanoparticles decreases with increasing dose rate.
6. Stability of colloidal gold nanoparticles with storage time
The colloidal gold nanoparticles solution is observed for 6 months and it shows
the λmax at the same wavelength, optical density and average size. This indicates that the
prepared colloidal gold nanoparticles solution is good stability.
III. Conclusions
- Gold nanoparticles were prepared by γ-irradiation of HAuCl4 aqueous
solution using poly(N-vinylpyrrolidone) (PVP) and alginate as stabilizer. The average
diameter of gold nanoparticles observed by transmission electron microscope (TEM)
was of 15.9 ± 4.3 nm and 25.9 ± 8.9nm for PVP and alginate respectively.
- The absorbance peaks are obtained at wavelength of λmax = 524 nm and 527
nm for PVP and alginate respectively. The saturated conversion dose (Au3+  Auo)
determined by UV-Vis spectroscopy is about 5 kGy.
- The size of gold nanoparticles is increased upon increasing the
concentration of starting HAuCl4 solution.
- The average size of gold nanoparticles is 19.8 ± 5.2 nm, 15.9 ± 4.3 nm and
32.9 ± 5.7 nm for PVP concentration of 1%, 1.5% and 2% respectively. The average
size of gold nanoparticles is 40.9 ± 14.6 nm, 25.9 ± 8.9 nm and 39.0 ± 15.1 nm for
alginate concentration of 1%, 1.5% and 2% respectively.
-

The size of gold nanoparticles decreases with increasing dose rate.

The colloidal gold nanoparticles solutions were stable for 6 months at room
temperature.
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Abstract: In this study, the theoretical and practical basis to select leaching systems for
the treatment of uranium ore have been analysed. The treatment of Thanh My low grade
uranium ore was investigated using leaching methods including agitation leaching,
strong acid pugging and curing, and heap leaching with different technological
conditions. Based on data obtained from previous techno-scientific researches in the
Institute for Technology of Radioactive and Rare elements, and comparison of
experimental results obtained from leaching methods, we have selected the heap
leaching method as suitable method for treatment of Thanh My low grade uranium ore.
Key words: Uranium, uranium ore processing, heap leaching
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Introduction
In order to implement the plan of peaceful uses of atomic energy, the
Radioactive and Rare Earth Geology Division have been carried out the uranium ores
exploration project with the total volume of 8000 tons of U3O8 in Thanh My area of
Quang Nam province since the year of 2010. The treatment of uranium ore samples is
one of works of this project. In order to preparing for the treatment of uranium ores
samples, the Institute for Technology of Radioactive and Rare Elements has been
studied and choiced the heap leaching method for the treatment of Thanh My
sandstoned uranium ores.
Heap leaching is one of the oldest hydrometallurgical techniques. This technique
can offer a relatively low capital cost method for recovering uranium from some kinds
of low grade ores. The project entitled “Study on the selection of leaching system for
the treatment of Thanh My - Quang Nam uranium ores” was set up to conduct uranium
treatment using three methods: agitation, strong acid pugging and curing, and heap
leaching. We have seleted the heap leaching method as appropriate method for the
treatment of Thanh My sandstoned uranium ores.
The experimental results shows that when using heap leaching method for the
treatment of Thanh My sandstone ore containing 0.07% U3O8 with various conditions:
Ores as coarse as: < 1.0 cm; the sulphuric acid addition: 45-55 kg/ton; the entire
treatment cycle required: 25- 40 days; oxidant: 4 kg MnO2/ ton; the uranium recovery
efficiency: > 80%; the leached tails contained: < 0.01%. The experimental results were
comparable with those obtained in the field scale heap leaching tests.
1. Basis of the selection of leaching system for treatment of uranium ores
Leaching is an important step in the processing of a uranium ore. The leaching
process controls the following:
(a) The proportion of uranium solubilized from the ore;
(b) The quantities of reagents, which are a major operating cost, required to
maintain suitable leaching conditions;
(c) The concentrations of impurities in solution, which will have an important
impact on subsequent unit operations such as solvent extraction, product
precipitation/purification and effluent treatment;
(d) The grinding requirements, die performance of the solid-liquid separation
equipment, the impact on disposal options and die characteristics of the waste tailing.
Uranium ores are treated by either acid or alkaline reagents with sulphuric acid
or sodium carbonate-sodium bicarbonate systems used almost exclusively for
commercial uranium recovery. In general, alkaline leaching is milder and more selective
than acid leaching and is used for the treatment of high carbonate ores, which would
consume excessive amounts of acid. A general guide has shown that if the ore contains
more than 7-9% of carbonates, the alkaline leaching is more economical, but other
factors must now be considered. These factors include the efficiency of uranium
extraction, water usage (particularly in remote locations), energy consumption, product
quality requirements and environmental considerations.
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After selection of the reagent, the next major decision is the choice of the
leaching system. The following five techniques are available:
(1) Agitation leaching at atmospheric pressure (acid and alkaline),
(2) Pressure leaching (acid and alkaline),
(3) Strong acid pugging and curing (acid),
(4) Heap leaching (acid),
(5) In situ leaching (mainly alkaline).
There are many factors affecting the choice of leaching system. The ore grade
and tonnage will usually determine the selection of processes (4) and (5) rather than (1),
(2) and (3). For high grade of uranium ores, the agitation leaching method is usually
being used. The selection of leaching process is shown in table 1.
Table 1: Selection of leaching process
Leaching
method

Uranium
grade

Ore body

Leach
kinetics

Uranium
recovery

Investment cost

Very good

High

High

Agitation

Middle-high Middle-large

Heap
leaching

Low-middle

Small

Average

Middle-high

Low-middle

In situ
leaching

Low

Small

Good

Low-middle

Low

Based on data obtained from previous techno-scientific researches in the
Institute for Technology of Radioactive and Rare elements, and experiences learnt from
other countries, our orientation for the treatment of Thanh My uranium ore is heap
leaching method.
2. Experiments
The treatment of Thanh My uranium ore was carried out, using 3 leaching
methods with sulphuric acid: agitation, strong acid pugging and curing, and heap
leaching. The experiments were conducted in laboratory and on pilot scales of 400 kg
ores/time. Based on the comparison of results obtained from three leaching methods, we
have choised the approciate leaching method for the treatment of Thanh My uranium
ores on pilot scale.
3. Results and discussion
3.1. The identification of mineral compounds and chemical components of
uranium ore samples
The ore was supplied by Geological Division for Radioactive and Rare Minerals.
The main uranium mineral is nasturan. Main minerals of this sandstone ore are quartz
(SiO2), albite (NaAlSi3O8), glauconite ((K,Na)(Fe+3,Al,Mg)2(Si,Al)4O10(OH)2), calcite
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(CaCO3), kaolinite (Al2Si2O5(OH)4), sericite (K2O.3Al2O3.6SiO2.2H2O), illite
((KH3O)Al2Si3AlO10(OH)2), siderite (FeCO3), sphene (CaO.SiO2.TiO2). Mineral
containing uranium is mainly Nasturan ((U,Th)O2.(O0,5-3)UO3.xPbO).
The results of mineralogical identification show that the carbonate and clay
minerals, especially montmorrillonite clays in the ore are very low so the uranium
minerals may be dissoluted by sylphuric acid.
The chemical components of the uranium ore are shown in table 2.
Table 2: The chemical components of the uranium ore
Number

Components

Contents, %

TT

Components

Contents , %

1

SiO2

64.90

7

CaO

3.54

2

Fe2O3

2.67

8

Al2O3

14.32

3

MgO

5.59

9

V2O5

0.14

4

TiO2

0.40

10

Th

0.0011

5

P2O5

0.011

11

U3O8

0.071

6

K2O

2.71

12

MnO2

0.13

Uranium content in the ore is about 0.07%. The most abundant impurities are
silica (average 75%), aluminum (>5%), iron (1%), potassium, sodium and alkaline
metals and many other impurities. The characteristics of mineralogy are the chemical
components of uranium samples ores shows that Thanh My sandstone ores are
appropriated by heap leaching method treatment with H2SO4 acid
3.2. Ores leaching by agitation method using sulphuric acid
The choice of agitation method is dependent on number of variables such as ore
density, particle size, size distribution and the abrasive nature of the feed slurry. It is
investigated on uranium leaching by the agitation method. The experimental results are
shown in table 3.
Table 3: The effects of some leaching conditions on uranium recovery
Particle size
(x), µm

Leaching
efficiency,
%

246

208<x<300 150<x<208 106<x<150 74<x<106 x<74

81.5

83.7

86.4

86.9
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Grade
pH

of

0.8

0.9

1.0

1.1

Acid
consumtion,
kg/ore tones

64.3

41.5

40.1

38.2

Leaching
efficiency,
%

90.2

89.3

87.4

84.2

Leaching
time, h

1

5

9

15

Leaching
efficiency,
%

65.2

71.4

78.1

87.5

1.2

Ratio of
Solid/Liquid=1/1,
pH=1, Leaching
37.3 time of 15 hours,
Particle size
<150 µm,
Oxidation
82.1 reduction
potential level of
500 mV
23

Ratio of
Solid/Liquid=1/1,
pH=1, Particle
88.3 size <150 µm,
Oxidation
reduction
potential level of
500 mV

Uranium minerals are dissolved by acid . When the uranium is present in the
tetravalent form as in UO2, which if it is in part in uraninite, it does not dissolve at a
perceptible rate and requires oxidizing to the hexavalent form, in the case oxidant is
MnO2 the reaction is following:
UO2 + MnO2 + H2SO4 →
UO3 + H2SO4

→

UO3 + MnSO4 + H2O
UO2SO4 + H2O.

The experimental results shows that treatment of Thanh My uranium ores by
agitation method with condition of Solid/Liquid = 1/1, Leaching time of 15 hours,
particle size <75 µm, Oxidation reduction potential level of 500 mV were obtained
leaching efficiency more than 90%. However the disadvantages of agitation method
includes the following: uranium ores must be crushed and grinded to get particle size
less than 150 µm. Solid-liquid separation processes must be applied. So, not only can
these operations represent up to 40% of the mill capital costs, but uranium losses due to
incomplete washing can significantly reduce the operating profits. The capital cost of
operations will increase.
3.3. Strong acid pugging and curing (acid)
It was carried out the ore leaching by strong H 2SO4 acid pugging and curing.
The experimental results show that the appropriate conditions for operation are: size of
ore particles < 1 cm; curing duration for 3 days; oxidant 3-4 kg/ton; leaching time of 16
days; acid consumption 55 kg/ton. The leaching efficiency is more than 83%.
3.4. Heap leaching
The ore is crushed and grinded to size less than 1 cm, then placed in the ore
column of 3 and 5 meters height. Leaching solution are distributed over the upper
surface of the heap and passed downwards through the bed of the ore.
The Annual Report for 2010, VAEI

247

VAEI-AR 10--26

The experimental results show that the appropriate conditions for heap leaching
operation are: size of ore particles < 1 cm; curing duration for 3 days; oxidant
requirement 4-5 kg/ton; the acid solution rate 35-45 l/m2h; the entire treatment cycle
required 25-40 days ; acid consumption 45-55 kg/ton. The leaching efficiency is more
than 80%.
Heap leaching have following advantages: the technique can offer a relatively
low capital cost method for recovering uranium from some low grade ores.
Environmental considerations such as the relatively low moisture content of washed
sandstone tailing, can help to minimize waste disposal problems; the relatively coarse
size of the tailings can help to minimize dusting and wind erosion problems.
3. 5. Comparison of heap leaching method and strong acid pugging and curing
method
It have been carried out uranium ores treatment tin the same times by strong
acid pugging and curing and heap leaching on pilot scale of 400kg ores/time. The
columns for leaching are 6 m in height and 0.3 m in width. The experiment results are
shown in the table 4.
Table 4: The experiment results
The parameters of
processes

Heap leaching method

Strong acid pugging and
curing method

≤1

≤1

Acid
consumption
H2SO4, kg/ore ton

45-55

50-57

Oxidant
consumption
MnO2, kg/ore ton

4-5

3-4

0

3

Leaching time, days

25-40

15-16

Uranium
extraction
efficiency, %

> 80

83-87

Ore particle size, cm

Curing time, days

Based on data obtained from study we have selected heap leaching method for
the treatment of Thanh My Uranium Ore.
3.6. The Selection of leaching system for the treatment of Thanh My - Quang
Nam Uranium Ore
The conclusions obtained from the office study allow us to propose the
following technology flowsheet for the treatment of Thanh My low grade uranium.
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Ore

Classification

Crushing and Grinding

Heap Leaching

Acid pugging and curing

Solid (if it is
necessary)

Ion Exchange

Precipitation
Drying

Uranium Concentrate
Fig. 1: The flowsheet diagram of uranium ore treatment

Conclusions
- It was studied main parameters such as ore particle size, leaching time, acid
densities, oxidation reduction potential, acid consumption …, which influences the
uranium extraction efficiency from low grade of Thanh My uranium ores using 3
methods: agitation leaching, heap leaching and strong acid pugging and curing.
Comparison of results obtained from three methods treatment, it have choiced heap
leaching method for treatment of Thanh My uranium ores.
- It have been determined suitable parameters for heap leaching using sulphuric
acid H2SO4: ore particle size < 1 cm, acid consumption 45-55 kg/ore ton, oxidant MnO2
4-5 kg/ore ton, leaching time of 25-40 days. Uranium extraction efficiency obtained 8085%.
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Abstract: In this study, the investigation of ZrO2+(HfO)-TBP-HNO3 solvent extraction
system was done to clarify optimum technological conditions: metal concentration in
initial solution 36.5 g/L, acid concentration in initial solution [HNO3]0 ≈ 6M, solvent
extraction TBP 2.2M, the ratio between organic phase and aqueous phase = 1:1,
extraction scrubbing solution HNO3 4÷6 M, tripping by HNO3 0.1M; manufactured
equipment of mixer-settler extraction system consisting of 6 extraction stages, 1
scrubbing stage and 3 tripping stages; separation and recovering zirconium (> 5 Kg
ZrO2) with nuclear purity ([Hf] < 100 ppm).

Introduction
Hafnium has similar chemical characters to zirconium and always in
combination with Zr in nature. Hf is a hazardous impurity for nuclear zirconium in
nuclear technology. The separation Hf from Zr requires complicated stages. So far
solvent extraction technique has been optimal selection for this pair of elements. The
most efficient extraction reagent used for separating Hf from Zr is tri-n-butylphosphate
(TBP). It is multi-functional reagent, very active in high acid medium with high
stability, selectivity and economy. The extraction reaction between Zr (Hf) and TBP in
HNO3 is complicated due to nature of their MeO2+ ions exposing the multiform
existence in solution. Therefore, the determination of technological parameters of
solvent extraction-separation system attracts permanent interest of scientists.
Experimental Results and Discussion
1. Study on the extraction parameters for separation Hf from feed
solution
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1.1. Determination of the initial feed components
To stabilize the extraction parameters, it is important to determine the
component of initial material for extraction ZrOCl2. Composition of ZrOCl2.8H2O is as
follows:
Table: Component of ZOC originating from zircon concentrate (65%)
ZrOCl2.8H2O

Zr

Hf

SiO2

Fe

Others

%

27.63

0.593

0.18

0.8

-

1.2. Research on characters of TBP-ZrO/HfO(NO3)2-HNO3 extraction system
Optimal conditions for separation Hf from Zr by TBP extraction (previous
study) includes: acid concentration in initial solution [HNO3]0 = 6M; [TBP] = 60% by
volumn ∼ 2.2 M; Metal concentration in initial solution C0Zr(Hf) = 30g/L (feed); The ratio
between organic phase and aqueous phase (R) = 1/1 was used in this study.
1.2.1.Zirconium extracting capacity of TBP solvent
Experimental determining the extracting capacity of TBP 2.2M was carried out
at C0Zr(Hf) = 30 g/L and 63 g/L; phase ratio R = 1:1. The result shows that, the extracting
(Zr/Hf) capacity of TBP solvent 2.2 M is 34.54 g/L (∼ 0.38 mol Zr).
1.2.2.Acid extracting capacity of TBP solvent
Research on acid extracting capacity of TBP 2.2 M was examined in range of
acid concentration from 4M to 9M. Results show that, at [HNO3] ≥ 7M extracted
process for acid of TBP reached maximum. This condition is important to set up the
extraction procedure with the precence of ions (ZrO2+, HfO2+, ...) leading into more
efficient process (acid saving).
1.2.3.The time reaching extraction balance of TBP-ZrO(NO3)2-HNO3 system
Experiment investigating the time for reaching a status of phase balance in
system TBP-Zr(Hf)O-(NO3)2-HNO3 was carried out at [HNO3]0 = 7M; [TBP] = 2.2M;
C0Zr(Hf) = 30g/L; phase ratio R = 1/1; Results (Fig.1) show that, the minimum time for
balance of system is 190 sec.
The tim e needs to balance of phases at C Zr =60g/L

20
18
16
14
12
10
8
6
4
2
0

Zr Concentrate in TBP, g/l

Zr 4+concentrate in TBP, g/l

Time needs to balance of TBP/Aqueous phase at C Zr=30g/L

0

50

100

150

200

250

300

35
30
25
20
15
10
5
0
0

100

Tim e (sec)

Fig. 1: The time needs to balance of two
phases TBP/aqueous with CZr(Hf) = 30g/L.

200

300

400

Tim e (sec)

Fig. 2: The time needs to balance of two
phases TBP/aqueous with CZr(Hf) = 60g/L.

In case of feed C0Zr(Hf) = 60g/L, Results revealed that the minimum time for
extraction balance is 240 sec (Fig.2). Performance of metal extracted into organic phase
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of C0Zr(Hf) = 60g/L is higher in comparison with C0Zr(Hf)=30g/L, but the necessary time
for balance is longer. This is an important point for consideration of initial material
solution concentration for zirconium production with large amount in application.
1.2.4.Speed for phase separation of TBP-ZrO(NO3)2-HNO3 balance system
Experiment to clarify speed of phase separation for TBP-ZrO(NO3)2-HNO3
extraction system was implemented in TBP 2.2M; R = 1; with [HNO3]0 in range from
3M to 10M.
Results (Fig. 3) showed that the phase separation speed decreased when
increasing acid concentration in the case of C0Zr(Hf) = 30g/L. In [HNO3]0 < 4M, only
process of acid extraction occured; maximum of the speed reached 0.2 mm/s. When
[HNO3] > 4M, the phase separation speed decreased and up to 7.6 M it’s only 0.14
mm/s.
Experiments with C0Zr(Hf) = 60g/L (Fig. 4) revealed the same tendency of results.
However the overall phase separation speed was faster than the case of 30 g/L. Max. of
speed reaches 0.36 mm/s at [HNO3]0 = 7.36M and the lowest speed is 0.29 mm/s at
10.1M of HNO3. So, the concentration of feed solution should be remained from 30÷40
g/L; [HNO3]0 needs 6÷7M to ensure the efficiency of extraction process.
P h a s e s e p a r a t io n s p e e d o f t h e e xt r a c t io n t s ys t e m Z r - T B P
a t C Zr ( H f ) = 3 0 g / L ( m m / s )

P ha s e s e p a r a t io n s p e e d o f t he E x t . S y s t e m Z r - T B P a t
C Zr (H f ) = 6 0 g / L
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Fig. 3: Phase separation speed of the
extraction system with CZr(Hf) = 30g/L of feed.

Fig. 4:
Phase separation speed of the
extraction system with CZr(Hf) = 60g/L of feed.

2. Building extraction procedure for Zr purification
2.1. Preparation feed solution for extraction process
ZOC salt is purified preliminarily for separating Fe and Si impurities. Feed
solution can be obtained by reaction between ZrOCl2.8H2O (ZOC) and NH4OH solution
coming to pH=8 of medium. ZOC is washed continued by diluted NH4OH solution
(3%) and then by water. Filtration and white precipitate recovered; this precipitate is
dissolved in HNO3 10M to get feed solution with CZr(Hf) = 75g/L, [HNO3]0 = 8M.
2.2.

Investigation of technological parameters of extraction system

2.2.1. Calculation of the number of extraction and scrubbing stages
Zi and Hf system is an complicated extraction process with many reactions to
impede the extraction process [8], especially extracted reaction of acid into TBP. So the
determination of the extraction isothermal curves (McCable-Thiele) in different acid
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concentrations is needed to have right oriention for experimental simulation, equipment
design and efficient operation.
Extraction experiment at acid concentration from 6M to 10M showed that
recovery of all Zr in feed solution at [HNO3]0=6M needs to have 8 of extraction stages
for C0Zr(Hf)=30 g/L and 6 stages for C0Zr(Hf) = 40 g/L. Investigation continued at the same
conditions with other acid concentrations revealed at [HNO3]0 > 6M may recover all of
Zr by 4 up to 5 extraction stages. Especially in [HNO3]0 ≥ 10M this process needed only
3 extraction stages.
Research on the number of scrubbing stages is carried out for the feed solution
which have the high concentration of metall (upper 60 g/L) at [HNO3] = 6M revealed,
acid additive process needs to be considered for one stage in using extraction scrub.
2.2.2. Research on tripping of zirconium recovery
Result of tripping of Zr recovery with tripped solution-HNO3 in different
concentrations and various of phase ratios showed that Zr can be tripped into organic
phase completely in conditions: [HNO3] = 0.1M and R = 2/1. The number of tripping
stages needs to be from 2 to 3 stages at least to recover Zr from organic phase entirely.
2.2.3.Zr purification procedure in counter current continuing extraction system
The results of study on extraction parameters showed that the extraction is easier
in 6M higher [HNO3], but the rate of separation phase and the speed of phase balance
decrease in 8M acid contentrations and denser due to the emergence of unexpected
additional reactions preventing extraction. In spite of high efficient extraction and large
separation coeficiency of Hf/Zr, in case C0Zr(Hf) larger than 40 g/L and [HNO3] higher
than 8M, it was easily polymerized in organic phase and decreased the phase separation
speed as well as extraction balance. Therefore, after experimental extraction and
necessary calculation, the extraction procedure was established. This is as follows: 6
extraction stages, 1 scrubbing stage and 3 tripping stages in concentration of feed
C0Zr(Hf) = 35 ÷40 g/L; [HNO3]0 = 6÷7M; Phase ratio of Organic/Aqueous are: Extraction
= 1 : 1, Scrubbing = 4:1 and Tripping = 2:1.
3.

Design, manufacture and operation of extraction equipment

3.1. Manufacture of extraction equipment
The 30-stage system of counter current continuing extraction including: 10
blocks (3 stages/block); 3L/stage; 25W/stage motor power; capacity barrels (Feed,
scrubbing solution, tripping solution, rafinate),… was made of materials like composite,
organic glass, plastic, stainless steel (inox), eposi glue, ….
3.2. Extraction test and research on improvement
The extraction test is carried out by 10-block system equipment (above)
according to the basic extraction scheme (ratio 6:1:3) in conditions: feed concentration
of C1Zr(Hf) = 30.4 g/L and C2Zr(Hf) = 42.67 g/L; [HNO3]0 = 5.1 M and 6.7M respectively.
Time for each process is 48 and 60 hours. The technological parameters are treated to
get optimal procedure.
Product recovery: precipitation of ZrO(NO3)2 by NaOH, dried at 900C in 2
hours; calcined at 5500C in 2.5 hours. Nuclear putity ZrO2 (by India standard) is
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obtained with the content of Hf below than 100 ppm in Zr. Amount of product ≈ 5.12
Kg ZrO2.
4. Analysis of hafnium and other impurities in ZrO2 by ICP-MS
Generally, the determination of small amount of Hf in Zr matrix is difficult due
to the similar chemical characteristics of two elements. The method of inductively
couple plasma mass spectrometry (ICP-MS) can determine trace and ultra-trace amount
of the elements with high precision. For determining the contents of Hf and other
impurities in ZrO2, it is necessary to decompose a sample, then transfer into solution.
The precision of ICP-MS is affected by sample matrix, so it is necessary to
separate the elements from Zr matrix. Ion-exchange chromatography is chosen for
element separation because it is a modern method and easily implemented, without
using harmful solvents.
4.1. Principe of the method
ZrO2 is decomposed by a mixture of HF and HCl acids, then transfer all into
solution. Separation of Hf from Zr matrix by ion-exchange chromatography.
Determination of Hf is performed by ICP-MS. This procedure could be applied for
determination of Hf impurity content in ZrO2 or Hf concentration in Zr solution.
4.2.

Procedure

Transfer 0.5 g of ZrO2 into teflon bomb, add a few drops of water into the
sample to moisture it. Add 5 ml of concentrate HF and 5 ml of concentrate HCl into the
Teflon bomb, then seal it tightly. Place the Teflon bomb in a drying oven with
temperature of 1800C for one day. Take the teflon bomb out of the oven and leave it
cool down to room temperature. Take a teflon vessel out of the bomb and slightly boil
down the sample solution on electric plate (~ 2000C) to make HF evaporated. Dissolve a
residue in HCl 2M. Dry the solution and dissolve the residue again in H2SO4 0.3M.
The separation of Hf from Zr is necessary only in case the Zn content 1000
times larger than Hf. Load 5 g of anion-exchange resin (Bio-Rad AG1-X8, 200-400
mesh) into a chromatography column. Wash the column with 30 ml of 1.5M HNO 3 then
with 30 ml of 1.0M HCl. Transfer the resin to sulfate form with 30 ml of 1.0M H 2SO4
(inspect the remained Cl- ion with AgNO3). Balance a resin medium with 15 ml 0.3M
H2SO4.
A certain volume of sample solution (~ 0.5 mg of Zr in the solution) is loaded
into the column. The solution flows through the column at 0.6 ml/min and it is collected
into 250 ml beaker. Eluate Hf out from the column with 150 ml of 0.3M H2SO4. The
eluent solution pass through the column with the same rate and it is colleted into the
same beaker. Dried the solution. Dissolve a residue again by 10 ml of 0.3M HNO 3. The
solution is slightly boiled and left cool down then. Fill the solution to 25 ml, then
transfer it into a plastic bottle and determine Hf in the solution by ICP-MS.
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Abstract: Zirconium metal is a special material that has been mainly used in nuclear
technology to make the hollow cylinder rod containing nuclear fuel pellets. Thermicreduction of zirconium tetrachloride (ZrCl4) with magnesium has been utilized in the
scale of industry by many countries on the world because the method has given high
quality zirconium metal.
The contents that have been done in the work as follows: (1) the system of equipment
for metal-thermic method in 3 zones of temperature in laboratory scale; (2) the
procedure for preparation of zirconium metal by metal-thermic reduction of zirconium
tetrachloride with magnesium. Zirconium that was obtained by the method had high
purity 98.16%; (3) the procedures for characterization of the obtained product,
determining the contents of magnesium, zirconium, hafnium and other impurities, by
the methods of chemistry, X-ray fluorescence, inductively coupled plasma mass
spectrography (ICP MS).
Key words: Metal-thermic reduction, spongy zirconium, zirconium tetrachloride,
vacuum distillation, metal thermic equipment, chemical analysis, contents of zirconium,
hafnium, and impurities.

1. Introduction
Zirconium is a metal that has a lot of important characteristics, such as low
cross-section of thermal neutron capture (0.185-0.200 barn), high melting temperature
(18520C), high corrosion-resistance, high electric and thermal conductivity, high
elasticity for mechanical processing. So, Zirconium is mainly used to make the cover of
nuclear fuel. Nowadays, about 90% of zirconium amount produced on the world has
been used for nuclear industry. The other 10% has been used for different industries,
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such as defense, electronics, electricity, machinery production, aviation, cosmography,
metallurgy, and chemical.
Zirconium is produced by many methods. Every of those has their own
advantages and disadvantages. According to the different purposes of applications, the
suitable method is used.
There are 3 different types of product: powder, sponge and bar. Each is used for
a typical purpose. The bar of Zirconium is used to produce alloy of Zr-Cu, Zr-Sn, Zr-Al,
Zr-2; Zr-4; Zr-Nb, etc. which is used in the field of electricity, electronics, for
electromagnetic tube, gas collection tube, thermic and corrosion-resistance accessories.
The sponge type is used in chemical industry to produce incendiary, delay igniters.
Zirconium alloy, especially zircaloy- 2; zircaloy-4; Zr-Nb, is the most important type,
that is used as material for fuel cover, and as main construction material for nuclear
reactors.
Nowadays, all of the sponge metal zirconium in the world is produced by metal
thermic method of J. W. Kroll. In Vietnam, the study on preparing zirconium metal
became indispensable and urgent since the Government approved the construction of
the first nuclear power reactor in Ninh Thuan province. For this purpose, the Institute
for Technology of Radioactive and Rare Elements (ITRRE) - Vietnam Atomic Energy
Institute (VAEI) has been assigned to develop the theme: "Study on building the
equipment and the procedure for preparation of sponge zirconium metal by metalthermic method using zirconium tetrachloride" in the period of two years, 2009-2010.
2. Overview
2.1. Method
There are three groups of methods for the preparation of zirconium metal. They
are: (1) Reduction; (2) Electrolysis; and (3) Thermal decomposition.
Through analyses of technology which were reported, we learned that
magnesium- reduction of zirconium tetrachloride is the best way to prepare the
zirconium metal products with the best quality meeting the requirements of nuclear
materials.
The process of zirconium reduction is summarized as follows: (1) prepare
zirconium tetrachloride ZrCl4, and (2) reduction of ZrCl4 to obtain Zr metal or other
compounds of Zr as required.
In this work, magnesium was used to reduce ZrCl4 because chemical affinity of
Mg for halides stronger than that of Zr, Mg would replace Cl in ZrCl4 following the
reaction:
ZrCl4(gas) + 2Mg(liquid) = Zr(solid) + 2MgCl2(liquid) ∆Ho298oK= -85.3 kcal
In terms of thermodynamics, the reaction is intense.
2.2. Equipment
Equipments for industrial metal thermic reduction that have been reported by
industrial countries were classified into two main groups: (1) America, India, etc. and
(2) Russia, Japan, etc.
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The equipment type of Japan that was easily designed and fabricated in the
present condition of Vietnam was employed for this work.
3. Experiments
3.1. Equipment
Experiments (technology study, preparing Zr metal, characterization) were
carried out on the following equipments:
1. The unit for metal thermic reduction, which was designed and made by the
work (i.e. product of the work)
2. ICP - MS plasma. (For determination of Zr and impurities content)
3. Compact 3K5 - X Ray generator (X-ray fluorescence method);
4. Vacuum sintering furnace RVS - 15G (distillation of metal under vacuum);
5. X-ray diffractometer Bruker-D5005 (Assessment component molecular
structure);
6. Vacuum arc furnace FZH Typ-2K (metallurgy).
3.2. Materials and reagents
The main reagents used were ZrO2 98.6%; C black 98%; Mg 99.5%, ZrCl4
98.6%; HCl 36%; HNO3 65%; ethanol 98%; acetone 98%; Ar 99.99%; Cl2 99.9%; N2
99.9%; All were pure for analysis (PA).
3.3. Research Methodology
This report presents the method for metal thermic reduction of ZrCl4 with Mg.
Zr product was extracted from the heterogeneous reaction: ZrCl4 (steam at 400oC) + 2
Mg (liquid molten at 800oC) = Zr (solid) + 2MgCl2 (liquid melt). To fulfill this process,
it is important and necessary to have a properly system of equipment. As the result, the
research content of the work comprised: building up an equipment system with
appropriate parameters of technologies, setting up a suitable procedure for metal
thermic reduction; learning about chemical and physical methods to verify the quality of
product.
4. RESULTS AND DISSUSSION
4.1. Equipment system for metal thermic reduction
The equipment system, which played a decisive role in the preparation of
zirconium metal sponge, was made including 2 parts: (1) Unit for treatment and
adjustment of Ar; (2) Unit for metal thermic process (furnace with 3 zones of
temperature and bomb for metal thermic reduction).
4.1.1. Unit for treatment and adjustment of Ar
The main task of the unit is evacuating bomb for metal thermic reduction, drying
Ar, controlling flow rate of Ar and He fed to reaction chamber.
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Fig.1: Unit for treatment and adjustment of Ar

1. Vacuum pump 10^-2 at
2. Vacuum valve
3. Gas valve
4. Bottle of Ar
5. Unit for metal thermic reduction
6. Bottle for air filtering and drying
7. Air filter trap
8. Flowmeter
9. Protection valve for air desiccant
10. Manometer

4.1.2. Unit for metal thermic process
Zirconium metal is an active metal. It is easily oxidized at high temperature and
easily adsorbs O2, N2 and H2 at low temperature or in aqueous solution. Accordingly,
the preparation of Zr must be carried out under the entire inert atmosphere at vacuum
pressure. The equipment for reduction process, which supplied with conditions of
different temperatures and resistance to high temperature, was made. The equipment
could retain the vacuum over the process.
The structure of the equipment for metal thermic process was shown in fig.2

Fig. 2: The structural diagram of
the equipment for metal thermic
process
1. Furnace; 2. Metal thermic
bomb with two chambers

1. furnace with 3 temperature
zones

2. Metal thermic
bomb system

The metal thermic bomb (2) was placed in the furnace (1).
4.2. Technical parameters of the equipment for metal thermic reduction
4.2.1. The impact of temperature of zone 3 on the ones of other zones in the
furnace and the metal thermic bomb
The furnace had 3 temperature zones (1, 2 and 3). They had different heights,
H1 = 200mm; H2 = 150mm; H3 = 350 mm. Experiments were carried out to find if the
furnace retained 3 zones with 3 different values of temperature as desired. The furnace
was heated without reaction compound. The results were shown in the table 1.
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Table 1: The independent of temperature of zones 1 &2 on temperature of zone 3

τ,min

30

60

90

120

150

180

210

240

270

t1,oC

100

140

180

210

230

250

260

275

285

285

t2,oC

200

250

285

290

300

330

380

400

400

420

t3,oC

550

680

820

850

850

850

850

850

850

850

300

It was observed that despite of high temperature of the zone 3 (The zone 3 was
heated up to 8500 C), temperature of zones 1 and 2 were low enough for the metal
thermic process. It implied the system of furnace could serve 3 zones having different
temperatures that satisfy the technical requirements necessary for studies on producing
Zr metal.
4.2.2. The effects of temperature on pressure generated in metal thermic bomb
Experiments were conducted under the conditions: 150 grams of ZlCl4 contained
in zone 3 of the furnace. The temperature of zone (3) was fixed at 850o C. The
temperature of zone (1) increased from 1500C to 4500C. The change of pressure in the
metal thermic bomb was observed (Tab. 2)
Table 2: Effect of the temperature t1 on the pressure of metal thermic bomb

τ,min

30

60

90

120

150

180

210

240

270

t1oC

150

250

300

330

360

390

400

416

450

o

t2 C

240

240

290

320

350

360

380

385

390

o

t3 C

500

680

820

850

850

850

850

850

850

P,at

0.10 0.30 0.35 0.60 1.50 3.50 6.40 10.50 20.00

Based on the experiment data it was observed that the pressure of the metal
thermic bomb rose up rapidly with the increase of temperature t1 of the evaporation
zone. The pressure increased exponentially following the equation LogP = (- A / BT).C;
where A, B and C are constants. This allowed us actively adjusting temperature of the
zones 1 and 3 to gain a suitable pressure that keep safe operation of the metal thermic
equipment system. The technological parameters chosen were t1of 3600C to 4500C and
P of 1.5 at to 6.4 at.
5. Procedure for preparing zirconium metal
5.1. Effect of the used Mg amount on ZrCl4 consumption and yield of Zr
sponge
The conditions of experiments:
- t1 = 3600C;
- t3 = 8500C;
- Amount of MZrCl4 = 100g;
- Residence time τ = 10 hours, (reaction time);
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- Number of evacuations (and then) loading Ar = 30 (times). The results were
shown in the table 3.
Table 3: Effect of Mg ratio on ZrCl4 consumption and yield of sponge Zr

Condition
No

ηZrCl4 R,%

Efficiency ηZrCl4 R, %

90

80

80.6

100

100

85

86.0

10

100

110

85

88.5

850

10

100

120

90

90.0

850

10

100

130

90

89.0

o

t3, C

τ, h

M ZrCl4,(g)

1

850

10

100

2

850

10

3

850

4
5

MMg,R/MMg, Th,%

Where,
- MMg,R = Really used Mg amount (in gram);
- MMg, Th= Theorically calculated Mg amount (in gram);
- ηZrCl4 R,%= Really consumed (used up) amount of ZrCl4 / Theorically calculated
ZrCl4 amount based on reaction equations x 100;
- η SpZr = Really obtained sponge Zr amount / Theorically calculated Zr amount
based on reaction equations x 100;
The most appropriate ratio of MMg,R/MMg, Th that was chosen is 120%.
5.2. Effect of the reducing zone temperature t3 on the quality of sponge Zr
Experimental conditions: MZrCl4 = 100g; Mg = 25.2 g (20%), t1 = 3600C; t3 was
changed from 7600C to 9500C. The results were shown in the table 4.
Table 4: The effect of temperature t3 on the efficiency and quality of Zr

t3, oC

760

800

825

850

875

900

925

950

Eficiency,  SpZr,% 79.6 86.5 89.0 89.5 90.8 90.0 89.6 89.0
Purity, %Zr 

79.7 83.7 86.0 95.0 95.3 94.5 93.5 93.0

Based on the data shown in Tab. 4, the optimum temperature chosen for the
reduction zone was 8750C.
5.3. Effect of reaction time on the efficiency and quality of the product Zr
Experimental conditions: MZrCl4 = 100g; MMg = 25.2 g (20%); t1 = 3600C; t2 =
4000C; t3 = 8750C
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Table 5: Effect of reaction time on yield ZX and Zr content
No

Temperature

Reaction time

t1,oC t2, oC t3, oC

,h

Efficiency,  SpZr,% Purity, % Zr

1

2

35.0

93.0

2

4

60.0

94.0

6

78.0

95.0

4

8

90.0

95.3

5

10

88.0

95.0

3

350

400

875

Where,
- η SpZr
= efficiency of the process = Really obtained sponge Zr
amount/Theorically calculated Zr amount based on reaction equations x 100;
So the optimum reaction time was 8 h.
The total time of metal thermic process is shown in the following diagram

6. Treatment of products
The two methods of acidization and vacuum evaporation/steam distillation were
occupied to treat intermediate products and final Zr metal products.
6.1. Acidic method
The mixed product obtained after metal thermic reduction was dissolved with
15% HCl solution to get Zr metal powder that was washed with water until no Cl ions
existed. The Zr powder was then cleaned with ethylic and acetone. After that the
powder was dried at 700C under vacuum atmosphere of 66 mmHg. The dry powder was
treated in the vacuum arc oven FZH-2K to get Zr bars, which were stored in air-tight
bottles.
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Table 6: Effect of dry temperature on the quality of products.
No

Dry temperature
Dry time Zr Content
Vacuum atmosphere (mmHg)
o
C
(h)
(%)

1

50

10

95.2

2

55

10

95.2

3

60

6

95.3

4

70

6

95.5

5

80

5

95.2

6

100

4

95.0

- 0.1

Look at the table 6, we can see that the optimum temperature was 70oC.
6.2. Vacuum evaporation distillation
The advantage of this method is to avoid the contact of Zr metal with acids,
which means to prevent the metal from absorbing O2, N2, and H2. So high vacuum
evaporation distillation is the only method that provides Zr of high quality (Meeting the
requirements of nuclear material). Temperature and vacuum pressure are important
parameters of metal evaporation technology.
6.2.1. Equipment
Intermediate products were heated at 9500C in the vacuum distillation oven
under pressure of 10-2 -10-5 mmHg. The system of equipment for vacuum distillation of
metal comprised two unit: (1) Vacuum pump ILMVAC (fig. 3) and (2) Bomb for
distilling metal (fig. 4).

1
Fig. 3: Vacuum pump
ILMVAC GmbH

2
Fig. 4: Bomb for distilling metal
1. Cup of intermediate products;
2. Heated evaporation chamber;
3. Condensation chamber;
4. Tube to Vacuum pump ILMVAC
5. Bucket catching Mg and MgCl2
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The heating chamber (2), which was placed in a furnace, was heated at 9500C;
the condensation chamber (3) was cooled with water.
6.2.2. Effect of vacuum pressure on intermediate product quality
After metal thermic process, the mixture product obtained in the cup was called
Intermediate product (IP). It was distilled in the vacuum bomb, which was evacuated up
to 10-4 at. The temperature was fixed at 9500C. The results were shown in the table 7.
Table 7: Effect of vacuum pressure on Efficiency of intermediate product quality
No

P,at

t,0C

1

10-1

2
3

% Components in IP

M ZX

MMg+MgCl2

950

70.0

30.0

10-2

950

69.5

30.5

10-4

950

69.0

31.0

Where,
MIP =
MMg+MgCl2;

amount of

IP (intermediate product) (defined as 100%) = MZX +

MZX = amount of sponge Zr in IP; (in percentage)
MMg+MgCl2 = total amount of Mg and MgCl2 in IP; (in percentage)
So with this experiment we can confirm that metals which have lower melting
point such as Mg, MgCl2 than the melting point of Zr metal, can be completely removed
from Zr in a vacuum.
7. DISTRIBUTION OF Zr IN INTERMEDIATE PRODUCTS
Zr metal was formed from the following reaction:
2 mg ZrCl4 (vapor) + 2 Mg (liquid) = Zr (solid) + 2MgCl2 (liquid)
After removing the excessive MgCl2 and Mg from the intermediate product by
vacuum distillation, Zr remaining in the cup was distributed as in figure 4. The types of
A, B and C were the product types of ZX-A; ZX-B and ZX-C respectively.

Fig. 5: Distribution of Zr types in the cup
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ZX-A

ZX-B

ZX-KL1

ZX-KL2

ZX-C

Fig. 6: Different types of Zr metal

The acidic method gave entire Zr metal in powder types with signs of ZX-A,
ZX-B, ZX-C. The method of vacuum distillation gave the metal all in clots, sign of ZXKL1. The method of vacuum arc treatment gave shining metal with sign of ZX-KL2.
8. EVATUATION OF METAL ZIRCONIUM QUALITY
8.1. Energy dispersive spectrography (EDS)
Method of EDS is based on X-ray energy dispersive spectrum. This is a
technique to analyze the chemical composition of solid materials with the accuracy of
3%. Figures 7, 8 and 9 show the spectra of Zr product ZX - India, ZX- A, ZX – KL2
respectively. The spectra give the contents of different elements in the samples. The
above method has the spectrum and concentration of elements present in the product.
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Fig. 8: Sample of ZX- A
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The spectra of the products are similar to each other, which denoted that our
products have similar content of Zr and other impurities to the standard sample of India.
8.2. X-ray fluorescence

Fig. 10: Energy spectra of Zr metal samples

d=2.4615

The spectra of ZX-A, ZX-B and ZX-C types had similar shapes with the same
picks of similar energy, which denoted that the procedure gave products with stable
compositions and very low impurities content .

d=1.3694

8.3. Method of Roentgen diffraction (X-ray)
VNU-HN-SIEMENS D5005 - Mau Zr - Z1
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File: Sinh-VienCNXahiem-SZ1.raw - Type: 2Th/Th locked - Start: 10.000 ° - End: 70.000 ° - Step: 0.030 ° - Step time: 1.0 s - Anode: Cu - Creation: 05/10/10 10:38:31
05-0665 (I) - Zirconium - Zr - Y: 16.65 % - d x by: 1.000 - WL: 1.54056
34-0690 (C) - Zirconium Hydride - ZrH - Y: 0.88 % - d x by: 1.000 - WL: 1.54056
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d=2.4531

Fig. 11: The sample of ZX - India
VNU-HN-SIEMENS D5005 - Mau Zr - Z2
700

600

400

d=1.3673
d=1.4006

d=1.3494

d=1.4615

d=2.7482
d=2.7106

d=1.8910

200

d=1.6136

d=2.7930

300

d=2.5670

Lin (Cps)

500

100

0
20

30

40

50

60

2-Theta - Scale
File: Sinh-VienCNXahiem-SZ2.raw - Type: 2Th/Th locked - Start: 10.000 ° - End: 70.000 ° - Step: 0.030 ° - Step time: 1.0 s - Anode: Cu - Creation: 05/10/10 10:44:51
05-0665 (I) - Zirconium - Zr - Y: 16.65 % - d x by: 1.000 - WL: 1.54056
34-0690 (C) - Zirconium Hydride - ZrH - Y: 2.21 % - d x by: 1.000 - WL: 1.54056
18-0601 (N) - Hafnium Zirconium Hydride - ZrHfH - Y: 2.45 % - d x by: 1.000 - WL: 1.54056

Fig. 12: The sample of ZX-KL2 (arc. treatment)
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Fig. 13: The sample of ZX-KL1 (vacuum evaporation distillation)

X-ray diffration results showed the sponge Zr metal obtained by our work had
the similar composition to Zr metal standard of India so that they met the norms
required for nuclear materials.
After being characterized by some above mentioned physical and chemical
methods, Zr metal obtained by the work was determined having (1) Zr content of
95.68%; Hf content of 1.19% and total content of Zr and Hf of 96.87%, while the total
content of Zr and Hf that the work aimed was 95%. Thus, initial results have exceeded
the projected figure.
Conclusion
After two years of study, the work made their targets and the contents was
successfully completed as follows:
1. Laboratory scale equipment system for metal thermic process; its capacity
was 30gr/batch;
2. Procedure for preparing Zr metal;
3. Procedures for determining Zr, Hf, Mg and other impurities in the obtained Zr
product with the accuracy of 5%;
4. Zr product in ingot shape with the total content of Zr and Hf being 96.87%
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Abastract: In this study, the procedure for zirconium oxycloride production from
zircon sand in Vietnam, using sodium hydroxide decomposition method at temperature
650-700o C and on a scale of 50 kg zircon sand/batch has been introduced. The
appropriate technology parameters of alkalinity dissolve process with efficiency more
than 95 % have also been determined. Its products have high quality: loose and easy to
be released. Techniques for separation of impurities in ZOC final product such as SiO2,
Fe2O3, TiO2; rare earths in particular; uranium and thorium by crystallization again meet
the demand quality. After releasing water, we relegated more than 80 % of SiO2 and 75
% of total U, and Th from zirconium salt. Main technique parameters of ZOC final
product meet the standard: content of uranium and thorium is less than 1 ppm,
equivalent to the quality of products being used in the world.
Key words: zircon oxyclorua, silicate zircon, sodium hydroxide decomposition

I. Overview
Alluvial sand deposits in Vietnam are located in the coastal provinces
from Thanh Hoa to Ba Ria - Vung Tau. Up to 2008, total reserves of zircon-ilmenite
minerals in Vietnam were about 100 million tons.
Since 2008, to implement the guidelines of the Ministry of Natural Resources
and Environment, the Agency of Geology and Mineral has implemented the project
"Investigation and assessment of titanium-zirconium ore in the sandy red area of Ninh
Thuan, Binh Thuan and Northern Ba Ria-Vung Tau" within the total area of
1460 km2. The Division of Geology was assigned to central charge of organizing and
implementing above project. Survey results on an area of 1460 km2 pointed out

The Annual Report for 2010, VAEI

271

VAEI-AR 10--29

total resources are over 500 million tons; total zircon titanium ore resources of Vietnam
are 650 million tons.
Thus, Vietnam, which has become one of the leading countries in the world in
resources of titanium-zirconium, has enough resources for mining and processing of
titanium-zirconium minerals for hundreds of years. The Conclusion of Prime Minister
of Vietnam (Notice No. 144/TB-VPCP on 23/6/2008) addressed: "Zirconiumtitanium resources in Vietnam have a great value, the report of the Ministry of Natural
Resources and Environment shows that our country have facility for forming an
industry on
a large
scale
in mining and
processing
products
with high
economic efficiency." [1, 2, 3, 7]
Nowadays, zircon processing in Vietnam mainly focused on enriching zircon up
to 64% - 65% (ZrO2 + HfO2), removing the impurities such as Fe2O3, TiO2 etc.,
grinding zircon sand to obtain zircon with fine particle sizes D ≤ 75 µ m, 45 µ m and
5 µ m in order to use in the ceramic industry.
wo r ld ap p licatio n o f z ir co n ia
Electo r o n ics, o p tical g lass, sen so r
4,500T/A

C atalysts

B ad d eleyite
10,000T/A
Z OC
22,500T/A
as Z rO2
Z r O2
83,000T/A

R efr acto r y
mater ial, Veh icle
35,000T/A

ZIRCON

C er amics
Th er mal D eco n p o sitio n

25,000T/A
ab r asives 7,500T/A

Fig.1: Application of zircon in the world

In addition to applications in ceramic industry, zirconium compounds such as
oxyclorua zirconium, zirconium sulfate, zirconium carbonate as well as zirconium
acetate are also used in many other fields of industry.
Particularly, oxyclorua zircon is an important precursor, it is capable of
manufacturing other zirconium salts used extensively in the textile industry (as color
mordants, antiperspirants, water repellents), in metal corrosion proof coating, rubber
additives, paint desiccant, cosmetics, refractory materials, optics glass as well as in
electronics industry, nano materials ... [2.7]
Research on technology and development of Zircon process to obtain products
such as zirconite, zirconium dioxide and zirconoxyclorua for domestic demand and
exports are to improve value of zirconium and use it effectively.
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Nowadays, in the world, ZOC salt is mainly produced by two methods: The first
is decomposing zircon ore, using molten alkali at high temperature ~ 700 0 C (it also
known as dry method). This method has been used in China where the ZOC production
volume accounted for more than 90% of the world’s production. The second is
decomposing zircon ore with 50% alkali liquid in autoclave at temperature 250 0 C and
high pressures (known as wet method). Japan takes the lead in using this method.
Each method has advantages and disadvantages. The wet methods is capable of
automation, high efficiency of decomposing, the disadvantage of this method is that it
requires a large investment and high-tech workers. Dry method is more time consuming,
difficult to automate, decomposition efficiency is not very high but it has advantages:
low initial capital investment, no requirement of highly qualified workers. At present,
the wet method is not applicable in Vietnam due to the financial reasons, so we have
chosen the dry one to conduct this study.
II. Materials, technology flowsheet and products:
2.1 Materials:
Zircon concentrates in Binh Thuan province used for research have components
shown on the table 1. NaOH is used as agent decomposition, HCL (industrial-grade and
PA- grade) is used as chemicals to dissolve and clean
Table 1: Components of raw material for production of ZOC
Raw material

Content of elements

TiO2 Fe2O3
ZrSiO4 in Binh
Thuan

Cr

SiO2

0.56 0.118 0.0018 34.32

Zr(Hf)O2
64.9

U

Th

0.064 0.039

Al2O3
0.59

2.2 Technology flowsheet
2.2.1. Ore decomposition
Fine ground zircon (ZrSiO4) is subjected to decomposition by NaOH, purpose of
the alkaline decomposition process is to break the ZrSiO4 structure, convert zircon to
the zirconate compounds and water-soluble natri silicate which is easily removed in the
silicon dioxide separation stage.
Reactions taking place in the decomposition are as follows [2.4]:
ZrSiO4 + 4NaOH = Na2ZrO3 + Na2SiO3 + 2H2O
ZrSiO4 + 2NaOH = Na2ZrSiO5 + H2O
ZrSiO4+5 NaOH + H2O→Na[Zr(H2O)3 (OH)5 ] + Na4SiO4 (P, To)
Ore decomposition is the most important stage. The reaction tank made of steel
is heated by a burner. The volume of reaction tank: 120 litters.
Technological parameters:
- Zircon: 50 kg; NaOH / ZrSiO4 = 1.2 / 1;
- Reaction temperature: from 480o C to 700o C.
- Reaction time: 3 hours. [2]
The decomposition efficiency is as the same as the tests in our laboratory.
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2.2.2. Hydrolysis
The purpose of this stage is to remove silicon and other impurities
(Na2SiO3; NaAlO2; ...) in the forms of water-soluble compounds, to remove Thorium,
Uranium and a residual amount from zirconate as thoroughly as possible (to reach the
efficiency of 90-95%)
The hydrolysis reactions:
Na2SiO3 + H2O = NaOH + H2SiO3
Na2ZrO3 + H2O = ZrO(OH)2 + 2 NaOH ↓
Technological parameters:
- Washing steps: 5.
- Liquid-solid ratio = 8/1 [2.3]
On commercial scale, we applied a two-phase hydrolysis: in the first one, the
solid – liquid ratio is 1:4 to obtain sodium silicate solution, suitable for market demand,
and in the second one, the solid-liquid ratio is 1:8 for removing fully sodium
silicate from zirconate.
Raw Zircon

Decomposition, to 670-700 oC
Zircon/NaOH = 1/1.2

H2O

Hydrolysis

HCl conc.

NaOH

Na2SiO3, NaOH

Acid leaching, 90- 100 oC

ZOC crystallization

H2O
ZOC dissolve

Silica, unreacted
zircon

Filtration

ZOCl2 solution
Evaporation and crystallization

HCl 5.5M
Centrifuge and acid washing

ZOC
Fig. 2: Technology scheme for ZOC production
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2.2.3. Neutralisation and zirconate transformation
In this stage an excess amount of NaOH is neutralized and most of the zirconate
is transformed to ZrO (OH)2 precipitate by using a reflux mother liquor containing 6M
of HCl, 1M of ZrO2 ; Fe+3 0.5-1 g/l. Ti+4 [2].
Main reactions occurring in the neutralization and transformation process are as
follows:
HCl + NaOH = NaCl + H2O
Na2ZrO3 + H2O = ZrO(OH)2↓ + 2 NaOH
ZrOCl2 + NaOH = ZrO(OH)2↓ +NaCl
Technological parameters:
- pH: from 3.5 to 4.
- Temperature: room temperature; reaction time: 3 hours.
- Stirring speed: 250 rpm; solid-liquid ratio: 1/5.
Maintaining pH value from 3.5 to 4 ensures that zirconium is fully precipitated
and the impurities such as Fe+3, Ti+4, uranium, thorium with small concentrations are
dissolved in solution that are removed out of the zirconium salt. [2.3]
2.2.4. Acid leaching
The composition of the cake obtained after neutralization and transformation
(2.2.3) is as follows [2]: ZrO2 65.6%; SiO2 5.3%; TiO2 0.8 %, Fe2O3 0.31%; Al2O3
0.25%; CaO 0.27%; Cr2O3 <0.015; P2O5 <0.01%..
By using HCl, we dissolve Zirconium to produce the solution of zirconium
oxycloride ZrOCl2 containing a small amount of Na2SiO3. Other impurities such as Ti,
Fe, Al etc. are also dissolved by HCl to produce their chlorides, a small amount of
unreacted zircon remained in solid particles form in the decomposition stage is
removed from the zirconium oxychloride .
The reactions taking place in the acid leaching proces are as follows:
ZrO(OH)2 + 2HCl = ZrOCl2 + 2H2O
Na2ZrO3 + 4HCl = ZrOCl2 + 2 NaCl + 2 H2O
Na2ZrSiO5 + 4HCl = ZrOCl2 + H2SiO3 + 2 NaCl + H2O
Technology parameters:
- HCl concentration: 28 -30%,
- Consumtion of HCl : an excess of HCl is 35% compared to the theoretical.
- Temperature of leaching process : 90-100oC.
- Stirring speed 150 rpm.
Using HCl concentation of 28-30% ensures that leaching reactions is fast
enough and can limit the HCl evapotation. At the end of the reactions, a solution
obtained has HCl concentration of 6M. ZrO2 2M. That ensures the crystallization of
crude salt ZrOCl2.8H2O takes place easily.
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In this stage, ZrOCl2.8H2O crystallized after the solution is cooled to room
temperature
2.2.5. Dissolve ZrOCl2.8H2O
Crude ZrOCl2.8H2O crystals obtained in the previous stage contain impurities
such as silica, zircon… that weren’t decomposed are dissolved with water at room
temperature. Water/salt ratio is 0.8/1, stirring speed: 150 rpm for 1 hour. Zircon salt and
impurities as Ti+4, Fe+3, Al+3, U+6, Th+4 … dissolved into the solution, silica and
unreacted zircon are removed from the solution
2.2.6. Evaporation and ZrOCl2.8H2O crystallization
A clear solution of ZrOCl2 with light yellow color obtained in the previous
stage is concentrated to produce ZrOCl2.8H2O crystals. Purity of
the
product ZOC affects the crystallization process, so the technological parameters have to
be controlled seriously: HCl concentration 6M, ZrO2 concentration 2M, stirring speed
50 rpm, time is more than 24 h. ZOC crystals obtained are white slightly yellow [2.6].
2.2.7. ZrOCl2.8H2O centrifugal separation
ZOC crystal is put into the centrifuge to separate mother water and
other impurities form zirconium salt. Mother water is recycled to return to the
neutralisation and zirconate transformation stage [2,5,6].
2.2.8. ZOC crystal washing
ZOC crystals are washed on the centrifuge. A solution of 5.5 M HCl is used to
wash impurities from the surface of crystals. The ratio of acid solution to ZOC is 1:10
(w/w).
Dry ZOC obtained are white crystals. Mother water obtained after washing
is returned to the acid leaching stage. [2,5,6]
2.3 Products
A trial ZOC product prepared from Binh Thuan zircon material was analyzed by
the laboratory of DALLCHI KIGENSO Company (Japan).
Table 2: ZOC specification
Concentration
No. Product /Raw materials

Zr
Fe2O3 Na2O SiO2 TiO2 Al2O3
(Hf)O2
ppm ppm ppm ppm ppm

U
ppm

Th
ppm

%

3

ZOC / Bình Thuận

34.7

≤10

≤10

2.85

68

≤36

< 0.133 0.59

III. CONCLUSION
A trial ZOC product prepared from raw materials on a scale of 50Kg of
zircon in Binh Thuan has high quality: loose and easy to be released . The results show
that our technological process meets the demand quality, especially, the content of U,
Th <1 ppm.
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Alkaline digestion process is an important stage. It has an effect on the
efficiency of ZOC product. The stages of crystallization and acid washing are decisive
factors to obtain high purity ZOC product.
The appropriate technology parameters have been determined. The efficiency of
alkaline decomposition process is up to 95%; More than 80% of Silica and 75% of
Uranium are removed after hydrolysis stage.
A trial process has been conducted on a scale of 50 kg of Zircon per batch. The
appropriate technology parameters of each stage for producing Zincon have been
studied and determined.
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Abstract: In this project, we have researched on preparation of nano-calcium carbonate
with the surface modified by high gravity reactive precipitation (Higee) method, using
modifiers such as steric acid (SA) and polyethylene glycol phosphate (PGP). We have
also researched the effects of additives and experimental conditions such as
concentrations of SA, PGP, NaOH and temperature on surface properties of nanocalcium carbonate. At the reaction temperature: 60 oC, the weight rate of PGP and
CaCO3 = 0.5, the weight rate of SA and CaCO3 = 4, the molar rate of NaOH and SA =
0.7, solution concentration of Ca(OH)2 = 70 g/l, the active rate of CaCO3 is 99.3% and
the size of CaCO3 is 80 nanometer approximately. When nano-calcium carbonate
surface modification used as filler for PVC and PP plastic, their mechanical properties
improve much compared with when calcium carbonate used without surface
modification.
Keyword: High gravity reactive precipitation, nano-PCC surface modification.

Requirement and purpose of the project
-

Research on preparation of nano-CaCO3 surface modification, using organic

agents.
- Creating a process at laboratory scale to prepare nano-modified surface
CaCO3 from domestic limestone sources
- Almost experiments were mainly carried out by using method of
precipitation reaction in high gravity condition, described in the Fig. 1.
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Experimental Results and discussion
As shown in the Fig. 1, firstly, the additives
and lime milk were put into the stirred tank
(1), then, they were pumped through the
distributor (5), into the rotating packed bed
(6), where they reacted with CO2 to form
CaCO3 particles. The mixture slurry of
Ca(OH)2 and CaCO3 flowed back into the
stirred tank 1, where it was pumped again
into the rotating packed bed and reacted with
CO2 again. This recycling process was ended
when the pH of the slurry reached about 7.
At this time, Ca(OH)2 was completely
converted to CaCO3.

Ga
s

Ga
s

Fig. 1: Experimental set-up of gas-liquid-solid
or gas-liquid phases reaction system
1. Stirred tank, 2. Pump, 3. valve, 4.Rotor
flowmeter, 5. Distributor, 6. Packed rotator,
7.Outlet, 8. Valve, 9. Rotor flowmeter, 10. Gas
inle, 11. Additive

Table 1: Experimental parameters of samples
No.

mPGP:mCaCO3 (%)

mSA: mCaCO3
(%)

MNaOH: MSA

Temp.
(0C)

M1

-

-

-

40

M2

0.2

0

0

40

M3

0.2

1

0.5

40

M4

0.5

4

0.7

60

M5

0.5

4

0.7

40
VNU-HN-SIEMENS D5005- Mau X1

d=3.036

600

400

d=1.4403
d=1.4219

d=1.6045

d=1.5247

d=1.9279
d=1.9120
d=1.8752

d=2.2856

d=2.1171
d=2.0946
d=2.0773

d=2.3194

d=2.8465

d=4.277

100

d=3.859

d=3.363

200

d=2.5303
d=2.4955

300

d=3.173
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Fig. 2: TEM of CaCO3 (M5).

Fig. 3: XRD pattern of CaCO3
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Fig. 5: FTIR spectra of CaCO3 (M3)

Fig. 4: FTIR spectra of CaCO3 (M2)
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Fig. 6: Dependence of the active ratio on
temperature.

70

Fig. 7: DTA curve and TG curves of CaCO3
(M4)

Table 2: Comparison of the using of CaCO3 with different properties as fillers
for PVC
Sample

Filler
(wt%)

PVC
(wt%)

Tensile
strength (Mpa)

Elongation
(%)

PVC

0

100

22.48

265.8

15wt% t-PCC/PVC

15

85

19.31

187.0

15wt% n-PCC/PVC

15

85

21.32

205.7

15wt% ns-PCC/PVC

15

85

23.57

236.0

In this project, we have successfully prepared nano-CaCO3 surface modification
with size < 100 nm by high gravity reactive precipitation system, using modifiers such
as stearic acid and PGP. Besides, we have aalso studied technology factors such as:
effect of temperatures, additives, molar rate of SA/NaOH on surface properties of
products and examined ability of using nano modified surface CaCO3 as filler for PVC.
The optimal conditions of modified surface CaCO3 nanoparticles preparation:
reaction temperature: 60 oC; the weight rate of PGP and CaCO3 = 0.5; the weight rate of
SA and CaCO3 = 4; the molar rate of NaOH and SA = 0.7; solution concentration of
Ca(OH)2 = 70 g/l. The Fig.2 shows TEM of CaCO3 products (M11). The Fig.3 shows
X-ray diffraction of products. The Fig.4 and 5 show FTIR spectra of CaCO3 (M2, M3).
The Fig.6 shows the dependence of the active ratio on temperature and the Fig.7 shows
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DTA curves and TG curves of CaCO3 (M4). Table 2 shows the results of using CaCO3
with different properties as filler for PVC.
Conclusion
1- In this project, we have researched on factors that affect on mean-size and
surface properties of calcium carbonate products.
2- We have built optimal conditions for preparation and surface modification of
nano CaCO3 by Higee with typical RPB.
3- Finally, we applied products of this project for PP, PVC. The obtained results
show that if we use nano CaCO3 surface modified by mixture of SA and PGP for PP
and PVC, mechanical properties of them are improved
Proposal
In our opinion, this project is only initial study. The obtained products of our
project are used as filler for producing PP and PVC. However, due to limited expense,
we just applied experimentally for PP and PVC with filler content of 15% (by weight).
For this reason, properties of nano-PVC/CaCO3 materials are improved moderately. We
hope that in the future, high gravity reactive precipitation method will be researched
more thoroughly so products of nano-CaCO3 surface modification can be applied in
practic
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Abstract: In this project, the preliminary study on the effects of additive U3O8 on
density and grain size of UO2 ceramic fuel pellets was carried out. UO2 powder was
prepared from uranyl nitrate via AUC precipitation route. The ceramic pellets of 0, 1, 2,
3, 5, 10 and 12 wt% of U3O8 were carefully prepared and characterized their density and
grain size. The results showed that their density almost was unchanged while the grain
size was about 10.48 μm, higher than that of the pellets which are fabricated
conventionally.
Key words: Fuel pellet, additive, density, grain size …

1. Purposes
- Research on fabrication of UO2 pellets with different U3O8 additives according
to the basic fabrication parameters used in India.
- Characterizing some basic properties of these obtained pellets, such as density
(using the water immersion method) and grain size (using the metallographic
microscopy method).
- Research on effect of U3O8 additives on density and grain size of UO2 ceramic
fuel pellets
2. Experiments
UO2 powder and U3O8 powder used in this work were produced through the
AUC (ammonium uranyl carbonate) process where raw materials are uranyl nitrate
(UN) and ammonium carbonate (AC). The U3O8 powder is prepared by calcinating
AUC powder at 700 oC in N2 atmosphere for 4 hours, calcination heat is increased at a
speed of 300 oC/h. The UO2 powder is prepared by reducing U3O8 powder at 700 oC in
H2-N2 atmosphere (3:1 in mole ratio) for 3.5 hours, calcination heat is increased at a
speed of 300 oC/h.
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Apparatus for calcination and reduction steps
1. N2 supply valve

4. Furnace

2. Mix valve

5. H2 supply valve

3. Sample container

6. Exhaust

The particle size of UO2 and U3O8 powder were measured by a laser light
scattering method, and the morphology of both powders was observed by scanning
electron microscopy (SEM).
UO2 pellets were fabricated by mixing UO2 powder with U3O8 powder of 0, 1, 2,
3, 5, 10 and 12 wt% then pressing, granulating, mixing with lubricant and creating
ceramic pellets. After that, these pellets were sintered at 1700 oC in H2-N2 gaseous
atmosphere.
Some basic properties of these obtained pellets are characterized, such as density
(using the water immersion method) and grain size (using the metallographic
microscopy method).
3. Results
3.1. Properties of obtained UO2 and U3O8 powders
It’s very important to determine some physical properties of obtained UO2 and
U3O8 powders such as their specific surface area (SSA), particle size distribution (PSD)
and morphology in technology of nuclear fuel. Some results of properties of the
obtained powders are shown as below.
Table 1: Properties of obtained U3O8 and UO2 powders

Properties

U3O8

UO2

SSA, m2/g

4.636

4.058

Particle size, μm

~ 16.4

~ 6.0

Bulk density, g/cm3

-

2.2

Tap density, g/cm3

-

2.7

O/U ratio

2.68

2.12
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The Fig. 1(a) and (b) show the morphology of UO2 and U3O8 powders
respectively. Look at the Fig.1, we can see that the UO2 particle has a round shape and a
smooth surface, so it is well flowing. However, the U3O8 particle has an angular shape
and also has cracks that were formed in the oxidation process, so it has much lower
flowing ability.

Fig. 1: Morphology of UO2 (a) and U3O8 (b) powders

3.2. Density of green-pellets
The dependence of the average density of green pellets on U3O8 content is
shown as below.
Table 2: The dependence of the average density of green pellets on U3O8 content

U3O8 content (%)

0

1

2

3

5

10

12

Average density of
5.74
green pellets (g/cm3)

5.53

5.11

5.06

5.12

5.10

5.53

%TD

50.46

46.62

46.17

46.72

46.53

50.46

52.36

From these results, some conclusions are given. No changing rule in the average
density of green pellets depending on U3O8 content can be seen clearly. This value
mainly depends on pressing force applied in this step. These values are quite lower than
those of previous works because of the lower pressing force applied.
3.3. Density of sintered pellets
The green pellets were sintered at 1700oC in H2-N2 gaseous atmosphere. The
density of sintered pellets was determined by the water immersion method. The result is
shown below.
Table 3: The dependence of the average density of sintered pellets on U3O8 content

U3O8 content (%)

0

1

2

3

5

10

12

Average
density
of
10.51
3
sintered pellets (g/cm )

10.41

10.42

10.44

10.46

10.50

10.39

%TD

95.81

95.00

95.00

95.17

95.35

95.72

94.71

Relative deviation (%)

-

- 0.81

- 0.81

- 0.64

- 0.46

- 0.09

- 0.10

The results show that the density of sintered pellets slightly decreases due to the
increase of added U3O8 content. The deviation of the density is about – 0.49%. The
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addition of U3O8 leads to the reduction in densification ability. Subsequently, the
density reduces. However, this small decrease in the sintered pellet density is not so
significant and it can be accepted.
3.4. Grain size
The Fig. 2a and 2b show the relation between U3O8 content and grain size and
relative increase in grain size respectively.

Fig. 2a: Relation between U3O8 content and Fig. 2b: Relation between U3O8 content and
grain size
relative increase in grain size

From the above figures, we can preliminarily conclude that there is an increase
in grain size. The average increase is about 12.4%. The addition of U3O8 would be
considered as key agent for increase of grain size. The grain size appears almost
independent of the U3O8 content.
4. Conclusions and proposals
1. Firstly, from our work, we can see that, if U3O8 is added into UO2 powder,
then it is pressed and sintered, density of sintered pellets almost decreases about 0.49%
and the average grain size is about 10.48µm, higher than that of the pellets which are
fabricated conventionally.
2. Secondly, these results are preliminary. So it is necessary to implement
some more experiments to ensure more effects of additive U3O8 on characteristics of
UO2 pellets.
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Abstract: In this project, we have researched on the method for determination of U(IV)
and U(VI) in uranium ore. Uranium ore is decomposed with concentrate hydrofluoric
acid (HF). U(VI) is dissolved and remained in the solution. U(IV) is also dissolved and
combined with F- ion in the solution to form precipitate UF4 that is settled. Two valence
forms of uranium are separated from each other and determined by suitable methods
which were well applied to determine contents of U(IV) and U(VI) in uranium ores with
different weathering levels.
Keywords: U(IV), U(VI), uranium ore.

Results and discussion
1. Research on conditions for quantitative precipitation of U(IV) with HF
Put a certain volume of U(IV) solution into the teflon beaker, add 5 ml of
concentrate HF acid, the blue-green precipitates UF4 are occurred in the beaker.
So, U(IV) could combine with F- ion in the solution to form the precipitates UF4
that have typical blue-green color.
To research on conditions for quantitative precipitation of U(IV) with HF, we
put each volume of U(IV) solution that contains 1,0 mg of U(IV) and 5 ml of
concentrate HF into each Teflon beaker. Keep one Teflon beaker at room temperature
for 1 hour. Heat other beakers slightly in electric plate for different time (if most HF
acid in the beaker fumes, it is necessary to supply more HF and continue to heat the
beaker). The Teflon beakers with precipitates UF4 are then kept cool down to room
temperature. The precipitates formed in those beakers are filtered in the plastic funnels
with grade 390 Sartorius filtering papers. Then, precipitates are washed with dilute HF
acid (5%). After being filtered, the solutions are collected into other Teflon beakers and
then are evaporated to almost dry to eliminate HF. After that, add 2 ml of HNO 3 into the
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mixtures and then boil them down to almost dry. Add 10 ml of 0.3M HNO3 and boil
them slightly, take them out of the electric cooker and cool down to room temperature.
Fill up the solutions to 25 ml to determine uranium by ICP-MS. The experiment results
are shown in the table 1.
Table 1: The precipitation of UF4 in different time and temperatures
Duration of time for heating No heating 15 minutes 30 minutes 1 hour 2 hours

U amount in
the solution

No

No

No

No

No

The results in the table 1 show that, U(IV) combined with F- ion to form
quantitatively UF4 precipitates at room temperature as well as at high temperature. In
most cases, ore samples are decomposed in high temperature condition. The above
experiment result proves that when uranium ore is decomposed with HF acid at high
temperature, U(IV) in ore combines with F- ion to form UF4 precipitates quantitatively.
Replace Teflon beakers with Teflon bombs and carry out another experiment.
Put a volume of U(IV) solution containing 1,0 mg of U(IV) and 5 ml of concentrate HF
acid into each Teflon bomb, place those bombs in drying oven at 1800C. After getting
required temperature, the bombs are kept in drying oven for 30 minutes. Then, take
them out of the oven and kept cool down to room temperature. The other steps of the
experiment are implemented as described in the previous experiment. The results show
that U(IV) is completely transformed into UF4 precipitate and it is not found in filtering
solution.
The making of UF4 precipitates up in the Teflon bomb has the advantage that the
precipitates are formed in close system without adding more HF. In practice, the
decomposition of samples in the Teflon bombs is more effective than in Teflon beakers.
2. Research on decomposition of UF4 precipitate
The UF4 precipitates in filtering paper are transferred into another Teflon beaker
and then rinsed with HNO3 or HCl or dilute HNO3 + HCl mixture (corresponding to
adding concentrate HNO3 ; HCl or HNO3 + HCl mixture for UF4 decomposition then).
The collected solution and precipitates are evaporated to dryness. Add 10 ml of
concentrate HNO3 or HCl or (1+3) HNO3 + HCl mixture to the residues, boil slightly
the mixtures in electric plate that has a temperature control. If the solution in the beaker
is exhausted, it is necessary to supply it more and continue to boil. After being dissolved
completely, the solutions of UF4 are evaporated to dryness to eliminate HF. Add 5 ml of
concentrate HNO3 into the mixture, boil it down to dryness again. Finally, the residues
are dissolved in 10 ml of 0.3M HNO3 and the solutions are slightly boiled. Kept cool
down the solutions and fill them up to 25 ml to determine uranium by ICP-MS.
The experiment results showed that the blue-green precipitates UF4 were
remained in the beaker if only HNO3 or HCl acid is used to decompose them even
during a long time. That means only HNO3 or HCl acid could not completely
decompose UF4 in the described experiment conditions. The precipitates UF4 were
completely decomposed with (1+3) HNO3 + HCl acid mixture. The obtained solution
was transparent.
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To investigate a required duration of time for decomposition of precipitates UF4, we
boil the mixtures in electric plate for different time. The results are shown in the table 2.
Table 2: The obtained U amount depends on the duration of time for
decomposition of precipitates UF4 (the amount of U(IV) is 1.0 mg from beginning)
0.5

Duration of time (hour)

1.0

1.5

2.0

2.5

3.0

0.79 0.88 0.92 0.97 0.96 0.98

Obtained amount of U (mg)

The results in the table 2 proved that the precipitates are decomposed with (1+3)
HNO3 + HCl mixture and the required duration of time is 2 hours.
3. Investigating kind of filtering paper and duration of time for settling
precipitates UF4
3.1. Filtration of UF4 with different kind of filtering paper
The precipitates UF4 obtained from the amount of 1.0 mg of U(IV) are settled
for 5 hours, then filtered with yellow-mark, green- mark filtering paper of China and
grade 390 Sartorius filtering paper of Germany, rinsed with (5%) dilute HF acid. The
precipitates are decomposed and U is determined as described above. The results are
shown in the table 3.
Table 3: The obtained U amount depends on the kind of filtering paper used for
filtration of precipitates UF4 (the amount of U(IV) is 1.0 mg from beginning)
Kind of filtering paper

Yellow-mark
(China)

Green- mark
(China)

Grade 390 Sartorius
(Germany)

Obtained amount of U
(mg)

0.67

0.82

0.98

The results showed that yellow-mark, green- mark filtering paper of China are
not good for the filtration of precipitates UF4. The grade 390 Sartorius filtering paper of
Germany is good enough and suitable in this case.
3.2. Investigating suitable time for settling the precipitates
Add HF into U(IV) solution, the precipitates UF4 obtained are settled for
different time before filtration. The precipitates are filtered, decomposed and U is
determined as described in the previous experiments. The result shows that the suitable
duration of time for settling the precipitates is 3 hours, as demonstrated in the table 4.
Table 4: The obtained U amount depends on duration of time for settling the
precipitates UF4 (the amount of U(IV) is 1.0 mg from beginning)
Duration of time (hour)

1

2

3

4

5

Obtained amount of U (mg) 0.90 0.95 0.98 0.97 0.98
Look at the table 4, we can see that the duration of time for settling the
precipitates affects the experiment results. The cause is may due to the smooth, small
precipitates UF4 stay close to filtering paper, that make difficulty in washing the them
out of the filtering paper. So, 3 hours is the most suitable time for precipitates to form
and not stay close to filtering paper.
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4. Study on the possibility for separation of U(IV) and U(VI) from each other
U(IV) and U(VI) mixture solutions are prepared with different ratios in Teflon
beakers as shown in the table 5.
Table 5: The constituent of U(IV) and U(VI) mixture solutions
Beaker

U(IV) and U(VI) mixture solutions

Ratio U(IV) : U(VI)

1

0.75 mg of U(IV) + 0.25 mg of U(VI)

3:1

2

0.75 mg of U(IV) + 0.5 mg of U(VI)

3:2

3

0.5 mg of U(IV) + 0.5 mg of U(VI)

1:1

4

0.5 mg of U(IV) + 0.75 mg of U(VI)

2:3

5

0.25 mg of U(IV) + 0.75 mg of U(VI)

1:3

Add 5 ml of HF to each of Teflon beaker, the precipitates obtained are settled
for 3 hours at room temperature. They are then filtered in plastic funnel with grade 390
Sartorius filtering paper and washed with 5% HF acid. The solutions after being filtered
are collected into other Teflon beakers and evaporated to dryness to eliminate HF. Add
5 ml of concentrate HNO3 then boil the solutions down to near dryness again. Finally,
the residues are dissolved in 10 ml of 0.3M HNO3. The solutions are slightly boiled on
electric plate and then taken out for keeping cool. Fill up the solutions to 25 ml to
determine U by ICP-MS. These are U(VI) form.
The precipitates on filtering paper is transferred to other Teflon beakers and
washed with dilute HNO3 + HCl solution. The obtained solutions and precipitates UF4
are evaporated to eliminate HF. Add 10 ml of concentrate (1+3) HNO3 + HCl mixture
acid, boil the solutions slightly for 2 hours for dissolution of precipitates. After
precipitates UF4 dissolve completely, add 5 ml of concentrate HNO3 and boil the
solutions down to near dryness again. Finally, the residues are dissolved in 10 ml of
0.3M HNO3. Those solutions are slightly boiled on electric plate and then taken out for
keeping cool. Fill up the solutions to 25 ml to determine U by ICP-MS. These are U(IV)
form.
The results are shown in the table 6.
Table 6: Obtained amount of U(IV) and U(VI) in mixture solution
Beaker

Amount of U from the beginning
(mg)

Obtained amount of U (mg)

U(IV)

U(VI)

U(IV)

U(VI)

1

0.750

0.250

0.732

0.245

2

0.750

0.500

0.725

0.442

3

0.500

0.500

0.508

0.495

4

0.500

0.750

0.483

0.760

5

0.250

0.750

0.232

0.740
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The result showed that, the obtained amounts of U(IV) and U(VI) are in
agreement with that of U from the beginning. That means two valence states of uranium
are completely separated from each other in HF medium in experimental conditions as
described above.
Conclusion
The aim of scientific research subject is achieved, that includes:
- The procedures for analysis of U(IV) and U(VI) in uranium ore are build-up on
two aspects: determination of U(IV) and U(VI) separately or determination of U(VI)
and total U in advance, the content of U(IV) is the difference of total U and U(VI). Both
of them have their own advantages and disadvantages and they can be used for control
the precision of an analysis.
+ First procedure: uranium ore is decomposed with concentrate HF acid, the
precipitates UF4 are filtered, U(VI) is determined in solution part, the precipitates UF4
are decomposed with HNO3 + HCl acid mixture to determine U(IV).
+ Second procedure: uranium ore is decomposed with concentrate HF acid, the
precipitates UF4 are filtered and discharged, U(VI) is determined in solution part. The
same amount of uranium ore is decomposed with concentrate HF + HNO3 + HCl acid
mixture to determine total U, the content of U(IV) is the difference of total U and
U(VI).
- The procedures were applied to determine the contents of U(IV) and U(VI) in
uranium ore in Pa Lua, Quang Nam province, that have a different weathering level.
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Abstract: In this project we have researched and evaluated the separation posibility of
uranium ore in Palua area. Although scale and expenses of the project are limitted, we
have carried out this project during a year and had some reliable results. Uranium ore in
Palua area which has concentrate of 440 ppm was separated into two main ingredients
containing uranium concentrate more than 550 ppm and less than 190 ppm.
Keywords: Sandstone, classificiation, gravity separation, magnetic separation, flowsheet, low grade, concentration.

INTRODUCTION
Currently, the Department of Mineral Resources and Geology has explored and
evaluated the detailed reserves, the quality of uranium ore in Palua area. It is one part of
exploration plan of 6000 tons in Nongson basin in Vietnam.
Based on the researched results, minerals discovered in Palua can be divided
into uranium mineral and host rock which consists of two types: fragment and cement.
There are 52 to 75% breccia rocks in grawac sandstone and feldspar, 85% in ackor
sandstone and 92% in lithoite. Composision of breccia rocks consists of quart, feldspar ,
mica group... The cement rate in rock ranges from 8 to 48% including mica group,
hydromica, chlorite, smectite (monmoriolite), carbonate and a litle bit of organic
component.
The researched uranium minerals in Palua area can be classified into 3 groups:
(1) primary urranium minerals such as in nasturan, nasturan hydrated and coffinite; (2)
secondary minerals such as uranofane, soddyite, uranoxiaxite –meta uranoxiaxite,
autunite, meta autunite and metauatunite hydrated, fotfuranlite and basetite; (3)
associated minerals such as sulfur in pyrite, marczite, galenite, sfalerite, iron oxide, iron
hydroxide and manganese.
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During past 20 years, hydrometallugy studies in Lab. showed that the acid
leaching method using sulfuric acid get high achievement with recovery from 65 to
70%.
In this project, we have researched on the gravity, magnetic and flotation
separations to conclude about the role of sample beneficiation. We have used equipment
such as Welfley shaking table, C900 Multi-gravity and magnetic separators to separate
Uranium ore cotaining 440 ppmU into two major ingredients which have more than 550
ppmU and less than 190 ppmU.
TEST RESULTS AND DISCUSSION
1. The sample composition
The sample compositions are shown in the table 1 and 2.
Table 1: Distribution of U, Fe and V in particle size
Content %
Size
Mm

Yield
(%)

U
(ppm)

Recovery %

Fe
(%)

V
(%)

K
(%)

U
(ppm)

Fe
(%)

V
(%)

K
(%)

+10

2.11

1231

1.16

0.09

1.90

5.91

1.08

1.04

1.62

- 10+1.4

46.84

551

2.52

0.16

2.50

58.7

52

41.54

47.22

- 1.4+0.6

11.71

288

1.87

0.22

2.17

7.67

9.65

14.32

10.25

- 0.6+0.15

24.82

202

1.92

0.18

2.22

11.4

20.99

24.82

22.22

- 0.15

14.52

494

2.52

0.24

3.17

16.31

16.12

19.28

18.56

Total

100

440

2.27

0.18

2.48

100

100

100

100

Table 2: Distribution of mineral in particle size
Content of mineral, %

No

Size
Mm

Quart Albite

1

+10

2

Chlorite

Calcite,
dolomite

Other

48-50 24-26 14-16

6-8

less

Microline

-10+1.4

49-51 26-28 12-14

4-6

1-3

-

3

-1.4+0.6

55-57 22-24 12-14

4-6

less

Amfibole

4

-0.6+0.15

55-57 22-24 11-13

4-6

less

-

-0.15+0.074 45-47 26-28 18-20

4-6

less

Amfibole,
Microline

6-8

less

Unsharp

5
6

292

-0.074

Mica

27-29 15-17 23-25
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Reviews
- There ara 440 ppm U, 2.27%Fe and 0.18% V in sample.
- The U content in particle size +1.4mm and -0.15mm are more than 494 ppm; U
content in particle size -1.4+0.6 mm is 288 ppm and in -0.6+0.15 mm is 202 ppm.
- The content of quartz in particle size -0.074mm is much lower than other
particle sizes.
According to the researched results, it is confirmed that Palua uranium ore has
low U content and distribution of U is different in particle sizes.
2. Experiment in separation
a. Classification
Classification of particles has been carried out on 3 products: I (particle size:
from -10 to +1.4mm), II (particle size: from -1.4mm to +0.15mm) and III (particle size:
-0.15). Table 3 showed the relationship between yield, U concentration and U recovery
in 3 products. Type I has yield of 49.06% with concentration of 589 ppm U and U
recovery of 65.62%. Type II has yield of 36.03% with concentration of 212 ppm U with
U recovery of 17.39%. Type III has yield of 14.91% with concentration of 502 ppm U
with U recovery of 17%.
Table 3: Result of classified size
Product

Yield

Content

Recovery %

Type

mm

%

U ppm

Fe %

U

Fe

I

From -10 to +1.4

49.06

589

2.48

65.62

53.60

II

From -1.4 to +0.15

36.03

212

1.91

17.39

30.28

III

-0.15

14.91

502

2.45

17.00

16.12

100

440

2.27

100

100

Total

From table 3, we can see that product I and III are considered the concentrates
containing approximately 550 ppm U, yield of 63.97%, U recovery is 82.61%. Product
II is considered the tailings containing approximately 212 ppm U with U recovery of
36.03% and the U lost is 17.39%.
We will carry out test II in order to separate uranium from product II, using
methods of gravity and magnetic.
b. Results of test II, using gravity method
We use wet shaking in the method of gravity separation to carry out experiment
for product II (particle size: from -1.4mm to +0.15mm), the obtained results are showed
in the table 4.
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Table 4: Results of test II, using gravity method
Yield

Recovery U
Content

Portion

Total

%

%

U ppm

Fe %

Heavy

9.06

3.26

290

Middle

82.35

29.67

Light

8.59

Product II

100

Product

Portion

Total

V%

%

%

1.62

0.056

11.35

2.15

190

1.53

0.196

75.80

12.81

3.09

340

2.5

0.178

12.85

2.39

36.03

212

1.62

0.18

100

17.36

Review: Table 4 showed that after separating product II, we obtained 3 products
which have heavy, intermediate and light weight. Yield of heavy weight product is
3.26%, U content is 290 ppm and recovery is 2.15%. Yield of light weight product is
3.09%, U content is 340 ppm and recovery is 2.39%. Yield of intermediate weight
product is 29.67%, U content is 190 ppm U and recovery is 12.81%. Obseving and
analysing the intermediate weight product by microscopic, we can see that it is rich in
silica (poor U), compared to two other products. So, if we use the method of gravity
separation, we can separate product II into two parts whose U content is more than 290
and less than 190 ppm.
c. Results of test II, using magnetic method
The experiments for explotation of magnetic separation have been done
similarly and obtained results of the classification evaluation of U, Fe and V were given
in table 5 and table 6.
Table 5: Results of magnetic separation of particle size -1.4+0.15mm
Yield
Product

Recovery U

Portion

Total

%

%

Content

U ppm

Fe %

Portion

Total

%

%

V%

MAIN MAGNETIC SEPARATION I
Magnetic I

6.2

2.23

512

5.56

0.28

0.14

2.60

Non-Magnetic I

93.8

33.80

192

1.36

0.17

99.86

14.76

Initial Ore

100

36.03

212

1.62

0.18

100.00

17.36

MAGNETIC SEPARATION II
Magnetic II

2.81

0.95

488

4.02

0.26

7.14

1.06

Non-Magnetic II

97.19

32.85

183

1.28

0.17

92.86

13.70

Non-Magnetic I

100.00

33.8

192

1.36

0.17

100

14.76

PRODUCT
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Magnetic I

2.23

512

5.56

0.28

0.14

2.60

Magnetic II

0.95

488

4.02

0.26

7.14

1.06

Non-Magnetic II

32.85

183

1.28

0.17

92.86

13.70

Initial Ore

36.03

212

1.62

0.18

100.00

17.36

Table 6: Distribution of mineral in magnetic and non-magnetic products
Content of mineral %
No

Product

1
2

Quartz

Feldspar

Illite

Kaoninite

Goethite

Other

Magnetic

27-29

Less

13-15

6-8

-

Lepidorocite

Non-Magnetic

69-71

7-9

9-11

7-9

-

-

Reviews. After separating product I by using magnetic method, we obtained the
product with U content is 512 ppm, total yield is 2.23%, recovery of U is 2.6%. After
separating product II by using magnetic method, we obtained the product with U
content is 488 ppm, recovery of U is 1.06%. Besides, Fe content increased from 1.62%
to 5.6%, V content also increased from 0.18% to 0.28%. U content of non-magnetic
product reduces from 212 ppm to 183 ppm with recovery of U is 13.7%.
In conclusion, by using magnetic method to separate product II, we recieved
product whose U content reduces 190 ppm U, simillarly by using gravity method.
3. Testing the flow-sheet
There are 2 flow-sheets to separate uranium ore into 2 products, one has U
content more than 550 ppm and another has U content less than 190 ppm. So, the flowsheet of classificaton combined with gravity separation using wet shaking table has been
chosen to separate Palua ore. This flow-sheet is easier to apply more than magnetic
flow-sheet because it is cheaper, more simply and uses less power. Moreover, uranium
ore concentrate recovered reaches 87.19%, U in tailings is less than 190 ppm and U loss
is 12.81%.
Table 7: Results for flow-sheet separation
Yield

Content

Recovery

Product

%

U ppm

Fe %

V%

%

+1.4

49.06

589

2.48

-

65.66

-0.15

14.91

502

2.45

-

17.01

Heavy

3.26

290

1.62

0.056

2.14

Light

3.09

340

2.5

0.178

2.38

Tailings

29.67

190

1.53

0.196

12.81

Initial Ore

100

440

2.27

0.18

100
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4. Conclusion
1. Silicon is the principal component of research sample. Besides, there also is a
part of albit, mica, chlorite in the sample. Concentration of uranium in the sample is
low. Uranium exists in two common types: phosphate and silicate minerals.
2. By using two selection schemes, we can separate uranium ore into two parts
whose U content is more than 550 ppm and less than 190 ppm. The flow-sheet of
classificaton combined with gravity separation has been chosen to separate Palua ore.
3. It is necessary to continue researching this project, using the flotation method
in order to increase U content in concentrates and reduce U content in waste tail,
especially, in case U in tailings is 190 ppm.
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Abstract: Ponds and lakes in Hanoi have been polluted seriously, so called
‘eutrophication’, and lead to form blooms of blue-green algae. This impacted on aquatic
organisms and population living around the eutrophic ponds and lakes. This project
studied on technology for treatment and control of forming blooms of blue-green algae
in eutrophic ponds or other small water bodies by using betonite material modified
lanthanum, a rare earth element-environmentally friendly. Bentonite modified
lanthanum material (bent-La) prepared from Binh Thuan bentonite (MMT) has ability
for SRP absorption (Soluble Reactive Phosphorus) in eutrophic water. The isothermal
lines according to Langmuir and Freundlich model, the absorption kinetics according to
quadratic kinetic equation and Elovich model that describe SRP absorption process of
bent-La material were determined. The thermodynamic parameters were also
determined on the base of the experimental data. The study on SRP absorption of bentLa material in eutrophic water of Hoa Muc and Kim Dong lakes were carried out in the
laboratory and in field work. The study results affirmed that the bent-La material has
treated and controlled the forming blooms of blue-green algae in eutrophic ponds or
other small water bodies. The technical flowsheet for preparation of bent-La material on
a scale of 40 kg per batch and process for treatment and control of the forming blooms
of blue-green algae in eutrophic water bodies have also been established.

I. INTRODUCTION
Blue-green algae, noxious algae for water environment, naturally occur in water
bodies. When they are present in low concentrations, they do not cause water quality
issues [1-3]. However an oversupply of nutrients (e.g. phosphorus and nitrogen) in a
water body is called ‘eutrophication’ that causes algal population to increase and lead to
form blooms [4]. Blue-green algae in the fish ponds or irrigation ponds may release
toxin which is concern for fish health and stock health (those drink water from irrigation
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ponds) [4-5]. Sunlight and high temperatures also foster algal growth, but without a
supply of nutrients, particularly phosphate, the algal population won’t significantly
increase. Reducing the concentration of phosphate (an essential nutrient for algal
growth) will have a direct effect on reducing the concentration of algae in the water
body [4-5].
Major sources of phosphate into pond or storage water can come from: urban
and rural runoff containing organic fertilizer, waste from animals and birds, fish food,
and decomposing algae, aquatic plants or leaves. In most situations, it is impractical to
completely stop phosphate entering a pond [6].
Algaecides provide a temporary solution. They are effective at eradicating algae
but can also introduce toxic chemicals into the water [6-8]. Once algae die, they sink to
the bottom, decompose and release cellular phosphate back into the water which
provides phosphate for continued algal growth [9]. The studies indicated that bent-La, a
natural product, prepared from modified bentonite clay by lanthanum element, is a
permanent solution. It locks phosphate to its clay structure from the water column and
also from the sediment. Bent-La material will lock up the phosphate that is released
from the bottom of the pond after the decomposition of algae and other organic material
(such as fish feed) [6-10].
The project studied on preparation of bentonite material modified by lanthanum
and applies it for treating and controlling the forming blooms of blue-green algae in
eutrophic water bodies (the ponds and the lakes in Hanoi).
II. EXPERIMENT
1. Chemicals: La2O3 oxide, AlCl3.9H2O, FeCl3.6H2O, KH2PO4 crystal and the
others are pure grade.
2. Analytical methods:
XRD (D8 Advanced Brucker, Germany), SEM (Hitacho S-4800, Japan) and
FTIR (GX-PerkinElmer, USA) methods were applied for examining the composition
and morphology of the bent-La material. The specific surface area (SSA) of the bent-La
material was measured by BET method (Coulter SA 3100, USA). ICP-AES (Inductively
coupled plasma atomic emission spectroscopy) method (Iris-Intrepid, Optimal 7300
DV, USA) analyzed contents of elements in bent-La material.
3. Binh Thuan bentonite B90 and B40 have content montmorillonite of 90% and
40%, respectively. CBen (Lam Dong bentonite) is bentonite of earth alkaline.
4. Eutrophic water bodies for the study are Hoa Muc and Kim Dong lakes in
Hanoi.
III. RESULTS AND DISCUSSIONS
3.1. Study on preparation of bentonite material modified lanthanum
On the base of intensity of XRD spectrum and d001 value of lanthanum ion
exchange in bentonite that obtained from the study on preparation of bent-La material,
the suitable conditions for preparation of bentolite material modified lanthanum are as
follows:
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Materials

B90-La

B40-La

CLa

0.35

0.35

0.75

Time (hrs)

24

24

24

pH

7

7

7

70oC

90oC

25oC

1 – 10%

1 – 10%

1-10%

Ratio of LaCl3 to bentonite (mmol/g)

Temperature (oC)
Suspension (%)

From the study results, a technical flowsheet for the preparation of bent-La
material on scale of 40 kg per batch was established. The flowsheet consists of
following stages:
- Preparation of LaCl3 solution: dissolving completely 2 kg La2O3 in concentrate
hydrochloric acid (HCl) at temperature of 900C; heating until excessive HCl is out of
the reactive mass (LaCl3 salt becomes pasty state). The reaction equation is:
La2O3 + 6HCl → 2LaCl3 + 3H2O
Adding water into the reactive mass and diluting to 10 liters.
- Preparation of bentonite clay suspension: 40 kg of B90 or B40 bentonite are
soaked in 360 liters water in the 500 liter tank for 24 hrs; then stirring strong for 2 hrs so
that the bentonite becomes the pasty state (bentonite suspension of 10%).
- Preparation of bentonite material modified lanthanum: stirring strongly the
bentonite suspension in the 500 liter tank for 2 hrs; then adding slowly 10 liter of the
LaCl3 into the bentonite suspension of 10% and stirring strongly for 24 hrs. The
bentonite suspension is then washed and filtered by press filter, dried, ground into fine
and packaged.
Some analysis results Faculty
of bent-La
material:
of Chemistry, HUS, VNU, D8 ADVANCE-Brucker - B90-La
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Facultyof Chemistry, HUS, VNU, D8ADVANCE-Brucker - B40-La
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Fig.1: XRD of a) B90-La and b) B40-La.
Table :. Chemical and physical properties of bent-La material
Content (%)

B40-La

B90-La

Content (%)

B90-La

B40-La

SiO2

52.12

51.48

K2O

0.85

0.92

Al2O3

17.16

15.73

MnO2

0.09

0.02

Fe2O3

7.44

7.02

TiO2

0.52

0.38

CaO

1.79

2.48

P2O5

0.02

0.03

MgO

1.48

1.72

La2O3

5.42

4.82

Na2O

0.67

0.73

LOI

12.44

14.67

SBET (m2/g)

85.92

95.16

VP (cm3/g)

0.214

0.188

a)

LOI: weight loss on ignition

b)

Fig. 2: SEM images of a) B90-La and b) B40-La.
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Fig. 3: FTIR spectrum of a) B90-La and b) B40-La.
3.2. Study on P absorption of bent-La material on laboratory scale
3.2.1. Study on P absorption thermodynamics of bent-La material
a. Determining isothermal lines
Langmuir (1) and Freundlich (2) equations are used to simulate equilibrium state
of P absorption on solid material. Langmuir and Freundlich matematical equations are
expressed as follows:
Ce Ce
1
=
+
Qe Qm K L .Qm

(1)

1
ln Qe = ln K F +   ln Ce
n

(2)

The studies on the P absorption of bent-La material determined the values of
Langmuir and Freundlich equations. The table 2 indicated the parameters of Langmuir
and Freundlich equations.
Table 2. The kinetic parameters of the P absorption on bentonite material
modified La

Absorber

B40-La

o

Temp. ( C)

Langmuir

Freundlich

Ce Ce
1
=
+
Qe Qm K L .Qm

1
ln Qe = ln K F +   ln Ce
n

KL
(L/mg)

Qm
(mg/g)

R2

1/n

KF
(L/g)

R2

25

0.3492

7.994

0.985

0.1515

4.1745

0.9347

30

0.4283

8.562

0.9924

0.1569

4.444

0.9062

35

0.4722

9.191

0.9783

0.1472

4.9973

0.9112
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B90-La

CLa

25

0.4284

11.494

0.9935

0.1721

5.6820

0.8564

30

0.5346

11.587

0.9959

0.1744

5.7973

0.8673

35

0.6293

12.195

0.9982

0.1572

6.5097

0.8832

25

0.426

6.519

0.9768

0.0924

4.3357

0.6183

30

0.482

6.789

0.9867

0.0962

4.4862

0.6661

35

0.548

6.925

0.9924

0.0945

4.6423

0.6946

b. Absorption kinetics
Some kinetic models, namely quadratic kinetic equation (3) and Elovich model
(4) are used to describe the kinetics of the P absorption on bent-La material

t
1
1
= 2+ t
qt kqe qe
qt =

1



(3)

1

ln ( ) +



ln t

(4)

Table 3 indicated the parameters of quadratic kinetic equation (3) and Elovich
model (4).
Table 3: The parameters of the kinetics of the P absorption on bent-La material
Quadratic kinetic equation

Elovich model

t
1
1
= 2+ t
qt kqe qe

Absorber

qt =

1



ln ( ) +

1



ln t

k
(gr/mg.min)

qe
(mg/gr)

R2





R2

B90-La

0.0169

9.6712

0.9999

25.5295

0.9107

0.8635

B40-La

0.0142

8.4459

0.9997

12.0453

0.9774

0.9326

CLa

0.0123

6.7204

0.9997

2.8985

1.0355

0.9436

c. Absorption thermodynamics
The factors of the absorption thermodynamics consist of enthalpy and entropy.
Suppose that the P absorption in the solution on bent-La material obeys the equation
A + M ⇔ A–M

(5)

Where: A and M are phosphate anion and Bent-La, respectively; k1 and k-1 are
rate constants of absorption and back-absorption, respectively.
Equilibrium constant KC is calculated by equation:
KC =

302

k1 C A, D
=
k−1 C A, S

(6)
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To determine the thermodynamic factors of the P absorption, we used equation
(6) if ∆H o , ∆S o factors are assumed to be not change.

∆G o = − RT ln K C = ∆H o − T .∆S o

(7)

Equation (7) is modified into the equation (8):

∆H o  1  ∆S o
ln KC = −
.  +
R T  R

(8)

Table 4 indicated KC (equation 6) and KL (isothermal equation Langmuir) values
at the temperature from 298K to 308K.
Table 4: KC and KL value at temperature 298K, 303K and 308K
Temperature (K)

B90-La

B40-La

CLa

KC

KL

KC

KL

KC

KL

298

6.082

0.4284

4.479

0.3492

4.102

0.426

303

7.380

0.5346

6.084

0.4283

5.098

0.482

308

9.417

0.6293

6.547

0.4722

5.579

0.548

The thermaldynamic parameters of the P absorption on bent-La material are
indicated in table 5.
Table 5: The thermaldynamic parameters of the P absorption on B40-La, B90La and CLa
Absorber

B90-La

B40-La

CLa

T (K)

KC (L/g)

∆G ( kJ/mol )

298

6.082

-4.473

303

7.380

-5.035

308

9.417

-5.742

298

4.479

-3.715

303

6.084

-4.549

308

6.547

-4.812

298

4.102

-3.497

303

5.098

-4.103

308

5.579

-4.402

∆S ( J/mol )

∆H ( kJ/mol )

33.38

126.95

28.89

109.70

23.25

89.92

3.2.2. Study on the P absorption on bent-La material (on small scale)
a. Effect of initial P concentration on the P absorption
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k and qe values calculated from equation

t
1
1
= 2 + t and coefficients R2
qt kqe qe

are listed in table 6.
Table 6: The kinetic parameters of the P absorption on B90-La material at some
initial SRP concentrations
SRP conc. (mg/l)

k (gr/mg.min)

qe (mg/gr)

R2

0.5

0.366

2.10

0.999

1

0.078

4.29

0.999

2

0.025

7.78

0.999

4

0.022

8.16

0.999

b. Study on the P absorption on bent-La material in the water sample of
eutrophic water body (Hoa muc lake, Hoan Kiem lake and Kim Dong lake)
pH and SRP concentration in water samples of Hoa Muc, Hoan Kiem, Kim
Dong lakes are 8.75 and 0.228 mg/l, 9.34 and 0.0558 mg/l, 8.86 and 0.107 mg/l,
respectively. The kinetic parameters of the P absorption on bent-La material in the
eutrophic water samples of the lakes are indicated in table 7
Table 7: The kinetic parameters of the P absorption on bent-La material in the
eutrophic water samples (ratio of Bent-La to P = 230 to 1)
Lake

Equation

k (g/mg.min)

qe (mg/g)

R2

Hoa Muc

Y = 0.2644x + 1.9707

0.035

3.78

0.9993

Hoan Kiem

Y = 0.2696x + 4.1475

0.018

3.71

0.9996

Kim Dong
Y = 0.2837x + 4.6688
0.017
3.52
0.9998
The P absorption capacity of bent-La material for Hoa Muc lake sample, Hoan
Kiem and Kim Dong are 3.78 mg/g, 3.71 mg/g and 3.52 mg/g, respectively.
3.2.3. Study on the P absorption of bent-La material (on column scale)
a. Effect of pH on the P absorption
The linear relation of t/qt on t at pH values from 5 to 9 indicated that effect of
pH on the P absorption obeys the quadratic kinetic equation. k and qe values calculated
from equation

t
1
1
= 2 + t and coefficients R2 are listed in table 8.
qt kqe qe
Table 8: The kinetic parameters of the P absorption
on bent-La material at pH from 5 to 9

pH

Equation

k (g/mg.min.)

qe (mg/gr)

R2

5

y = 0.2339x + 0.8385

0.065

4.28

0.9999

7

y = 0.2403x + 1.3028

0.044

4.16

0.9999
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8

y = 0.2651x + 1.3612

0.052

3.77

0.9999

9

y = 0.3169x + 1.4482

0.069

3.16

0.9999

The P absorption capacity of bent-La material decreased from 4.28 mg/g at pH 5
down 3.16 mg/g at pH 9. However, the P absorption capacity of bent-La material
changed unnoticeably at pH from 5 up 7, but the P elimination of bent-La material
decreased rapidly at pH from 8 up 9.
b. Study on eutrophic lake water
The linear relation of t/qt on t at pH values from 5 to 9 indicated that the P
absorption of bent-La material obey the quadratic kinetic equation. k and qe values
calculated from equation

t
1
1
= 2 + t and coefficients R2 are listed in table 9. The
qt kqe qe

absorption capacity of bent-La for Hoa Muc lake water is 2.33 mg/gr at pH 8-9.
k and qe values calculated from equation

t
1
1
= 2 + t and coefficients R2
qt kqe qe

are listed in table 9. R2 value of 0.999 indicated that the P absorption on bent-La
material obey the quadratic kinetic equation. The rate constant of the P absorption, k, at
dosage of 100g/m3 has the value more than that at ratio of bent-La to P = 230 to 1. The
P absorption capacity of bent-La for Hoa Muc lake water is 0.63 mg/gr.
Table : The kinetic parameters of the P absorption on bent-La material for Hoa
Muc lake water at ratio of bent-La to P = 230 to 1
Bent-La : P

Equation

k (g/mg.min.)

qe (mg/gr)

R2

230 : 1

y = 0.4296x + 5.2098

0.035

2.33

0.9996

y = 1.5902x + 6.5628

0.385

0.629

0.9997

100 g/m

3

Note: The dose of 100g/m3 is used after 4-6 weeks of first application
3.3. Study on treatment of eutrophic water body (Hoa Muc lake) by bent-La
material
On the base of the data studying on treatment of the eutrophic water body (Hoa
Muc lake) by bent-La material at field work (well method applied to the investigation),
the treatment and control of SRP in Hoa Muc lake on large scale was applied. The SRP
analysis data from August/2010 to Dec. 2011 in water of Hoa Muc lake indicated that
the SRP concentration in the Hoa Muc lake water had average value of 0.2 mg/L, pH of
8.8. The dose rate of bent-La material calculated to treat the Hoa Muc lake water is
based on factoring that the SRP concentration in the Hoa Muc lake water had average
value of 0.2 mg/L, pH of 8.8. Due to pH in the water is high (pH=8.8), therefore the
dose rate is more high than ratio of bent-La to P: 230 to 1.
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Surface area of the Hoa Muc lake is 1,440 m2, so the dose rate of bent-La
material is 115 kg (ratio of bent-La to P is 400 to 1). The results of the SRP treatment in
the Hoa Muc lake water are as follows:
- The SRP concentration decreased 50% after 24 hrs of the treatment process,
from initial SRP concentration of 0.205 mg/L down 0.102 mg/L. After 48 hrs of the
treatment process, the SRP concentration in the lake water was down to value of 0.083
mg/L and then stable in value of 0.05 mg/L after 12 days of the treatment process. The
investigation data from 17 May 2011 to 15 Nov. 2011 (after 222 days of the treatment
process) indicated that the SRP concentration in the comparative well (the water area in
the lake was not treated) is stable in value of 0.19 mg/L.
DO index in the lake water was up to value of 3.03 mg/L after 40 days of the
treatment process. Meanwhile, the DO index in the comparative well was still stable in
value of < 1 mg/L. BOD index in the lake water treated had value of 15 mg/L but the
index in the comparative well had value higher than that. COD index in the lake water
treated had value of < 50 mg/L. The values of DO, BOD and COD in the lake water
treated are lower than those in QCVN 08:2008/BTNMT.
The flowsheet for the blue-green algae treatment and control in eutrophic
ponds or other water bodies by solution using betonies material modified lanthanum:
Bent-La material dosages can be calculated in two ways: (1) by calculating the
volume of water in the pond or channel and adding 200 mg of the bent-La for every litre
of water based on the standard amount of phosphorus in pond water or channel; or, (2)
by determining the exact total amount of phosphorus (TP) in the pond water or channel
and adding enough bent-La to bind existing bioavailable phosphorus (FRP) and
potential FRP converted from TP.
- Using a 200 mg/L (i.e. 200 g/m3) dose rate (assuming that there is
approximately 2 mg/L of TP in the water body). This is a convenient and quick way to
calculate dosage which eliminates the need to measure Total Phosphorus (TP) levels
prior to an application. Dosages can be easily calculated by determining the total
volume of water in the pond or channel in liters and then adding 200 mg of Bent-La for
every liter of water. To calculate the total volume of water in the pond or channel,
measure length, width and average depth of the pond water (in meters) and multiply all
to get surface area (m3). Convert surface area (m3) to volume of water in liters (1 m3=
1000 liters) or use surface area (m3) directly to calculate the dosage (200 g/m3). The
above dose rate is based on factoring that there is a standard average amount of
bioavailable phosphate in the pond or channel water and also a potential amount of
bioavailable phosphate that is contained in the cells of existing algae and in the
sediment. This dose should be applied in two applications:
 100 mg/L to start with and
 100 mg/L after 4 – 6 weeks of first application.
Phosphate concentrations do vary from pond to pond, however, in most
situations, adding 200 mg of Bent-La per litre of water will remove all or nearly all
excess phosphate and control the growth of unwanted algae. In ponds or channels that
have very high concentrations of phosphorus this dosage may be insufficient to remove
all phosphorus. In general, ponds or channels that regularly receive a continued supply
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of phosphorus (e.g. from run-off containing fertiliser, animal excrement, excess fish
feed, or from the sediment) have the potential to contain high concentrations of
phosphorus. If your pond or channel receives nutrients from the sources mentioned
above, further applications of Bent-La may be necessary over time.
Calculating dosage by measuring TP: This method involves tailoring dosages to
suit the conditions of the individual pond or channel by measuring Total Phosphorus
(TP) prior to an application. This is a more accurate way of delivering the correct
concentration of Bent-La into a pond or channel. Although Bent-La removes inorganic
phosphate (bioavailable phosphorus – FRP), dosages should be based on TP as all TP
will be converted to inorganic phosphate over time and therefore potentially available
for further algal growth.
One kilogram of Bent-La has the capacity to bind 10 g of bioavailable
phosphorus (or 10 g of elemental P within PO4 molecules). To calculate an exact dosage
for a pond or channel, the following steps should be undertaken:
 Collect a 200 ml sample of the pond or channel water from about 10 cm below
the surface of the water and deliver this sample to a pond service shop or laboratory for
TP analysis. Ensure that the water is tested for TP (rather than FRP) and request that the
results be presented in mg/L or ppm (Note: 1 ppm = 1 mg/L).
 Calculate the volume of the water in the pond or channel in litres.
 Calculate the total amount of phosphorus (TP) in the pond or channels by
multiplying the number of litres by the TP concentration. For example, a 4,000 litres
pond containing a TP concentration of 1.5 mg/L will contain 6,000 mg or 6 g of TP.
 Determine the required dosage of Bent-La by multiplying TP by 100. For
example, a pond containing 6 g of TP will require a dosage of 600 g of Bent-La.
In most situations, Bent-La material can be applied in a single or double dose.
The ideal time to apply Phoslock is before or one week after an algal cycle or algal
bloom. Bent-La material is a permanent solution. Once bound, the phosphate remains
securely locked up within bent-La’s clay structure. If the pond or channel regularly
receives new sources of phosphorus (e.g. from fertilizer run-off, bird droppings, etc.),
further applications of bent-La may be necessary over time.
High pH affects the effectiveness of bent-La. Therefore, it is recommended that
a simple pH test be conducted on pond water prior to an application of bent-La. If the
pH of the water is greater than 9, increase the dosage by 50%.
IV. CONCLUSION
According to the study results of the project, a technical flowsheet for the
preparation of bent-La material with contents of MMT 90% (B90) and 40% (B40) and
Lam Dong bentonite (40-50% MMT) on scale of 40 kg per batch was established. The
isothermal line that describes the P absorption on bent-La material was good agreement
with Langmuir and Freundlich models. The thermodynamic parameters of the P
absorption indicated that the P absorption was occurred naturally and was endothermic
process. The P absorption in the eutrophic water on the bent-La material was good
agreement with quadratic kinetic equation. The bent-La material eliminated successfully
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phosphorus in the eutrophic water at pH from 5 to 7, The P absorption capacity of the
bent-la material decreased with increase of pH (pH=8-9).
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Abstract: The backscatter fundamental parameter (BFP) algorithm was investigated
and modified for the use with both in-situ energy dispersive x-ray fluorescence
spectrometer system(EDXRF) and in the laboratotry. The BFP method was applied to
correct the absorption effect due to the light elements for EDXRF analysis of samples
from various fields such as environment, biology, geology, archaeology, etc. with
Coherent/ Incoherent Scattered X-rays.

I. Introduction
Energy dispersive X ray fluorescence spectrometer can not detect the light
elements (C, H, O, Na, Al, Mg, Si ..) in the geological samples, environmental samples
and alloy or stainless steel . These elements are namely as “dark matrix“
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The method utilizes the so-called backscatter fundamental parameter (BFP)
approach to correct for matrix effects. It takes the advantage of the coherently and
incoherently scattered primary radiation peaks to correct for the variation of the sample
‘dark matrix.’
BFP method was used to identify and evaluate the mass of two light elements
representative of the bulk sample composition.
II. Theory
The approach is based on the algorithm first presented by Nielson. The method
assumes a monochromatic excitation source. Normalized net intensities of K or L x-ray
peaks and the intensities of coherently and incoherently scattered primary radiation
peaks are utilized in the algorithm. The intensity of the x-ray peak of the jth element is
expressed by FP model from equations (1) and (2)
Ij = Go . Io . ε(Ej) . Kj(Eo) . Qj .

1 − exp(− F jAbs )
F

Abs
j

(1 + F jEnh )

(1)

Qj = mArea . Cj : mass fraction of the jth element in the sample
mArea mass per unit area of the element j
Kj(Eo) = Ej τ(Eo) : Ej excited function ; τ(Eo) production cross section
E0 = ER
n
i (E j )
 (E )
(2)
F jAbs = ∑ [Q j . i o + Qi .
]
sin 
sin
i −1
The intensities of coherently and incoherently scattered radiation are
IC = GC . Io . ε(E0)
n

and

FCAbs = ∑ [Q j .
i −1

n

FRAbs = ∑ [Q j .
i −1

with

1 − exp(− FCAbs )
FCAbs

(3)

 i ( E0 )
 (E )
+ Qi . i 0 ]
sin 
sin

IR = GR . Io . ε(ER)
and

∑ [Qi . iC ( E0 )].

∑ [Qi . iR ( E0 )].

1 − exp(− FRAbs )
FRAbs

(4)

i (ER )
 (E )
+ Qi . i R ]
sin 
sin

EC, ER : Energy of Compton and Rayleigh scattering
Eo : Energy of the excitation radiation

The mass scattering cross-sections are calculated using atomic form factors and
incoherent scattering function assuming a 20° divergence of the scattering angle:
 iR =  .re2

312

N
Ai

∫ (1 + cos

2

 ) F 2 [sin(  / 2 ) /  ] d (cos  )
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and


C
i

=  . r e2

N
Ai

∫

(1 + k (1 − cos  ) − 2 [1 + cos

2

 +

k 2 (1 − cos  )
]. S [sin(  / 2 ) /  , Z i ] d (cos  )
1 + k (1 − cos  )

with : k = E/moc2 and
(6)
N Avogadro’number, Ai and Zi Atomic weight and atomic number of the jth
element
In the BFP approach, the unknown sample is assumed to be composed of the
elements which are identified by their characteristic x-rays in the spectrum and of two
unknown elements, A and B. These two additional elements represent the composition
of the sample ‘dark matrix.’. Following this approach, one can obtain
-

The intensities of incoherently scattered radiation is

1 − exp(− FCAbs )
IC = GC . [ ∑ [Qi . ( E 0 )] + Qa ( E 0 ) + Qb ( E 0 ) ]
FCAbs
C
i

-

C
a

C
b

(7)

The intensities of coherently scattered radiation is.

IR = GR . [ ∑ [Qi . iR ( E 0 )] + Qa aR ( E 0 ) + Qb bR ( E 0 ) ]

1 − exp(− FRAbs )
FRAbs

(8)

In the BFP algorithm, the quantities of the two light elements a and b are
estimated from the x-ray scatter by solving for Qa and Qb in the simultaneous
equations
FCAbs
IC
−
Abs
GC 1 − exp(− FC )

∑ [Q .

C
i

( E 0 )] = Qa aC ( E 0 ) + Qb bC ( E 0 )

FRAbs
IR
−
Abs
G R 1 − exp(− FR )

∑[Q .

R
i

( E0 )] = Qa aR ( E0 ) + Qb bR ( E0 )

i

i

(9)

In the simultaneous equations (9), the pair is chosen whose incoherent/ coherent
cross-section ratios lie immediately on either side of the ratio of the observed scatter
attributable to light elements.
FRAbs
IR
Abs
G R 1 − exp(− FR )
R
R
 Za
 Zb
<
-------------------------<
C
C
 Za
 Zb

(10)

FCAbs
IC
Abs
GC 1 − exp(− FC )
The quantities of the two light elements Qa and Qb are calculated from the
system of equations (7) and (8) by the iteration method with absorption correction .
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III. Results of experiments
The measurements were carried out with a portable x ray spectrometer system
comprising an Si-PIN detector and the EDXRF system with Si(Li) detector in the
laboratory . An annular 241Am radioisotope source of activity of about 50 mCi was used
for excitation. Two measuring arrangements were used.
The samples measured in this experiment: Standard samples ( Soil -7 and Lake
Sediment SL-1, ASCM ; stainless steel SS-316, SS-304, SS-201 ); the analysis samples
(16 soil samples were collected in the HCM city , Bien Hoa city) and Vietnamese coins.
1. Analytical results of standard samples.
Detector Si(Li)

Sample

Soil-7

Sl-1

Element

Detector Si-PIN

Concentration
(ppm)

314

Element

Concentration
(%)

XRF

REF

Fe

3.15
%

2.47 %

Zr

192

180-201

C

Rb

85

47 - 56

Mn

Sr

129

103-114

P

0.045

Y

31

15 – 27

S

0.03

Ba

185

---

Si

0.75

La

30.7

28 - 30

Cr

16.05

16 - 18

Ce

61.9

61 - 67

Ni

10.20

10- 14

Dark Matrix : Zeff = 11.9

Mo

2.04

Fe

6.79
%

6.57-6.91

Rb

103

102-124

Sr

118

37 - 123

Zr

138

Ba

628

La
Ce

Fe

XRF
SS-316

Fe

69.71

REF
68.99
0.08

2.00

N

2.00

2-3
0.10

Dark Matrix : Zeff = 16.5
Mn

9.48

Fe

59.1

66.98

586-692

Ni

1.62

8 - 12

38

49 - 55

Cu

1.31

---

78

100-134

Mo

0.0008

---

Cr

17.5

---

Dark Matrix : Zeff = 10.8
ASCM

Sample

10.4

9.8 %

SS-304

18 - 20

Dark Matrix : Zeff = 21.3
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%
Rb

198

205

Sr

1195

Zr

SS-201

Mn

7.84

5.5-7.5

1345

Fe

59.2

70.98

528

540

Ni

1.32

3.5-5.5

Ba

256

260

Mo

0.08

---

La

82

91

Cr

12.6

16 - 18

Ce

157

134

Nb

27

20

Dark Matrix Zeff = 12.9

Dark Matrix : Zeff = 12.0
2. Analytical results of soil samples.
No

Sample

Concentration( ppm)

Zeff

Fe(%) Rb

Zr

Ba

La

Ce

Nd

1

No 1

6.75

414

554

479

74.2

255

53.7

11.5

BH city

2

No 2

1.90

211

421

20.6

21.1

33.9

5.9

11.2

3

No 3

7.07

315

548

409

61.3

126

43.3

11.9

4

No 4

4.84

242

469

242

38.7

78.9

30.8

11.7

5

No 5

7.54

337

219

853

73.2

795

9.6

11.4

6

No 6

3.24

204

448

34.8

15.0

27.1

4.31

11.4

7

No 7

4.65

253

347

294

30.4

186

8.27

11.4

8

No 8

2.70

151

431

73.5

12.3

22.8

5.47

11.4

9

No 9

1.92

198

526

46.9

15.2

28.2

----

11.3

10

No 10

1.84

178

708

48.1

19.5

38.8

5.48

11.6

11

No 11

2.78

251

668

112

13.3

32.9

12.1

11.6

12

No 12

2.61

229

547

76.2

10.1

24.1

8.56

11.2

--

13

No 13

2.54

238

483

108

14.5

33.5

8.82

11.5

--

14

No 14

2.38

218

473

93.1

14.8

23.5

5.10

11.4

--

15

No 15

2.21

238

650

90.8

13.7

27.1

2.38

11.5

--

16

No 16

4.26

388

386

268

34.5

64.2

15.9

11.7

--

--

HCM city

TD Dist

3. Analytical results of coin samples
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No

Sample

Concentration (%)

Zeff

Fe

Cu

Ni

Zn

9.082

31.9

44.88

48.4

1

500 VNĐ

2

¼ USD

70.18

29.09

59.6

3

Thai Lan

71.17

28.89

---

4

Malysia

61.3

24.95

52.3

5

500 Japan

63.2

9.50

11.52

52.0

4. Analytical results of soil samples with the different mass loads.
No

1

2

3

4

Sample

Concentration ( ppm)

Zeff

mass(g)

Fe(%) In

Zr

Ba

La

Ce

Nd

4.80

30.2

265

790

135

576

53.7

9.5

10.01

17-1

4.43

30.6

215

798

169

560

52.4

9.1

3.3

17-2

5.07

31.5

210

828

166

601

50.7

9.1

6.6

37.2

218

89.9

104

105

24.3

9.9

13.79

18-1

30.8

261

43.0

37.1

97.8

21.3

9.5

4.59

18-2

26.2

234

43.9

39.7

86.1

23.4

9.7

9.19

5.60

32.3

317

792

161

363

68.1

9.7

9.10

19-1

4.93

38.1

278

831

196

468

65.8

9.4

3.03

19-2

4.30

32.3

266

772

173

379

62.7

9.2

6.06

4.54

35.6

261

441

103

200

18.6

9.6

12.58

20-1

3.89

37.2

233

495

139

263

20.5

9.1

4.19

20-2

3.90

34.7

225

478

146

246

19.6

9.0

8.38

No 17

No 18

No 19

No 20

IV. Conclusions
- The BFP method applied to the analysis of samples of different origin
provided good estimations of the element concentrations. The method was successfully
applied to element determinations in samples of various matrices and different mass
loads.
- The BFP method was found to be well suited for in situ element
determinations by using a portable liquid nitrogen free radioisotope-based energy
dispersive x-ray spectrometer system.
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- The major advantages of the BFP method are a very simple ‘one standard’
calibration procedure, ability to determine the element concentrations without a priori
knowledge of the sample ‘dark matrix’and few requirements concerning the sample
preparation.
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2. 1 - LIST OF VIE PROJECTS 2010
CRP
Code

Contr
act No

CRP Title

Start
Date

End
date

Chief
investigator

Institution

E43023

15859

Stable Isotope
Techniques in the
Development and
Monitoring of
Nutritional
Interventions for
Infants and Children
with Malaria, TB
and other Infectious
Diseases

200909-08

201309-09

Vo Hanh
Phuc

Institute of
Nuclear
Sciences
and
Technology

D62008

15635

Development of
Generic Irradiation
Doses for
Quarantine
Treatments

200906-11

201306-11

Doan Thi
The

Research
and
Developme
nt Centre
for
Radiation
Technology

F33017

15326

Use of
Environmental
Isotope Tracer
Techniques to
Improve Basin-scale
Recharge
Estimation

200903-26

201203-26

Vo Thi
Tuong
Hanh

Institute of
Nuclear
Sciences
and
Technology

D24012

15544

Enhancing the
Efficiency of
Induced
Mutagenesis through
an Integrated
Biotechnology
Pipeline

200902-04

201402-04

Ho Quang
Cua

Plant
Breeding
Unit

D12011

15480

Integrated Isotopic
Approaches for an
Area-wide Precision
Conservation to
Control the Impacts
of Agricultural
Practices on Land

200812-08

201212-07

Nguyen
Thanh Lam

Hanoi
University
of
Agriculture
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Degradation and
Soil Erosion
T24008

15811

Planning,
Management and
Organizational
Aspects in
Decommissioning of
Nuclear Facilities

200805-15

201205-14

Pham Van
Lam

Nuclear
Research
Institute
(NRI)

F22047

14834

Development of
Radiopharmaceutica
ls Based on 188Re
and 90Y for
Radionuclide
Therapy

200804-01

201203-31

Nguyen Thi
Thu

Vietnam
Atomic
Energy
Commissio
n (VAEC)

F22046

14773

Development of
Radiation-Processed
Products of Natural
Polymers for
Application in
Agriculture,
Healthcare, Industry
and Environment

200712-01

201112-31

Nguyen
Quoc Hien

K41010

14316

Applications of
Radiotracer and
Radioassay
Technologies to
Seafood Safety
Assessment

200709-15

201109-14

Dang Duc
Nhan

E13034

14700

Assessment of Left
Ventricular Function
in Coronary Artery
Disease with
Nuclear Techniques

200709-15

201012-31

Nguyen
Truong Son

Cho Ray
Hospital

D12009

14465

Managing Irrigation
Water to Enhance
Crop Productivity
under WaterLimiting Conditions:
A Role for Isotopic
Techniques

200709-15

201209-14

Duong Hai
Sinh

Institute for
Water
Resources
Research of
Vietnam
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J71011

13850

Modelling and
Analysis of
Radionuclides
Transport and
Source Term
Evaluation within
Containment /
Confinement and
Release to the
Environment, for
Research Reactors

200704-15

201107-31

Luong Ba
Vien

Reactor
Center ,
NRI

E13032

14078

Performance of Rest
Myocardial
Perfusion Imaging in
the Management of
Acute Chest Pain in
the Emergency
Room

200703-15

201103-14

Vu Dien
Bien

Department
of Nuclear
Medicine

D32025

14085

The Early and Rapid
Diagnosis of
Transboundary
Animal Diseases:
Phase I - Avian
Influenza

200612-15

201012-31

Nguyen
Tien Dung

National
Institute for
Veterinary
Research

E13031

14077

Role of Nuclear
Cardiology
Techniques in
Ischemia
Assessment with
Exercise Imaging in
Asymptomatic
Diabetes

200603-15

201103-14

Le Ngoc
Ha

Department
of Nuclear
Medicine
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2.2 - LIST OF FNCA PROJECTS OPERATING IN 2010
Field
(Lĩnh vực)

1.

2.

3.

4.

Project Title
(Tên dự án)

6.

324

Counterpart
(Chủ dự án)

Public
Information
(Thông tin đại
chúng)

Public Information for better
acceptance of Nuclear
Vietnam Atomic
Application (Thông tin đại
Energy Institute
chúng về ứng dụng hạt
nhân)

Human
Resources
Development
(Phát triển nguồn
nhân lực)

Human Resources
Development for Nuclear
Science Application (Phát
triển nguồn nhân lực)

Vietnam Atomic
Energy Institute

Nuclear Safety
Management
System (Hệ
thống quản lý an
toàn hạt nhân)
(New)

Nuclear Safety
Management System
(Hệ thống quản lý an toàn
hạt nhân)

Nuclear
Research
Institute

Mr. Nguyen
Nhi Dien

Radioactive
Waste
Management
(Quản lý chất
thải phóng xạ)

Radioactive Waste
Management (Quản lý chất
thải phóng xạ)

Institute or
Technology for
Radioactives and
Rare Elements

Mr. Le Ba
Thuan

5.1 Neutron Activation
Analysis (Phân tích kích
hoạt nơtron NAA)
5.

Institution
(Đơn vị thực hiện)

Utilization of
Research
Reactors (ứng
dụng Lò phản
ứng nghiên cứu)

Applications in
Industry (ứng
dụng công
nghiệp)

Nuclear
Research
Institute

Ms. Dang
Thi Hong

Mr. Vu
Dang Ninh

Mr. Nguyen
Nhi Dien
From Nov
2009 Mr.
Luong Ba
Vien

5.2 Research Reactor
Technology (RRT)
(Cải tiến công nghệ nhằm
khai thác hiệu quả Lò phản
ứng nghiên cứu)

Nuclear
Research
Institute

Mr. Nguyen
Ngoc Tuan

Radiation Processing of
Natural Polymer
(Ưng dụng công nghệ bức
xạ xử lý các polymer tự

Research and
Development
Center for
Radiation

Mr. Nguyen
Quoc Hien
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7.

8.

Applications of
Radiation and
Isotopes in
Agriculture (ứng
dụng bức xạ và
đồng vị phóng xạ
trong nông
nghiệp)

nhiên )

Technology

7.1 Mutation Breeeding
(Tạo giống đột biến)

Agricultural
Genetics
Institute

Ministry of
7.2 Biofertilizer (Phân bón Agriculture and
sinh học)
Rural
Development

Applications of
8.1 Radiation Oncology (Xạ
Hospital K
Radiation and
trị ung thư)
Isotopes in
Medicine (ứng
dụng bức xạ và
đồng vị phóng xạ
trong y học)
Central Military
8.2 Cyclotron and PET in
Hospital
Medicine
(Hospital 108)
(Dự án PET/Cyclotron trong From Dec 2009
y học)
Bach Mai
Hospital

The Annual Report for 2010, VAEI

Mr. Le Huy
Ham

Mr. Pham
Van Toan

Mr. Nguyen
Ba Duc (Bui
Cong Toan,
Head of
General
Radiotherap
y
Department,
K Hospital)

Mr. Mai
Trong Khoa
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2.3 - LIST OF ACTIVE REGIONAL/INTERREGIONAL
PROJECTS 2010
(42 PROJECTS)
Project
Number

Title

Field

1st Year of
Approval

Total
Budget

INT4142

Promoting Technology
Development and Application of
Future Nuclear Energy Systems in
Developing Countries

4W 4D
4Q

2009

1,083,365

RAS0047

Supporting Web-Based Nuclear
Education and Training through
Regional Networking

0I

2007

783,255

RAS0053

Providing Decision Support for
Nuclear Power Planning and
Development

0E

2009

1,016,278

RAS0056

Providing Legislative Assistance

0D

2009

353,575

RAS0057

Reviewing Country and Regional
Programmes

0B 0M

2009

1,095,500

RAS0059

Enhancing Human and Nuclear
Technology Capacities

0A

2009

2,701,634

RAS3009

Strengthening Infrastructure for
Radioactive Waste Management

3H 3I
3J 3K
3M

2007

530,180

RAS4029

Strengthening Nuclear Power
Infrastructure and Planning

4V 4P

2007

595,810

RAS4032

Improving Integrated
Management Systems for Nuclear
Power Plants

4M

2009

367,930

RAS5045

Improvement of Crop Quality and
Stress Tolerance for Sustainable
Crop Production Using Mutation
Techniques and Biotechnology
(RCA)

5C

2007

417,360
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RAS5046

Novel Applications of Food
Irradiation Technology for
Improving Socioeconomic
Development (RCA)

5H

2007

379,290

RAS5049

Sharing Regional Knowledge on
the Use of the Sterile Insect
Technique within Integrated AreaWide Fruit Fly Pest Management
Programmes

5D

2007

235,244

RAS5050

Enhancing Sanitary and
Phytosanitary Treatment of
Regional Products for Export by
Irradiation (RCA)

5H

2009

364,050

RAS5052

Sharing Regional Knowledge on
the Use of the Sterile Insect
Technique within Integrated AreaWide Fruit Fly Pest Managem

5D

2009

251,685

RAS6038

Strengthening Medical Physics
through Education and Training
(RCA)

6F

2003

1,608,491

RAS6049

Strengthening Clinical
Applications of PET in RCA
Member States (RCA)

6B

2007

644,778

RAS6050

Control and Prevention of
Childhood Malnutrition in Asia

6K

2007

294,069

RAS6053

Improving Image Based Radiation
Therapy for Common Cancers in
the RCA Region (RCA)

6C

2009

557,489

RAS6055

Controlling and Preventing
Childhood Malnutrition in Asia

6K

2009

78,223

RAS6057

Strengthening and Standardizing
Nuclear Medicine Applications in
Cardiology in Asia through
Education and Training

6B

2009

390,000

RAS6059

Quality Assurance Team for
Radiation Oncology (QUATRO)
Training in South-East Asia

6C

2009

335,300
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RAS6060

Supporting Comprehensive
National Cancer Control

6J

2009

330,000

RAS7015

Characterization and Source
Identification of Particulate Air
Pollution in the Asian Region
(RCA)

7L

2007

649,620

RAS7016

Establishing a Benchmark for
Assessing the Radiological Impact
of Nuclear Power Activities on
the Marine Environment in the
Asia-Pacific region (RCA)

7M

2007

635,800

RAS7019

Harmonizing Nuclear and Isotopic
Techniques for Marine Pollution
Management at the Regional
Level (RCA)

7M

2009

431,850

RAS8108

Assessing Trends in Freshwater
Quality Using Environmental
Isotopes and Chemical
Techniques for Improved
Resource Management (RCA)

8M

2009

329,600

RAS8109

Supporting Radiation Processing
of Polymeric Materials for
Agricultural Applications and
Environmental Remediation
(RCA)

8H

2009

595,524

RAS8110

Applying Advanced Digital
Industrial Radiology and
Computed Tomography in
Industry and Civil Engineering
(RCA)

8P

2009

610,435

RAS8111

Diagnosing Industrial Multiphase
Systems by Process Visualization
using Radiotracers and Sealed
Sources (RCA)

8J

2009

680,675

RAS9042

Sustainability of Regional
Radiation Protection
Infrastructure (RCA)

9C

2007

781,392

RAS9046

Strengthening Technical
Capacities for Occupational

9I

2007

1,364,761
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Exposure Control
RAS9050

Education and Training in Support
of Radiation Protection
Infrastructure

9X

2007

868,600

RAS9053

Strengthening Occupational
Radiation Protection

9I

2009

360,893

RAS9054

Strengthening National
Regulatory Infrastructures

9H

2009

436,148

RAS9055

Strengthening Radiation
Protection in Medicine

9J

2009

450,918

RAS9056

Strengthening Capabilities for
Protection of the Public and the
Environment from Radiation
Practices

9K 9S
9X 9Q
9C

2009

853,900

RAS9057

Strengthening National and
Regional Capabilities for
Response to Radiological and
Nuclear Emergencies

9L

2009

418,862

RAS9058

Supporting Education and
Training in Radiation Protection

9X

2009

1,468,722

RAS9059

Strengthening Nuclear Regulatory
Authorities in the Asia and the
Pacific Region

9H

2009

897,275

RER3006

Supporting the Repatriation,
Management and Disposal of
Fresh and/or Spent Nuclear Fuel
from Research Reactors

3G 4B
9S

2009

30,177,780

RER4028

Repatriation, Management and
Disposition of Fresh and/or Spent
Nuclear Fuel from Research
Reactors

4B

2005

10,019,936
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2.4 - LIST OF RESEACH CONTRACT 2010
CRP
Code

Contract
No

CRP Title

E43023

15859

Stable Isotope
Techniques in the
Development and
Monitoring of
Nutritional
Interventions for
Infants and Children
with Malaria, TB and
other Infectious
Diseases

D62008

15635

Development of
Generic Irradiation
Doses for Quarantine
Treatments

F33017

15326

Use of Environmental 2009- 2012Vo Thi
Isotope Tracer
03-26 03-26 Tuong Hanh
Techniques to
Improve Basin-scale
Recharge Estimation

D24012

15544

Enhancing the
Efficiency of Induced
Mutagenesis through
an Integrated
Biotechnology
Pipeline

2009- 201402-04 02-04

Ho Quang
Cua

Plant
Breeding
Unit

D12011

15480

Integrated Isotopic
Approaches for an
Area-wide Precision
Conservation to
Control the Impacts
of Agricultural
Practices on Land
Degradation and Soil
Erosion

2008- 201212-08 12-07

Nguyen
Thanh Lam

Hanoi
University of
Agriculture

T24008

15811

Planning,
Management and

2008- 201205-15 05-14

Pham Van
Lam

Nuclear
Research

330

Start
Date

End
date

Chief
investigator

Institution

2009- 201309-08 09-09

Vo Hanh
Phuc

Institute of
Nuclear
Sciences and
Technology

2009- 201306-11 06-11

Doan Thi
The

Research and
Development
Centre for
Radiation
Technology
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Organizational
Aspects in
Decommissioning of
Nuclear Facilities

Institute
(NRI)

F22047

14834

Development of
2008- 2012Radiopharmaceuticals 04-01 03-31
Based on 188Re and
90Y for Radionuclide
Therapy

Nguyen Thi
Thu

F22046

14773

Development of
Radiation-Processed
Products of Natural
Polymers for
Application in
Agriculture,
Healthcare, Industry
and Environment

2007- 201112-01 12-31

Nguyen
Quoc Hien

K41010

14316

Applications of
Radiotracer and
Radioassay
Technologies to
Seafood Safety
Assessment

2007- 201109-15 09-14

Dang Duc
Nhan

Institute of
Nuclear
Sciences and
Technology

E13034

14700

Assessment of Left
Ventricular Function
in Coronary Artery
Disease with Nuclear
Techniques

2007- 201009-15 12-31

Nguyen
Truong Son

Cho Ray
Hospital

D12009

14465

Managing Irrigation
2007- 2012Water to Enhance
09-15 09-14
Crop Productivity
under Water-Limiting
Conditions: A Role
for Isotopic
Techniques

Duong Hai
Sinh

Institute for
Water
Resources
Research of
Vietnam

J71011

13850

Modelling and
Analysis of
Radionuclides
Transport and Source
Term Evaluation
within Containment /
Confinement and

Luong Ba
Vien

Reactor
Center , NRI

2007- 201104-15 07-31
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Release to the
Environment, for
Research Reactors
E13032

14078

Performance of Rest
Myocardial Perfusion
Imaging in the
Management of
Acute Chest Pain in
the Emergency
Room

2007- 201103-15 03-14

Vu Dien
Bien

Department
of Nuclear
Medicine

D32025

14085

The Early and Rapid
Diagnosis of
Transboundary
Animal Diseases:
Phase I - Avian
Influenza

2006- 201012-15 12-31

Nguyen
Tien Dung

National
Institute for
Veterinary
Research

E13031

14077

Role of Nuclear
Cardiology
Techniques in
Ischemia Assessment
with Exercise
Imaging in
Asymptomatic
Diabetes

2006- 2011- Le Ngoc Ha
03-15 03-14

Department
of Nuclear
Medicine

332
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3.SCIENTIFIC PAPERS PUBLISHED ABROAD AND IN VIETNAM

3.1 - Scientific Papers Published Abroad
Inst. for
Nuclear
Science and
Technology

David D. Cohen, Jagoda Crawford, Eduard Stelcer, Vuong Thu Bac.
Characterisation and source apportionment of fine particulate sources at
Hanoi from 2001 to 2008. Atmospheric Environment 44, pp. 320-328
(2010).
David D. Cohen, Jagoda Crawford, Eduard Stelcer, Vuong Thu Bac.
Long range transport of fine particle windblown soils and coal fired
power station emissions into Hanoi between 2001 to 2008. Atmospheric
Environment 44, pp. 3761-3769 (2010).
Dang Duc Nhan, Nguyen Van Lam, Ha Chu Vu Long, Dao Dinh
Thuan, Dang Anh Minh and Vo Thi Anh. Hydrogeological
characteristics of karstic groundwater in the Northeast Viet Nam as
studied by isotopic techniques. Accepted to publish in the Environmental
Earth Sciences (Springer Heidelberg) in 2010.

Inst. for
Technology
of
Radioactive
and Reare
Elements

K.Belhamel, H.Kheraz, R.Ludwig, T.K.Dz. Nguyen, N. Allsop, S.S.AlJuaid; Effect of organic additive on the electrodeposition of nickel from
sulphate bath: characterisation of the surface morphology; e-J. Surf. Sci.
Nanotech. Vol. 8 (2010) 227-232.

Nuclear
Research
Inst.

A. Hiroki, H.T. Tran, N. Nagasawa, T. Yaki, M. Tamada. Metal
adsorption of carboxymethyl cellolose/carboxymethyl chitosan blen
hydrogels prepared by gamma irradiation. Radiation physics and
Chemistry 78 (2009) 1076-1080.
N. T. Ngo, N. T. Binh, N. V. Phuc, L. N. Sieu, T. Y, M. T. Huong, N. T.
Linh, N. M. Sinh, P. S. Hai, L. N. Chung, D. D. Nhan, N. Q. Long, N.
H. Quang, T. T. Mai.
Radionuclides concentration in marine
environmental samples along the coast of Vietnam. Malaysian Journal of
Nuclear Science, ISSN 0128-0155, Vol. 21, No. 2, p. 12-20, Dec. 2009.
T. Que and N.T.K.Anh. The double action of Cd2+ in the types and
frequencies of chromosomal aberrations induced in human lymphocyted
exposed to gamma rays. Int. J . Low Radiation, Vol 7, No. 2, 2010.
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Research
and
Development
Center for
Radiation
Technology

Nguyễn Tuệ Anh, Đặng Văn Phú, Nguyễn Ngọc Duy, Bùi Duy Du,
Nguyễn Quốc Hiến; Synthesis of alginate stabilized gold nanoparticles
by γ-irradiation with controllable size using different Au3+ concentration
and seed enlargement (Chế tạo keo vàng nano/alginat bằng phương pháp
chiếu xạ gamma với sự điều chỉnh kích thước hạt sử dụng nồng độ Au3+
khác nhau và hạt mầm); Radiation Physics and Chemistry, 79, pp. 405408, 2010 (www.elsevier.com/locate/radphyschem; Impact Factor (2009):
1.15).
Trần Văn Hùng, Trần Khắc Ân; Dose mapping using MCNP code and
experiment for SVST-Co-60/B irradiator in Vietnam (Xác định phân bố
liều trên thiết bị chiếu xạ SVST-Co-60/B ở Việt Nam dùng code MCNP
và thực nghiệm); Applied Radiation and Isotopes, Volume 68, Issue 6,
June 2010.
Trần Văn Hùng; Determination of α factor of epithermal neutron flux in
Dalat reactor, Vietnam, based on neutron spectrum calculated using
MCNP code (Xác định hệ số α của thông lượng nơtron trên nhiệt trên lò
Đà Lạt, Việt Nam, dựa vào phổ nơtron tính từ Code MCNP); Journal of
Radioanalytical and Nuclear Chemistry, Volume 283, Number 3,
February 2010, Pages 707-711; ISSN 0236-5731 (print version); ISSN
1588-2780
(electronic
version:
www.
Sprinerlink.com/content/7313w45120176716; Impact Factor (2009):
0.631).
Trần Văn Hùng; Modified method of α determination in the 1/E1+α
epithermal neutron spectrum of reactor (Phương pháp sửa đổi xác định hệ
số α trong phổ nơtron trên nhiệt của lò phản ứng); Journal of
Radioanalytical and Nuclear Chemistry, Volume 285, Number 2, August
2010, Pages 331-336; ISSN 0236-5731 (print version), ISSN 1588-2780
(electronic version:www. Sprinerlink.com/content/64551511967165k0/;
Impact Factor (2009): 0.631).

3.2 - Scientific Papers Published in Vietnam
Inst. for
Technology
of
Radioactive
and Reare
Elements

1. Huỳnh Văn Trung, Nguyễn Xuân Chiến, Đặng Kim Tại; Nghiên
cứu tách canxi, rubidi, stronti bằng phương pháp sắc ký trao đổi ion để
xác định tỷ lệ đồng vị stronti bằng ICP-MS, Tạp chí Phân tích Hoá, Lý và
Sinh học, T-15, 3-2010.
2. Huynh Van Trung, Nguyen Xuan Chien, Le Hong Minh; Study on
separation of rubidium, strontium by ion-exchange chromatography in
HNO3 and HCl media for determination of their content and isotopic
composition using ICP-MS, Tạp chí Hoá học, tháng 10/2010.
3. Huynh Van Trung, Nguyen Xuan Chien, Le Hong Minh;
Separation of hafnium in zirconium matrix by anion-exchange
chromatography for determination of its content and isotopic composition
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using ICP-MS, Tạp chí hoá học, tháng 10/2010.
4. Huynh Van Trung, Nguyen Xuan Chien, Le Hong Minh;
Determination of uranium, thorium, lead isotopic compositions in single
zircon, Tạp chí Phân tích Hoá, Lý và Sinh học, T-15, 4-2010, trang 302306.
5. Huynh Van Trung, Nguyen Xuan Chien, Le Hong Minh;
Separation of hafnium in zirconium matrix by cation-exchange
chromatography for determination of its content and isotopic composition
using ICP-MS, Tạp chí Phân tích Hoá, Lý và Sinh học (submitted).
6. Nguyen Thi Kim Dung, Pham Ngoc Khai; Quantitative
Determination of Trace Elements (Cr, As, Se, Cd, Hg, Pb) in some
oriental herb products using ICP-MS, Tạp chí Hóa học, T.48, 4C (2010)
626-632.
7. Hoang Manh Hung, Nguyen Thi Kim Dung; Analysis of Impurities
in methamphetamine seized in Vietnam: A tool to determine the synthesis
method and trace links; Tạp chí Hóa học, T48, 4C (2010) 263-267.
8. Lê quang Thái, Vũ Khắc Tuấn, Trịnh Nguyên Quỳnh, Đoàn Thị
Mơ, Nguyễn Hồng Hà, Bùi Thị Bảy; Làm giàu và làm sạch dung dịch
hoà tách bằng hệ trao đổi ion liên tục, Tạp chí Hoá học, (đã phản biện
tháng 9/2010).
9. Ngô Văn Tuyến; Nghiên cứu quy trình công nghệ sản xuất muối
zirconi oxyclorrua (ZrOCl2.8H2O) từ tinh quặng zircon silicat Việt Nam,
Tạp chí Khoa học và công nghệ các trường đại học kỹ thuật, Số 76/2010.
10. Hoàng Nhuận, Ngô Sỹ Lương, Nguyễn Hùng Huy; “Nghiên cứu
cấu trúc và khảo sát khả năng thăng hoa của một số phức chất Paladi βĐixetonat”, Tạp chí Hoá học, T48 (2), 2010.
11. Lê Quang Thái cùng các cộng sự; Changes of ratio of particle sizes,
effect of curing time and washing flowrate during Leaching of nonweathered sandstone ore by strong acid pugging and curing technique,
Tạp chí Nuclear Science and Technology, ISSN 1810-5408, Published by
Vietnam Atomic Energy Society, No. 3, September 2009.
12. ThS Nguyễn Duy Pháp, CN Bùi Thị Bảy, CN Nguyễn Anh Dũng;
Bleaching the sericite concentrate by using system of sulfuric acid –oxalic
acid – sodium dithionite. Tạp chí Nuclear Science and Technology (đang
chờ phản biện).
13. Lê Bá Thuận, Bùi Văn Thắng, Trần Văn Sơn; Nghiên cứu công
nghệ xử lý nước hồ Hoàn kiếm bằng vật liệu bentonit biến tính lantan.
Tạp chí hóa học, T.48 , 4C, tr. 384-389, (2010).
14. Lê Bá Thuận, Bùi Văn Thắng, Nguyễn Mạnh Trường, Trần Văn
Sơn, Thân Văn Liên; Nghiên cứu hấp phụ photpho trong dung dịch nước
bằng vật liệu bentonit biến tính lantan. Tạp chí hóa học, T.48 , 4C, tr. 402407, (2010).
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Nuclear
Research
Inst.

1. Nguyễn Ngọc Tuấn, Lê Thị Thanh Trân; Xác định hàm lượng Cu,
Zn, Cd, Hg, Se và As trong một số loài nhuyễn thể ở Phan Rang, Vũng
Tàu và Đà Lạt bằng phương pháp quang phổ hấp thụ nguyên tử. Tạp chí
phân tích Hóa, Lý và Sinh học Việt Nam, T14, NO3, trang 77-82 (2009).
2. Nguyễn Ngọc Tuấn, Nguyễn Thị Hồng Thọ; Đánh giá hàm lượng
Cu, Zn trong một số giống chè trồng ở ba vùng chuyên canh của tỉnh Lâm
Đồng. Tạp chí phân tích Hóa, Lý và Sinh học Việt Nam, T14, NO3, trang
7-13 (2009).
3. Nguyen Van Hung, Bui Van Loat; Intercomparison on internal dose
assessment for 131I. Journal of Science: Mathematics- Physics, ISSN
0866-8612, Vol.25, No.3, p.179-184, 2009. Đại học quốc gia Hà Nội
(VNU), Hanoi.
4. Bui Van Loat, Nguyen Van Quan, Le Tuan Anh, Tran The Anh,
Nguyen The Nghia, Nguyen Van Hung; Studying of characteristics of
GEM40P4 HPGe detector by experiment. Journal of Science:
Mathematics- Physics, ISSN 0866-8612, Vol.25, No.4, p.231-236, 2009,
Đại học quốc gia Hà Nội (VNU), Hanoi.
5. Cao Đông Vũ, Phạm Ngọc Sơn, Lê Thị Ngọc Trinh, Phan Thành
Nhựt, Nguyễn Thị Sỹ, Nguyễn Văn Minh, Hồ Mạnh Dũng, Phạm Thị
Hải, Nguyễn Kim Dung, Vương Hữu Tấn; Những kết quả ban đầu và
tiềm năng ứng dụng phương pháp phân tích kích hoạt nơtrôn trong nghiên
cứu nguồn gốc vật liệu khảo cổ đất nung ở Việt Nam. Tạp chí Phân tích
Hóa, Lý và Sinh học, tập T-14, số 4-2009, trang 8-13.
6. Cao Đông Vũ, Phạm Ngọc Sơn, Lê Thị Ngọc Trinh, Phan Thành
Nhựt, Nguyễn Thị Sỹ, Nguyễn Văn Minh, Phạm Thị Hải, Nguyễn Kim
Dung, Vương Hữu Tấn; Nghiên cứu nguồn gốc vật liệu khảo cổ đất
nung khu di tích Cát Tiên bằng phương pháp phân tích kích hoạt nơtrôn
và thống kê đa biến. Tạp chí Khảo cổ học, tập 162, số 6/2009, trang 6478.
7. Pedro Carlos Domingo Lemos, Phan Long Ho, Cao Dong Vu,
Nguyen Thi Sy, Le Thi Ngoc Trinh; The data statistic assessment for
multi-element analysis results of human hair sample from people living in
some areas of Angola, Nuclear Science and Technology, vol. 3, No.
September 2009, page 32-39.
8. Nghiêm Lê Thanh Tâm, Nguyễn Văn Minh, Cao Đông Vũ; Nghiên
cứu điều kiện tối ưu để tách kẽm trong mẫu địa chất và xác định bằng
phương pháp phân tích kích hoạt nơtrôn (NAA), tạp chí Phân tích Hóa,
Lý và Sinh học, tập T-15, số 4-2010, trang 276-279.
9. Nguyễn Mộng Sinh, Nguyễn Thị Hồng Thắm, Nguyễn Tiến Đạt;
Nghiên cứu mối tương quan giữa hàm lượng magiê, đồng, kẽm, mangan
trong dịch trích ly chlorophyll với hàm lượng tổng magiê, đồng, kẽm,
mangan của một vài loại rau ăn lá, Tạp chí phân tích Hóa, Lý và Sinh học,
tập 14, số 4/2009.
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10. Nguyễn Giằng, Nguyễn Ngọc Tuấn, Nguyễn Thanh Tâm, Trương
Phương Mai, Trương Đức Toàn; Xác định hàm lượng thủy ngân trong
các mẫu lương thực bằng phương pháp phân tích kích hoạt nơtron có xử
lý hóa học, Tạp chí phân tích Hóa, Lý và Sinh học, tập 14, số 4/2009.
11. Nguyễn Ngọc Tuấn, Lê Tất Mua, Nguyễn Tiến Đạt, Phạm Thị Lan
Phi; Nghiên cứu phương pháp chiết pha rắn với hỗn hợp chất hấp phụ
than hoạt tính và silicagel để tách và làm giàu dư lượng hóa chất bảo vệ
thực vật trong các loại rau và phân tích bằng phương pháp sắc ký khí. Tạp
chí phân tích Hóa, Lý và Sinh học, T. 15, NO3, trang 286-290 (2010).
12. Nguyễn Ngọc Tuấn, Lê Văn An, Huỳnh Văn Trung, Nguyễn Thanh
Bình; Xác định thành phần vi lượng trong lá và mủ cao su ở các độ tuổi
khác nhau. Phần 1. Đánh giá hàm lượng mangan trong lá và mủ cao su
của dòng vô tính PB-235 ở các độ tuổi khác nhau bằng phương pháp kích
hoạt nơtron. Tạp chí phân tích Hóa, Lý và Sinh học, T.15, NO4, trang 4751 (2010).
13. Nguyễn Ngọc Tuấn, Trương Minh Trí; Nghiên cứu khả năng dịch
chuyển một số nguyên tố Cu, Mn, Cr, As trong nước thải tại khu công
nghiệp An Phú, tỉnh Phú Yên. Tạp chí hóa học, T.48, Tr.408-414, 2010.
14. Trần Thị Thủy, Lê Hải, Huỳnh Thiên Phúc, Nguyễn Trọng Hoành
Phong, Nguyễn Duy Hạng, Nguyễn Tường Ly Lan; Bảo quản cam tươi
bằng chitosan chiếu xạ. Tap chí Công nghệ sinh học 8 (3B): 1429, 2010.
15. Nguyễn Duy Hạng, Nguyễn Giằng, Trương Đức Toàn, Nguyễn Thị
Thoa, Nguyễn Thị Ngọc Tho, Ngô Thị Yến Phi. Nghiên cứu hấp thụ asen
trong môi trường lỏng bằng nấm Trichoderma. Tạp chí Công nghệ sinh
học 8 (3B): 1745-1749, 2010.
16. Hoàng Sỹ Minh Phương, Nguyễn Văn Hùng; Mô phỏng Monte
Carlo bằng chương trình MCNP và kiểm chứng thực nghiệm phép đo
chiều dày vật liệu đối với hệ chuyên dụng MYO-101. Tạp chí Phát triển
khoa học và công nghệ, ISSN 1859-0128. T.13, No.T2, Tr.83-91, 2010.
Đại học quốc gia Tp. HCM.
17. Le Quang Huan, La Thi Huyen, Tran Thi Thanh Huyen, Nguyen
Thi Thu; Studies on Radiolabelled recombinant immunotoxin for medical
purpose. Advances in Natural Sciences, Vol.10, No.3, P. 407-417, 2009.
Center for
Nuclear
Techniques

1. Nguyễn Huỳnh Phương Uyên, Võ Thị Thu Hà, Lê Quang Luân;
Nghiên cứu tạo dòng biến dị hình thái in vitro cây địa lan tím hột bằng
phương pháp chiếu xạ gamma C0-60. Tr. 34-39. Kỷ yếu Hội thảo ứng
dụng công nghệ cao trong sản xuất hoa và cây kiểng.
2. Nguyễn Thị tuyết Mai, Võ Thị Thu Hà, Nguyễn Huỳnh Phương
Uyên, Lê Quang Luân; Nghiên cứu nhân nhanh và tạo dòng biến dị
invitro cây Lan hài hang (Phiopedium delenatii). Tr. 40-44. Kỷ yếu Hội
thảo ứng dụng công nghệ cao trong sản xuất hoa và cây kiểng.

Research

1.

Nguyễn Thị Kim Lan, Đặng Văn Phú, Võ Thị Kim Lăng, Nguyễn
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and
Development
Center for
Radiation
Technology

Ngọc Duy, Trương Thị Hạnh, Nguyễn Tuệ Anh, Nguyễn Quốc Hiến;
Nghiên cứu chế tạo bạc nano bằng phương pháp chiếu xạ gamma Co-60
sử dụng alginat làm chất ổn định, Tạp chí Hóa học, Tập 48, số 3, Tr. 298302, 2010.
2. Trương Thị Hạnh, Nguyễn Quốc Hiến, Hà Thúc Huy; Chế tạo vật
liệu hấp phụ arsen từ chitin bằng kỹ thuật polyme hóa ghép bức xạ, Tạp
chí Hóa học, Tập 48, số 6, 2010 (đang in).
3. Doan Thi The, Vo Thi Kim Lang, Le Quang Thanh, Nguyen Thuy
Khanh; Studying in combination of hot water treatment and gamma
irradiation to extend the shelf-life of “Cat Hoa Loc” mangoes, Nuclear
Science and Technology, 2010 (đang in).

3.3 - Scientific Papers Presented in International Conferences
Inst. for
Technology
of
Radioactive
and Reare
Elements

1. Huynh Van Trung, Nguyen Xuan Chien, Le Hong Minh; Study on
separation of rubidium, strontium by ion-exchange chromatography for
determination of their content and isotopic composition using ICP-MS,
poster, Pacifichem Congress 2010, Hawaii, US, Abstract Control ID:
858657.
2. Huynh Van Trung, Nguyen Xuan Chien, Le Hong Minh;
Separation of uranium by ion-exchange chromatography for
determination of its content and isotopic composition using ICP-MS,
poster, WM Conference 2011, Arizona, US, Abstract Control ID: 11126.
3. Pham Quynh Luong; Study the polymer coating for detecting and
surface decontamination of uranium, MW Symposium - 2011, Phoenix,
Arizona, 3/2011,USA.
4. Nguyễn Bá Tiến; Nghiên cứu xử lý nước thải của quá trình xử lý
quặng urani vùng Nông Sơn, Quảng Nam, MW Symposium - 2011,
Phoenix, Arizona, 3/2011,USA.
5. Thân Văn Liên và cộng sự; Xử lý quặng urani nghèo bằng phương
pháp hoà tách đống, Báo cáo khoa học tại Hội nghị quốc tế về xử lý
quặng urani hàm lượng thấp tại thành phố Viên, áo, tháng 3 năm 2010.
6. Nguyễn Bá Tiến; The management of the radioactive waste in
Vietnam, Newsletter FNCA RS-RWM No.3, Jan, 2010.

Nuclear
Research
Inst.

1. Tran Quang Hieu, Nguyen Ngoc Tuan, Le Van Tan; A new
complex between Ortho-Ester Tetra Azophenylcalix [4]arene (TEAC) and
Th(IV). Proceeding of 2010 International Conference on Chemical
Engineering and Applications (CCEA 2010); Singapore, 26-28 February,
2010. World Academic Press. ISBN 978-1-84626-023-0.
2. Le Hai; Application of radiation processed polymeric materials for
argriculture and industry: Present and future prospect. Symposium &
Pameran Aplikasi Teknologi Isotop Dan Radiasi. Jakarta, 27-28 October
2010.
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3. Le Hai, Nguyen Trong Hoanh Phong, Le Van Toan, Nguyen T. Ly
Lan and Nguyen Tan Man; Research and Application of Radiation
Processed Polymers to Enhance Oil Recovery in Petroleum Industry Current Status and Prospects. NIC, 13-15 Dec. 2010, Mumbai, India.
Research
Production of oligochitosan by gamma-irradiation and application in
and
agriculture; FNCA Symposium on electrom beam of accelerators; 1Development 5/3/2010, Jakarta, Indonesia.
Center for
Radiation
Technology
NDE Center

Vu Tien Ha, Nguyen Bao Khue; Applying Advanced Digital Industrial
Radiology and Computed Tomography in Industry and Civil Engineering,
IAEA/RCA Mid-Term Review Meeting of the RCA project : RAS 8/110.

3.4 - Scientific Papers Presented in National Conferences
Inst. for
Technology
of
Radioactive
and Reare
Elements

1. Trịnh Nguyên Quỳnh; Xây dựng quy trình hoà tách quặng urani
vùng Nông Sơn bằng kỹ thuật trộn ủ với axits mạnh, Hội nghị
KH&CNHN cán bộ trẻ ngành NLNT lần thứ nhất, ngày 19-20/3/2010.
2. Hoàng Văn Đức; Tổng hợp nano-canxi cacbonat từ nguồn đá vôi
Yên Bái bằng phương pháp kết tủa trọng trường cao, Hội nghị
KH&CNHN cán bộ trẻ ngành NLNT lần thứ nhất, ngày 19-20/3/2010.
3. Đỗ Văn Khoái; Nghiên cứu thăm dò kết tủa AUC từ dung dịch UO2F2, Hội nghị KH&CNHN cán bộ trẻ ngành NLNT lần thứ nhất, ngày 1920/3/2010.
4. Hoàng Văn Đức, Lê Bá Thuận, Hoàng Nhuận, Trần Ngọc Hà,
Nguyễn Thị Thục Phương, Nguyễn Thị Thanh Thủy, Nguyễn Minh
Thư; “Tổng hợp nano-canxi cacbonat từ nguồn đá vôi Yên Bái bằng
phương pháp kết tủa trọng trường cao”, Tuyển tập Báo cáo Hội nghị
KHCN Tuyển khoáng Toàn quốc lần thứ III, Hà Nội-06/2010.
5. Nguyễn Văn Sinh; Nghiên cứu xây dựng quy trình điều chế thử
nghiệm bột zirconi kim loại bằng phương pháp nhiệt kim canxi, Tuyển tập
báo cáo Hội nghị khoa học công nghệ tuyển khoáng toàn quốc lần thứ III,
6/2010.
6. Nguyen Trong Hung, Le Ba Thuan, Do Van Khoai, Cao Duy
Minh; The preliminary study on precipitation of ammonium uranyl
carbonate (AUC) from uranyl fluoride (UO2F2) solution, Tuyển tập báo
cáo Hội nghị khoa học công nghệ tuyển khoáng toàn quốc lần thứ III,
6/2010.
7. Nguyễn Trọng Hùng, Lê Bá Thuận, Nguyễn Duy Pháp; Tinh chế
urani kỹ thuật Việt Nam đạt độ sạch hạt nhân bằng phương pháp chiết với
dung môi Tributyl phot phat, Tuyển tập báo cáo Hội nghị khoa học công
nghệ tuyển khoáng toàn quốc lần thứ III, 6/2010.
8. Nguyễn Bá Tiến; Một số kết quả nghiên cứu và ứng dụng đất hiếm
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tại Viện CNXH, Tuyển tập báo cáo Hội nghị khoa học công nghệ tuyển
khoáng toàn quốc lần thứ III, 6/2010.
9. Nguyễn Bá Tiến; Một số đánh giá ban đầu về hiện trạng phóng xạ tự
nhiên dọc tuyến đường HCM, Tuyển tập báo cáo Hội nghị khoa học công
nghệ tuyển khoáng toàn quốc lần thứ III, 6/2010.
Nuclear
Research
Inst.

1. Lê Hải, Nguyễn Tấn Mân; Nghiên cứu và ứng dụng các sản phẩm
công nghệ bức xạ tại Viện Nghiên cứu hạt nhân. Hội nghị khoa học và
công nghệ gắn với thực tiễn lần IV, Đà Lạt, 20-21/8/2010.
2. Nguyễn Duy Hạng, NguyễnThị Trang; Xử lý chiếu xạ và lên men
nấm các phụ phế phẩm xơ sợi nông nghiệp để làm thức ăn cho gia súc.
Hội nghị khoa học công nghệ sinh học khu vực miền Trung và Tây
Nguyên lần thứ 2. Huế, 28/10/2010.

Center for
Nuclear
Techniques

Nguyễn Huỳnh Phương Uyên và ctv; Nghiên cứu ứng dụng vật liệu
Hydrogel chế tạo bằng kỹ thuật bức xạ trong xử lý chất thải gia súc. Báo
cáo hội nghị khoa học và Công nghệ Hạt nhân Cán bộ trẻ Ngành năng
lượng Nguyên tử lần thứ I, Hà nội, 19-20/3/2010.

Research
and
Development
Center for
Radiation
Technology

Hội nghị Khoa học và Công nghệ hạt nhân cán bộ trẻ ngành năng lượng
nguyên tử lần thứ nhất, Hà nội, 19-20/3/2010.
1. Phạm Thị Thu Hồng, Đoàn Bình, Nguyễn Thành Được, Nguyễn
Ngọc Duy, Nguyễn Nguyệt Diệu; Nghiên cứu chế tạo hỗn hợp nanogel
poly (vinyl-pyrrolidone) và lactogel dùng làm chất kích thích sinh trưởng
cây trồng.
2. Nguyễn Thị Kim Lan, Đặng Văn Phú, Nguyễn Ngọc Duy, Nguyễn
Quốc Hiến; Nghiên cứu hiệu ứng đồng vận cắt mạch beta-chitosan bằng
bức xạ gamma Co-60 kết hợp với hydroperoxit.
3. Nguyễn Thụy Khanh, Đoàn Thị Thế, Võ Thị Kim Lăng, Lê Quang
Thành; Nghiên cứu ảnh hưởng của việc xử lý nhiệt kết hợp chiếu xạ
gamma liều thấp đến chất lượng trái thanh long xuất khẩu.
4. Đặng Văn Phú, V.T.K. Lăng, N.T.K. Lan, N.N. Duy, N.T. Anh, N.Q.
Hiến; Study on preparation of silver nanoparticles/chitosan by gamma
irradiation.
5. Trần Khắc Ân, Cao Văn Chung, Trần Văn Hùng; Nghiên cứu
phương pháp sử dụng lớp hấp thụ nhằm mở rộng các giới hạn chiếu xạ
trên máy gia tốc chùm tia electron UERL-10-15S2.
6. Nguyễn Anh Tuấn, Cao Văn Chung; Tính toán phân bố suất liều bên
ngoài buồng chiếu xạ và hiệu ứng sky-shine của máy gia tốc chùm
electron UERL-10-15S2.

NDE Center

342

Vũ Tiến Hà; Ứng dụng kỹ thuật để kiểm tra không phá hủy trong các
ngành kinh tế xã hội, Hội thảo về ứng dụng bức xạ và đồng vị phóng xạ
phục vụ phát triển kinh tế - xã hội.

The Annual Report for 2010, VAEI

VIỆN NĂNG LƯỢNG NGUYÊN TỬ VIỆT NAM

The ANNUAL REPORT for 2010

Editorial Board:
Dr. Tran Chi Thanh, Chief Editor
Dr. Cao Dinh Thanh
Eng. Nguyen Hoang Anh
M.Sc. Bui Dang Hanh
M.Sc. Nguyen Thi Dinh
B.A. Nguyen Thi Phuong Lan.
Ban biên tập:
TS. Trần Chí Thành, Tổng biên tập
TS. Cao Đình Thanh, Phó tổng biên tập
KS. Nguyễn Hoàng Anh, Ủy viên, Thư ký Ban biên tập
ThS. Bùi Đăng Hạnh, Ủy viên
ThS. Nguyễn Thị Định, Ủy viên
CN. Nguyễn Thị Phương Lan, Ủy viên.

