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Preface
The research activities of the Vietnam Atomic Energy Institute (VINATOM) during
the period from 1 January to 31 December 2009 are presented in this Report. The research
activities are focused on the following fields:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Nuclear Physics;
Reactor Physics, Reactors and Nuclear Power;
Instrumentation;
Industrial Applications;
Applications in Ecology, Environment and Geology;
Applications in Biology, Agriculture and Medicine;
Radiation Protection and Radioactive Waste Management;
Radiation Technology;
Radiochemistry and Materials Science;
Computation and Other Related Topics.

The total number of permanent staff working at the VINATOM as December 31,
2009 was 704 including the clerical service staff. The VINATOM was funded from the
Government with the amount to 88.410 billion VN Dong for FY 2009. The international
support for the VINATOM activities is committed to over 0.929 million USD including
equipment, staff training and expert services.
Main results of fundamental and applied research implemented in the year were
presented in 120 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 (19 VIE projects, including 13 continued and 6 new), the
regional projects (51 RAS projects), the research contracts with the IAEA (14 RCs), the
research contracts with the Government, the Ministry of Science, Technology, Vietnam
Atomic Energy Institute and the National Program for Fundamental Research (totally 38).
During the time of year 2009, in the VINATOM there were 1 graduated in Ph.D.
courses; about 210 people have been trained abroad in the fields of nuclear science and
technology.

Prof. Dr. Vuong Huu Tan
President, VINATOM

VAEI-AR 09--1

PHASE TRANSITION OF ASYMMETRIC NUCLEAR MATTER
BEYOND THE 4-NUCLEON MODEL
Tran Huu Phat1, Nguyen Tuan Anh2, Nguyen Van Long3 and Le Viet Hoa4
1) Vietnam Atomic Energy Commission, 59 Ly Thuong Kiet, Hanoi,
2) Institute for Nuclear Science and Technique, 5T-160 Hoang Quoc Viet, Hanoi, Vietnam.
3) Gialai Teacher College, 126 Le Thanh Ton, Pleiku, Gialai, Vietnam.
4) Hanoi University of Education, 136 Xuan Thuy, Cau Giay, Hanoi, Vietnam.
Abstract: The contribution of the delta meson to asymmetric nuclear matter
(ANM) in the four-nucleon model is considered within the Cornwall-JackiwTomboulis (CJT) effective action approach. In the double-bubble approximation
the theory provides the nuclear symmetry energy (NSE) consistent with the recent
analysis of experimental data and, at the same time, leads to a softer
incompressibility, K0 = 240 MeV, without invoking any additional term similar to
the Boguta-Bodmer potential.

1. Introduction
It is evident that the use of heavy-ion collisions, especially, nuclear reactions
induced by radioactive beams, is an important breakthrough for studying many nuclear
phenomena at extreme conditions and their astrophysical implication. We like to stress
that the nuclear symmetry energy,

and its related quantities play crucial role in understanding the dynamics of the heavyion interactions [1-4], the structure of neutron-rich nuclei and nuclei close to drip-line
[5-10], the structure of neutron stars and supernova explosions [11-13]. In (1.1) bind is
the binding energy of ANM, B = p + n and  = (n - p)/B, where p and n are the
proton and neutron densities, respectively.
In the previous paper [14] we determined the nuclear symmetry energy starting
from the four-nucleon interaction model, in which the sigma, omega and rho mesons are
properly taken into account. We found that in the doublebubble approximation (or the
Hartree-Fock (HF) approximation) the density dependence of NSE Esym(B) is in good
agreement with the data of recent analysis. However, the calculated value for the
incompressibility, 0 = 547.56 MeV, is too large in comparison with the commonly
accepted one. This shortcoming of the model was hopefully remedied by incorporating
the meson δ[a0(980)] into consideration. It is well known that the delta meson
exchange, among the exchange of other mesons, is an essential ingredient of all NN
realistic potentials and, moreover, its contribution constitutes an important part to the
stability conditions of drip-line nuclei [8,15] and other properties of ANM [16]. The
main aim of this work is to study systematically the properties of ANM given by the
Lagrangian density
The Annual Report for 2009, VAEI
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Here (x) is the nucleon field, M the nucleon mass,  denotes the isospin
matrices, and Gσ, Gω, Gρ and Gδ are coupling constants.
The remaining sections of the paper are as follows. Section II is devoted to the
calculation of the CJT effective potential and the equations of states (EOS) of ANM. In
Section III the numerical computation is presented. The conclusion and outlook are
given in Section IV.
2. CJT Effective Potential
Bosonizing the Lagrangian density (1.2) we obtain immediately

in which
and Gσωρδ = g2σωρδ/m2σωρδ; mσ, mω, mρ and mδ are, respectively, the masses of
corresponding mesons.
Let us remark that the preceding bosonization established the nucleon-antinucleon
bound states that have the quantum numbers (spin, isospin, and charges) of the σ, ω, ρ
and δ mesons. At the energies of interest in this paper the hadrons are the only relevant
degrees of freedom. In this respect, it is reasonable to identify these bound states to
corresponding mesons, the quark content of which had to be justified when they were
created in high-energy NN reactions.
The result of Ref. [14] is then straightforwardly extended to get the general
formula and the expression in the two-loop approximation for the CJT effective
potential. Here, for later use, it is convenient to write the potential in the double-bubble
approximation, where σ = ω = ρ = δ = 0, or equivalently Mσωρδ = mσωρδ (see Fig.
1).

We therefore easily derive the HF formula for the CJT effective potential

16
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2.2)
in which

(2.3)
(2.4)
(2.5)
(2.6)

The effective potential (2.2) provides us respectively
a)

The thermodynamical potential,

b) The energy density
c) The binding energy
and
d) The pressure

Eqs. (2.7), (2.8), (2.9) and (2.10) are the EOS of ANM of our model, they govern
all the nuclear processes, which will be the subject of our later investigation. As
mentioned in the Introduction, we now focus on the study of nuclear properties
originated from the model.
3. Numerical Computations
The masses of nucleons and mesons are chosen to be M = 939 MeV, mσ = 550
MeV, mω = 783 MeV, mρ = 770 MeV, mδ = 983 MeV.
The numerical calculation so far is ready to be carried out step by step as follows.
We first fix the coupling constants Gσ and Gω. To this end, Eq.(3.4) or Eq.(3.5) is
solved numerically for symmetric nuclear matter (Gρ = Gδ = 0). Its solution is then
inserted into the nuclear binding energy bind in Eqs.( 2.9) and (3.1). Two parameters, Gσ
and Gω, are adjusted to yield the binding energy bind = -15.8 MeV at normal nuclear
The Annual Report for 2009, VAEI
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density B = 0 = 0.16 fm−3 as is shown in Fig. 2. The corresponding values for them
are Gσ = 195.6/M2 and Gω = 1.1215 Gσ.

As to Gρ and Gδ which should be constrained to fit a4, the bulk symmetry
parameter of the Weiszaecker mass formula, and the incompressibility K0. We assume

a4 = 30 MeV and K0 = 240 MeV, which are belonging to their commonly accepted
values, a4 = 31±4 MeV [18] and K0 = 200÷300 MeV [11]. Accordingly, the fitting
process gives Gρ = 0.5243 Gσ, Gδ = 0.9318 Gσ. It is interesting to note that in Ref. [18]
one attained the values a4 = 30 MeV and K0 = 280 MeV within the Walecka model
[19], including the Goguta-Bodmer potential term [20].
Next let us determine the density dependence of NSE. The numerical computation
with the aid of the Mathematica [21] is carried simultaneously for Eqs. (1.1), (2.9) and
(3.1), and we obtain the graph for the density dependence of Esym given in Fig. 3, which
can be approximated by the function
is clearly in agreement with the experimental constraint processed in [22-24]. For
comparison, we also depict the graphs of the functions E1 = 30(Β/0)0.7 and E2 =
30(B/ρ0)1.1. We have
Of course, based on this constraint other field-theoretical models with exponent >1.1
would be ruled out.
Finally let us estimate the slope L and curvature Ksym of NSE at

0,

The slope L can be determined from measured thickness of the neutron skin of
heavy nuclei and the information on Kasy = Ksym - 6L can be provided by measuring the

18
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giant monopole resonances in neutron-rich nuclei. Making use of the isospin and
momentum-dependent IBUU04 transport model with in-medium NN cross section the
values of L = 88 ± 25 MeV and of Kasy = -500 ± 50 MeV were extracted in [23,24] and
[6,23,24], respectively. Our model yields L = 99.54 MeV, Kasy = -520.88 MeV, which
are reasonably acceptable.
In resuming, the values of four coupling constants and five important nuclear
quantities are reported in the following table

where γ is defined by

4. Conclusion and Outlook
Now let us present briefly the-state-of-the-art obtained in the preceding sections.
Extending the previous work [14] we considered the four-nucleon model which includes
the delta meson. Perhaps, among other things, the net results are the following. With the
involvement of the delta meson the four-nucleon model generated the expected value
for the incompressibility of nuclear matter, K0 = 240 MeV, without adding some terms
like the Bogota-Bodmer potential and, at the same time, provided the nuclear symmetry
energy as well as its slope L and curvature Ksym consistent with the experimental
constraints. This is our major success. Moreover, it is worth to emphasize that in the
mean field approximation the Lagrangian (1.1) is equivalent to the corresponding one of
the Walecka model [19] in the nucleon sector, which yielded the incompressibility K0 =
540 MeV. This is the loop contributions which give rise to a softer incompressibility.
Hence, the importance of the loop contributions is confirmed again [25]. In this respect,
studying the four-nucleon model beyond the mean field theory might be most relevant
for investigating many fundamental issues for both nuclear physics and astrophysics.
Following this direction, the astrophysical implication of the model developed in this
work is the topic of our next research [26].
Acknowledgment
N.V.L. express their sincere thanks to the Institute for Nuclear Science and
Techniques for the hospitality during their doctoral study. This paper is supported by the
Vietnam National Foundation for Science and Technology Development.
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microscopic Study of nuclear structure by bcs
hartree-fock framework and nuclear reaction by
couple-chanel folding calculation
Do Cong Cuong, Hoang Si Than, Dao Tien Khoa and Le Xuan Chung
Institute for Nuclear Science & Technology,
Vietnam Atomic Energy Institute,
179 Hoang Quoc Viet, Nghia Do, Ha Noi
Abstract: Giant resonance in 208Pb has been studied with inelastic α- scattering of
240 and 386 MeV. The inelastic scattering data was analyzed as with multipoledecomposition analysis (MDA). Microsopic α-nucleus potential was contructed
from nucleon-nucleon interaction CDM3Y6 form and collective model for wave
fuction of 208Pb at giant resonance states. The results lead to strength distributions
of the isoscalar giant monopole resonance (ISGMR), isoscalar giant dipole
resonance (ISGDR), isoscalar giant quadrupole resonance (ISGQR), and isoscalar
giant octupole resonance (ISGOR).

To analyze the experiment data, we introduce the Multipole decomposition
analysis (MDA). The experimental angular distribution of the cross section,

d 2 / dΩdE ( c.m. , E x )

exp

, is expressed by the superposition of calculated

angular distributions, d 2 / dΩdE ( c.m. , E x )L :
cal .

 d 2


( c.m. , E x )
 dΩdE


exp .

calc .

 d 2

( c.m. , E x ) .
= ∑ a L (E x )
L
 dΩdE
L

(1)

In the present multipole decomposition analysis, the coefficients, aL(Ex)’s,
were determined for each 1-MeV excitation energy bin by the “least square
method”. The fitting coefficient, aL(Ex), has a physical meaning as the fraction of
the energy weighted sum rule (EWSR) value (m1) defined as follows:
m1 = ∑ E n n QL (r ,  ) 0 ,
2

(2)

n

where QL (r , ) is a transition operator for the multipolarity L. The transition
operators are generally defined as a combination of the spherical Bessel function
jL(r) and spherical harmonics YL ( ) . The angular distributions calculated in the
frame work of DWBA were employed. The numerical results were obtained using
the code “ECIS95” [6]
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k  
2
 d 2


( c.m. , E x ) = f f 2 i 2 T fi ,
k i 2
 dΩdE
L
cal

(

)

(3)

where k f (i ) ,  f (i ) are linear momentum and reduced mass for the initial (final)
state of the incident particle in the reaction process. In the framework of the
Distorted-Wave-Born-Approximation (DWBA), the transition amplitude matrix
Tf i can be written as:
 ( − )*    ( + )  

(

(k , r )U (r ) (k , r ),

T fi = ∫ dr  f

 

)

(

 

f

i

f

(4)

)

Here,  (f− )* k f , r ,  i(+ ) k f , r are the incoming and outgoing distorted waves.
U(r) is the transition potential which is calculated by double folding model [3,4].
To generalize realistic distorted waves for the DFM + DWBA study of the
isoscalar giant resonances, we calculate the complex folded OP for the optical
model (OM) analysis of the elastic  + 208Pb scattering data at Elab=240 MeV
[13] and 386 MeV [14]. To fine tune the complex strength of the CDM3Y6
interaction [3], renormalization coefficients NR and NI of the real and imaginary
elastic folded potentials were adjusted by the OM fit to the elastic data at each
energy (see OM results shown in Fig. 1). The best-fit NI of about 1.4 is
reasonable because the imaginary strength of the CDM3Y6 interaction was tuned
to the BHF [12] results for nuclear matter and gives, therefore, only the ``volume"
absorption.
10 1
208

10 0

Pb(α,α) Elastic scattering

dσ/dσR

10 -1
10 -2

240 MeV

10 -3
10 -4
10 -5
N R =N I=1.0
renorm . N R,I

10 -6
10 -7

x10 -2

386 MeV

0

5

10

15

20

25

30

35

Θc.m.(deg)

Fig. 1: The differential cross section of  + 208Pb system at 240 MeV [1,13]
and 386 MeV [2,14] given by the unrenormalized (dash curves) and renormalized
complex folded OP (solid curves).
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The MDA analysis of the inelastic  + 208Pb scattering data at Elab=240
MeV measured by the Texas A&M University group [1,13] was done in the
energy bins of 640 or 800 keV width to deduce the isoscalar EL strength
distributions over a wide range of excitation energy, and inelastic  + 208Pb
scattering data measured by the Osaka group at Elab=386 MeV [2, 14]. In Fig. 2
the inelastic  + 208Pb scattering cross section at Elab=240 MeV measured for the
640 keV-wide energy bin centered at Ex = 14.1 MeV [1] are compared with the
DFM + DWBA results. In this energy bin, the E0 strength deduced from the 240
MeV data is strongest and exhausts about 37.6% of the E0 EWSR. The isoscalar
E1 strength is quite significant (6.3% of the E1 EWSR) in this energy bin due to
the dipole strength coming from the low-energy peak of ISGDR located around
13 MeV and affecting significantly the total angular distribution. The isoscalar
E2 strength of about 6.6% of the E2 EWSR as well as no contribution from
isoscalar E3 excitation were found in this energy bin [1]. One can see in the Fig.
2 that the measured inelastic scattering cross section is reasonably described by
the DFM + DWBA calculation using the CM transition densities scaled to the
isoscalar (L=0,1,2) strengths given by the MDA of Ref. [1]. Given the monopole
and dipole angular distributions oscillating out of phase, a smooth angular
distribution seen in the 240 MeV data shows clearly the mixture of the E1
strength from the low-energy peak of ISGDR in the considered energy bin. Since
the MDA of the Osaka data [2,14] has given the strongest E0 strength in the 1
MeV energy bin centered at Ex = 13.5 MeV. According to the MDA of the Osaka
data, the E0 strength is strongly fragmented over a wide energy range and only
about 16% of the E0 EWSR has been located in the energy bin around the
ISGMR peak at Ex = 13.5 MeV. While the isoscalar dipole strength deduced from
the 386 MeV data is quite close to that deduced from the 240 MeV data, the
isoscalar E2 strength was found [2,14] much stronger (up to 15% of the E2
EWSR) in the energy bin around Ex = 13.5 MeV. On top of that, about 3% of the
isoscalar E3 EWSR strength was also observed by Uchida et al. [2, 14] in this
energy bin.
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103
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208
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Pb(α,α')208Pb*@386 MeV, Ex=14.5 MeV
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Fig. 2: Inelastic _+208Pb scattering cross section at Elab = 240 MeV and
386 MeV measured for the energy bin centered at Ex = 14.1 MeV [1] in
comparison with the DFM+DWBA results given by the CM transition densities
built upon the isoscalar EL strengths.
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CALCULATION AND DESIGN OF RADIATION SHIELDING
CONFIGURATION FOR NUCLEAR RESEARCH SYSTEM
ON NEUTRON BEAM
Tran Tuan Anh, Nguyen Kien Cuong, Nguyen Canh Hai, Nguyen Xuan Hai,
Nguyen Dinh Lam, Nguyen Xuan Qui, Pham Ngoc Son and Ho Huu Thang
Nuclear Research Institute, Dalat, Vietnam
Abstract: The tangential horizontal channel of N03 of the Dalat Research Reactor has
been opened and used in the 90th. The utilizations of the thermal neutron beam at this
channel were the Neutron Radiography and the Prompt Gamma Neutron Activation
Analysis method (PGNAA). At present, the neutron beam used for nuclear data
researches based on the Summing of Amplitude Coincident Pulses system (SACP).
Beside, several relevant research equipments have been set up and operated for research
purposes. The renovation of the neutron channel is played an important role for safe and
effective utilizations of the neutron beam and these equipments in fields of nuclear physic
training and researches.

I. INTRODUCTION
The Dalat Research Reactor (DRR) is a neutron source with high and steady
neutron flux not only for radioisotope production but also for nuclear fundamental and
applied researches. The studies on neutron beams at the DRR include 2 periods: the
1990-2000, the activities focused on nuclear data measurements on filtered neutron
beams, PGNAA, investigation of the Compton suppression and the SACP systems. The
2000-present, several nuclear equipments have been supported for nuclear data
measurements such as the SACP system, high resolution nuclear spectroscopes; BGO
Compton suppression system, neutron spectroscopy.... Thank to these equipments, the
activities of nuclear data researches on neutron beams were effectively enhanced.
However, the recently radiation shielding configuration is not compatible with multi
purposes experimental arrangements dued to the limit of working area and the
probability of water leakage from reactor core to the beam port during the reactor in
operation.
The aim of this project is to simulate and design a new radiation shielding
configuration in case of remove the shielding concrete wall at the No. 3 channel based
on Monte Carlo method to enlarge working area for role for safe and effective
utilizations of the neutron beam in fields of fundamental, applied nuclear physic
researches and training.
II. MONTE CARLO SIMULATION
2.1. Calculation model
The core of the reactor is a neutron source of 60cm in height devided to 5 parts
with diameter of 40cm each one. The graphite reflectometer and thermal column were
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exactly decribed and fragmented of the volume to use weight window method for
calculation.
The neutron beam of No. 3 channel consists, in the inner part, of a watercontaining tube-shaped tank 1.5m long and 80mm in diameter and a flexible collimating
system following outwardly, the configuration of which can be changed at will. The
tank is placed in a pure aluminium tube having the same diameter as the channel, their
remaining empty space being filled with borated heavy concrete. A neutron filter of
silicon of 5cm diameter, 50cm long is located behind the water tank for producing the
thermal neutron beam. In the outer part, a block of paraffin mixed boron and lead of
10cm thickness is placed in front of the channel for radiation shielding. To prevent the
detection of background gamma-rays, the both horizontal semiconductor detectors are
embedded in lead blocks 35x25x20cm in dimension. A neutron stop system positioned
at the end to capture all neutron from the beam. The concrete wall shielding around the
channel is considered generally 2.3 g/cm3 density. 17 positions for calculation neutron
and gamma dose rates as the height of 0.5 m, 1m and 1.5 m above the ground are shown
in Fig. 1.
Beam stop
Detector
shielding
Concret
system
1
e wall
1
Thermal
4
1
5
column
1
1 3
6
1 2
7
1
8 7
1
9
6
7
1
5
1
4
0
2
3

Radiation
shielding
system
Table

No. 4 channel
Fig. 1: The model of radiation shielding configuration
2.2. Results and discussion

3
The Monte Carlo method was used to simulate the new radiation shielding
configuration in order to determine the neutron and gamma dose rates for 17 relevant
positions around the No. 3 channel. The calculated values are in good agreement with
measured ones. The distribution of dose rates were shown in Fig. 2 and Fig. 3. The
errors of the calculated values were about 5%. In case of some values have errors of
80%, it can be explained that the materials for the wall include paraffin, wood and
concrete blocks but we supposed that it is a normal concrete layer with 2.3g/cm 3 density
in calculation. Beside, radiation backgrounds from nearby channels effect significantly
in the calculated results. Therefore, it needs to have extra radiation shieldings at the No.
4 channel and the thermal column.
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Fig. 2: Comparison of neutron dose rate
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Fig. 3: Comparison of gamma dose rate
Based on calculated and measurement values of neutron and gamma dose rates, a
new radiation-shielding configuration at the No. 3 channel is shown in Fig. 4:
1.

Neutron beam guide system,

2.

Neutron collimator system,

3.

Radiation shielding block (inner channel),

4.

System for water leakage shielding ,

5.

Radiation shielding block (outer channel),

6.

Radiation shielding for gamma spectroscopy,

7.

System for neutron transmission measurement,

8.

Neutron beam stop.

Results of research on optimal radiation shielding configuration for neutron beam
ports at the DRR will contribute a significantly sense into the development of nuclear
science and technology in Vietnam. In addition, the present researches make it possible
to open an important service for personal training and education on nuclear physics.
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Fig. 4: The new radiation-shielding configuration at No. 3 channel
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STUDY FOR APPLICATION OF k0-IAEA PROGRAM
AT DALAT NUCLEAR REACTOR
Cao Dong Vu, Dang Thi Minh Tam, Nguyen Thi Sy
Le Thi Ngoc Trinh and Ho Manh Dung
Nuclear Research Institute, Dalat, Vietnam
Abstract: Since 2005, the first version of k0-IAEA has been released by IAEA to all
member countries. To encourage the using of k-zero standardization in k0-NAA, k0-IAEA
is the first unit program which is freely distributed to all NAA labs on the world.
The main purpose of this work is study and application of k0-IAEA program at INAA lab,
Centre for Analytical Techniques, the Nuclear Research Institute.
The Pneumatic 7-1 and rotary rack are two main irradiation channels for neutron
activation analysis at Dalat nuclear reactor. The experiments for characterizing these two
channels at March, May, June, July and August, 2010 using Au, Lu, Ni and Zr monitors
have been done. The spectrum parameters include: (1) Thermal neutron flux (φth); (2) The
ratio between thermal neutron flux and epi-thermal neutron flux (f); (3) The factor α
describing the neutron flux distribution 1/E1+α, and (4) The neutron temperature (Tn).
The gamma spectrometer system at INAA lab is calibrated by Cs-137 and Eu-152
standard sources.
Analyzing of the SMELS I, II, III and the reference standard samples such as NIST-679
(Brick clay), NIST-1633b (Coal fly ash) and NIST-278 (Osidian rock) has been done in
order to evaluate the validation of k0-NAA using k0-IAEA program. Besides, the results
of k0-IAEA program and those of k0-Dalat are compared and evaluated.

I. INTRODUCTION
Nowadays, k0-NAA becomes popular and friendly at most of NAA labs on the
world. As investigated by IAEA, up to 2007, more than half of NAA labs have been
studying, developing and applying k0-NAA method [1, 2]. The k0-NAA programs have
been compiled at some countries such as KAYZERO/SOLCOI (Holland), Quantu-MCA
(Brazil), DEIMOS32 (Czech Republic), Code Hypermet-PC (Hungary), k0-CIAE
(China), k0-DSM (Japan) and k0-Dalat (Vietnam), v.v...Among these programs,
KAYZEO/SOLCOI (1992) is the first commercial software of k0-NAA which is quite
expensive and has some limitations
In 2003, unit software using for k0-NAA has been raised and sponsored by IAEA.
In 2005, k0-IAEA program was officially released. K0-IAEA, a freely distributed
software with new features such as: friendly to users, flexible and highly professional,
provides reliable results in study and application of k0-NAA. This program is positively
received by the NAA labs in the world [2].
The k0-IAEA software was written by Marcio Bacchi and Menno Blaauw (k0news-www.k0naa.org), suggested by IAEA. K0-IAEA has two new characteristics
compared to other k0-NAA programs at the same time. These are (1) Holistic approach,
a new matrix algorithm introduced by Menno Blaauw in 1994 [3], was used in gamma
spectrum analyzing and (2) the detector efficiency in k0-IAEA is calibrated by Monte
Carlo method. This method allows us to change the efficiency curve from one geometry
to other at different distances without experiments.
The Annual Report for 2009, VAEI

33

VAEC-AR 09--4

At Vietnam, the k0-NAA standardization has been studied at the Nuclear Research
Institute since ~1980. Since 2002, the k0-Dalat, developed by Dr. Ho Manh Dung, has
been applied at INAA lab.
This subject, named “Study for application of k0-IAEA at Dalat Research
Reactor”, was set up for (i) Application of a highly reliable k0-NAA program at INAA
lab, NRI, (ii) Standardization for the software using in neutron activation analysis in
order to establish a QA/QC INAA lab and (iii) International co-operation and human
resource development within the field of nuclear analytical method
With the above purposes, this study was carried out in 1 year, from 2009 Jan. to
2010 Jan. with the budget of 60,000,000VND. This document reports the main results
of the mentioned theme.
II. RESULTS
2.1. Calculation of the Efficiency by k0-IAEA
The efficiency curve and peak- to- total curve of GMX-30190 detector at the
positions 21,1 mm (H=1), 53,7mm (H=3), 108,6mm (H-6) and 140,4mm (H=8) from
detector are determined by k0-IAEA. The results for H=6 are shown in Fig. 1, 2, 3, 4

Fig. 1: The efficiency curve and peak- to- Fig. 2: The efficiency curve (fitted) at
total curve at 108,6mm from detector (H=6) 108,6mm from detector (H=6), 2=1,8

Fig. 3: The efficiency data at 108,6mm from Fig. 4: Parameters of the fitted curve
th
detector (H=6), 2=1,8 (saved in database (the 5 order) at 108,6mm from detector
(H=6)
of k0-IAEA)
2.2. Calculation of neutron spectrum parameters
2.2.1. Calculation of neutron spectrum parameters by Au, Lu, Ni and Zr monitors
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Calculation of the neutron spectrum at two irradiation channels using in NAA by
k0- IAEA and k0-Dalat in the operation time of Dalat reactor in March, May, June, July
and August, 2010 is tabulated in Table 6. The results for 5 months are quite accorded
with standard deviations are within 10%. For the neutron flux measured on May 7, 2010
(irradiation time was 1 hour), however, the flux was suddenly reduced by 1 order. This
might be due to the halt of reactor during irradiation process.
Table 1: Calculation of the neutron spectrum parameters at 7-1 and rotary rack
K0-IAEA
Irradiation
channel

Date

3/2010
5/2010
6/2010
7/2010

8/2010

Alpha

f

Epi/Fast

5.845E+12 298.8 -0.044 12.7 5.404E+12

N/A

N/A

0.207

Rotary rack 4.342E+12 297.6 -0.008 47.3 4.302E+12

0.050

38.8

0.484

4.928E+12 300.1 -0.030 10.9 5.271E+12

0.010

9.8

0.221

Rotary rack 3.123E+11 299.1 -0.031 48.6 3.249E+11

0.028

35.8

0.254

5.448E+12 311.1 -0.036 12.0 4.814E+12

N/A

N/A

0.192

Rotary rack 3.581E+12 299.1 -0.018 53.8 3.643E+12

0.018

52.4

0.423

7-1
7-1
7-1
7-1

Thermal

T

(n/cm2/s)

(K)

Alpha

K0-Dalat
f

Thermal
(n/cm2/s)

5.218E+12

N/A

-0.034 11.8 5.463E+12

0.010

9.7

0.173

Rotary rack 3.993E+12

N/A

-0.016 52.9 3.915E+12

0.088

34.1

0.538

4.936E+12 314.2 -0.044 12.5 4.847E+12

N/A

N/A

0.189

0.035

43.4

0.442

7-1

Rotary rack 4.037E+12 294.6

0.003

51.2 4.052E+12

The neutron temperature factor was given by k0-IAEA only. The mean value of
neutron temperature, calculated the operation time of March, May, June and August
2010, are 306oK ~ 32,85oC and 297,6oK ~ 24,45oC for 7-1 channel and rotary rack,
respectively.
2.2.2. Calculation of neutron spectrum parameters by SMELS samples
The SMELS samples contain Au, Fe, Mo, Zn, Zr which are used as the monitors.
Therefore, we can use these samples as a multi-monitor in k0-IAEA. Table 2 expresses
the thermal neutron flux, the factors of f and alpha for 3 operation times of the reactor
on March, May and June, 2010 at 7-1 channel and rotary rack.
Table 2: Calculation of spectrum parameters by SMELS sample
Date
T.3-2010
T.5-2010
T.6-2010

Channel
7-1

Thermal (n/cm2/s)

5.20E12 ± 1.42E11 11.5 ± 0.7 -0.043 ± 0.007

Rotary rack 4.12E12 ± 2.12E11 46.3 ± 2.2
7-1



f
0.014

± 0.007

4.79E12  5.68E10 10.9  0.3 -0.036  0.004

Rotary rack
7-1

4.70E12 ± 8.64E10 10.2 ± 0.4 -0.036 ± 0.004

Rotary rack 3.73E12 ± 2.15E11 45.4 ± 4.5
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Table 3: Evaluation of u-score for the analyze of SRMs
NIST-679
NIST-1633b
NIST-278
STT Nguyên tố K0-IAEA K0-Dalat K0-IAEA K0-Dalat K0-IAEA K0-Dalat
1
Al
O
O
O
O
O
X
2
As
O
O
O
O
3
Ba
O
O
O
4
Ce
O
X
O
O
X
5
Co
X
X
X
O
O
6
Cr
X
O
O
O
O
7
Cs
X
X
O
O
8
Dy
O
O
O
O
O
9
Eu
O
O
O
O
O
X
10
Fe
O
X
O
X
O
O
11
Hf
O
X
O
O
O
O
12
K
O
X
O
O
O
X
13
La
O
X
O
O
X
14
Lu
O
O
O
O
O
O
15
Mn
O
X
O
O
X
X
16
Na
O
O
O
O
O
X
17
Nd
O
O
O
O
O
18
Rb
O
X
O
O
O
19
Sb
O
O
O
O
20
Sc
O
X
O
O
O
X
21
Se
O
22
Sm
O
O
O
O
O
23
Sr
O
24
Ta
O
O
O
25
Tb
O
O
O
O
O
26
Th
O
O
O
O
O
O
27
Ti
O
O
O
28
U
O
O
29
V
O
O
30
Yb
O
O
O
O
O
O
19/30
14/30
24/30
26/30
19/30
12/30
Remark:

“O”: PASSED; “X”: FAILED; “-”: Not determined

There are 90 tests (30 elements x 3 reference samples) were done in the same
experiment condition (irradiation – decay – measurement). The accepted results are
62/90 and 52/90 for k0-IAEA and k0-Dalat, respectively. This means that k0-IAEA has
more advantages than k0-Dalat when analyzing the actual samples (with different
matrix).
The Annual Report for 2009, VAEC

36

VAEI-AR 09--4

2.3. Evaluation for the procedure by analyzing of SMELS samples
2.3.1. Evaluation of k0-IAEA procedure
Table 4: Evaluation of the Accuracy and Precision for SMELS I
SMELS 1
Element

ko-IAEA
Concentration Error

Cert
LOD

Concentration Error

koIAEA/Cert

Uscore

Zscore

Bias (%)

Accuracy

Precision
Status

%

34.39 passed 19.01

passed

passed

Au

92.9

17.6

5,1

82.7

1.7

1.12

0.58

1.16

12.33

10.20

Cl

4620

511

177

4330

170

1.07

0.54

0.59

6.70

290

1050

passed 11.73 2456 passed

passed

Cs

963

81

38

897

37

1.07

0.74

0.56

7.36

66.00

174

passed

9.39

645

passed

passed

Cu

3790

191

66

3930

120

0.96

-0.62

-1.35

-3.56

140

440

passed

5.89

2262 passed

passed

I

161

9

4,8

152

5

1.06

0.83

1.33

5.70

8.67

20.44 passed

6.61

143

passed

passed

La

253

73

116

265

10

0.95

-0.17

-0.17

-4.65

12.33

passed 29.07

229

passed

passed

Mn

111.7

11.2

1,5

113.9

3.3

0.98

-0.19

-0.66

-1.90

2.17

22.79 passed 10.45

112

passed

passed

V

37.2

3.1

2,5

39.0

1.6

0.95

-0.51

-1.20

-4.53

1.77

6.72

45

passed

passed

143

passed

9.17

85

Status

Final
Status

Table 5: Evaluation of the Accuracy and Precision for SMELS II
SMELS 2
Elem.

ko-IAEA
Concentration Error

Cert
LOD

Concentration Error

koIAEA/Cert

Uscore

Zscore

Bias
(%)

As

80.4

18.0

0,8

92.3

3.6

0.87

-0.65

-2.07

-12.86

Au

4.00

0.97

0,05

3.93

0.07

1.02

0.07

0.24

Br

172

31

1,0

157

5

1.09

0.47

Ce

15000

1990

103

15600

800

0.96

Mo

4860

1007

160

5170

250

0.94

Accuracy

Precision
Status

%

Status

Final
Status

11.87 35.87 passed 22.76

94

passed

passed

1.78

0.07

7

failed

rejected

4.80

9.34

14.67 60.60 passed 18.15

147

passed

passed

-0.28

-3.46

-3.85

600

4182

passed 14.22 7296 passed

passed

-0.30

-0.62

-6.00

310

2024

passed 21.29 2855 passed

passed

The Annual Report for 2009, VAEI37

1.90

passed 24.32

VAEC-AR 09--4
Pr

1217

161

12,9

1193

37

1.02

0.14

1.14

1.98

23.67

Sb

177

43

0,54

172

8

1.03

0.11

0.51

2.71

Th

3677

727

11,2

3670

180

1.00

0.01

0.09

0.18

Yb

161

39

4,47

187

10

0.86

-0.64

-0.91

-13.90

Zn

6953

962

285

6570

200

1.06

0.39

1.24

5.83

321

passed 13.56

822

passed

passed

4.67

85.57 passed 24.86

159

passed

passed

6.67

1461

passed 20.38 2134 passed

passed

26.00 78.82 passed 24.91
383

1915

170

passed

passed

passed 14.16 3500 passed

passed

Table 6: Evaluation of the Accuracy and Precision for SMELS III
SMELS 3
ko-IAEA

Cert

ko-IAEA/Cert

Uscore

Zscore

Bias
(%)

Accuracy

Precision
Status

Final
Status

3

failed

rejected

3.64

30

passed

rejected

11.27

23.81 passed 12.54

89

passed

passed

8.81

1.83

7.46

passed 16.91

26

passed

passed

0.76

3.46

283

1805

passed 10.92 4225 passed

passed

0.69

0.68

11.33

52.33

148

passed 14.90

367

passed

passed

0.98

-0.28

-0.61

-2.34

1.20

8.46

passed

8.66

57

passed

passed

0.031

1.09

1.25

1.04

9.36

0.11

0.17

passed

6.94

4

failed

rejected

131

6

0.91

-1.08

-2.89

-8.91

11.67

21.05 passed

8.81

126

passed

passed

274

8150

200

0.96

-0.69

-1.10

-3.80

310

878

passed

5.70

4203 passed

passed

1.5

0,42

26.2

0.9

1.07

1.07

1.65

7.25

1.90

3.45

passed

6.41

32

passed

passed

13433

4253

0,73

23.3

0.7

576.54

3.15

7.87

57554

13410

8294

failed

31.80

29

failed

rejected

Yb

20.6

1.2

0,62

20.7

0.5

1.00

-0.07

-0.07

-0.48

0.10

2.61

passed

6.49

26

passed

passed

Zn

603

48

25

618

11

0.98

-0.30

-0.43

-2.43

15.00

96.14 passed

8.17

470

passed

passed

Zr

4773

586

224

4580

100

1.04

0.33

0.43

4.22

193

passed 12.47 2576 passed

passed

Element

Concentration

Error

LOD

Concentration

Error

Status

%

Au

0.944

0.067

0,005

0.901

0.016

1.05

0.62

0.39

4.77

0.04

0.13

passed

7.34

Co

35.0

1.2

0,8

24.3

0.33

1.44

8.71

0.76

43.90

10.67

2.39

failed

Cr

98.0

11.9

5,2

86.7

2.6

1.13

0.92

1.62

13.00

Cs

22.63

3.81

0,6

20.8

0.34

1.09

0.48

1.15

Fe

8483

906

431

8200

190

1.03

0.31

In

514

74

10

462

19

1.11

Sb

50.0

4.1

0,7

51.2

1.3

Sc

1.247

0.080

0,042

1.140

Se

119

9

2,59

Sr

7840

403

Th

28.1

Tm
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2.3.2. Evaluation of k0-Dalat procedure
Table 7: Evaluation of the Accuracy and Precision for SMELS I
SMELS 1
ko-DALAT

Cert

Accuracy

Error

LO
D

Concentra
tion

Error

koDALAT/
Cert

85.6

3.4

5.3

82.7

1.7

1.04

0.77

1.31

3.55

2.93

Cl

4330

176

118

4330

170

1.00

0.00

0.01

0.01

Cs

1006

44

38

897

37

1.12

1.89

1.39

Cu

3941

130

217

3930

120

1.00

0.06

I

179

7

6.1

152

5

1.18

La

242

39

75

265

10

Mn

114.0

2.8

2.3

113.9

V

36.9

1.5

2.5

39.0

Elemen
t

Concentrat
ion

Au

Uscore

Zscore

Bias (%)

Precision
Status

Final
Status

85

passed

passed

5.7

2456

passed

passed

passed

6.0

645

passed

passed

344.99

passed

4.5

2262

passed

passed

26.67

16.77

failed

5.1

143

passed

rejected

-8.55

22.67

78.51

passed

16.5

229

passed

passed

0.05

0.12

0.13

8.44

passed

3.8

112

passed

passed

-1.30

-5.32

2.07

4.28

passed

5.8

45

passed

passed

Status

%

7.41

passed

4.5

0.33

477.16

passed

12.11

108.67

112.10

0.15

0.27

10.67

3.10

3.09

17.54

0.91

-0.56

-1.37

3.3

1.00

0.03

1.6

0.95

-0.95

Table 8: Evaluation of the Accuracy and Precision for SMELS II
SMELS 2
ko-DALAT

Cert

Accuracy

Error

LO
D

Concentra
tion

Error

koDALA
T/Cert

98.7

1.4

3.7

92.3

3.6

1.07

1.66

9.83

6.93

6.40

Au

3.95

0.04

0.25

3.93

0.07

1.01

0.25

0.69

0.51

Br

159

4

7.5

157

5

1.01

0.31

0.28

Ce

15467

245

424

15600

800

0.99

-0.16

-1.96

Elem.

Concentra
tion

As

Uscore

Zscore

Bias
(%)

Precision
Status

Final
Status

93.51

passed

passed

2.05

6.64

passed

passed

passed

4.06

147

passed

passed

passed

5.37

7296

passed

passed

Status

%

7.53

passed

4.15

0.02

0.16

passed

1.27

2

12.49

-0.85

133

1632
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Mo

5272

498

385

5170

250

1.02

0.18

0.33

1.97

102

1087

passed

10.61

2855

passed

passed

Pr

1148

12

35

1193

37

0.96

-1.16

-2.36

-3.77

45

75.85

passed

3.27

822

passed

passed

Sb

172

6

66

172

8

1.00

0.00

0.00

0.00

0.00

19.50

passed

5.81

159

passed

passed

Th

3817

37

96

3670

180

1.04

0.80

1.59

4.01

147

358

passed

5.00

2134

passed

passed

Yb

195

7

29

187

10

1.04

0.66

0.67

4.28

8

23.80

passed

6.44

170

passed

passed

Zn

6507

254

820

6570

200

0.99

-0.19

-0.37

-0.96

63

630

passed

4.95

3500

passed

passed

Table 9: Evaluation of the Accuracy and Precision for SMELS III
SMELS 3
ko-DALAT

Cert

Accuracy

LOD

Concentr
ation

Error

koDALAT
/Cert

0.025

0.11

0.901

0.016

1.00

0.13

0.17

0.43

0.004

24.21

2.13

2.1

24.3

0.33

1.00

-0.04

-0.11

-0.38

Cr

89.27

8.40

21

86.7

2.6

1.03

0.29

0.90

Cs

19.41

2.68

2.4

20.8

0.34

0.93

-0.52

Fe

8344

1053

1010

8200

190

1.02

In

459

50

44

462

19

Sb

50.71

3.51

4.9

51.2

Sc

1.148

0.112

0.14

Se

122

11

Sr

8401

Th

25.84

Elem.

Conc
entrat
ion

Error

Au

0.905

Co

U-score

Z-score

Bias
(%)

Precision
Status

Final
Status

2.55

failed

rejected

8.89

30.10

passed

passed

passed

9.88

88.64

passed

passed

5.26

passed

13.9

26.40

passed

passed

144.

2086

passed

12.8

4225

passed

passed

-0.65

3.000

104.30

passed

11.6

367.00

passed

passed

-0.24

-0.95

0.487

7.30

passed

7.38

56.69

passed

passed

0.07

0.10

0.70

0.008

0.23

passed

10.1

3.52

failed

rejected

0.93

-0.72

-3.18

-6.87

9.000

24.43

passed

10.1

125.88

passed

passed

200

1.03

0.34

0.24

3.08

251.00

1460.9

passed

8.94

4203

passed

passed

0.9

0.99

-0.28

-0.55

-1.37

0.360

2.54

passed

5.00

32.24

passed

passed

Status

%

0.06

passed

3.32

0.093

4.20

passed

2.96

2.567

17.15

-2.87

-6.68

1.390

0.13

0.27

1.76

0.99

-0.06

-0.09

1.3

0.99

-0.13

1.140

0.031

1.01

19

131

6

722

368

8150

0.94

2

26.2
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Tm

25.35

2.03

3.1

23.3

0.7

1.09

0.95

0.40

8.80

2.050

4.19

passed

8.55

29.17

passed

passed

Yb

20.83

1.32

2.9

20.7

0.5

1.01

0.09

0.11

0.63

0.130

2.75

passed

6.78

26.35

passed

passed

Zn

621

52

88

618

11

1.00

0.06

0.21

0.49

3.000

103.64

passed

8.56

469.87

passed

passed

Zr

4550

227

886

4580

100

0.99

-0.12

-0.14

-0.66

30.000

483.70

passed

5.45

2575.9

passed

passed
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Accuracy and Precision criterias for the analyzing of SMELS by k 0-IAEA and k0Dalat programs are given in Table 4, 5, 6,7, 8 and 9. There are 5 rejected elements (Au
in SMELS II, Au, Co, Sc and TM in SMELS III) and 3 unaccepted elements (I in
SMELS I, Au and Sc in SMELS II) by using k0-IAEA and k0-Dalat, respectively. If
combined with U-score and Z-score criteria, the rejected elements are 7/33 and 5/33 for
k0-IAEA and k0-Dalat, respectively. Comparing with k0-Dalat, there are 29/33 elements
which have lower LOD, 2/33 elements have larger LOD (Cl and La in SMELS I) and
2/33 elements have the same LOD (CS and V in SMELS I) when analyzed by k0-IAEA.
III. CONCLUSION
Within 1 year, this work is basically completed the set-up contents. The main
obtained results are:
- Setting up a sufficient database about the INAA lab, NRI for the k0-IAEA
program
- Calibration of the gamma spectrometry at INAA lab by k0-IAEA
- Characterization of the neutron spectrum of Dalat reactor at two irradiation
channels: the pneumatic 7-1 channel and the rotary rack. The specific parameters
including thermal neutron flux, neutron temperature, ratio of thermal neutron flux to
epi-thermal neutron flux, and alpha are given out by using 4 monitors: Al-0.1%Au, Al0.1%Lu, 99.98%Ni and 99.8%Zr and SMELS
- Establishment of the k0-NAA procedures using k0-IAEA program at INAA lab,
NRI
- Comparison and evaluation the concentration of elements in SMELS I, II, III
and three reference materials NIST-679, NIST-1633b and NIST-278 analyzed by k0IAEA and k0 – Dalat
- Via this work, 02 graduate theses were released. A theme of “Study for
efficiency calibration of HPGe detector by Monte Carlo in k0-IAEA program” , done
by: Đang Thi Minh Tam (supervisor Dr. Ho Manh Dung) was successfully defensed at
the University of Natural Science, HCMC on July, 30, 2009. Another topic is in
progress, planed to defense in December, 2010 at the University of Dalat, named
“Application of k0-IAEA at Dalat reactor” carried out by Tran Ngoc Dieu Quynh
(supervisor: Prof. Dr. Nguyen Nhi Dien)
General conclusion
A new program with much of preeminent and professional capabilities has been
studied and applied at INAA lab, Centre for Analytical Techniques, NRI.
In the near future, exploration of other functions of k0-IAEA program such as:
QA/QC, k0 method for PGNAA will be continued.
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DESIGN AND CONSTRUCTION OF THE PORTABLE
INDUSTRIAL X-RAY EQUIPMENT
Nguyen Phuc, Nguyen Manh Hung, Nguyen Tien Phong, Le Tien Quan,
Nguyen Van Sy, Đang Quang Thieu, Trinh Dinh Truong and Trinh An Tuan
Institute for Nuclear Science and Technique, 5T-160 Hoang Quoc Viet, Hanoi, Vietnam.
Abstract: The main purposes of the project are the supporting to design and construction
of the Portable Industrial X-Ray Equipment; with the accuracy ±2% of Output High
Voltage 200 kV and Tube current 5 mA. The Equipment is composed of control unit, Xray generator, and power cable, connection cable.
X-ray generator is assembling construction X-ray tube, H.V transformer together with
gas insulation (SF6) are sealed up in aluminum bucked cabinet, fan and heat-sink are
mounted in the end of X-ray generator as cooling, SF6 is a gas electrical performance to
H.V. Alarm lamp is used to warn, flashing ,show generating X-ray.
Control unit is box construction. Four printed circuit boards (PCB) and electronic device
are mounted in it. All operating buttons switches and displays are equipped on the panel.
We have completed to design and construct the Portable Industrial X-Ray Equipment;
and
have tested the electronic parameters of all test points and the main parameters of
equipment (the accuracy ±2% of Output High Voltage 200 kV and Tube current 5 mA).
We also have successful used the Portable Industrial X-Ray Equipment to evaluate the
welds in industry.

I.

Introduction

Today, the nuclear instruments are widely used in many institutions in Vietnam.
There are several hundred of NDT equipment installed in industry; they cover all
industrial spectrum from the petroleum and gas, cement, paper to the construction
industry, the civil engineering, the building hydraulic construction. The number of the
Portable Industrial X-Ray Equipment using in the country is more than two hundreds,
and more and more in future.
At present time in Vietnam there are some main electronic units, they have being
produced maintained and repaired almost of the common nuclear instruments (such as
density and moisture gauges, gamma scanner, counter systems spectrometer systems,
dosimeters, standard modules...).
However there are some of high sophisticated instruments that could not be
produced and repaired such as gamma camera, PET, Portable Industrial X-Ray
Equipment etc...The reasons are: Lack of experiences for produce, maintenance and
repair of high sophisticated instruments; lack of manufacture technical specifications
(manual instructions, special electronic tools, principal diagrams and listing of ROM,
PAL, GAL, etc...) and lack of special spare parts.
The main purposes of the project are the supporting to design and construction of
the typical Portable Industrial X-Ray Equipment; and the establishing un staff have
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capabilities to produce, maintenance and repair the
Equipment.

Portable Industrial X-Ray

The main tasks of the project are: 1. Design the Portable Industrial X-Ray
Equipment;
2. Manufacture the Portable Industrial X-Ray Equipment; 3. Test the main
parameters of Portable Industrial X-Ray Equipment; 4. Use the Portable Industrial XRay Equipment to evaluate the welds in industry.
DESIGN AND MANUFACTURE THE X-RAY EQUIPMENT
We have designed hardware and software for the Portable Industrial X-Ray
Equipment
Hardware designing
The Portable Industrial X-Ray Equipment is composed of control unit, X-ray
generator, and power cable, connection cable ( see fig.1).
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X-ray generator is assembling
construction X-ray tube, H.V.
transformer together with gas
insulation (SF6) are sealed up in
aluminum bucked cabinet, fan and
heat-sink are mounted in the end of
X-ray generator as cooling, SF6 is a
gas electrical performance to H.V.
alarm lamp is used to warn, flashing
show generating X-ray (see fig.2).
Control unit is box construction.
three printed circuit boards (PCB) and
electronic device are mounted in it.
All operating buttons switches and
displays are equipped on the panel.
The power unit adopts siliconcontrolled
signal-phase
bridge
rectifier. Rectified voltage changes
into smoothing D.C. Voltage through
LC filter loop, which changes into
unidirectional pulse with changeable
Fig.2: X –Ray Generator Tube
frequency through silicon-controlled
carrier
loop, sent pulse with changeable frequency through silicon-controlled carrier
unidirectional
loop, sent to H.V.pulse transformer as supply of generator (see fig.3).
Rectifier
thyristor

H.V.
Transformator

AC
Generator thyristor

H.V
Cont.

AC

Rectifier
thyristor

Ma Cont.

Generator
thyristor

Fig.3: Principal diagram of the power unit
Ma stabilization unit can rise or reduce with filament voltage of tube. Change
the frequency of unidirectional pulse to make tube current stable.
H.V adjustment unit can adjust continuously to meet the request of the different
material.
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CPU and Display unit: CPU is the heart component of the control electronics
box; its construction similar SBC (single board computer) on microcontroller 89C51
and display on 7 segments LCD component (see Fig.4).
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Fig.4: Principal diagram of the CPU and Display unit
Software designing
We have being designing the main algorism flow chard and main program of the
equipment activities and all sub routing programs. See Fig. 5 the main algorism flow
chard in the next page
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EVALUATION OF THE INDUSTRIAL X-RAY EQUIPMENT
Test the main parameters of the Portable Industrial X-Ray Equipment

Fig. 5: The main algorism flow chard of the equipment activities
We have tested the main parameters of the Portable Industrial X-Ray Equipment
with comparison to contracting parameters
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Item

Parameter

Measuring

Contracting

1

Maximum High Voltage kV

200 accuracy ±2%

200 accuracy ±2%

2

Current mA

5 accuracy ±4%

5 accuracy ±5%

3

Radiation Dose on distance 1 met

≤ 79 μSv/h

≤ 100 μSv/h

Use the Portable Industrial X-Ray Equipment to evaluate the welds in industry.
We have successful used the Portable Industrial X-Ray Equipment to evaluate the
welds in Shipment Industrial Company Cat Tuong and Shipbuilding Yard Song Cam.
CONCLUSION
We have completed to design and construct the Portable Industrial X-Ray
Equipment. The Equipment is composed of control unit ( Hardware- CPU board, PC
Board for H.V. control, PC Board for tube current stable, Interface Board for all
operating buttons, time setting, displays and Software- program) and head of X-ray
generator.
We have tested the electronic parameters of all test points and the main
parameters of equipment (the accuracy ±2% of Output High Voltage 200 kV and Tube
current 5 mA). And appropriate radiation protection test.
We also have successful used the Portable Industrial X-Ray Equipment to
evaluate the welds in industry. Therefore the Portable Industrial X-Ray Equipment is
ideal tool to perform test for quality control of welds in industry very quickly and
economically.
ACKNOWLEDGMENT
We are thankful to Institute of Nuclear Science and Technique, Vietnam Atomic
Energy Commission and Ministry of Science Technology for their fruitful support to
implement the project .
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DESIGN AND CONSTRUCTION OF EARLY WARNING
ENVIRONMENTAL RADIATION MONITORING STATION
Dang Quang Thieu*, Tran Ngoc Toan**, Nguyen Thi Bao My*, Nguyen Van Sy*,
Vu Van Tien*, Nguyen Thi Thuy Mai* and Le Dinh Cuong*.
* Institute for Nuclear Science and Technology
179, Hoang Quoc Viet, Nghia Do, Cau Giay, Hanoi.
** Viet Nam Atomic Energy Institute
59 Ly Thuong Kiet, Ha Noi
Abstract: Early Warning Environmental Radiation Monitoring Station, used ONLINE
environmental radiation monitoring and early warning network, has high sensitive
radiation detection and it can send the alarm signal quickly by the Internet network to the
emergency management office. Its gamma Probes are one NaI (TL) detector and three
GM detectors.. The NaI(TL) detector is used to monitor Spectrum environmental
radiation and identify the Isotopes, the other are used to detect high dose rate of gamma
rays.
This instrument must tolerate a wide range of ambient temperature and strong
temperature slopes when used in outdoor. However, the gain of photomultiplier tube,
amplifier and ADC must be stabilized by pulsed LEDs used as precision reference light
sources.

INTRODUCTION
The design and construction this instrument is development of the results of the
researching, designing and constructing nuclear instruments of the center for nuclear
electronics and accelerator, which purpose is localization of designing and constructing
the
warning environmental radiation monitoring instrument uses in National
Environmental radiation network.
The aim of project is to study, design and construction the instrument with the
following parameters and benefits:
Parameters:
• Rate range: 0.01µG/h ~ 50 mG/h
• Energy range: 80Kev ~3Mev.
• Accuracy: ±15%
• Operating temperature range: 0oC ~ 50oC
• Operating humidity range: 30% ~ 95%
• Online LAN or Internet connection
Benefits:
• Early detection of abnormal environmental radiation situation
• Supports to identify the origin of radiation incident
• Low TCO (Total Cost of Ownership) due to
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- Low investment
- Highly automated operation
- Very low maintenance
- Remote configuration and control capabilities
In addition the project will enhance the capabilities for staff in the field of design,
construction, maintenance and repair of nuclear instruments.
HARDWARE DESIGN
The design of Early Warning Environmental Radiation Monitoring Station
(EWRMS) is depicted in a block diagram shown in figure below. It consists of:

N
A
I
HV2

PM
T

LCD DISPLAY

AMPLIFIER
MICRO
CONTROLLER

HV1
12 BIT ADC
CONVERTER

ROM & RAM
MEMORY

TCP/IP
INTERFACE

REAL TIMER

GM
COUNTER

HV3

GM

HV4

GM

INTERNET

DETECTOR
SELECTOR

STANDARD
PHOTON

DC POWER SUPPLY
+5V ±12V

Fig.1: The Block Diagram of EWRMS.
1. Detectors
There is a NaI(TL) 1.5 ich x 1.5 ich and three GMs detectors. Inside the each of
detector, a high voltage generator to bias the detector, preamplifier for NaI and pulse
shaping circuits for GMs detector.
2. Amplifier and ADC 12 bits board
The spectrum amplifier and 12 bits ADC are designed simply according to the
usual method and modern chips. The spectrum amplifier consist of amplifier, shaping
time, baseline restore, polzeo ect.. Particularly, the gain of amplifier has been digitized
and the microcontroller can set the gain of amplifier, this allows the instrument can
automatic calibrate and spectrum stabilize itself by the way monitoring the photon
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peak. The microcontroller will increase or decrease the gain of amplifier, depends on
the photon peak was lower or higher the fix channel on the spectrum.
The ADC block consist of pulse stretcher, fast ADC and logic controller using
GAL technology.
3. Microcontroller board
The 89C51RD2 device contain 1kB RAM and a non-volatile 64kB Flash program
memory that is both parallel programmable and serial In-System and In-Application
Programmable. This device is Single-chip 8 bit Microcontroller manufactured in
advanced CMOS process and is a derivative of 80C51 microcontroller family. The
instruction set is 100% compatible with 80C51 instruction set.
The device also has four 8 bit I/O, three 16 bit timer/event counter, a multi-source,
four-priority-level, nested interrupt structure, an enhanced UART and on-chip oscillator
and timing circuits.
One MBYTE RAM is added to the device for increasing memory data capacity. In
addition, the device also incorporates real time clock, internet connection device, LCD
display and DC-DC converter.
The software program runs on Philip microcontroller 89C51RD2 control all
operations of instrument and calculate dose from gamma spectrum act.
4. Probe selection board
The Probe selection board used to sestet suitable probes corresponding to the level
of radioactivity.
Table 1: The probe selection corresponding to range of radioactivities
No

Probe selection

1

NaI(TL)

From 0.1 µSv/h to 25 µSv/h

2

GM1

From 25 µSv/h to 250 µSv/h

3

GM2

From 250 µSv/h to 1mSv/h

4

GM3

From 1mSv/h to 100mS/h

Radioactivities

5. Reference light source
This aim is to create a reference light source leading to the photocathode of PMT.
On receipt the reference light pulse on the spectrum, the microcontroller look this
peak and control the gain of amplifier increase or decrease depend of position of this
peak, lower or higher compare with given channel, So that the reference light peak is
always on the fix channel of spectrum. That mean the gamma spectrum was stabilized.
SOFTWARE DISIGN
Software program for this instrument runs on 89C51RD2 microcontroller and
written in C programming language Keil. Program flows and its association with each
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modules is shown in a flowchart in figure 3. The program for the chip to perform the
following tasks:

- Start ADC and store the spectrum data in the RAM every given time cycle
- Calculate and convert gamma spectrum data to gamma dose, display dose on
the LCD and store data in the memory.

- Processing the gamma spectrum and identify origin of radiation incident
- Transferring the warning information to the monitoring centre by internet
connection.

- Every given time cycle looking the reference light source peak and control the
gain of amplifier so that to stabilize the spectrum.
Software program interface with computer is written by in LabView (Laboratory
Virtual Instrument Engineering Workbench) allowing monitor data, store data and other
commands control this instrument.
START-UP
SELECT PROBE WITH CURENT
DOSE ACTIVITY

t<T

NaI(Tl) PROBE

GM PROBE

DATA
COLLECTION

COUNT EVENTS

CHECK
ALAM

COUNT RATE

CALCULATE
DOSE

t≥T
SPECTRUM
PROCESSING
ALAM
CONVERT SPECTRUM TO
DOSE

t : Measue time
T: Periode time

DISPLAY DOSE

CONNECT TO INTERNET

Fig.3: Follow chart of program
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METHOD OF SPECTRUM TO DOSE CONVERSION OF JAERI
The method has been designed to obtain the incident gamma ray flux spectrum
and corresponding exposure rate using a pulse height spectrum taken with NaI (Tl)
scintillation detectors.
The conversion procedure from a pulse height spectrum to exposure rate is
expressed by Equation below:
X =∫

Emax

Emin

N (E ) G (E ) dE

(1)

= ∑ max N (I ) G (I )
I

Where
X

= exposure rate (2.58.10-10C.kg-1.h-1 or uR.h-1),

N(E)

= pulse height spectrum (cpm per keV),

N(I)
= pulse height spectrum taken with a multichannel pulse height analyser
(cpm per channel),
E

= Pulse height (keV)

I = channel number,
Emin

= pulse height discrimination level (keV),

Emax

= maximum energy for exposure rate evaluation (keV),

Imin

= channel number corresponding to Emin,

Imax

= channel number corresponding to Emax,

G(E),G(I) spectrum – dose conversion operator
This G(E) function can be expressed in the form of the polynomial equation
K max

G(E) =

∑ A( K ). log10 ( E )

K − M −1

(2)

K =1

Where
K and Kmax are the term number and maximum term number of equation
A(K) is a coefficient to be determined
E is Energy in keV
For example, the dimensions of NaI(TL) detector are 1 inc x 1 inc, G(E) function
can be determined by
K −3−1

20

G(E) =

∑ A( K ). log
K =1

10

(E)

(3)

With Kmax = 20, M = 3 and A(K) is shown on the table 2
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Table 2: Values of A(K)

58

A(K)

Kmax = 20 , M = 3

A(1)

1.49275099570029E+03

A(2)

-2.91658773780102E+03

A(3)

1.15926424258823E+03

A(4)

1.14140418958232E+03

A(5)

-1.01302040986778E+03

A(6)

9.08322216928152E+01

A(7)

1.23704377416037E+02

A(8)

-5.14679285896588E+01

A(9)

3.02223431771800E+01

A(10)

-1.28281664110684E+01

A(11)

-1.15787023098615E+00

A(12)

8.94041702581576E-01

A(13)

7.87239563912950E-01

A(14)

-3.03009156457287E-01

A(15)

-7.62288782837513E-02

A(16)

5.27880449195923E-02

A(17)

-6.90413288198483E-03

A(18)

-7.33025657836061E-04

A(19)

2.45581452872742E-04

A(20)

-1.62008901437124E-05
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RESULT AND DISCUSSION
The first prototype of Early Warning
Environmental Radiation Monitoring Station
was completed and shown in figure 4. This
instrument used with environmental ONLINE
radiation monitoring and early warning
networks, provide essential benefits and
important information in case of radiation
incidents which may happen in the near
environment. In addition, this station provide
detail and specific information of radiation
values, related to the source and origin of
radiation. The Early Warning Environmental
Radiation Monitoring Station was calibrated at
Secondary Standards Dosimetry Laboratory
(SSDL) of Institute for Nuclear Science and
Technology. The calibration results involving
SSDL standard dose rate, station reading for
each dose rate, and the corresponding radio are
shown in table 3. The results indicate that the
station is reasonable accurate and conform to
the standard.

Fig. 4: Prototype of Instrument

CONCLUSION
The development of the Early Warning Environmental Radiation Monitoring
Station is not only to build instrument but also to build a reliable product. The station
design also can be applied into many more application such as for security radiation
monitoring. The prototype has proven the Station can be build in-house and achieve low
cost, low power consumption as well as conform to the standard.
ACKNOWLEDGMENT
We are deeply indebted to Institute of Nuclear Science and Technology, Vietnam
Atomic Energy Institute and Ministry of Science Technology for their support to
implement the project.
Table 3: Calibration results
Standard dose rate
(uSv/hr)

Instrument average
reading (uSv/hr)

Ratio

1

0.70

0.73

1.04

2

1.06

1.10

1.04

3

1.24

1.24

1.00

The Annual Report for 2009, VAEI

59

VAEI-AR 09--6

4

1.66

1.64

0.99

5

3.45

3.31

0.96

6

5.71

5.45

0.95

7

7.77

7.40

0.95

8

11.19

10.57

0.94

9

20

20.29

1.01

10

30

30.17

1.01

11

100

101.93

1.02

12

200

200.28

1.00

13

300

314.48

1.05

14

500

506.51

1.01

15

800

792.40

0.99

16

900

884.29

0.98

17

1000

990.79

0.99

18

5000

4892.38

0.98

19

10000

9731.72

0.97

20

20000

20162.00

1.01
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DESIGN FOR NEW LOADING-UNLOADING AND CARRYING CAR SYSTEM
OF THE SVST - Co60/B IRRADIATOR
Le Minh Tuan, Nguyen Thanh Cuong, Nguyen Duc Hoa
Phan Phuoc Thang and Nguyen Tat Toan
Research and Development Center for Radiation Technology, VAEI
Abstract: Base on the technical data of new transportation system designed in 2008, this
project is calculated and designed a new loading-unloading and carrying car system of the
SVST-Co60 industrial irradiator. The new loading-unloading and carrying car system
includes a tote box car, carrying car rail system, steel cable winding up system, steel
cable stretching system, loading-unloading system, mechanical frames for moving and
supporting the aluminum boxes and compatible cylinders. To fully supply with basic
systems of an industrial irradiator and to save research grant, the project has also an extra
design of basic electrical network and signal network. The project result is an useful
technical document provides for innovating the SVST-Co60 industrial irradiator and
fabricating a localizable industrial irradiator in the future.

1. CONTENT
- Design a new tote box car to be compatible with the effectuated transportation
system.
- Design a new car rail.
- Design a new steel cable winding up and stretching system.
- Design a new loading- unloading system and mechanical frame for moving and
supporting the aluminum boxes.
- Design a electricity network and a control signal network for an industrial
irradiator.
2. RESULTS
2.1 Design a new tote box car
The tote box car has a mission which transports a non-irradiated product box into
irradiation room and gets an irradiated product box out to the loading-unloading area.
The tote box car consists of a steely horizontal plane frame to receive the product box, a
mechanical fixed mechanism to keep the product box from being thrown out the car, a
mechanical mechanism to fix the tote box car into steel cable and a rotational
mechanism with four wheels to roll on steel rails. The following are some figures of a
new tote box car (Fig. 1).
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Fig. 1: The tote box car
2.2 Design a new car rail system
The new car rail system has a mission which guides the tote box car in and out of
irradiation room. The rail system lies along from the unloading-loading area to
irradiation room with 20 meters of length and 88 millimeters of height. Total length of
rail system has five arched segment with 398 millimeters of small radius and 910
millimeters of large radius. The rail system is fixed on many steel plates which are
8x704 millimeters of rectangle. The following is the figure of a car rail system (Fig. 2).
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Terminal
position

2695
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Fig. 2: The car rail system
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2.3 Design a new steel cable winding up and stretching system
a. The new steel cable stretching system has a mission which compensates for
slackening cable in long working time. The new steel cable stretching system consists of
a mechanical frame fixed into the floor, six pulleys to guide steel cable and two
pneumatic cylinders with 32 millimeters of diameter and 160 millimeters of length. The
following is the figure of a new steel cable stretching system (Fig. 3).
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Fig. 3: The steel cable stretching system
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b. The new steel cable winding system has a mission which makes the steel
cable moving foreword or back. With result of moving cable, the tote box car moves
into or back the irradiation room because the steel cable is fixed into the tote box car.
The new steel cable winding system consists of a mechanical frame fixed into the floor,
a motor with 2 kW power, a gear box with 100 ratios and a steel cable winding cylinder
with 400 millimeters of diameter and 375 millimeters of length. The following is the
figure of a new steel cable winding system (Fig. 4).

1

Fig. 4: The steel cable winding system
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2.4 Design a new loading- unloading system and mechanical frame for
moving and supporting the aluminum boxes.
a. The new loading-unloading system has a mission which loads and unloads
product into and out the aluminum box. The loading- unloading system mainly has two
cylinders with 100 millimeters of diameter and 1000 millimeters of length, a stainless
steel plate with rectangular shape 300x450 millimeters and a mechanical mechanism
opposing against rotation of cylinder shaft. The following is the figure of a new loadingunloading system (Fig. 5).
Ø 300

R M 167/80/1000

1100

4

V 40x4x1100

Fig. 5: The new loading-unloading system
b. The mechanical frame for moving and supporting the aluminum boxes has a
mission which supports and moves all product boxes into correctly location before and
after they are irradiated. The mechanical frame consists of a mechanical rectangular
frame with dimensions of 3527x5327 centimeter, three cylinders for pulling product
boxes and some plastic rollers for supporting and rolling. The following is the figure of
a new mechanical frame for moving and supporting the aluminum boxes (Fig. 6).
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1056

260

803± 0,5

1323

2149 ± 0,5

3527 ± 0,5

1082

7438 ± 0,5

520

345

1036

520

739

5325± 0,5

Fig. 6: The mechanical frame for moving and supporting the aluminum boxes
2.5 Design a electricity network and a control signal network for an
industrial irradiator
a. The basic electricity network of an industrial irradiator consists of a power
supply which is 380 V, 50 Hz, 3 phase with power consumption 300-400KVA. They
supply power for ventilation system, water treatment system, compressor system,
carrying system, control system, illumination system, cooling and frozen system. The
following is the figure of a basic electricity network (Fig. 7).

Fig. 7: The basic electricity network of an industrial irradiator
b. The basic control network of an industrial irradiator consists of an electronic
network for receiving and standardizing input signals, computer interface and control
capacity signals for output device. The following is the figure of a basic control network
network (Fig. 8).
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Fig. 8: The basic control network of an industrial irradiator
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APPLICATION OF THE DIGITAL SIGNAL PROCESSING
TECHNIQUE FOR THE DESIGN AND CONSTRUCTION OF
GAMMA DSP-BASED MCA 8K
Pham Ngoc Tuan, Dang Lanh, Truong Van Dat, Tuong Thi Thu Huong,
Tran Tuan Anh, Trinh Dinh Hai and Do Thi Thu Nga
Nuclear Research Institute, Dalat, Vietnam
Abstract: DSP is one of the most useful tools for development of nuclear electronics
instruments. The method can be carried out by either a special digital signal processor or
FPGA which is programmed through VHDL. In this case, Digital signal processing
(DPS) is performed by VHDL code then programing into FPGA device. The aim of this
project is to study on digital signal processing technique then application for design and
construction of DSP-based MCA 8K.
VHDL standards for VHSIC hardware description language. Due to VHDL, allmost
component such as low pass filter, high pass filter, math function module as
adder/subtractor and multiplier, logic control, First In First Out, register, memory and
Central processing unit needed for our design can be synthesized and implemented. The
VHDL source design has been compiled and implemented by xilinx ISE 10.1 software
toolkit and then used to configuration the Spartan XC3S400 devive. The main Spartan 3
development board named Siphec XC3S400-TB is used for design of the project.
An application software is written in LabVIEW 8.5. The firmware to control the USB
interface and interface between FPGA and PC is design in Keil C51 compiler toolkit.
Keywords: DSP, VHDL, LabVIEW and ISE.

1. INTRODUCTION
The main purpose of the project is to application of digital signal processing
technique for design and the construction of Gamma DSP-based MCA 8K.
The content includes four items:
- Studying on the hardware of Toolkit SPARTAN-3, Xilinx ISE with command
set of VHDL,
- Performing an µP, SRAM, EEPROM inside the FPGA chip,
- Writing firmware in VHDL for control of the chip,
- Developing an application software in LabVIEW for interfacing to the
firmware and linking both of them each other. The software is able to operate under
Windows XP.
1.1 Digital Filters for γ-ray detectors
Energy dispersive detectors, which include such solid state detectors as Si(Li),
HPGe, HgI2, CdTe and CZT detectors, are generally operated with charge sensitive
preamplifiers as shown in Figure 1.a. Here the detector D is biased by voltage source V
and connected to the input of preamplifier A which has feedback capacitor Cf and
feedback resistor Rf.The output of the preamplifier following the absorption of an γ-ray
of energy Ex in detector D is shown in Figure 1.b as a step of amplitude Vx (on a longer
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time scale, the step will decay exponentially back to the baseline). When the γ-ray is
absorbed in the detector material it releases an electric charge Qx = Ex/ε, where ε is a
material constant. Qx is integrated onto Cf, to produce the voltage Vx = Qx/Cf =
Ex/(εCf). Measuring the energy Ex of the γ-ray therefore requires a measurement of the
voltage step Vx in the presence of the amplifier noise σ, as indicated in Figure 1.b.
Reducing noise in an electrical measurement is accomplished by filtering.
Traditional analog filters use combinations of a differentiation stage and multiple
integration stages to convert the preamp output steps, such as shown in Figure 1.b, into
either triangular or semi-Gaussian pulses whose amplitudes (with respect to their
baselines) are then proportional to Vx and thus to the γ-ray’s energy.

Fig.1: a) Charge sensitive preamplifier with RC feedback;
b) Output on absorption of an γ-ray.
Digital filtering proceeds from a slightly different perspective. Here the signal
has been digitized and is no longer continuous, but is instead a string of discrete values,
such as shown in Figure 2. Figure 2 is actually just a subset of Figure 1.b, which was
digitized by digital oscilloscope at 10 MSA (Megasamples / sec). Given this data set,
and some kind of arithmetic processor, the obvious approach to determining Vx is to
take some sort of average over the points before the step and subtract it from the value
of the average over the points after the step. That is, as shown in Figure 2, averages are
computed over the two regions marked “Length” (the “Gap” region is omitted because
the signal is changing rapidly here), and their difference taken as a measure of Vx.
Thus the value Vx may be found from the equation:

(1.1)
where the values of the weighting constants Wi determine the type of average
being computed. The sums of the values of the two sets of weights must be individually
normalized.
The primary differences between different digital signal processors lie in two
areas: what set of weights {wi} is used and how the regions are selected for the
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computation of Eqn. 1.1. Thus, for example, when the weighting values decrease with
separation from the step, then Eqn. 1.1 produces “cusp-like” filters. When the
weighting values are constant, one obtains triangular (if the gap is zero) or trapezoidal
filters. The concept behind cusp-like filters is that, since the points nearest the step
carry the most information about its height, they should be most strongly weighted in
the averaging process. How one chooses the filter lengths results in time variant (the
lengths vary from pulse to pulse) or time invariant (the lengths are the same for all
pulses) filters. Traditional analog filters are time invariant. The concept behind time
variant filters is that, since the γ-rays arrive randomly and the lengths between them
vary accordingly, one can make maximum use of the available information by setting
Length to the interpulse spacing.

Fig.2: Digitized version of the data of Figure 1b) in the step region.
In principal, the very best filtering is accomplished by using cusp-like weights and
time variant filter length selection. There are serious costs associated with this approach
however, both in terms of computational power required to evaluate the sums in real
time and in the complexity of the electronics required to generate (usually from stored
coefficients) normalized {wi} sets on a pulse by pulse basis. The our Application
implements a fixed length filter with all wi values equal to unity and in fact computes
this sum afresh for each new signal value k. Thus the equation implemented is:

(1.2)
where the filter length is L and the gap is G . The factor L multiplying Vx,k arises
because the sum of the weights here is not normalized. Accommodating this factor is
trivial.
While this relationship is very simple, it is still very effective. In the first place,
this is the digital equivalent of triangular (or trapezoidal if G ≠ 0) filtering which is the
analog industry’s standard for high rate processing. In the second place, one can show
theoretically that if the noise in the signal is white (i.e. Gaussian distributed) above and
below the step, which is typically the case for the short shaping times used for high
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signal rate processing, then the average in Eqn. 1.2 actually gives the best estimate of
Vx in the least squares sense. This, of course, is why triangular filtering has been
preferred at high rates.
1.2. Moving average technique:
An alternative approach to obtain the area under the detector pulse is to use a
transversal filter with rectangular weighting function. We will call this particular case of
transversal filter a moving integrator (MI). The principle of this filter is illustrated in
Figure 3. The filter output signal is obtained by integrating the input signal over a fixed
interval of time. The upper limit of integration is equal to the time moment at which the
output signal is evaluated.

Fig.3: Principle of the moving integrator
In the commmon spectroscopy system, where a threshold controlled ADC is
employed to digitize the filtered signal, the gated integrator method offers higher
throughput rate relative to the transversal filter approach. This comparison is illustrated
in Fig.4 which shows a case of two close but not overlapping input pulses 1 and 2
processed by GI (a) and MI (b). The areas under the pulses are A1 and A2 respectively.

Fig.4: Comparison between a) gated integrator and b) moving integrator
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In this example both MI and GI filters are characterized by an integration time T,
equal to the width of the input pulse. Under these circumstances the MI shaped pulse is
twice as long as the unshaped pulse, while the increase in GI dead time is small owing
to the finite integrator reset time. As a result the MI filtered pulses overlap. However,
the maximum amplitudes A1 and A2 (Figure 4b) still will correctly represent the area
under the pulses 1 and 2. If the shaped signal shown in Fig.2b is processed by a
traditional, threshold based, ADC the second peak ( A 2 ) will be lost, although it is a
correct measure of the area of pulse 2. To eliminate this shortcoming we propose to use
a threshold fee measuring system based on peas detection and utilizing a moving
average technique.
A. Pulse Integration
The moving integrator output s(t) can be expressed as a convolution of rectangular
function and the input signal v(t) . The convolution integral has the form
t

∫ v( ).d

S(t) =

(2.1)

t −T

where T is the width of the rectangular function.
Equation (2.1) can be rewritten as a difference of to intgrals
t

t −T

0

0

S(t) = ∫ v( ).d - ∫ v( ).d

(2.2)

When the following condition is met
v(t)=0 for –T≤t<0

(2.3)

then equation (2.2) can be expressed as
t

t −T

S(t) = ∫ v( ).d - ∫ v( ).d
0

(2.4)

0

After changing the variable in the second integral of equation (2.4), equation (2.1)
is reduced to
t

S(t) = ∫ ]v( ) − v( − T )].d

(2.5)

0

Clearly, if v(t) is a single pulse with duration equal or less than the integration
time T then the maximum value of s(t) represents the total area under the pulse. If T is
shorter than the pulse width, then the peak value in s(t) corresponds to the maximum
area under the pulse enclosed in a time interval of width T.
The function s(t), described by equation (2.5) has an extremum if ds(t)/dt=0 or
v(t)-v(t-T)=0. Therefore, s(t) reaches its maximum value (peak) when the signal v(t)-v(tT) crosses zero and changes its sign from positive to negative. Similarly, s(t) has a
minimum (valley) when v(t)-v(t-T) crosses zero in the opposite direction.
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B. Moving Average
In the discrete-time case the equation (2.5) can be approximated by a sum of
equally spaced samples of the signal v(t). The filter output corresponding to fhe n-th
sample can be written as
n

s[n]= ∑{v[i ] − v[i − k ]}

(2.6)

i =0

where the numbers in the brackets denote the number of the sample and the
constant k is the number of the samples corresponding to the integration time window.
In other words, if tc is the sampling time then the integration time is T=tc.k. Equation
(2.6) has been normalized to tc thus providing the same measuring units for s[n] and
v[n].
The sum s[n] reaches its maximum value at np if
S[np] – s[np-k] δ 0
S[np+1] – s[np+1-k] >0

(2.7)

Similarly, the condition for minimum of s[n] at nv is given by
S[nv] – s[nv-k] δ 0
S[nv+1] – s[nv+1-k] >0

(2.8)

Hence, in order to apply the MI technique and to detect the peaks in the shaped
signal, a difference between prompt and delayed input signal should be carried out. This
difference is accumulated continually. In the common case of digital signal processing,
the averaging is performed over the number of samples which have been accumulated in
the time window. In our particular case the accumulator sum is normalized to the range
of the ADC.
2. DESIGN AND THE CONSTRUCTION OF DSP BASED MCA
The block diagram of the MCA is presented in Fig. 5. It includes:
- Inputs: Radiation pulse Output from Pre-amplifier.
48Mhz clock pulse for control of operation of the unit
- Outputs: Histogram spectrum of Gamma ray in memory.
At first, a clock 48 MHz comes to Clk input. The clock will be divided by a
divider to give 19.6 MHz which is used to control all components in design as discribe
in figure 6. sampled data output from fast “SAMPLING ADC” circuit comes to “Noise
reduction filter” stage which consist of digital high pass filter and low pass filter. The
trapezoidal shape pulse output from this stage will be applied to peak detect stage
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Fig.5: Structure of the block diagram.
Then, the peak is a positive logic that forces all latches to operate and makes
address bus of the dual memory valid. Data in histogram memory will be updated.
Finally, data from the MCA histogram will be transferred to PC through the USB port.
Other components are also designed to make Timer, pile-up inspector, filter setup
register etc.
The figure 6 describes main components has been designed and synthesized for
DSP based MCA. They are:
- Component 1: Exponential decay to rectangular shaping digital converter
module.
- Component 2, 5, 10: Fast general math divider function core.
- Component 3: Delay Line ( First In First Out) module.
- Component 4: Rectangular to trapezoidal shaping digital converter module.
- Component 6: Adder used to update histogram memory.
- Component 7: Histogram Dual port random access memory.
- Component 8: logic control and interface module.
- Component 9: filters parameters setup registers module.
- Component 11: peak detect and pile-up inspector module.
- Component 12: Timer module.
- Component 13: clock manager and generator module for MCA frame control.
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Fig.6: Main components created the DSP based MCA
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All components above-mentioned for configuration the FPGA chip is written in
VHDL.
Interface
Most PC peripheral devices and interface cards are controlled through the
input/output (I/O) ports. In our design, the USB controller chip named EZ-USB
AN2131 is used for all I/O functions with PC via USB1.1 bus with full transmit speed
rate, following USB standard specification version 1.1.
Firmware
Firmware has been written in extended C language for 805X micro-controller
family to perform transmitting / receiving data between device and PC. This firmware is
edited and compiled by Keil C51 C compiler software then program into program
memory of micro-controller.
Software application
Main software application has been written in LabVIEW 8.5 to perform some
main functions for multi-channel analyzer system as follow:
♦ Interfacing between FPGA and PC
♦ Control the USB port.
♦ Readout histogram memory and send to PC.
♦ Set configuration parameters for filters, MCA thresholds, pile-up inspector,
timer etc..
♦ Displaying and processing pulse-height analyzer spectrum.
3. EXPERIMENTS
3.1. Electronics tests
The MCA was checked at the Nuclear Physics and Electronics, NRI, Dalat. As the
aforementioned presentation, the exponential decay pulse is applied to pre-filter input.
Pre-filter’s purpose is to magnify the amplitude of the preamplifier output pulse from
the tens millivolt range into the 0 to 2 V range. This facilitates accurate pulse amplitude
measurements with analog-to-digital converters. The input to the digital processing core
is the pre-filter output. This is digitized by fast ADC, then real-time digital processing is
applied to the signal. The digitized sampled data is used as input for high pass filter, low
pass filter to create the trapezoidal pulse at it’s output. Then Trapezoidal pulse is
applied to input of peak detect and pile-up inspector module to create the MCA
histogram, generating an energy spectrum. The spectrum is then transmitted over a
serial USB interface to the user’s computer and then displayed on MCA application
window as shown in Fig. 8.
Fig.7 show the assembly and layout of DSP Based MCA module which has been
designed and constructed by the project.
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Fig.7: Assembly and layout of DSP Based MCA module
3.2. Features and parameters
- Input: the output from pre-amplifier (both type: exponential decay or step pulse),
accepts positive unipolar pulses in the dynamic range from 0 to 0.5V.
- Pre-filter Gain: 2;5;10;20.
- Filter output: trapezoidal pulse has flexible rise time and top width.
- Preset time: range 1 ÷ 232-1 seconds (about 4.3 billion seconds); increment step:
1 sec.
- Realtime = Elapsed time
- Starting, current and stopping time
- Count max: 232-1 counts (about 4.3 billion counts)

Fig.8: Spectrum MCA application window
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- Range: 8192 channels
- Pile-up inspector: use fast filter channel to detect the pile-up events.
- MCA thresholds: digital setting by software application program.
- Histogram memory capacity: 32Kb on chip dual port RAM inside FPGA.
- Interfacing to PC via a USB port.
- Power required: +6 V/0.7A, +12V/1A
- Dimensions: 1M Standard NIM module.
4. CONCLUSION
Based on the technical standard and specifications specified in the contract, we
carried out to design and construct the NIM electronic module named MCA 8K. After
checking and testing, the results shown that this system operates well and meet almost
specifications above-mentioned.
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RESEARCH TO IMPROVE THE ABILITY OF NEUTRON
ACTIVATION ANALYSIS AND X- RAY FLUORESCENCE ANALYSIS
METHODS FOR CRUDE OIL SAMPLES
Nguyen Thi Sy, Nguyen Giang, Do Thanh Thao, Nguyen Thi Tho
Le Thi Ngoc Trinh and Cao Dong Vu
Nuclear Research Institute, Dalat, Vietnam
Abstract: Some improvements for INAA procedure on nuclear reactor to determine trace
elements concentration in crude oil samples have been carried out, including (i) the procedure of
packing sample for irradiation and investigation of neutron attenuation in container for long
irradiation by MCNP; (ii) Study and correction of the sample evaporation after irradiation; (iii)
Treatment of sample before irradiation by low temperature vaporization and solvent; and (iv)
Investigation of gamma self absorption in the sample.
The XRFA procedure for analyzing of V, Ni, Cu, Zn, Sr and Pb in crude oil sample has also
been established.
In the INAA procedure for crude oil, it is neccessary to let the sample naturally evaporize before
irradiation (except for some easily vaporized elements such as Br, Cl, S, Se, As and Hg). The
sample is then packed by improved procedure. Neutron shielding (during irradiation) as well as
gamma self absorption for energy <400keV (during measurement) and sample evaporization
(after irradiation) are corrected.
XRFA is available in analyzing of some elements such as K, Ca, Ga, Ge, Y, Zr and Pb in crude
oil sample, which are difficultly characterized by INAA.
Through this study, determination of trace elements concentration in crude oil sample has been
done by combination of INAA and XRFA at NRI.

I. INTRODUCTION
Survey and assessment trace elements in crude oil and petrochemical products are
interested. Therefore, their application in treatment technology oil spill as well as problem of
environmental pollution assessment, especially mercury pollution, when using products from
crude oil.
Along with analytical methods ICP-MS, NAA (Neutron Activation Analysis) is one
method of analysis selected from features multi-element analysis. Especially, for S and V,
elements are characteristic of crude oil classification. The NAA has the advantage of high
sensitivity, accurate and quickly method, which is one of the successful application of INAA
in crude oil. Besides, X-ray Fluorescence Analysis – XRFA is a very good choice for solving
problems trace elements in crude oil samples.
II. EXPERIMENTS
II.1. Study of the evaporation at the room temperature
Table 1: Percentage lost in survey evaporation at room temperature
Ngay

Đậy nắp petris (%)

Không đậy nắp petris (%)

1

5.40

10.85

2

7.06

12.17

3

8.32

13.42
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4

9.29

14.53

5

9.48

14.69

6

9.98

15.61

7

10.58

16.08

8

11.11

16.79

9

11.65

16.87

10

11.99

17.50

11

12.36

18.04

12

12.52

18.57

13

12.68

19.14

14

13.66

20.05

15

13.98

22.50

16

14.21

22.84

17

14.21

22.99

18

14.61

23.31

19

14.70

23.42

20

14.79

23.69

21

14.88

24.00

The evaporation rates after 21 times of weighing (in 21 days) obtained are about
15% for the petris with the cover and 24% with no cover petris.
II.2. The treatment of crude oil samples by solvent
Table 2: Result of treatment by solvent

82

Sample ID

Weight of samples
before treatment (g)

Weight of sample
after treatment (g)

Percentage lost after
treatment

NM-710

11.3461

7.8098

31.17

BH1

9.6928

6.5987

31.92

BH2

10.9967

6.7761

38.38

BH3

10.0564

6.6715

33.66

BH4

9.8452

6.435

34.64

1634c

8.1082

4.7284

41.68
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The obtained result after treatment by solvent is the decrease in weight of samples
from 31% to 42%.
II.3. Survey of self-absorption of gamma-ray over the crude oil sapmles.
Table 3: Ratio of count between oil sample and blank sample
V
(ml)

h
(mm)

121.8

244.7

344.3

411.1

443.9

778.9

867.4

964.1

1085.9

1112.1

1408

1

0.63

0.93

0.93

1.01

0.91

1.03

0.95

0.99

1.04

0.94

1.05

1.01

2

1.26

1.04

1.00

1.00

0.90

1.07

1.01

1.20

1.02

1.01

1.01

0.98

3

1.89

0.96

0.99

0.98

0.90

1.00

0.98

1.04

1.01

0.95

1.04

1.03

4

2.52

0.94

0.98

0.97

0.98

1.03

0.97

1.14

1.01

0.95

0.99

1.02

5

3.14

0.93

0.99

0.98

0.89

1.05

0.96

1.10

1.00

0.97

0.95

1.01

Ratio of counts between oil sample and blank sample are about 0.89 - 1.07.
II.4. Survey of the decrease neutron flux in the container

Fig.1: The decrease of neutron flux
verus the the distance from the
symetry axis of the container
centripitally with the different
positions of the sample.

Fig.2: The decrease of neutron
flux verus the symetry axis at the
same radius.
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The MCNP program is used to survey of the decrease neutron flux in the
container. The obtained results shown that with the combination of polyetylen and
aluminum containers then the reduction factor is about 6–11%.
II.5. X-ray fluorescence analysis (XRFA)
Table 3: The limit of detections for XRFA method
(The interpolated values are in italics format)
Process ET-1 (vạch K  )
Z

19
20
21
22
23
24
25
26
27
28
29
30

Element

S,
cps.cm2/g/mA

(S),
cps.cm2/g/mA

K
Ca
Sc
Ti
V
Cr
Mn
Fe
Co
Ni
Cu
Zn

1.1737 E+5
1.3416 E+5
1.4685 E+5
1.8919 E+5
2.7281 E+5
3.9858 E+5
5.8549 E+5
8.1568 E+5
10.5275 E+5
12.9599 E+5
15.2188 E+5
16.7762 E+5

0.0154 E+5
0.0117 E+5

0.0289 E+5
0.0204 E+5
0.0244 E+5
0.0226 E+5

Process ET-2 (vạch K  )
Z

28
29
30
31
32
33
34
35
36
37
38
39
40
82

S,
cps.cm2/g/mA

(S),
cps.cm2/g/mA

0.8791 E+5
0.9731 E+5
1.0798 E+5
1.3509 E+5
1.6378 E+5
1.9432 E+5
2.2220 E+5
2.4698 E+5
2.6620 E+5
2.7836 E+5
2.8222 E+5
2.7764 E+5
2.6386 E+5
1.0632 E+5

0.0059 E+5
0.0059 E+5
0.0067 E+5

Element

Ni
Cu
Zn
Ga
Ge
As
Se
Br
Kr
Rb
Sr
Y
Zr
Pb
(L  )

0.0083 E+5

0.0107 E+5
0.0120 E+5
0.0101 E+5

II.6. Results of INAA method
The results shown that the concentration of 6 elements of among the 27 elements
which were not treated: Ag, Cu, Mo, Rb, Ti, Se were below the threshold analysis; 3
elements were aproximately with the threshold analysis: Ce, Nd, Sr; and the others of 19
elements were available for analyzing: Al, Br, Co, Cr, Cs, Fe, Hg, La, Mn, Ni, S, Sb,
Sm, V, Zn.
By using the evaporation treatment method, the concentration of 6 elements (Ag,
Cu, Mo, Rb, Ti, Sr) were below the threshold analysis; 9 elements (As, Br, Ce, Cr, Sb,
Se, Nd, V, Zn) were aproximately with the threshold analysis; and the others of 13
elements (Al, Cl, Co, Cs, Fe, Hg, La, Mn, Na, Ni, S, Sc, Sm) were available for
analyzing.
By using the the method of treatment by solvent, the concentration of 6 elements
(Ag, Cu, Mo, Rb, Ti, Sr) were below the threshold analysis; 10 elements (Ce, Cr, Cs,
Fe, La, Mn, Na, S, Sb, Se) were difficult for analyzing; and 12 elements (Al, As, Br, Cl,
Co, Hg, Nd, Ni, Sc, Sm, V, Zn) were available for analyzing.

84

The Annual Report for 2009, VAEI

VAEI-AR 09--9

Table 4: Limit of detection for INAA method
LOD (ppm)
STT

Element

Untreated

Evaporation

Chemical
treatment

1

Ag

0.006

0.003

0.004

2

Al

0.6

0.2

0.1

3

As

0.007

0.002

0.001

4

Br

0.08

0.02

0.02

5

Ce

0.01

0.006

0.007

6

Cl

0.6

0.6

0.4

7

Co

0.003

0.002

0.003

8

Cr

0.01

0.01

0.01

9

Cs

0.002

0.001

0.0008

10

Cu

0.4

0.4

0.7

11

Fe

1.4

0.9

0.8

12

Hg

0.05

0.04

0.003

13

La

0.003

0.003

0.002

14

Mn

0.03

0.03

0.02

15

Mo

1

0.6

0.5

16

Nd

0.08

0.02

0.02

17

Ni

0.3

0.2

0.2

18

Rb

0.07

0.06

0.07

19

S

186

162

324

20

Sb

0.02

0.001

0.001

21

Sc

0.0001

0.0001

0.0001

22

Se

0.01

0.007

0.007

23

Sm

0.0002

0.0001

0.0001

24

Sr

1

0.5

0.6

25

Ti

1

1

1.7

26

V

0.05

0.02

0.01

27

Zn

0.08

0.04

0.05
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The Table 4 shown that most elements with the evaporation and chemical
treatment, these LODs were lower than compared to the untreated method. The LODs
of some elements as Cr, Cu, Se, Ti, Cl, Ca and Mn were not changed. The LODs of the
others elements were decreased from 1.2 to 4.0 times.
II.7. Results of XRFA method
Table 5: The elements concentration in crude oil samples (Unit: ppm, error)
Sample
ID

V
H.l.

Ni



H.l.

Cu



Zn

H.l.



H.l.

Sr



H.l.

Pb



H.l.

0.1

<0.5

BH1

<6

<2.2

3.0

0.8

<4.1

0.4

BH2

<6.9

<3.1

3.4

0.8

<3

<0.5

<1.4

BH3

<11.6

<1.6

4.9

0.8

<2.2

<1.1

<1.2

BH4

<9

<10.3

2.9

0.8

<3.1

<1

1.0

3.3

0.9

<2.3

0.6

0.2

<1

1.2

0.2

<1.5

DR305

6

1 2.7

0.8

DR20/2

17

3 <5.6

DR206

<5.5

<2.2

DRM108

<9

13.1

0.9

<5.2

NM445

<8

8.3

0.8

3.2

NM446

<5.3

<2.3

NM710

<3

12.2

NO1106

<5.5

BK3

<3.1

ND1

222

8

30

ND2

199

7

45

<4.5
3.3

8
0.8

1

<2.6

<0.7

<1.3

<3.6

0.28 0.09

<0.4

0.7

<3.1

0.6

0.8

1.5

0.7

2.6

2.8

0.7

<1.4

2.6

0.8

<2.5

K
Ca
Ti
V
Cr
Mn
Fe

86

0.3

<1.3

<1.8

<0.8

<1

<2.1

0.7

<2.2

<3.4

<0.8

<1.2

2

<4.4

20

3

<1.5

2.9

0.9

2

<5.2

21

2

<1.4

4.0

0.5

Table 6: Limit of detection for XRFA method
Element

0.3

<0.8

0.8

0.8

0.2



LOD, ppm
Min
26
14
7.6
3
2.3
1.4
1.5

Max
110
67
33
17
11
6
7

Average
49
34
15
8
4.8
3
2.7
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Ni
Cu
Zn
Ga
Ge
As
Br
Rb
Sr
Y
Zr
Pb

1.3
1.5
1.8
0.2
0.8
0.4
0.09
0.2
0.2
0.4
0.7
0.4

9
5
4
4.5
2.4
1.7
1.5
1.4
1.5
2.0
2.5
3.0

3.1
3.4
2.9
2.3
1.2
0.8
0.6
0.7
0.8
0.9
1.4
1.3

The limit of detection is calutated by th equation:
LODi =

3 × Bkgr ×  2
Tl × Curr × S i × Abi

The survey results on 15 samples analyzed shown that the limit of detection can
be fluctuated from 2 times to 20 times, in the different analysis, depending on the
material composition (hydrocarbons) and thickness sample.
Result of analysis shown that element copper was analyzed well by XRFA; the V,
Zn, Ni, Sr, Pb can be analyzed by XRFA but not high sensitivity.
III. CONCLUSION
From the obtained results, some conclusions are as follows:
For analyzing of trace elements in crude oil samples by INAA, it is necessary to
treat these samples before the irradiation by using the nature evaporation method
(except the elements of Br, Cl, S, Se, As & Hg), to pack the sample based on the
established procedure, and to modify the irradiated container for the decrease neutron
flux correction, and to correct the self-absorption effect of gamma-ray in samples.
The XRFA method is available for trace elements (such as K, Ca, Ga, Ge, Y, Zr
and Pb elements) in crude oil samples which are difficult to determine by the INAA
method.
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SIMULTANEOUS DETERMINATION OF NITRATE AND NITRITE
IN VEGETABLES BY ION CHROMATOGRAPHY
AFTER MICROWAVE WATER EXTRACTION
Le Thai Dung, Nguyen Tien Đat, Ta Thi Tuyet Nhung, Nguyen Thị Hong Tham,
Đang Trung Tin, Nguyen Văn Minh and Nguyen Van Son
Nuclear Research Institute, Dalat, Vietnam
Abstract: Nitrogen is one of the most commonly occurring elements in nature. It forms
many inorganic ionic species of which the most important are nitrate, nitrite and
ammonium ions. Nitrate accumulation in plants is still a major concern because of its
effects to human health, mainly for infants.
The conversion of nitrate to nitrite is implicated in the occurrence of methemoglobinemia,
a disease that disturb the oxygen transport system of the blood. Besides, nitrites are
involved in the synthesis of nitrosamines which can cause gastric cancer.
Different procedures and extractants have been used to extract nitrate from plant matrix.
However, the extraction with water seems to be the more reasonable method of
measuring its accumulation in vegetable crops since most of the nitrate occurs in the free
form in the vacuoles. On the other hand, the temperature of extraction could be a factor of
recovery variations. Microwave extraction could be a useful choice since it does not
involve the risk of sample contamination neither the mechanical or volatile loss of the
analyte. Besides, it significantly reduces the time of sample preparation and hazardous
waste.
Many methods, which have been used so far, have proven insufficiently sensitive or
accurate and recently much attention has been paid to ion chromatography (IC).
Separation and determination of nitrate and nitrite ions by ion chromatography are carried
out in anion-exchange columns filled with a suitable exchanger and using a proper eluent
such as a solution of sodium carbonate or sodium hydrocarbonate and most often
conductometric or UV detection.
In this work, a microwave water extraction method combined with ion chromatography
was developed for Simultaneous determination of nitrate and nitrite in vegetable crops.
The recoveries of nitrate and nitrite measured by IC and spectrophotometric methods
were compared. The recoveries of nitrate and nitrite in vegetable crops were 94.1 – 98.8%
(nitrate) and 89.0 – 98.7% (nitrite) for IC, and 67.7 – 102.2% (nitrate) and 98.4 – 103.7%
(nitrite) for spectrophotometric method, respectively. The nitrite showed a good recovery
by both methods while nitrate showed a poor recovery by spectrophotometric method, so
the IC method has advantages to determine the nitrate and nitrite levels in vegetable crops
simultaneously.

I. INTRODUCTION
Many methods used for determination of nitrate and nitrite in food and foodstuff
have been developed and applied such as spectrophotometry, HPLC, polarographic and
capillary electrophoresis, weight titration, …However the determination of these
analytes in the sample often face analytical problems related to low selectively of the
methods, the presence of many interfering factors, the time of sample preparation and
hazardous waste.
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To overcome these problems, one of the most commonly used methods for
determining nitrate and nitrite ions is ion chromatography nowadays. It offers the
possibility of simultaneous determination of nitrate and nitrite ions in a short time, good
reproducibility of results, high sensitivity, small volume samples and no hazardous
waste.
Ion chromatography has applied recently. Apart from the ISO standard, TCVN 5247, there is no official method for determination of nitrate and nitrite in Vietnam. The
main objective of this study aims to establish a suitable extraction method and
determination of nitrate and nitrite for vegetable crops by IC method. The second
objective of this work was to determine the nitrate and nitrite levels in some of the most
commonly consumed vegetables purchased in Dalat markets
II. RESULTS AND DISCUSSIONS
II.1 The investigating the limit of detection

TR
2.0
0INH-ANION#1[modifiedbyANH-DUNG]
µS

Chuan0,5ppm

ECD_1_COPY

1-Fluoride-2.110
2-Chloride-3.473
3-Nitrite-4.310 4-Bromide5-6N
itra
.6
50te-7.8876-Phosphate-9.7707-Sulfate-12.150

-1.20
0.0

min
1.3

2.5

3.8

5.0

6.3

7.5

8.8

10.0

11.3

12.5

13.8

15.0

Fig.1: The chromatograph of 07 anion tested in V= 1.3ml/min.
+ The optimal linear velocity: 1,3ml/min
+ NO2-: 20ppb 

2ppm

-

+ NO3 : 25ppb  20ppm
II.2. The linearity of the standard curve
Figure 2, and figure 3 provided the standard curves of nitrate and nitrite.
Linearities were obtained over the tested concentration range of 0.2 ppm – 16ppm of
nitrate and 0.02ppm – 1,6ppm of nitrite, respectively. The linear regression equations of
nitrate and nitrite standard curves were calculated as y = 0.1345x - 0.0536 (R2 = 0.9964)
and y = 0.6105x + 0.0145 (R2 = 0.9975), respectively. The correlation coefficients
were both greater than 0.9, which showed a very good linearity.
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Fig.2: The standard curve of nitrate
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Fig.3: The standard curve of nitrite
where y is the value of peak area and x is the value of various concentrations of
standard solutions using the IC method.
II.3. Error test
Table 1: The accuracy of nitrate and nitrite ions
Type of fitting

Standard
Error

Error
%

Accuracy
%

Slope

NO2-

Lin

6

±1.03

99.99

0.06

NO3-

Lin

6

±1.77

99.99

0.076

Anion

II.4. Reproducibility test
Reproducibility of the measurements is evaluated by standard analyzing
calculated from the results of 5 replicates.
Table 4: The results of the reproducibility test
Anion

Concentration
(mg/l)

Mean
n=5

Reproducibility
(%)

NO2-

0.80

0.79

99.93

NO3-

8.00

7.88

98.53
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II.5. Microwave water extraction test
Some parameters that effect microwave water extraction were investigated:
+ Time of extraction was investigated at 2, 5, 7 and 10 minutes.
+ The power of the microwave was investigated at 75W, 150W, 300W and 450W.
+ The volume of deionized water was 30ml, 50ml, 70ml and 90ml.
N it ra t e - T h ể t íc h c h iế t - T h ờ i g ia n c h iế t
N it ra t e ( m g /L )

230
210
190

30m l

170

50m l

150

70m l
90m l

130
110
90
70

Phút

50
1

2

3

4

5

6

7

8

9

10

11

Fig.4: The correlation between the nitrate concentrations, the volume of
deionized water and time of extraction
N it ra t e - N ă n g lư ợ n g s ó n g - T h ờ i g ia n c h iế t
250

N it ra t e ( p p m )

200
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150

300W
450W

100

50

0
0

2

4

6

8

Phút

10

12

Fig.5: The correlation between the nitrate concentrations, the power of the
microwave and time of extraction
N itrite - T h ể tíc h c h iế t - T h ờ i g ia n c h iế t
N it rit e ( m g /L )
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Fig.6: The correlation between the nitrite concentrations, the volume of deionized
water and time of extraction
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Fig.7: The correlation between the nitrate concentrations,
the power of the microwave and time of extraction
For this assay, the conventional methodology for extraction of anions was
compared to the microwave water extraction which has more advantages than the
traditional methods such as the rapid extraction time, no interference problems in
analyzing nitrate and nitrite ions, the high accuracy and sensitivity, and environmental
safe. The optimal results were showed as listed blow:
+ Time of extraction is set at 5 minutes.
+ The power of the microwave is set at 150W.
+ The volume of distilled water foe extraction is 50ml.
II.6. Recovery test
The recovery of nitrate and nitrite ions in vegetable crops by IC and
spectrophotometry are shown in table 5. The contents of nitrate and nitrite measured by
the IC method showed recovery ranges of 94.1 – 98.8% (nitrate) và 89.0 – 98.7%
(nitrite). The spectrophotometry method showed ranges of 67.7 – 102.2% (nitrate) và
98.4 – 103.7% (nitrite). The nitrite showed a good recovery by both methods, while the
nitrate showed a poor recovery by spectrophotometry.
Table 5: Recoveries of nitrate and nitrite by Ion chromatography and
Spectrophotometry methods
Ion chromatography (%)

Spectrophotometry (%)

Samples
Nitrate

Nitrite

Nitrate

Nitrite

Bean

94.1

98.7

67.7

103.7

Potato

94.6

97.2

102.2

98.,4

Spinach

96.8

98.6

69.5

98.8

Based on the above results, The IC method has advantages to determine the nitrate
and nitrite ions in vegetable crops simultaneously. The procedures for extraction and
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determination are simple, while the spectrophotometry method requires time consuming
analysis and is not able to simultaneously determine two ions.
II.7. The procedure for determination of vegetable crops.

5g of sample
50ml of distilled water, immersed and shaked
Microwave extraction
Power: 150W and remained 5 minutes
Mark the filtrate to 100ml

Ion chromatography

Calculated the results

II.8. Application on the real samples
Table 6: The results for determination of nitrate and nitrite in some vegetables
NO3-± SD

NO2-± SD

(mg/kg)

(mg/kg)

Potato

235 ± 8

0.15 ± 0.020

Pumpkin

392 ± 10

0.20 ± 0.030

Aubergine

167 ± 6

0.05 ± 0.010

Bean

121 ± 6

0.10 ± 0.008

Carrot

102 ± 5

0.02 ± 0.006

Sweet potato

62 ± 4

0.04 ± 0.005

Susu

480 ± 16

0.18 ± 0.020

Beet

430 ± 15

0.15 ± 0.020

Samples
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Table 7: The results for determination of nitrate and nitrite
in some leaf vegetables
NO3-± SD

NO2-± SD

(mg/kg)

(mg/kg)

Coron

943 ± 25

0.08 ± 0.007

Cabbage

860 ± 16

0.07 ± 0.008

Salad

1227 ± 25

0.06 ± 0.007

Rambus Kola(planted)

65 ± 3

0.08 ± 0.006

Rambus Kola (grown)

23 ± 2

0.06 ± 0.006

Green Cauliflower

260 ± 6

0.12 ± 0.010

Chinese Cabbage

1118 ± 30

0.18 ± 0.020

Bitter Chinese Cabbage

3555 ± 55

0.25 ± 0.030

Sweet Chinese Cabbage

2882 ± 45

0.10 ± 0.007

99 ± 4

0.10 ± 0.010

Samples

White Cauliflower

Table 8: The results for determination of nitrate and nitrite
in some fresh vegetables
NO3-± SD

NO2-± SD

(mg/kg)

(mg/kg)

Cabbage

650 ± 14

0.08 ± 0.006

Chinese cabbage

990 ± 25

0.08 ±0.006

Pepper

95 ± 6

0.02 ± 0.008

Frisse

836 ± 40

0.04 ± 0.006

Romaine

132 ± 4

0.04 ± 0.005

Radicho

525 ± 15

0.05 ± 0.006

Batavia

489 ± 12

0.06 ± 0.007

Escorole

372 ± 10

0.05 ± 0.005

Salad bud

839 ± 25

0.08 ± 0.005

Purple lolo

1408 ± 40

0.07 ± 0.006

Samples
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The nitrate contents for vegetable crops from table 6, table 7 and table 8 are upper
safe limits set by FAO/WHO, Codex criterion. The high nitrate concentration indicates
that it was used with unproper quantities of nitrogen fertilizers and the plants grew in
poor conditions.
Analyzing the obtained results, it can be noticed that vegetables grown in the field
contain higher quantities of nitrate in comparison with those grown in greenhouse
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Fig.8: The variation of nitrate contents in vegetable crops
Analyzing the obtained results from the figure 8, it can be noticed that the nitrate
concentrations were distributed in 3 areas <500mg/kg, 500mg/kg < nitrate <1500mg/kg
and >2500mg/kg. The areas >500mg/kg focus on leaf vegetables.
III. Conclusion
1. The order of anion which determined on ion chromatography: F-, Cl-, NO2-, Br, NO3-, PO43-, SO42-.
2. The eluent is 0.5M Na2CO3 and 0.5M NaHCO3.
3. The optimal linear velocity is 1,3ml/min.
4. Optimal concentration range to define anion:
+ NO2-: 20ppb 

2ppm

-

+ NO3 : 25ppb  20ppm
5. The optimal results were showed as listed blow:
+ Time of extraction is set at 5 minutes.
+ The power of the microwave is set at 150W.
+ The volume of distilled water foe extraction is 50ml.
6. According to the analyzed results, it can be noticed that leaf vegetables
contain higher quantities of nitrate in comparison with the others.
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STUDY ON PREPARATION OF LYOPHILIZED DISIDA KIT FOR
LABELING WITH 99mTc USING IN NUCLEAR MEDICINE TO
DIAGNOSE HEPATOBILIARY DISEASES
Duong Van Dong, Bui Van Cuong, Pham Ngoc Dien, Chu Van Khoa,
Mai Phuoc Tho, Nguyen Thi Thu and Vo Thi Cam Hoa
Nuclear Research Institute
Abstract: Lyophilization is the method of choice for preserving a variety of healthcare
pharmaceutical as the type of kit used labeled with radioactive isotopes. Lyophilization
ensures the overall stability of the product, inhibit bacterial growth and create good
conditions for transportation. A more significant is that it helps ensure the durability of
stannous chloride in the composition of the kit. In the process of freeze-dried, the first
product to be frozen, then reducing the surrounding pressure and temperature increase
sufficient to allow the water molecules in the material sublimates directly from solid to
gas.
This report presents freeze-drying method and quality control of compound iminoacetic
2,6-diisopropylcetanilido acid (DISIDA) for long term storage, convenient for
transportation to remote areas for nuclear medicine diagnosis of hepatobiliary disease.
The purpose of the study were the survey of labeling process of 99mTc with DISIDA and
established freeze-drying process of DISIDA having standard quality for nuclear
medicine diagnosis of hepatobiliary diseases.
Key words: DISIDA; 99mTc-DISIDA; Lyophilization; Freeze-drying

INTRODUCTION
Freeze-drying is a dehydration process typically used to preserve a perishable
mate-rial or make the material more convenient for transport. Freeze-drying works by
freez-ing the material and then reducing the sur-rounding pressure and adding enough
heat to allow the frozen water in the material to sublime directly from the solid phase to
the gas phase. After the freeze-dried process is complete, the product vials are sealed in
vacuum or gaseous nitrogen condition.
Pharmaceutical manufacturers often use freeze-drying to increase the shelf life of
products, such as vaccines and other injec-tables. By removing the water from the
material and sealing the material in a vial, the material can be easily stored, shipped, and
later reconstituted to its original form for injection.
For years, the compounds used to label with different radioactive isotopes used for
medical diagnosis and treatment more fully developed, including DISIDA labeled with
Tc-99m is compound of high value in diagnosing hepatobiliary diseases.
DISIDA is an organic compound with the chemical and biological properties readily absorbed into the liver. This biological activity around the world has studied to
label the radioactive isotope 99mTc is used to image the function, hepatobiliary diseases.
In 20 years there have been many projects to study and apply this compound.
Developed countries have commercial products on the domestic market, but the
extensive research on clinical application purposes is always respected.
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In Nuclear Medicine, 99mTc is the main isotopes have been widely used (more
than 80% of nuclear medicine diagnosis based on using 99mTc as pertechnetate or
labeled on a specific organic compounds) because it has appropriate physical, chemical
and biologi-cal properties, so they have a high ability to concentrate in the human body
organs.
DISIDA is similar compounds in the cells of the liver, bile, so after intravenous
injection 20-30 minutes, 80-85% DISIDA absorbed onto the liver, bile tissues. Biological action of DISIDA is similar to complexes of 99mTc-DISIDA, it has shown a optimal
correlation between the rate of damaged liver and bile to normal liver tissues and the
rate of damaged to normal tissues.
DISIDA compounds have not pharma-cological properties, so after injection into
the human body it does not cause any side effects.
- Name of DISIDA compound: 2.6 - acetanilido diisopropyl iminodiacetic acid
- Molecular Weight: 350.41 g
- Chemical formula: C18H26N2O5
iC3H
7
CH2

NH

CH2

COOH

CH2

COOH

N

C
iC3H
7

O
2,6-diisopropyl acetanilido iminodiacetic acid

Fig.1: Structure of 99mTc-DISIDA complex (MW. 894 D)
The organic component of 99mTc-DISIDA is a bifunctional chelate having both the
properties of technetium binding (iminodiacetic structure) and hepatobiliary processing
(aromatic system). The lipophilic properties of this compound was demon-strated in
chloroform extraction studies where more than 80% of the 99mTc-DISIDA was extracted
into the organic phase from the aqueous phase with 99mTc-DISIDA.
MATERIALS AND RESEARCH METHODS
A. Materials
 Equipment and tools:
-

104

Drying-freezer ALPHA II-12
Electric shake
pH meter
Radioactive gauge equipment
Equipment for radioactive control
Micropipette
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- Aluminum lid
- Bottles and other glassware.

-

Chemicals:
Synthesized DISIDA
SnCl2.2H2O
Ascorbic acid
HCl, NaOH
Bidistilled water (Nitrogen aeration)
Methanol
Nitrogen gas and liquid

Unless other noted, all initial materials were purchased from commercial suppliers
and used without further purification.
DISIDA was synthesized from the reaction of replacement of two chlorine atoms
in chloroacetyl molecules. The syn-thesis includes two steps:
- First step: Synthesis of 2.6-diisopropyl-acetanilide
- Second step: Synthesis of DISIDA
DISIDA pure product was identified by IR spectrum analysis, LC/MS, melting
point and microscopy of crystals.
Sodium pertechnetate (Na99mTcO4) was prepared from 99Mo-99mTc generator.
99
Mo have been produced on the research reactor at Nuclear Research Institute at power
of 500 kW by the nuclear reaction 98Mo (n, γ) 99Mo.
B. Research Method
The purpose of the study were the survey of labeling process of 99mTc with
DISIDA and established freeze-drying process of DISIDA having standard quality for
nuclear medicine diagnosis of hepato-biliary diseases.
I. Labelling method of DISIDA with 99mTc radioisotope
Labeling process is optimized by the experimental studies of parameters directly
influencing to the labeling efficiency such as pH, concentration of reactants,
temperature, and reaction time. Labeling efficiency was determined by method of paper
chroma-tography.
Labeling efficiency survey
Labeling efficiencies (LE) of 99mTc-DISIDA preparations were determined by
ascendant chromatography. In this proce-dure, a drop of labeled product was applied to
the chromatographic strip of Whatman No.1 paper (20 x 2.0 cm) and the product was
developed using mixture of ethanol-/water (85 : 15, v/v) or 0.9% NaCl as mobile
phases. The strips were dried, cut into 1 cm sections and the radioactivity was measured
in a well counter. The 99mTc-DISIDA was found at Rf = 0.0.
II. Freeze-drying method of DISIDA
- Equipment used to study process is freeze dryer ALPHA II imported from
German, frozen cold chamber of with maximum cold temperature -75oC, and 5 trays
containing 250 vials of 10ml in peniciline type.
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- DISIDA compounds are synthesized pro-duct in the qualified laboratory,
mixed ac-cording to a predetermined component for each vial. Vials used for Freezedrying is type of 10ml. Volume of products in each vial is 1ml, all the details as follows:
- Preparation of kit solution for final volume of 10 ml
Final volume
(ml)

DISIDA
(mg)

SnCl2.2H2O
(mg)

Acid ascorbic
(mg)

10

200

3.6

1.3

- Use cold water for injection bubbled with nitrogen gas.
- Solution A: Dissolve 200 mg DISIDA using 7 ml injection water.
- Add 1.3 mg ascorbic acid to A solution and mix until dissoved.
- Solution B: Dissolve 3.6 mg SnCl2.2H2O in HCl 2N acid and heat to dissolve
com-pletely.
- Slowly add drop by drop of tin chloride to solution A and shake slowly to
dissolve.
- Adjust pH at between 4 and 5, using HCl 0.1N or NaOH 0.1N.
- Adjust final volume to 10 ml using injec-tion water.
- Filter the solution through a 0.22 µm ste-rile filter.
- Precool the vial inside the freeze-dryer or using liquid nitrogen.
- Dispense 1 ml per vial, keeping the vials as cool as possible.
- Freeze-dry using the following condi-tions:
+ Freeze dry time: 32
+ Condenser temperature: -55oC
+ Condenser pressure: 0.05mbar
+ Dry temperature (tray/prod.): 40/42oC
+ Dry time: 16h
The preparation of kit DISIDA had done in the laminar hood with ultraviolet light.

Fig.6: The pricipal processes of freeze-drying of drugs.
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Experimental procedures
1. The freeze-drying process
There are four stages in the complete drying process: pretreatment, freezing, primary drying, and secondary drying.
- After dispensing 1 ml of DISIDA kit solution per vial, keeping the vials as cool
as possible by pouring liquid nitrogen into trays containing product vials and placing
trays in cold chamber for freezing.
- Attach thermocouple in one of kit vial for checking product temperature, then
close the cold chamkber.
- Freeze-dry equipment is turned on for 30 minutes before placing the product
vials in the chamber, at that time, freezing chamber temperature can be achieved
maximum (Tcondenser = -60oC), (turn on the convection fan to ensure that the cold
chamber is homogenous)
- When the product temperature is equal to the tray temperature Tdisk = -40°C
(product will be frozen completely), then start the vacuum pump, the vacuum will reach
to 5.10-3 mbar after 15 minutes, and keep this temperatures for 30 hours.
- Starting heat of product tray from -40oC to 40oC (within 15 hours the
temperature was increased by about 10oC-15oC). Freeze-dry process is completed.
- Close the rubber cork in the vacuum conditions or the chamber filling gas
nitro-gen and then shutdown and open pressure equalization valve.
- Take the product tray from the frozen chamber and cap aluminum lid.
All the steps are performed in a sterile room.
The survey parameters affect to the freeze-dried process was assessed through the
labeling efficiency of the product with 99mTc.
If a freeze-dried substance is sealed to prevent the reabsorption of moisture, the
substance may be stored at room temperature without refrigeration, and be protected
against spoilage for many years. Preservation is possible because the greatly reduced
water content inhibits the action of microorganisms and enzymes that would normally
spoil or degrade the substance.
Freeze-drying also causes less damage to the substance than other dehydration
methods using higher temperatures. Freeze-drying does not usually cause shrinkage or
toughening of the material being dried. In addition, flavours, smells and nutritional
content generally remain unchanged, making the process popular for preserving food.
However, water is not the only chemical capable of sublimation, and the loss of other
volatile compounds such as acetic acid (vinegar) and alcohols can yield undesirable
results.
Freeze-dried products can be rehy-drated (reconstituted) much more quickly and
easily because the process leaves micro-scopic pores. The pores are created by the ice
crystals that sublimate, leaving gaps or pores in their place. This is especially impor-tant
when it comes to pharmaceutical uses. Freeze-drying can also be used to increase the
shelf life of some pharmaceuticals for many years.
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2. Experimental procedure of labelling with 99mTc
The process of labeling survey is assessed through labeling efficiency of DISIDA
with 99mTc. Paper chromatography method was chosen for all the experimental survey.
This was performed using chromato-graphy paper Whatman No. 1 and mixture of
methanol-water (85 : 15, v.v) or NaCl 0.9% as mobile phases. 5 µl of 99mTc-DISIDA
was applied at 2 cm from one end of the paper strip of 20 cm. The strip was developed
in the mobile phase until the solvent front reaching 15 cm from the point of appli-cation.
The strip was dried and cut into 1cm sections and the radioactivity was measured. The
determination of the radio-activity per-centage in each Rf value by formula:
Labeling efficiency(%) = [1-(activity at the origin/total activity)]x100
RESULTS AND DISCUSSION
I. The study results on labeling process of 99mTc in DISIDA
1. The study results on the content of Sn2+ in the labeling process
The results of studies on the content of Sn2+ in the labeling process are carried out
by determining the labeling efficiency by paper chromatography method. The results
are shown in Figure 2.

Fig.2: The influence of labeling efficiency on content of Sn2+
As shown in Figure 2, labeling effi-ciency was increased in the range from 0.5
mg/ml to 4.0 mg/ml of Sn2+.
2. The influence of pH on the labeling process

Fig.3: The labeling efficiency was > 95% in the range of pH from 2 to 8.
99

The lyophilized products were recon-stituted using fresh
Mo-99mTc generators, using activities be-low 55.5 GBq.
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3. The influence of temperature on the labeling process

Fig.4: The influence of temperature on the labeling process
4. The influence of time on the labeling process

Fig.5: The influence of time on the labeling process
5. The influence of content of DISIDA on the labeling process

Fig.6: The influence of content of DISIDA on the labeling process
II. The results of lyophilization process survey
1. The results of study on the influence of temperature to the lyophilization
process
To select the optimal temperature for lyophilization process of kit product, we
conducted experiments by keeping a cons-tant DISIDA component: 20mg/ml, pH = 4-5,
radioactivity of 99mTc: 20mCi/ml, Sn2+ content: 0.6 mg/ml, labeling time: 15 minu-tes,
volume of sample on chromatography paper: 2-5µl. pH of solutions in each bottle
containing 1 ml of DISIDA as above was adjusted at between 4 and 5 (to be determined by a pH meter) by 0.1 N NaOH or 0.1 N HCl solution.
Lyophilization process was carried out in the freeze-dryer according to the process
at temperatures: -30oC, -20oC, -10oC, 0°C, 10oC, 20oC, 30oC, 40oC, 50oC.
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1ml 0.9% NaCl solution was added to the lyophilized kit DISIDA vials at each
lyophilization temperature. 0.1 ml of 99mTc (20 mCi/ml) was injected to each vial
through the rubber stoppers. The labeling process occurs completely, if shake slowly to
dissolve content in the vials and let stand for 15 minutes. Paper chromatography was
developed in water-methanol solvent. Each type of kit was developed on three strips of
chromatography paper Whatman No.1 and calculated the average results of three strips.
Obtained results are as follows:
2. The results of study on the influence of pressure to the lyophilization
We conducted experiments by keeping a constant DISIDA component: 20mg/ml,
pH = 4-5, radioactivity of 99mTc: 20 mCi/ml, Sn2+ content: 0.36 mg/ml, adjusting the
pres-sure in the freezing chamber at 0.2, 0.15, 0.1, 0.05, 0.045 and 0,04 mbar (1bar =
0,9869 atm) for selecting optimal pressure for the lyophilization processes. The results
are obtained as follow:
In fact, pressure and temperature do not affect the labeling efficiency of freezedried products, but has a significant effect on product moisture. Freeze-dried product
qua-lity is meaningful only when moisture is to ensure the long-term storage products.
Table 1: The results of the technical parameters for the process of freeze-dried

Fig.7: The dependence of labeling efficiency
of freeze-dried products on temperature
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Fig.8: The dependence of labeling efficiency on lyophilization pressure

Fig.9: The lyophilized DISIDA kit products
BIODISTRIBUTION STUDIES
Instruments/materials
- NaI (Tl) scintillation counter;
- Isotope dose calibrator;
- Balance for weighing experimental animals;
- Single pan balance for weighing organs/tissues;
- Deep-freezer (–20oC) to preserve animal carcasses;
- Refrigerator;
- Lead glass;
- Lead pots with glass windows;
- Dissection set and tray;
- Glass beakers;
- Polystyrene test tubes (5 ml);
- Glass test tubes (10 ml);
- Disposable plastic bags;

The Annual Report for 2009, VAEI

111

VAEI-AR 09--11

- Surgical gloves;
- Anaesthetics;
- Absolute alcohol;
- Absorbent cotton;
- Water for injection.
- Rats and mice
General procedures for bio-distribution studies
Rats and mice are the animals most commonly used for testing of 99mTc -DISIDA.
Using three Rats are studied at each time point.
The animals are weighed before being injected with the radiopharmaceutical and
are kept in separate numbered cages. The 99mTc-DISIDA is prepared using the
lyophilized kit vial to be tested following the instructions enclosed in the kit. Generally,
0.1-0.5 ml of the preparation is injected per animal via the tail vein. The injected
activity is calculated by taking the difference between the weight of the loaded syringe
and that of the syringe after injection.
At the end time point, the animals are sacrificed and a blood sample is taken by
heart puncture. The organs of interest are carefully dissected, rinsed in saline and placed
in individual disposable plastic tubes or bags and accurately weighed. The tail, which is
the site of injection, is removed and kept separately.
The activity in the organs, tail and carcass is measured either in an isotope dose
calibrator or in a NaI(Tl) crystal scintillation counter. The total retained dose (%TRD) is
calculated as follows:
%TRD(organ) = (A/B) x100
Where A is the activity or counts in the organ, and B is the activity or counts in all
organs and the carcass except for the tail. To accurately estimate the activity and to
account for decay corrections in the 99mTc activity, standard solutions of the radiopharmaceuticals are prepared.
A typical experiment is given below.
Preparation of standard solution
Draw 0.5 ml of the 99mTc-DISIDA in a syringe and estimate its weight by
weighing the empty syringe and the syringe with solution and calculating the difference.
Dispense this 99mTc-DISIDA solution into a clean 100 ml glass beaker and add 20 ml of
distilled water. This solution is taken as the standard for estimation of the total activity
that is injected into the animals. The activity retained in the organs is calculated as:

If using a NaI(Tl) scintillation counter, the activity retained in the organs
is calculated as:
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Where Wi is the weight of injection and Ws is the weight of the standard. All the
counts are corrected for background activity.

Fig.10: The bio-distribution results in blood, heart, liver, kidney

Fig.11: The biodistribution results in lung, spleen, intestine, muscle

Fig.12: The bio-distribution results in bone, brain, bladder, tail
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Table 2: The result of bio-distribution studies on the rats

Rabbits scans
To examine the in-vivo retention, male white rabbits (7 week-old) were used. The
animals were kept individual cages at 20 ± 1oC with a relative humidity of 75 ± 10% and
12 h light/dark cycle. The amimals were allowed free access to food and water, and left
to acclimatize for 1 week. 99mTc-DISIDA was administered intraven-ously to the rabbit
via an ear vein for the image tests such as dynamic kinetics and serial images scan using
a gamma camera (SPECT-GE).
The experimental
Seven weeks old white male rabbits (2023.4 ± 100g, n=3), which were anesthetized with Ether, were used for imaging studies. Each rabbit was injected with 99mTcDISIDA via an ear vein with 111 MBq-/0.5ml. All the rabbit were placed in a posterior
position.To confirm the dynamic kenitics of 99mTc-DISIDA, whole body dy-namic
images for 10; 20; 30 min and some static images at the predeteminated time intervals
were obtained using a gamma caera fitted with a low energy all purpose colli-mator.
Window was centered around 140-KeV. Images were scanned by system of (GESPECT).

114

The Annual Report for 2009, VAEI

VAEI-AR 09--11

Fig.13: Image scans for 10 min

Fig.14: Image scans for 20 min

Fig.15: Image scans for 30 min
CONCLUSION
The results of studies of lyophilization process was selected for the preparation of
lyophilized DISIDA kit using freeze dryer ALPHA II.
The results of quality control were confirmed the ability of the labeling DISIDA
with radioisotope 99mTc.
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After 1 year storage, the labeling efficiency is remained > 95%, so that expiry
time could be up to 1 year.
DISIDA kit is sterile and has no pyrogen. In particular, results of animal
experiments showed 99mTc-DISIDA concentrated in the hepatobiliary system after 30
minutes of intravenous administration, so DISIDA eligible for clinical application,
ready to meet the required nuclear medicine diagnosis.
By the results mentioned above, in addition to further improving the quality of the
kit DISIDA used for diagnostic applications, it is also the basis of further research to
clinical applications in nuclear medicine.
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RESEARCH ON BED LAYER MADE FROM BENTONITE
FOR SYSTEM OF RADIOACTIVE WASTE STORAGE
Nguyen Dinh Van, Tran Van Son
Trinh Nguyen Quynh and Doan Thi Mo
Institute for Technology of Radioactive and Rare Elements
Abstract: Nowadays, bentonite is widely used in many different fields such as
environment, building, nanocomposite material and so on.
Vietnam has huge reserve of bentonite. Montmorillonite of bentonite deposite in
BinhThuan and Lam Dong ore ranges from 25 to 45 %. This project presents the results
of research on the bed layer made from bentonite for system of radioactive waste storage.
Our project has also researched the absorption capability of UO22 +, Th4 + and heavy
metals such as Pb2+ and Cd2+ on BinhThuan and Lam Dong bentonite in different
conditions such as absorption time, pH of solution, concentration, amount of absorbent…
The swelling characteristic, the endosmosis of BinhThuan and Lam Dong bentonite have
been identified.
Our experiments showed that the bed layer made from BinhThuan and Lam Dong
bentonite with size: (100 x 100 x 10) mm, additives Na2SiO3 is widely used for system of
radioactive waste storage.
Keywords: Bentonite, bed layer, system of radioactive waste storage.

EXPERIMENTAL RESULTS AND DISCUSSION
1. Effect of time on absorption capability of UO22 + and Th
and Lam Dong bentonite.
The results are shown in the figure 1
for Binh Thuan and Lam Dong bentonite.
Increase adsorption time up to 3
hours, adsorption capability of UO22 + and
Th4 + of both Binh Thuan and Lam Dong
bentonite increase. At that time, adsorption
percentage of UO22+ and Th4 + reach the
maximum
value
(80-95%).
Our
experiments show that when adsorption
time increases up to 3 hours and more than
3 hours, adsorption process reaches the
balance value.
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Fig.1b: Effect of contact time on
adsorption of uranium and thorium
on Lam Dong bentonite.
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Fig.2b: Effect of pH on adsorption
capability of uranium and thorium on
Lam Dong bentonite

2. Effect of pH on adsorption capability of UO22 + and Th4 + on Binh Thuan
and Lam Dong bentonite.
The results are given in the figure 2a for Binh Thuan bentonite and the figure 2b
for Lam Dong bentonite .
Our experiments show that when pH of solution increases, the adsorption
capability of UO22 + and Th4 + of both Binh Thuan and Lam Dong bentonite increase and
reach the maximum value at pH ~ 3. When pH of solution is 3.5 and more than 3.5,
adsorption process reaches the balance value. At this point, adsorption concentration of
UO22 + is 25 -28 mg/g and adsorption concentration of Th4+ is 18-20 mg/g.
2+

3. Effect of pH on adsorption capability of some heavy metals such as Cd2+,

Pb on Binh Thuan and Lam Dong bentonite.
Research results are given in the figure 3a for Binh Thuan bentonite and the
figure 3b for Lam Dong bentonite.
When pH increases, the adsorption capability (amount adsorbed) of these metals
also increases at lower levels than the adsorption levers of UO22 + and Th4 + and reaches
the maximum value at pH ~ 3.5 and then adsorption process reaches the balance value
at pH 3.5 and more than 3.5. Adsorption values: 12 - 15 mg Cd2+/g and 11 - 13 mg
Pb2+/g for both Binh Thuan and Lam Dong bentonite.
Comparing obtained results, we can see that adsorption capability of Cd 2+ and
Pb2+ are much lower than adsorption capability of UO22 + and Th4 +. It is reasonable
because adsorption capability on bentonit of cations is different.
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4. Research on some basic characteristics of the bed layer made from
domestic bentonite deposite for application of radioactive waste storage system.
Base on some published documents about the applicability of bentonite, our
project has researched and made the bed layer from bentonit in BinhThuan and Lam
Dong, which is capable of absorbing and anti-osmosis, used for storage of radionuclides
and cations of heavy metals in technology of radioactive waste treatment.
- Ingredients of material:
+, Bentonite (Binh Thuan and Lam Dong): 85.0%
+, Fluid glass (Na2SiO3): 15.0%
+, Dimensions: 100x100x10 mm
+, Process pressure: 7-8 kg/cm2
+, Humidity: less than 8.0%
- Table 1: Some specific technical parameters of the bed layer
Kind of ore

Form of bentonit

Some of basic characteristics of the bed
layer

MontmoCompact
Penetration
Form of
Component Pressure
Humidity
rillonite
Pressure
(ml/m) at
montmorillonite Na2SiO3
(kg/cm2)
(%)
2
(%)
(kg/cm )
pH > 6
Binh
Thuan

45 - 50

Na+

15

7

10 - 12

10

10-13-10-14

Lam
Dong

40 - 45

Ca2+

15

7

10 - 12

10

10-13-10-14
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- Figure 4: Diagram for bed layer manufacturing technology

Na2SiO3.2H2O

Bentonite
powder

Mixing

Put in the mould

Grinding

Making bed
layer

Pressure

Natural drying

Drying

Waste

Testing

Production

Conclusions and recommendations
- The capability of adsorption of UO22 + , Th4 + and some heavy metals such as
Cd and Pb2+ on Binh Thuan and Lam Dong bentonite.
2+

UO22 +: ~ 28-30 mg/g
Th4 +: 20 -25 mg/g
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Cd2+: 12-15 mg/g
Pb2+: ~ 11 -14 mg/g.
- The bed layer made from bentonite in Vietnam with size: (100 x100x10) mm,
additives Na2SiO3: 15.0% ; process pressure: 7-8 kg/cm2; humidity: less than 8.0%, is
good capable of impact resistant, penetration levels 10-13 - 10-15 m/s in the solution
containing radionuclides and heavy metals.
- We think that this project should continue to be invested in researching and
improving both the production scale and application.
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RADIATION INDUCED SYNTHESIS OF COLLOIDAL SILVER
NANOPARTICLES FOR CONTROL OF CLUBROOT DISEASE OF
CABBAGE CAUSED BY PLASMODIOPHORA BRASSICAE
Pham Thi Le Ha, Nguyen Tan Man, Nguyen Duy Hang, Le Hai, Tran Thi Tam
Pham Thi Sam, Le Huu Tu, Tran Thu Hong, Tran Thi Thuy
Nguyen Tuong Ly Lan and Nguyen Trong Hoang Phong
Nuclear Research Institute, Dalat, Vietnam
Abstract: Colloid silver particles were prepared by γ Co-60 irradiation using Poly (Nvinylpyrrolidone) (PVP) and chitosan as stabilizers. The saturated conversion dose
(Ag+→Ag0) was monitored using Uv-vis absorption spectroscopy and silver nanoparticle
size was characterized by Transmission electron microscopy (TEM). The averge
diameters of silver nano particles using PVP as stabilizer (Silver nanoparticle P) were of
7.1nm for the concentration of [Ag+] 10mM, of 8.2nm for [Ag+] 20mM and of 9.5nm for
[Ag+] 30mM at the saturated conversion dose of 25kGy. The effect of PVP concentration
on the particle size was studied. The results showed that using PVP 2%, the silver
nanoparticle dispersion is stable, except for a slight increase of particle size. This sample
has good stability for 4 months of storage. Silver nanoparticles synthesized by γ Co-60
irradiation using chitosan as stabilizer (Silver nanoparticle C) have the average diameter
of 16nm, wide size distribution and low stability for 4 months of storage.
Plasmodiophora brassicae - the casual agent of club root disease of crucifers, was
isolated, identified and artifical inoculated on the cabbage. Silver nanoparticle P and C
exhibited a controlling effect on Plasmodiophora brasicae at the concentration of 10ppm
and 20ppm, respectively.

I. INTRODUCTION
For a long time, silver has been known to have a disinfecting effect and has found
applications in traditional medicines and culinary items. Today, silver is still an
effective germ fighter and silver nanoparticles are widely recognized as being especially
effective because of their enormously high surface area. In Hong Kong, colloidal silver
antibacterial liquid is sprayed on subways as public health measure. In Korea, there are
many products added silver nanoparticles such as soap, toothpaste,.. and recently, some
studies addressed the efficacy of silver nanoparticles for controlling plant pathogenic
microorganisms. In Viet Nam, silver nanoparticle is approved by Ministry of Public
health for using as an antimicrobial agent in hosehold appliances and hygiene [1-3].
Various methods have been reported for the preparation of silver nanopaticles
such as: mechanical grinding, co-precipitation, spraying, electrolysis sol-gel
manufacture, irradiation,… These methods are disadvantageous because the size of the
particles formed is difficult to controll or high cost. On the other hand, γ - irradiation
method is advantageous because sizes, shapes and size distribution of particles are
easily controlled and the particles may be prepared at the room temperature,…[4,5]
Plasmodiophora brassicae - the casual agent of club root disease of crucifers.
Plants infected have the low yield. This disease occurs all year in Dalat region of Lam
Dong Province[6,7]. Many ways used to controll this disease include liming the soil,
using chemical ,…but the results are still restricted [8-10].
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For these reasons, silver nanoparticles were prepared by γ Co-60 irradiation using
Poly(N-vinylpyrrolidone) (PVP) and chitosan as stabilizers for controll of clubroot
disease of cabbage caused by Plasmodiophora brassicae.
II. RESULTS AND DISCUSSIONS
1. Silver nanoparticle P
Silver nanoparticle P is the
nanoparticles prepared by γ Co-60
irradiation using Poly(N-vinylpyrrolidone)
(PVP) as stabilizers.
UV-vis absorption spectrum reveals
the formation of silver nanoparticles
(figure1). Before irradiation, the UV-vis
absorption spectrum shows a peak at
310nm, and after irradiation shows a peak Fig. 1. Uv-visible absorption spectra of various stages of
at 420nm. It is well-known that the
reductionof silver ions to silver nanoparticles
a) Ag+ 30mM, PVP 2%, Ethylen glycol 6%, 0kGy
surface plasmon of silver nanoparticle
b) PVP 2%, Ethylen glycol 6%, 25kGy
exhibits a characteristic adsorption band
c) Ag+ 30mM, PVP 2%, Ethylen glycol 6%, 25kGy
around 410nm[2,11].
1.2. The effect of dose on the absorbance of silver nanoparticle P
The UV-visible spectra and the absorbance of silver nanoparticles P depended
on the dose of irradiation. The results showed that at the dose of 10kGy, absorption
maximum occurred at the wavelength λmax ~ 422nm, when increasing the dose,
absorption maxima lead to blue shift and the absorbance increased. The saturated
conversation dose(Ag+  Ag0) was 25kGy with the absorbance E ~ 0.46.
0.6
0.5

Absorbance

0.4
0.3
0.2
0.1
0
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Figure 2 and 3: Effect of dose on UV-visible absorption spectra and
absorbence of silver nanoparticles P
(Ag+ 30mM, PVP 2%, Ethylen glycol 6%, diluted with distilled water 1/400
(v/v))
1.3. Effecct of concentration of silver and PVP on characteristics of silver
nanoparticle P
The saturated conversation dose of 25kGy was used for the next experiments with
the changing of silver concentration and PVP concentration
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1.3.1. Effecct of concentration of silver on characteristics of silver nanoparticle P
Table 1: E, λmax, dtb of silver nanoparticle P at various concentrations of [Ag+]
No

Samples

E

λmax, nm

dtb, nm

Mode, nm

1

[Ag+] 10mM

0.53

415

7.1 ± 1.1

5.0

2

[Ag+] 20mM

0.51

418

8.2 ± 0.1

7.8

0.46

420

9.5 ± 1.0

9.2

3

+

[Ag ] 30mM

(PVP 2%, Ethylenglycol 6%, irradiated at 25kGy)
The results in table 1. showed that, the original concentration of silver effected
significantly to the characteristic of silver nanoparticle P. When increasing the silver
concentration from 10mM to 30mM, the absorbence decreased, but absorption
maximum was shifted to longer wavelength and the average size of particle increased.
The average sizes of silver nanoparticles prepared by γ Co-60 irradiation stabilized with
PVP 2% were 7.1nm and 9.5nm at the [Ag +] concentration of 10mM and 30mM (fig.
4).

a) [Ag+]: 10mM

b) [Ag+]: 20mM

c) [Ag+]: 30 mM

Fig.4: TEM images of silver nanoparticles P at various
concentrations of Ag+ ( PVP 2%, Ethylenglycol 6%, 25kGy)
1.3.2. Effecct of concentration of PVP on characteristics of silver nanoparticle P
PVP with the concentration of 1% and 2 % were used in preparation of silver
nanoparticle. The results showed that silver nano particle P stabilized with PVP 2% had
narrow particle size distribution. .
1.4. The stability of silver nanoparticle P with storage
Silver nano particle P stabilized with PVP 2% showed good stability for 4
months of storage.
2. Silver nanoparticle C
Silver nanoparticle P is the nanoparticles prepared by γ Co-60 irradiation using
chitosan as stabilizers.
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2.1. The effect of dose on Uv-visible absorption spectra of silver nanoparticles
C
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Figure 5 and 6: Effect of dose on UV-visible absorption spectra and absorbence
of silver nanoparticles C (Ag+ 30mM, chitosan %,
diluted with distilled water 1/400 (v/v)
Figure 5 &6 revealed the UV-vis absorption spectra
and absorbence of silver nanoparticle C from the dose
10kGy to 35 kgy. The results showed that the absorption
maximum occurred at the wavelength λmax ~ 410nm, and
the saturated conversation dose(Ag+  Ag0) was 20kGy
with the absorbance E ~ 0.33 [12,13]. The average size
of silver nanoparticle stabilized with chitosan is between
14 and 16nm

Fig.7: TEM image of silver
2.2. The stability of silver nanoparticle C with nanoparticles C (Ag+ 30mM,
storage
chitosan 0,5%, 20kGy)
Silver nanoparticle C diluted with distilled water
1/400 (v/v) was kept at room temperature. After 4 months of storage, the results so that
silver nanoparticle C stabilized with chitosan 0.5% is
not so stable with the storage compared to Silver
nanoparticle P.
3. The effect of controlling of
Plasmodiophora brassicae Wor. – causing clubroot
on cabbage of silver nanoparticles
3.1. Isolation of restng sports of
Plasmodiophora brassicae Wor.
Resting sports of Plasmodiophora brassicae
were isolated, identified and artifical inoculated on
the cabbage plants which growed in soil and liquid
medium
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Fig.8: Resting sports of
Plasmodiophora brassicae
(x 400)
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3.2. Artifical inoculation of resting sports of Plasmodiophora brassicae in the
plant which grow in soil
Decontaminated soil had been sprayed with the resting sports (>106/ml) of
Plasmodiophora brassicae, then seeds of cabbage were sowed. After 24 days, all the
seedlings were infected, clubs on the roots could be observation. It means, the spores
isolated were the resting spores of Plasmodiophora brassicae because resting spores are
the only source of inoculum in natural infection and also used for artifical inoculation
[14].
3.3. Artifical inoculation of resting sports of Plasmodiophora brassicae in the
plant which grow in nutrient solution
As mentioned above, resting spores are the only source of inoculum in natural
infection and also used for artifical inoculation. The artifical inoculation of resting
spores in plants growed in soil was carried out, in order to get the convenience in
studying the antifungal effect of silver nanoparticles, resting spores was inoculated in
plants growed in liqiud cultures.
After 22 days, the small white clubs with the diameter of 1.5-3mm formed in the
roots of seedlings.
From the results, some conclusions can be drawn: the spores isolated were the
resting spores of Plasmodiophora brassicae and artifical inoculation can be carried out
in cabbage plants growed in soil and nutrient solution.
3.4. Clubroot disease controll of silver nanoparticles
The aim of this experiment is to find out one kind of silver nanoparticle which
can controll the growth of Plasmodiophora brassicae, so the antifungal effect of silver
nano particle prepared by irradiation were tested in nutrient solution, then in field.
3.4.1. Clubroot disease controll of silver nanoparticles P in nutrient solution
Cabbage seedlings growed in nutrient solution were infected with resting spores
of Plasmodiophora brassicae, then treated with silver nanoparticle P at the
concentration of 0.3ppm, 1ppm and 3ppm. The results showed that the control plants
infected 100%, plants treated at the concentration of 0.3 and 1ppm also infected 25%
and the concentration of 3ppm of silver nanoparticle inhibited the growth of
Plasmodiophora brassicae.
3.4.2. Clubroot disease controll of silver nano particles P & C in field
There are 8 beds for this experiment, The first one is the control 1, the second is
control 2- treated with Nebijin (fungicide), the rest are applied with silver nanoparticle P
& C at the concentration of 5ppm, 10ppm and 20ppm. During the time of experiment,
we observed the day wilt of plants because the first symptom of the disease is that plants
will wilt during the hotter parts of the day. The results showed that, after 60 days day
wilt of plants could be seen. The plants in control bed 1 strongly wilted and plants in
control 2 lightly wilted. This phenomenon was also observated in the beds applied with
silver nanoparticle P at the concentration of 5ppm and with silver nanoparticles C at the
concentration of 5 and 10ppm.
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After 90 days, the plants were harvested, weighted the biomass and observed the
roots. The results showed that all the plants in the control 1 infected. The plants in the
control 2 had 75% of infected. Application of silver nanoparticle P &C showed good
result. The plants applied with silver nanoparticle P at the concentration of 5ppm
infected 12.5%, the concentration of 10 and 20ppm inhibited Plasmodiophora
brassicae. . The plants applied with silver nanoparticle C at the concentration of 5ppm
and of 10ppm infected 12.5% and 6,2%. respectively, the concentration of 20ppm
inhibited Plasmodiophora brassicae.
From the above results, conclusion could be drawn that silver nanoparticle P is
more effective in controlling of clubroot disease than silver nanoparticle C
Table 2. Percentage of infected plants and increased biomass compared to controll
No

Samples

1
2
3
4
5
6
7
8

Controll 1
Controll 2
Silver nanoparticle P 5ppm
Silver nanoparticle P 10ppm
Silver nanoparticle P 20ppm
Silver nanoparticle C 5ppm
Silver nanoparticle C 10ppm
Silver nanoparticle C 20ppm

% infected plant
100.0
75.0
12.5
0
0
12.5
6.2
0

% increased biomass
compared to controll
100.0
108.1
118.2
119.2*
119.0*
111.2
112.1
118.6

*: there were some infected seedlings (observation of some seedlings wilted after
10 days of transplant)
3.5. The residue of silver in plants applied with silver nanoparticles
By using Neutron activation analysis, the residue of silver in cabbage plants
applied with silver nanoparticles P & C were determined. The results showed that the
residue of silver in two samples (plants applied with silver nanoparticles P 20ppm and
silver nanoparticles C 20ppm) were less than 0.01mg/kg of dried sample.
CONCLUSIONS
Silver nanoparticles can be prepared by γ Co-60 irradiation using Poly(Nvinylpyrrolidone) (PVP) and chitosan as stabilizers
The average size of the silver nanoparticles (P&C) was between 7nm and 20nm.
The average sizes of silver nanoparticles prepared by γ Co-60 irradiation
stabilized with PVP were 7.1nm and 9.5nm at the [Ag +] concentration of 10mM and
30mM.
Silver nano particle P stabilized with PVP 2% showed narrow particle size
distribution and good stability for 4 months of storage.
The average size of silver nanoparticle C stabilized with chitosan 0.5% was 16nm.
Silver nano particle C stabilized with chitosan 0.5% was not so stable with the
storage compared to silver nanoparticle P.
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Resting spores of Plasmodiophora brassicae Wor. - the casual agent of clubroot
disease of crucifers, was isolated, identified and artifical inoculated on the cabbage.
Silver nanoparticles (P&C) prepared by γ Co-60 irradiation using Poly(Nvinylpyrrolidone) (PVP) and chitosan as stabilizers exhibiteds a controlling effect on
Plasmodiophora brasicae
Silver nanoparticles P prepared by γ Co-60 irradiation using Poly(Nvinylpyrrolidone) (PVP) as stabilizers inhibited the growth of Plasmodiophora brasicae
at the concentration of 3ppm and 10ppm in the liqiud medium and soil, respectively.
Silver nanoparticles C prepared by γ Co-60 irradiation using chitosan as
stabilizers exhibited a controlling effect on Plasmodiophora brasicae at the
concentration of 20ppm in soil.
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STUDY ON IMMOBILIZATION OF SILVER NANOPARTICLES
ONTO COTTON FABRICS FOR ANTIBACTERIAL ACTIVITY
Truong Thi Hanh, Nguyen Quoc Hien, Nguyen Thi Kim Lan and Dang Van Phu
Research and Development Center for Radiation Technology, VAEI
Abstract: Silver nanoparticles, which their sizes of 6.93 ± 0.74 nm and 20.26 ± 1.44 nm
in stabilizers of chitosan (Ag-NPs/CTS) and polyvinyl pyrrolidone (Ag-NPs/PVP)
respectively, were immobilized onto pre-irradiated cotton fabrics at dose of 13 kGy. At
the same prepared conditions, Ag-NPs/CTS content onto fabrics was much higher than
Ag-NPs/PVP. In addition, Ag-NPs/CTS were also stable for a long time of storage.
Therefore, next experiments were carried out with Ag-NPs/CTS. The presence of silver
nanoparticles was confirmed from scanning electron microscopy (SEM) image and FT-IR
spectra. At 80 oC, solution of 150 ppm, for 3 minutes, the optimal Ag-NPs/CTS content
onto fabrics was determined to be 1592 mg/kg by Inductively Coupled Plasma (ICP)
method. The antibacterial activity of fabric products against S. Aureus and E. Coli was
found to be 99.99 % and 100 % respectively, after 20 washings. Moreover, the product
was estimated by Institute of drug testing was innoxious to the skin when coating on
animal skin (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 large number of reports are available on the synthesis of metal
nanoparticles in solution by different methods. However, so far the work on the
synthesis of metal nanoparticles through irradiation was estimated conveniently [1]. In
this work, silver nanoparticles about 7 nm and 20 nm have been prepared by irradiating
solution including AgNO3/chitosan and AgNO3/PVP, respectively. The powerful
antimicrobial activity of silver is known to be effective against nearly 650 types of
bacteria. Nanostructure silver deposited on textile substrates can be used to make smart
functional textiles, which have great potential for applications of antibacterial materials.
Silver nanoparticles work as a catalyst for oxidation reactions. Disulfide bonds play an
important role as reversible switches for protein in bacteria. Silver denaturalized the
sulfide bonds as well as destroyed the cell wall membranes of bacteria [2]. In this
research, cotton fabrics were immobilized by Ag-NPs/CTS at 1592 ppm. The reduction
of bacterial colonies was found to be 99.99 % for S.Aureus and 100 % for E.Coli after
20 washings.
2. EXPERIMENTATION
2.1. Materials
- White cotton fabrics
- Pure AgNO3 was purchased from Shanghai Chem. Co., China
- Polyvinyl Pyrrolidone PVP – K90 (Mv~106Da) of BASF Co., Germany
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- Pure Lactic acid, methanol of Franchisee Guangzhou Jenhuada Chemical
Reagent
- Chitosan of deacetyl degree ~ 80%, Mv~7.63 x104
2.2. Methods
2.2.1. Preparation of silver nanoparticles by irradiation technology
Chitosan of deacetyl degree about 80 % (Mv = 7.63 x104 Da) was dissolved in
lactic acid 1%, then neutralized by NaOH 2mM to obtain mixture with pH 5-6. Next,
AgNO3 5mM was added slowly into solution and irradiated under 60Co gamma-ray
source at dose of 16 kGy. Silver colloidal solution using PVP 2% as a stabilizer, AgNO 3
2mM was dissolved in mixture, and then 10 ml of ethanol was added as a scavenger of
hydroxyl radical. After bubbling with pure nitrogen for 20 min, the solution was
irradiated at dose of 12 kGy. The size of silver nanoparticles was determined by
transmission electron microscopy (TEM).
2.2.2. Immobilization of silver nanoparticles onto cotton textile fabrics
Cotton fabrics were washed and dried before irradiation in the range of dose from
4 to 30 kGy. Fabrics were immersed in silver colloidal solution at 80 oC for 0.5-5
minutes and were dried at 70oC. The presence of silver nanoparticles onto fabrics was
confirmed by SEM image and its content was determined by Inductively Coupled
Plasma (ICP) method. Mechanical properties of the cotton fabrics before and after
irradiation were also investigated.
2.2.3. Antibacterial efficacy and skin irritation test of product
Antibacterial properties of cotton fabrics were evaluated against S. Aureus and
E.Coli. Testing process was obeyed the pharmaceutical dictionary III. Skin irritation test
was carried out by Institute of drug testing following decision of QD3113/1999/QDBYT of Healthy Ministry. This test was carried out on grown and healthy rabbits
weighing at least 2 kg. The rabbits used for the irritation test reared at temperature 25 oC,
humidity of 30-70%. The silver nanoparticles treated samples were applied to skin and
were observed the skin conditions after 1, 24, 48, 72 hours.
3. RESULTS AND DISCUSSION
3.1. Size and distribution of silver nanoparticles
Size of silver nanoparticles were prepared by irradiation dependent on factors such as
the initial Ag+ concentration, stabilizer content, adsorbed dose and dose rate. D. Long et.
al synthesized silver nanoparticles by gamma irradiation and showed that the average
size of particles decreased from 16 nm at 1.0×10-3 M AgNO3 to 5 nm at 1.2×10-4 M
AgNO3 [3]. This indicates that the particle size can be controlled by varying the Ag+
concentration. During gamma irradiation, the reduction mechanism of Ag+ is stepwise.
The hydrated electron (e-aq) and activated radical H• by water radiolysis can reduce Ag+
to Ag. Continuous reduction of the Ag+ solution causes the aggregation of clusters into
nanoparticles. The •OH groups in the solution can inhibit the growth in the particle size.
In chitosan, hydroxyl groups can facilitate the combination of silver ions and then are
reduced by solvated electrons. However, in PVA the hydroxyl radicals were scavenged
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efficiently by methanol to yield hydroxyl methyl radicals. The silver clusters were
capped by stabilizers to obtain the desired particle diameter. In this research, chitosan
and PVP were used at 1% and 2% respectively for sized stabilization. Besides, the
irradiated adsorption dose of solution also plays an important role in formation and
growth of colloidal particles. K.A. Bodge et al. demonstrated that the electron fluence in
the range 2 x1013- 3 x1015 e cm-2 is suitable for preparation of silver nanoparticles by the
irradiation of AgNO3 solution in PVA [1]. Fig. 1a shows the TEM images of AgNPs/CTS prepared by gamma irradiation of 5mM AgNO3 in chitosan 1% at dose of 16
kGy. Similarly, Fig.1b depicted the TEM of Ag-NPs/PVP from 2mM AgNO3 in PVP
2% irradiated at dose of 12 kGy. The average diameters of silver nanoparticles were
determined to be 6.93 ± 0.74 nm and 20.26 ± 1.44 nm by statistical method for the sizes
of Ag-NPs/CTS and Ag-NPs/PVP respectively, from TEM image.

Fig.1a,b: TEM images of silver nanoparticles synthesized by irradiating a mixture
of AgNO3 5mM/chitosan 1% and AgNO3 2mM /PVP 2% solutions
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Fig. 3: Relationship between nanoparticles content immobilized onto fabrics and
adsorbed dose
Fig. 4: Mechanical properties of pre-irradiated cotton textile fabrics
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3.2. Immobilization of silver nanoparticles onto cotton fabrics
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Some factors influenced on immobilization of Ag-NPS onto fabrics such as
irradiated dose, colloidal concentration, reaction time…The cotton fabrics were
irradiated at the doses of 4.7; 13; 21.5; 30.5 kGy, before immersion into silver colloidal
solution of 100 ppm at 80oC. The result showed that content of silver nanoparticles onto
cotton fabrics increased corresponds to increasing of the irradiated dose and obtained
the saturated value at 13 kGy (Fig. 3). This is understood, the bonding ability of Ag
atom with cellulose depend on amount of active peroxide radicals, when textile fabrics
were pre-irradiated in oxygen medium. At high doses, the radiolysis of the peroxides
may become significant and reduce the overall rate of peroxidation [4].
Because of degradation of cellulose by irradiation, the mechanical characteristics
were also investigated for irradiated fabrics at various doses. In Fig. 4, the tensile
strength (σ) and elongation (ε) changed insignificantly at lower dose than of 13 kGy.
This is an important parameter with antibacterial cloth due to stabilization when
wearing and washing as well as drying and ironing. Thus, the optimal dose was selected
for irradiation in this research to be 13 kGy.

Fig.5: Relationship between conc. of silver colloid and content
of silver nanoparticles on fabrics
Pre-irradiation cloth was immersed in silver colloid in the range of 50-500 ppm
concentration for 3 min at temperature of 80oC. The results showed that silver
nanoparticle content onto fabrics increased with increasing concentration of the
colloidal solutions for two cases using stabilizer to be chitosan and PVP. However, at
the same concentration of 150 ppm, Ag-NPs/CTS content onto fabrics obtained the
sevenfold value higher than AgNPs/ PVP [Fig.5]. Therefore, next experiment only
carried out with Ag-NPs/CTS.
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Fig.6: SEM image of cotton fabrics treated with 3-5 nm diameters
of silver nanoparticles
The presence of silver nanoparticles onto fabrics can be seen in SEM picture.
The tiny particles were well dispersed on the surface of the cotton fibers demonstrated
the immobilization of silver nanoparticles on the fabrics.
3.3. Bactericidal efficacy of silver nanparticles on treated cotton fabrics
Nanosilver colloidal solution with a concentration of 150 ppm and particle size
as 5-7 nm was applied on cotton fabrics. We washed the treated fabrics many times to
observe antibacterial effect of silver nanoparticles on the fabrics after 1, 5, 10, 20, 30
washings. The treated samples were challenged with S. Aureus and E. Coli. Especially,
S. Aureus often parasitizes on skin and spread from infected patients, then waiting for
an opportunity to invade deeper tissues. Therefore, the antibacterial clothing may be
able to inhibited infiltration of bacterial into body from hospital environment. The
results from table 2 show the bacterial reduction of treated cotton fabrics for inoculums
colonies of S. Aureus and E. Coli. After 20 washings, the inhibitory effect was found to
be 99. 99 % and 100% for S. Aureus and E. Coli respectively. Antibacterial efficacy
still obtain a value of 99. 90% after 30 washings.
Antimicrobial effect of silver nanoparticles may be caused by disablement of the
enzyme that one-celled bacteria, viruses and fungi need for their oxygen metabolism. In
bacteria, disulfide bonds (-S-S-) play an important protective role as a reversible switch
that turns a protein on or off when bacterial cells are exposed to oxidation reactions. The
essential structure of bacteria’s enzyme, seems to be get disconnected by the catalytic
function of silver nanoparticles [5].
Table 2: Bacterial reduction of fabrics treated silver nanoparticles in 5-7 nm
diameters
Washing
(times)

Silvernano
content
(mg/kg)

Control
CFU/ml

1

896

5

865

138

Bacterial
reduction (%)

CFU/ml
S.Aureus

E.Coli

S.Aureus

E.Coli

33 x107

21 x104

0

99.94

100

33 x107

38 x103

0

99.99

100
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10

627

33 x107

19 x104

0

20

473

33 x107

25 x103

0

346

7

4

30

33 x10

33 x10

3

15x10

99.94

100

99.99

100

99.90

99.99

H. J. Lee demonstrated that the inhibition of bacteria on the cotton fabrics were
treated with 2-3 nm diameter of silver colloidal solution at 20 ppm was remained after
10 washings [6]. The silvernano-coated cotton fabrics of I. Perelshtein reduced 86100% bacterial of S.Aureus and E.Coli [7]. From antibacterial results, the silvernano
coated clothing became attractive target for scientists as well as textile companies.
3.4. Skin irritation test
The textile fabrics with high silver nanoparticles concentration of 1592 mg/kg, 6-7
nm in diameter were applied to the rabbit skin. The noxiousness on skin was performed
by Institute of drug testing of TP.HCM following standard of Healthy Ministry. From
observing the skin situation after contact times for 1, 24, 48, 72 hours, researchers
recorded that the numerical grades to be 0 for erythematic and edema. These results
confirm that silvernano cotton fabric is innoxious to skin with coefficient of k=0.
4. CONCLUSIONS
- Silvernano colloid at 5mM in stabilizer of 1% chitosan, at irradiated dose of 16
kGy obtained particle size about 6.9 ± 7.0 nm, while colloidal particle diameter in 2%
PVP at dose of 12 kGy is 20.3± 1.4 nm.
- Pre-irradiation dose of textile fabrics was selected to be 13 kGy. At this dose, the
tensile strength and elongation changed insignificantly in comparison with nonirradiated fabrics. Effect of concentration of colloidal silver on the content of silver
nanoparticles immobilized onto fabrics was also investigated. The presence of silver
nanoparticles onto fabrics was determined by SEM image. The content of silver
nanoparticles was remained after washings were also measured.
- Antibacterial activity against E. Coli and S. Aureus was 99. 90 % after 30
washings. The treated textile fabrics was in noxious for skin (k=0) at high silver
nanoparticle content onto fabrics of 1592 ppm.
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STUDY ON ESTABLISHMENT OF THE PROCESS TO TREAT
EXPORTATION MANGO AND DRAGON FRUIT BY
IRRADIATION AND COMBINATION WITH OTHER METHODS
Doan Thi The1. Vo Thi Kim Lang1. Le Quang Thanh1.
Nguyen Thuy Khanh1 Pham Thi Thu Hong1 and Nguyen Ngu2
1
Research and Development Center for Radiation Technology, VAEI
2
Institute of Agricultural Engineering and Post-Harvest Tecnology, HCM City Branch
Abstrac: Based on gained research results, processes of thermal treatment combined with
γ- irradiation for Hoa Loc mangoes and Binh Thuan dragon fruits were established. For
mangoes, dipping in hot water at 50°C in 5 minutes can control fruit rot fungi.
Combination of hot water treatment (HWT) and irradiation at low doses (about 0.6 and
0.8 kGy) can delay ripening and extend the shelf-life of mangoes about 5 days compared
with non-irradiated ones at temperature of 28±2°C. The obtained results showed that the
quality of HWT/irradiation mangoes was changed insignificantly and its shelf-life
extended longer than HWT/non-irradiated ones. For dragon fruits, dipping in hot water at
45°C in 10 minutes also inhibited the growing of rot fungi and reduced the fruit decay
incidence. A combination of warm water treatment and low dose irradiation less than 0.8
kGy with low temperature (5°C) and 80-85% RH can extend the shelf-life of dragon fruit
more than one week compared to non-irradiated ones. The effect of gamma radiation and
HWT on physico-chemical parameters of dragon fruits such as flesh firmness, °Brix,
titratable acidity, vitamin C and skin colors…was evaluated.

1. INTRODUCTION
Vietnam has an abundance of tropical fruits all year round, e.g. mango, longan,
rambutan and dragon fruit…Although these fruits are available in large quantities, they
have to be consumed relatively rapidly because their shelf-life does not extend beyond a
few days – from 3 days to maybe 7-8 days. The short post-harvest life is the result of the
ripening and physiological breakdown of the fruits during handling, transportation and
storage; this is further aggravated by damage caused by insect and post-harvest diseases.
Various post-harvest technologies have been used to improve the shelf-life of fresh
tropical fruits [1.2]. Controlled atmosphere storage, modified atmosphere using
polymeric films, pre-cooling, fumigation and hot water treatment have been
successfully used to extend the shelf-life of mangoes by delaying ripening and
controlling insects and diseases. A low dose of gamma irradiation, used as a postharvest treatment and in combination with other processes, has shown promise for
extending the shelf-life of fruits and as a preservation method [3]. The aim of this study
was to investigate the use of irradiation in combination with other post-harvest
treatments in order to increase the shelf-life of mangoes and dragon fruits.
2. EXPERIMENT
2.1. Materials
- Hoa Loc mangoes were sorted by size, with an average fruit weight of 400 - 450
grams originated from Cai Be, Tien Giang province.
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- Dragon fruits were sorted by size, with an average fruit weight of 300 - 350
grams obtained from Bao Thanh farm, Binh Thuan province.
- Analysis chemicals, PA.
2.2. Preparation of samples and irradiation
- For mangoes, washing by cleaned water, wiping by soft clothes, dipping in hot
water at difference temperature, and then irradiation at a low dose range (from 0.2 kGy
to 0.8 kGy) at Co-60 SVST - Co-60/B, Hungary in stationary state.
- For dragon fruits, washing by cleaned water, drying at ambient temperature,
dipping in hot water at the temperature of 45°C in difference time, and then irradiation
at a low dose range (0.2 kGy to 1.2 kGy) at Co-60 with type of SVST - Co-60/B,
Hungary in stationary state.
- Measuring absorbed doses by Ag-dichromate dosimeters.
2.3. Study methods
- Weight loss (%) was calculated by weighting each replicate separately and
weight loss percentage was calculated.
- Fruit decay was calculated by marks.
- Skin colour of fruits was measured by Konica Minolta – CR 200. Japan.
- Flesh firmness was measured by Penetrameter – Italy
- Total soluble solid or Brix was determined by Fractometer with level of 0 - 40.
ATAGO, Japan.
- Titratable acid (TA - %) was determined by AOAC 942.15
- Vitamin C content (mg/100grs) was evaluated by AOAC 976.21
- Sensorial analysis of fruits was evaluated by frointing mark method (TCVN
3215 - 79)
- Statistical analysis: The data obtained from experimental groups were processed
in an analysis of variance (ANOVA) using the MSTATC software running in MS-DOS
or Stagraphic software with version 3.0 in Window.
3. RESULTS AND DISCUSSION
3.1. Hoa Loc mangoes (Mangifera indica L.)
3.1.1. Selecting the suitable temperature for hot water treatment before
irradiation
To treat mango before irradiation, suitable temperature and time was chosen. The
obtained results showed that dipping in hot water with the temperature of 50°C in 5
min. or of 46°C in 20 min. is suitable to retard shelf-life of mango, control anthracnose
which caused the spoilage on fruit skin. Mangoes was treated at the temperature of 50°C
in 5 min. and of 46°C in 20 min. did not realize any spot caused by fungi. It is
concluded that these temperatures and times were suitable to control spoilage fungi on
their skin and then extend the shelf-life of mangoes (longer than 5 days compared to
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non-hot water treatment in ambient conditions – temperature of 28 ± 2°C, RH of 75 85%).
3.1.2. Effects of combination of hot water treatment and low dose irradiation to
qualities of mangoes during storage
Mangoes were treated with HWT at temperature of 50C in 5 min. and then
irradiated at doses of 0; 0.2; 0.4; 0.6 and 0.8 kGy. After irradiation, mangoes were kept
in room temperature during 12 days. The results of effects of this combination treatment
were investigated.
Weight loss (%)
The obtained results classified that fruit weight loss is directly proportional and
coincided with the increase in storage duration in all irradiation and HWT under
investigation. Weight loss of the control (HWT but non-irradiated) was higher and
significant differences with irradiation doses of 0.6 and 0.8 kGy (p < 0.05).
Total soluble solid (°Brix)
TSS of the irradiated ones is higher than the control at the 8 th and 11st day afer
treatment. Meanwhile, the control has highest Brix after 2nd day. It mean that the
irradiation can inhibit the ripening of fruit.
Titratable acid (TA-%)
At the 11st day, TA (%) of irradiation doses of 0.6 and 0.8 kGy is higher than
other treatments. However, all of treatments, TA decreased during storage from 0 to 12
days.
Vitamin C content (mg/100gs)
Vitamin C is one of the most important functional components in mango fruit.
The irradiation did not affect the vitamin C content after treatment. Vitamin C decreased
with the increase in dose level. These results are similar the results of researchers in
their study on effects of radiation in guava. In which, vitamin C content decreased with
the increase in the dose level from 0.5 to 1.0 kGy [4]. The observations suggested that
vitamin C was highly radiosensitive. We speculated that the loss of vitamin C could be
to combat the oxidative stress generated due to the production of free radicals as a result
of ionizing radiation.
Sensorial evaluations
The sensorial evaluation was performed with 20 panelists, who tested the odor,
taste, color and texture parameters in two fruit samples (control, 0.6 kGy) after 6 days.
The obtained results showed that total of the quality marks of HWT/0.6 kGy sample
(18.92) was higher than HWT sample (16.49). It means that the quality of irradiated
sample is better than that of HWT sample.
3.1.3. Combination of heat treatment and irradiation with exportation conditions
Mangoes was dipped in the temperature of 50°C in 5 min. (C/HWT) and
irradiated at doses of 0.6 (HWT/0.6) and 0.8 kGy (HWT/0.8). All of samples were, RH
of 80 - 85%, packaged by polyethylene bags bored 0.5 cm holes and kept in the cold
temperature of 10 - 12°C in 3 weeks. Then the samples were taken out of and kept in the
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supermarket conditions (20 - 22°C, 75 - 80% RH). Changes of physical properties and
chemical constituents of samples during storage in this condition were determined. The
results were described in Table 1.
Table 1: Physical chemical results of combination of hot water and irradiation
treatment during storage time
Time of
storage (day)

Sample

Firmness
(kg/cm2)

TA (%)

TSS (°Brix)

Vitamin C
(mg/100g)

6

C/HWT

3.54 b, A

0.40 c, A

20.43 a, B

21. 87 b, A

HWT/0.6

3.38 ab, A

0.23 a, C

23. 64 a, A

19.07 bc, B

HWT/0.8

3.90 b, A

0.37 c, B

21. 11 ab, AB

18. 59 b, B

C/HWT

1.68 c, A

0.24 d, B

20.70 a, B

22.22 b, A

HWT/0.6

2.76 ab, A

0.22 a, B

22.82 ab, A

18.65 bc, B

HWT/0.8

2.60 c, A

0.35 c, A

22.93 a, A

18.00 b, B

C/HWT

1.06 c, C

0.23 d, A

20.88 a, A

20.82 b, A

HWT/0.6

1.96 c, B

0.20 a, A

21.59 b, B

17. 48 c, A

HWT/0.8

2.26 c, A

0.31 c, A

23.16 a, C

17.26 b, A

9

12

Note: For the same dose and between different days, means followed by the
lower-case letter are not significantly different (p<0.05); for the same day and between
different dose, means followed by the same capital letter are not significantly different
(p < 0.05).
The results in Table 1 showed that the firmness of mango was decreased as a
function of storage time. However, the firmness of HWT mango was decreased highest
compared to the others. TA(%) of HWT/0.8 samples was decrease insignificantly
during storage. After day 9 and 12. °Brix of HWT/0.6 and HWT/0.8 samples was
always higher than HWT sample significantly. It is concluded that low-dose irradiation
help fruits to extend shelf-life by retarding ripeness.
3.1.4. Establishment of process to preserve Hoa Loc mangoes
Based on obtained results from experiments, a process for preserving mangoes to
export was established as followings:
Harvest  Classifying into standards and requirements  Washing and wiping
by soft clothes  Dipping in hot water at the temperature of 50C in 5 minutes 
Packaging by PE bags with 0.5 cm holes  Irradiation at dose of 0.6 kGy and 0.8 kGy
 Storage in cold temperature of 10 - 12°C and 85 - 90% RH.
3.2. Dragon fruits (Hylocereus undatus Haw) (Binh Thuan)
3.2.1. Effect of hot water dipping on body rots of dragon fruit
Dragon fruits were treated by dipping in hot water of 45°C at the time of 0; 5; 10;
15 and 20 minutes. The obtained results of body rots during the storage time were
showed in the Fig 1. Dipping in hot water at the time of 10 min was suitable to limit
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development of the rot fungi on the fruit skin of dragon fruit and prevent it from
damage.
0.8
0 min

0.7

5 min

0.6

10 min

Body rots

15 min

0.5

20 min

0.4
0.3
0.2
0.1
0
0

3

6

9

12

Storage time (days)

Fig.1: Effect of hot water treatment onto body rots of dragon fruit
3.2.2. Effects of gamma irradiation on the quality of HW treated dragon fruit
After treated by dipping in hot water at the temperature of 45°C in 10 min, dragon
fruit was irradiated with the doses of 0; 0.2; 0.4; 0.8 and 1.2 kGy. And then they were
kept at the temperature of 5°C during 6 weeks to analyze physical and chemical
parameters.
The firmness
The firmness of dragon fruit was almost unchanged at once treatment. The
firmness decreased gradually during storage time. The firmness of dragon fruit exposed
to 1.2 kGy was decreased much more than the others after 4 week storage. The
softening of the fruit which was irradiated at the doses of 0.8 and 1.2 kGy occurred
earlier than other treatments after 3 weeks storage. It means that the softening can limit
shelf life of irradiated dragon fruit. Like dragon fruit, other non-climacteric fruits had
minimal to substantial (cherries, oranges, rambutans) softening at dose 1000 Gy or less
[5.6].
The total soluble solids (TSS) and titratable acidity (TA)
TSS and TA were not affected immediately by radiation dose. However, these
parameters were decreased during storage time. TSS of all treatments was decreased
gradually significant after 6 week storage. It can be explained that irradiation may
directly alter carbohydrate metabolism by increasing respiration to meet the energy
needs of cells damaged by free radicals generated during treatment [7].
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The vitamin C content
Vitamin C decreased significantly in increasing irradiation dose. It will be
explained that vitamin C in fruit is quite sensitive with irradiation even though at dose
low.
Effect of the combination of HWT and irradiation was compared in Table 2.
Table 2: Comparison of the firmness and chemical constituents
between treatments
Storage
time
(week)
0

1

2

3

4

Sample

Firmness
(kg/cm2)

TA (%)

TSS

Vitamin C
(mg/100g)

Control

3.05 a, A

0.54 a, A

12.21 e, A

8.549 a, A

Control/0.4 kGy

3.02 a, A

0.54 a, A

12.28 c, A

8.638 a, A

HWT/0.4 kGy

3.03 a, A

0.55 a, A

13.01 d, A

8.572 a, A

Control

2.60 b, B

0.24 b, A

13.98 a, B

5.713 b, A

Control/0.4 kGy

2.34 b, C

0.23 b, A

13.42 a, C

5.265 b, C

HWT/0.4 kGy

2.84 b, A

0.28 b, A

14.12 a, A

5.502 b, B

Control

2.48 b, B

0.13 c, B

13.26 b, B

5.618 c, A

Control/0.4 kGy

2.37 b, C

0.13 c, C

12.92 b, C

4.217 c, C

HWT/0.4 kGy

2.50 c, A

0.15 c, A

13.98 ab, A

4.991 c, B

Control

1.95 c, A

0.12 c, AB

12.97 c, B

4.688 d, A

Control/0.4 kGy

1.87 c, A

0.11 c, B

12.58 bc, C

2.343 d, C

HWT/0.4 kGy

2.06 d, A

0.13 cd, A

13.4 bc, A

2.898 d, B

Control

1.76 d, A

0.12 c, A

12.6 d, B

2.141 e, A

Control/0.4 kGy

-*

-

-

-

HWT/0.4 kGy

1.92 d, A

0.13 d, A

13.07 cd, A

1.861 e, A

* Sample was not analyzed because spoiled completely
For the same dose and different storage time, means followed by the same lowercase letter are not significantly different (p < 0.05); for the same storage time and
different dose, means followed by the same capital letter are not significantly different
(p<0.05).
3.2.3. Establishment of a protocol to preserve dragon fruit by combination
methods
Based on obtained results, a protocol for preserving dragon fruit was established
as followings:
Harvest  Classifying into standards and requirements  Washing by cleaning
water  Dipping in hot water at the temperature of 45°C in 10 minutes  Drying in air
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conditions Packaging by PE bags with 0.5 cm holes  Irradiation at dose not higher
than dose of 0.8 kGy  Storage in cold temperature of 5°C and 85 - 90% RH not more
than 4 weeks.
4. CONCLUSIONS
Hot water treatment can be used to inhibit fungi grow and extend shelf-life of
mango and dragon fruit both before irradiation. Combination of hot water treatment
(HWT) and irradiation at low doses (about 0.6 and 0.8 kGy) can delay ripening and
extend the shelf-life of mangoes about 5 days compared with non-irradiated ones at
temperature of 28 ± 2°C. A combination of warm water treatment and low dose
irradiation less than 0.8 kGy with low temperature (5°C) and 80 - 85% RH can extend
the shelf-life of dragon fruit more than one week compared to non-irradiated ones.
Gamma radiation had effected certainly on flesh firmness and vitamin C and skin colors
of dragon fruit if fruits were kept in a long time. A process for reservation of Hoa Loc
mango and Binh Thuan dragon fruit was established.
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COMPLETION OF TECHNOLOGY AND EQUIPMENT FOR
RECOVERY OF YELLOWCAKE FROM PA LUA SANDSTONE
ORES BY MIXING AND CURING WITH STRONG ACID
AND ION EXCHANGE
Le Quang Thai, Le The Kim Dung, Nguyen Hong Ha, Đoan Thi Mo
Hoang Bich Ngoc, Nguyen Đinh Van, Vu Khac Tuan, Nguyen Duy Phap
Trinh Nguyen Quynh, Đoan Đac Ban, Bui Thi Bay, Le Thi Hong Ha and Tran Van Hoa
Institute for Technology of Radioactive and Rare Elements
Abstract: Based on data obtained from previous techno-scientific researches in the
ITRRE, and experiences learnt from other countries, a project entitled “Completion of
technology and equipment for recovery of yellowcake from Pa Lua sandstone ores by
mixing and curing and ion exchange” was conducted and completed.
In this project, a technological process was introduced for processing sandstone ores in Pa
Lua area on a relatively synchronized equipment system from ore preparation, leaching,
ion exchange and precipitation. According to this process, efficiency of uranium recovery
is around 76% and quality of yellowcake can be up to 80% U3O8. Operational procedures
in each section of the process are simple and easily carried out. In comparison to the
previous researches, the major improvements of this process are in the two main sections
that are mixing and curing and ion exchange. In the section of mixing and curing,
moisture content of the ore during mixing is reduced to 6.6% to ensure an adequate
porosity to move it directly to the heap.
Replacing the oxidizing agent KClO3 by MnO2 powder helps to prevent generation of
chlorine gas which causes direct impacts to workers' health and the environment. It is the
first time that the option of spraying water on the ore surface has been used to ensure the
even distribution of solution.
To treat leached solution, a continuous ion exchange system with a capacity of 20 L/hr
was successfully designed, produced and effectively tried. Technological parameters in
the sections of adsorption and elution were calculated. Operational procedure for ensuring
high rate of uranium recovery and levels of enrichment and purification of the solution
was developed.
A synchronized equipment system with a relatively reasonable scope and capacity was set
up. Yield of the whole process depends on the yield of leaching section.
Key words: uranium, uranium ore processing

I. INTRODUCTION
Processing uranium ores by mixing and curing with strong acid then washing and
followed by treating leach solution by ion exchange was widely used at the production
scope in several mines in the world due to their advantages. A project entitled
“Processing uranium ores in Pa Lua area by mixing and curing with a scope of 500
kg/batch to recover yellowcake (2006-2007)” has developed a procedure for processing
poor ores by mixing and curing.

The Annual Report for 2009, VAEI

151

VAEI-AR 09--16

The project has obtained several good results that are appropriate to the ores
containing many types of weathered and non-weathered ores; however, it is needed to
improve some aspects to increase the rate of uranium recovery and reduce operational
costs.
By using static ion exchange system for treating leach solution, there are some
shortcomings when the scope is expanded. Besides, research and trial of ore processing
are mainly carried out with several separate sections without a linkage among them. In
addition, there is a lack of synchronization in the trial of scaling up what has been done
in the laboratory.
The project entitled “Completion of technology and equipment for recovery of
yellowcake from Pa Lua sandstone ores by mixing and curing and ion exchange”
focuses on additional research on sections such as mixing and curing, precipitation,
design and trial of continuous ion exchange system and completion of ore processing to
obtain yellowcake from Pa Lua sandstone ores by using mixing and curing and
continuous ion exchange equipment system at pilot scale of which calculation of the
costs for the whole process of uranium recovery for the trial process is carried out.
Concerned ores
Sandstone ores used in the research have different weathering degrees. Sizes of
non-weathered and semi-weathered ores are pretty large, mostly over 20 cm. Weathered
ore is under the powder forms.
Main minerals of the ore are quartz (SiO2), albite (NaAlSi3O8), glauconite
((K,Na)(Fe+3,Al,Mg)2(Si,Al)4O10(OH)2), calcite (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 nasturane
((U,Th)O2.(O0.5-3)UO3.xPbO).
Uranium content in the ore is about 0.016 - 0.058%. The most abundant impurities
are silica (average 75%), aluminum (>5%), iron (1%), potassium, sodium and alkaline
metals (calcium in the non-weathered ores even reaches >0.9%) and many other
impurities. Distribution of uranium based on particle sizes is relatively uniform.
Non-weathered and semi-weathered ores need to be crushed into particle sizes
appropriate for chemical treatment.
II. RESULTS AND DISCUSSION
1. Additional study on mixing and curing section
Previous research results have shown that appropriate particle size for mixing &
curing of non-weathered and semi-weathered ores is in the range of 0.3-5 mm (uranium
recovery rate is 76-92%). However, to get such kind of this particle size, the portion of
too fine ore particles will be too big, causing negative impacts to the leaching process.
Therefore, the portion of big particle sizes will be ground to less than 1 cm and the
portion of appropriate size will account for 90%. When being leached, this portion is
mixed with the portion of weathered fine ore powders.
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Oxidizing agent MnO2 was used to replace KClO3. Powder was mixed with ores
without water before mixing with acidic solution. Through investigation, appropriate
consumption of MnO2 for the ores that were used in this research is 4 kg/ore tone, when
redox potential of the leach solution is 513 mV and uranium recovery efficiency is 85%.
Moisture content when mixing ores with acid is an important factor that affects
uranium recovery efficiency because it is needed to ensure that reaction of dissolution
will take place and to make sure to get a suitable porosity so that it is possible to make
an ore heap. For the ore sample in the trial, the appropriate moisture content during
mixing process is 6.6%.
2. Additional study on ion exchange section
The previous researches focused on effects of main ions such as uranium
concentration, pH, iron and sulfate ions to uranium adsorption capacity of ion exchange
resin. Therefore, in this research there are additional studies. For iron, sulfate and
chlorine ions, an equation to show their effects to uranium adsorption was developed.
According to this equation and in the range of studied concentrations, uranium
adsorption capacity decreases linearly when concentrations of these impurities increase.
[U]resin = 55.751 - 1.579[Fe] - 0.061[SO4] - 2.762[Cl]
Other ions such as aluminium, silica,... also reduce uranium adsorption capacity
mainly because of increasing viscosity of solution to hinder the movement of the
solution. In the condition of pugging, silica is not worth concerning but the amount of
aluminium is very large due to the use of strong acid. Therefore, it is necessary to pay
attention to technological conditions in leaching section in order to reduce concentration
of these impurities. With the studied poor ores, it is recommended that washing solution
not be circulated in order to increase uranium concentration in the leach solution
because the higher concentrations of impurities are, the higher density and viscosity of
the solution are, hindering diffusion of solution into the resin particles.
For sandstone ores in Pa Lua area, the use of strong alkaline resin Amberlite IRA420 is appropriate though capacity of uranium adsorption decreases gradually with
operational cycles (in compliance with linear rule as described in the below equation)
but mainly due to aging of resin and accumulation of impurities such as silica, iron that
do not have characteristic of causing permanent poison:
y = -0.309x + 51.331
(y is capacity of uranium adsorption as g/l of resin and x – number of
operational cycles).
Therefore, to recycle resin, it is just needed to use ordinary agents to remove these
impurities from resin particles. The project has tried options using all agents in the order
of NaOH 0.5%  NaCl 10% + NaOH 10%  NaCl 10%  H2SO4 20%). As a result,
87% of Si, 50% of iron are removed and the capacity of uranium adsorption of the resin
after recycling is 90% in comparison to that of the new resin.
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3. Design and production of ion
exchange system
A group of authors has designed,
produced and operated successfully a
continuous ion exchange system with a capacity
of 20 L/hr, ensuring it to consist of all sections
of an ordinary ion exchange process
(adsorption, washing, elution and countercurrent washing). Main elements of the system
consist of 1 adsorption column, 1 elution
column, 2 washing and transferring-resin
columns, 3 pumps for pumping solution, pipe
system and valves. The columns have inner
diameter of 46 mm. Adsorption and elution
columns can contain 1.8 L of saturated resin and
washing columns can contain 0.5 L of resin as
maximum.

Bracket
Elution
column and valve
Pipeline
washing
column 1
washing
column 2
Adsorption
Power box
column
Adsorption
pump
Elution pump
Washing pump

Effluent
From eluant tank From eluate tank

From acidized From leached
water tank solution tank

Return to eluant
tank

Drain off
resin Eluate tank

Return to
leached solution
tank

Process of adsorption of uranium into
Continuous ion exchange system
resin is carried out on adsorption column where
solution is pumped into the top and out at the bottom of the column. A cycle of
adsorption is conducted until uranium appears from the column. When adsorption
process is over, clean resin in the washing column (VII) is removed into the bottom of
adsorption column by pumping washing solution into this washing column. At that
time, the part of resin which is saturated with uranium at the top of adsorption column
will overflow to washing column (VI). It is noted that the amount of clean resin added
into the column (VII) has to be equal to the amount of uranium saturated resin in the
adsorption column.
As soon as replacement of resin is completed, adsorption column continues to
carry out a new adsorption cycle. Saturated resin in the column (VI) which is washed
with washing solution to remove all leach solution in the resin layer is ready for
replacing resin in the elution column. When replacing resin in the elution column,
washed uranium resin is pumped from the washing column (VI) to the bottom of the
elution column and the part of resin free from uranium at the top of the elution column
is overflowed to the bottom of the washing column (VII).
Elution of resin to obtain product solution is carried out in the elution column
(solution flows top down). The last period of a working cycle is to counter-washing in
the washing column (VII) with washing solution to remove all eluent from resin layer
before transferring resin into the adsorption column for the next cycle.
A table of calculation for technological parameters for periods based on
characteristics of leach solutions to be treated was set up, including flow-rate of solution
in the periods of adsorption, elution, operational duration of periods etc.. to ensure the
system to operate continuously.
Through the trial of treating leach solution by continuous ion exchange system,
uranium recovery efficiency exceeds 99%. Product solution contains 7.5 g U/L and 0.75
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g Fe/L and uranium concentration in the discharged solution (effluent) is 0.009 g/L.
Operation of the equipment system is pretty easy.
4. Additional study on precipitation of product
Solution used to precipitate product is the solution obtained from ion exchange
process with the content of iron which is still too high to directly precipitate because the
products will not meet the standard on iron content. Therefore, it is needed to have
neutralization period to get pH=3.8 in order to remove iron before precipitating product.
In terms of precipitation agent, it is possible to select NH 4OH or H2O2 because
they will produce products that meet the standards of 80-90% U3O8 and high uranium
recovery efficiency (>99%). The use of H2O2 brings some advantages such as
precipitation taking place at pH 3.3, leading to the reduction of precipitation of
impurities in the solution to produce products with a high purity. In addition,
precipitation can take place at ordinary temperature and it can be ensured that products
are under the crystal form of being easily filtered.
Disadvantage of this agent is that it is needed to add NH4OH solution to maintain
pH because during precipitation, pH of the solution greatly decreases, especially in the
initial period and it is necessary to determine in advance uranium amount in the solution
to calculate the H2O2 consumption. For the agent of NH4OH, it is neutralizing agent,
precipitation usually is over when pH = 7.0-7.2; therefore, impurities in the solution can
be precipitated, leading to the increase of impurity amount in the products. To get
products in the form of crystal, it is necessary to carry out at around 60o C; therefore,
precipitation system needs to have heating device and increase of energy consumption.
Therefore, during production in a large scale, depending on the demand for the
products, it is possible to select agent H2O2 or NH4OH.
5. Completion of technological procedure
After additional studies and trial on synchronized equipment system with leaching
capacity of 3 ore tones/batch, technology for processing sandstone by mixing and curing
and ion exchange was completed. Diagram of main sections from leaching to the final
product is introduced in the below figure.
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Technological flowsheet of ore processing by mixing and curing with strong acid and ion exchange
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Grinding section: in order to ensure 100% of ore particles to have sizes of 10 mm.
The part of ore lumps is ground just at two levels by a system consisting of medium,
small grinders and sieves. The first level, the objective is to get particle size of -50 mm.
The ore after being ground is delivered to a sieve. If the ore particles can't go through
the sieve, it should be returned to be ground with new types of ores.
- Leaching: in order to dissolve uranium from ores into solution by sulfuric acid
solution and manganese dioxide on mixer and leaching tanks with a solution spraying
system. The ore and manganese dioxide are put into mixer and mixed in dry condition
for 4 minutes, after that acid solution of 29% is added and mixed for more 8 minutes.
The mixed ore mass was passed into a tank (with a surface area of 1.54 m 2). With
equipment capacity, 16 batches were mixed to get a batch for leaching of 3 tones. After
curing for one day long, acid solution 29% is used to spray to ensure adequate moisture
content and continue for additional mixing and curing for two more days. When
washing tailings to obtain leach solution, acid solution (1/1000 volumetric ratio) is
pumped through spraying system with a flow-rate of 2 L/minutes. Each time, spraying
of 250 L of solution is carried out and then stopped so that leach solution flows
completely out from the tank. Washing is carried out 7 times with acid and in the final
time with water. All solutions obtained after all washing times are mixed together to
make leach solution.
Total consumption for leaching section is 41.1 kg of sulfuric acid/ ore tone, 4 kg
MnO2/ore tone (technical type), 0.76 m3 of water/ore tone (in which moisture content
during mixing is 6.6%).
Total duration for a batch of leaching is 12 days. Leach solution contains 0.496g
U/l and uranium recovery efficiency is 78%.
- Ion exchange: in order to purify impurities and enrich uranium in the solution.
Ion exchange in the continuous equipment system with a capacity of treating 20 L of
solution/hr including adsorption, replacement of resins in the adsorption column,
replacement of resin in the eluting column, elution and counter elution.
Enrichment and purification are carried out based on the operational procedure of
a continuous ion exchange system in which important technological parameters are the
flow-rate of leach solution of 272 ml/min; volume of leach solution passing the column
in the first adsorption cycle (when resins are totally new) is 54.4 L while the volume of
leach solution in the next cycles is 25.4 L; volume of resin/each time of replacement is
300 ml; flow-rate of NaCl 1M + H2SO4 0.1 M in the elution period is 0.015 l/min and
volume of eluent/cycle is 1.054 L.
- Continuous ion exchange based on the procedure to reach uranium recovery
efficiency of 99%, product solution contains 7.5 g U/L; 0.75 g Fe/L and several other
impurities.
- Precipitation of product is a final important section to obtain products.
Precipitation is carried out through 2 periods on the precipitator with a volume of 100 L.
Precipitation of impurities: Load eluting solution into the precipitator. Put on
stirrer then gradually add lime until pH of the solution is 3.8. Stir the solution one more
hour and transfer it into a container. Keep it for around 2 hours and carry out
decantation, filtration and washing tailings.
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Precipitation of product: Clear solution is loaded into precipitator and stirrer is put
on; H2O2 solution is added gradually into precipitator. When pH is reduced (especially
in the initial period of precipitation), start adding NH4OH solution (diluted with 1/1
volumetric ratio) to maintain pH= 3.3. H2O2 consumption is 0.182 g H2O2/g U3O8. Stir
continuously for 2 hours, keep the solution for a while to let crystals stable then carry
out filtration, washing and drying products.
Uranium recovery efficiency in the precipitation section is 99.8% U and products
obtained have uranium content higher than 80% U3O8 and impurity content meeting
ASTM standard.
Following this procedure on the used equipment system, it is possible to process
ores to get uranium recovery efficiency of 76%, product of yellowcake has content over
80% U3O8. It is well applied for several other ores, especially the types of ores which
are difficult leaching ores, containing a lot of clay for which percolation is almost
impossible.
III. CONCLUSIONS
1. Technological procedure was completed for leaching with mixing and curing
technique for ore samples containing an amount of 1/3 of weathered poor ores and 1/3
non-weathered ores ground to two levels to the particle size of 1 cm, liquid/solid
(water/ore) ratio when mixing of 6.6% to ensure that the ore body is adequate porous so
that compression to decrease permeability of the ore body can be prevented. It is
possible to use MnO2 powder (4 kg/ore tone) as an oxidant to replace KClO3 to reduce
health impacts to laborers and environment. After curing for the whole day, the addition
of acid solution will ensure adequate amount of acid and moisture during curing
process. Recovery of leach solution is carried out by batch washing solution via the
system to make shower on the surface of the ore body. After 8 times, it is possible to
completely recover dissolved uranium. Uranium recovery efficiency is around 78%.
Necessary duration for a batch is 12 days and acid consumption is around 41.1 kg/ore
tone.
2. Since leach solution contains a large amount of impurities and small amount of
water used to wash tailings, it should not be circulated to prevent decrease of uranium
adsorption of ion exchange Amberlite IRA - 420. Adsorption capacity of the resin
gradually decreases along with time, mainly due to aging of resin and accumulation of
silica in the resin. To recycle resins after many cycles, it's possible to use the option of
agents (NaOH 0.5% → NaCl 10%+NaOH 10% → NaCl 10% → H2SO4 20% NaOH
0.5% → NaCl 10%+NaOH 10% → NaCl 10% → H2SO4 20%), after that the resin can
be further used with uranium adsorption capacity accounting for 90% of the original
value.
3. It was successful to design and produce a continuous ion exchange system in
the scale of equipment with a capacity of 20 L/hr to serve for research in uranium ore
processing in Vietnam to enrich and purify leach solutions. A simple and easy
operational procedure was developed. Formulas for calculating technological
parameters for periods to ensure continuous operation of the system, recovery efficiency
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and level of enrichment of the solution were set up. Efficiency of uranium recovery can
be obtained from this equipment system is 99%.
4. In the precipitation section, it is needed to have precipitation of impurities to
reduce iron and other impurities to meet standards on iron in the products. It is possible
to select agent NH4OH or H2O2 because they ensure products to meet minimum quality
of 80% U3O8 and impurities to meet ASTM standard (for commercial products).
However, for NH4OH, it is necessary that precipitation equipment needs to have heating
device (precipitation takes place at temperature of 55-60o C) to obtain products in
crystal forms to make it easier for filtration and washing.
REFERENCES
[1]. Cao Hùng Thái, Nghiên cứu xử lý quặng cát kết khu vực Pà Lừa với quy mô 2 tấn
quặng/mẻ để thu sản phẩm urani kỹ thuật, Báo cáo tổng kết đề tài KHCN cấp Bộ
năm 2001-2002 mã số BO/01/03/02, 2003.
[2]. Lê Quang Thái, Nghiên cứu thử nghiệm làm giàu và làm sạch dung dịch hoà tách
quặng uran bằng phương pháp kết hợp trao đổi ion và chiết dung môi (ELUEX), Báo
cáo tổng kết Đề tài KHCN cấp cơ sở năm 2005, Hà Nội, 2006.
[3]. Lê Quang Thái, Xử lý quặng urani khu vực Pà Lừa bằng kỹ thuật trộn ủ ở quy mô
500 kg/mẻ để thu urani kỹ thuật, Báo cáo tổng kết Đề tài KHCN cấp Bộ 2006-2007
mã số BO/06/03-01, Hà Nội, 2008.
[4]. Cao Đình Thanh và các cộng sự, Hoàn thiện quy trình công nghệ thiết bị thuỷ luyện
quặng urani và nghiên cứu khả năng tinh chế đến độ sạch hạt nhân trực tiếp từ dung
dịch thủy luyện, Báo cáo Khoa học Đề tài KC.09.10 thuộc Chương trình KC.09,
1995.
[5]. IAEA, Significance of Mineralogy in the Development of Flowsheets for Processing
Uranium Ores, Technical reports series No. 196, p. 74-82; 90-100, Vienna,1980.
[6]. IAEA, Manual on Laboratory Testing for Uranium Ore Processing, Austria, pages
61-85; 117-118, 1990.
[7]. Luiz Alberto Gomiero, Uranium Production in Caetité, Brazil, Indústrias Nucleares
do Brasil S/A - INB - www.inb.gov.br, Unidade de Caetité - BA, Caetité, Bahia
State - BRAZIL.
[8]. Merritt R.C. (1971), The Extractive Metallurgy of Uranium, First printing, Library
of Congress Catalog Card No. 71-157076, USA...
Papers published in relation to the project:
Làm giàu và làm sạch dung dịch urani bằng hệ trao đổi ion liên tục - Tạp chí Hoá học (đã
phản biện)

158

The Annual Report for 2009, VAEI

VAEI-AR 09--17

STUDY ON PRECIPITATION OF UO2 POWDERS AND UO2
PELLETS FROM ADU OBTAINED AFTER CONVERSION
PROCESS OF UO2F2
Dang Ngoc Thang, Dao Truong Giang, Ha Dinh Khai and colleagues
Institute for Technology of Radioactive and Rare Elements
Abstract: Uranium dioxide powders were prepared from ammonium diuranate (ADU)
which was precipitated from a uranyl fluoride solution with ammonium hydroxide. The
preparation of UO2 powder was carried out by calcining dry ADU in a steam - N2
atmosphere and reducing it with the H2- N2 gas mixture at various temperatures and time.
The effect of technological parameters on the characteristics of UO2 powder has been
studied. The effects of calcination and reduction conditions of ADU on specific surface
area of UO2 powder have been evaluated by using the mathematical Brandon’s model to
obtain optimal technological parameters for the preparation of UO2 powder. Several
physicochemical characteristics of UO2 powder such as specific surface area, average
particle size, O/U atomic ratio, fluorine content and sinter ability have been determined as
well.
The UO2 powder obtained have been pressed and sintered to obtain ceramic pellets. The
effects of forming and sintering conditions on the characteristics of UO2 pellets such as
green densities, sintered densities, grain sizes and pore distributions have also been
studied. After being sintered, the obtained UO2 pellets have densities ranging from 10.32
to 10.54 g/cm3 and grain sizes ranging from 10 to 14 µm that depends on the various
conditions of preparation.
Keywords: UO2 Powders; Defluorination; UO2 Pellets.

I. INTRODUCTION
Uranium dioxide used for manufacture of light water reactor fuel is usually
produced from uranium hexafluoride UF6 either by the dry process or by the wet
chemical route. Among many available wet processes, preparation of UO 2 powder from
the ADU has been the most intensively followed and investigated [1]. The UO 2 powder
that is prepared from UF6 via ADU route possesses excellent powder characteristics,
required for fabricating UO2 pellets. In this process, vaporized UF6 is hydrolyzed with
water to form an aqueous UO2F2 - HF solution, from which ADU is precipitated with
ammonia water. After filtration, ADU is calcined and then reduced to UO2 powder with
hydrogen at elevated temperature [2-3].
During the conversion process of UF6, a certain amount of fluorine which resides
in intermediate products would bring about a harmful effect on the fuel-element
cladding. Thus, it is important to remove fluorine as completely as possible from UO2
powder in all manufacturing process. ADU precipitated from uranyl fluoride solution in
almost cases contains about from 1.5 to 2% of fluorine ion, which cannot washed out.
For removing fluorine, ADU is subjected to a thermal treatment in a steam atmosphere
before being reduced to UO2 with hydrogen [4].
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The properties of UO2 powder are influenced by method and thermal treatment
conditions from which UO2 powder is produced and those, in turn, determine the final
quality of sintered UO2 pellets [5].
Our work is concerned with preparation of UO2 powders and UO2 from ADU
containing a certain amount of fluorine, which obtained after conversion process of
UO2F2.
II. RESEARCH RESULTS
2.1. The preparation of UO2 Powders
The preparation of UO2 powder was carried out by calcining dry ADU in a steam
– N2 atmosphere and reducing with the hydrogen-nitrogen.
Reactions occur as follow:
3UO3.xNH3.(2-x)H2O = U3O3 + 3xNH3 + 3(2-x)H2O + 1/2O2
3UO2F2 + 3H2O = U3O8 + 1/2O2 + 6HF
1/3U3O8 + 4/9NH3 = UO2 + 2/9N2 + 2/3H2O
The ADU powder with the specific surface area 21 m2/g, fluorine content about
1.6% was calcined in the mixture of 40%N2 and 60% steam at 7200C for 7 hours and
then reduced to UO2 powder with a 3H2- N2 mixture at 6500C for 5 hours.
The morphology of obtained UO2 powder consists of granules slightly
agglomerated from submicron primary particles as observed in Fig. 1. The SEM
micrograph of powders prepared (Fig. 2) shows the structure of powder which possesses
porous particles with average size is about 1µm. The free sintering of particles occurred
at some extent due to slightly high treatment temperatures.

Fig.1: UO2 powder after reduction

160

Fig.2: SEM micrograph of powder
prepared
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After the reduction finished, the UO2 powder was first cooled to room temperature
and then stabilized for 4 hours with the mixture of 50%N2 and 50% air. The O/U ratio of
powder after stabilizing is about 2.09 ÷ 2.11.
The obtained UO2 powder is tested sinter ability according to ASTM C 753-94 [6]
Standard. The powder was pelletized and sintered at 16500C for 4 hours. The densities
of sintered pellets range from 94 to 96% of the theoretical density (TD) of the UO 2
molecule. The results showed that the prepared UO2 powder possessed good
compatibility and sinter ability.
Some characteristics of UO2 powder prepared
- Specific surface area 3.8 ÷ 4.1 m2/g
- Average particle size 0.91 ÷ 0.96 µm
- Bulk density 1.33 ÷ 1.35 g/ cm3
- Tape density 2.27 ÷ 2.31g/ cm3
- O/U ratio 2.09 ÷ 2.11
- Florine content F-: 0.98 ÷ 1.51 ppm.
2.2. Making ceramic UO2 pellets
The prepared UO2 powder was compacted to make green pellets with a cylindrical
die of 9.76 mm in diameter at a pressure of 3,2 T/cm2. All the green pellets made
attained densities of about 51 ÷ 52 %TD. The green pellets were sintered at 17000C for
8 hours. The sintered densities achieved in the range of 94 ÷ 96 % of theoretical values.
The sintered pellets possess grain sizes of about 10 ÷ 14 µm, homogeneous pore
distribution, pore size is less than 2µm. The microstructure of ceramic pellet was
showed in Fig. 3. Some pellets made were simulated the shape and sizes of a type of the
ceramic fuel pellet used for light water reactor shown in Fig. 4.

Fig.3: Grain structure of sintered pellet

Fig.4: Ceramic UO2 pellets made
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STUDY ON PREPARATION OF NANO-CaCO3 FROM
VIETNAM LIMESTONE BY USING HIGH GRAVITY
TECHNOLOGY
Hoang Van Duc, Le Ba Thuan, Tran Ngoc Ha, Hoang Nhuan,
Nguyen Thi Thuc Phuong, Nguyen Thi Thanh Thuy and Nguyen Minh Thu
Institute for Technology of Radioactive and Rare Elements
Abstract: In recent years, nanosized materials have been paid much attention by a lot of
scientists and producers because of their tremendous potential and applications in many
fields: electronics, optics, chemistry, environment and so on. Among nano particle
materials, precipitated calcium carbonate (PCC) has been widely used as fillers for
papermaking, plastics, coatings and agriculture. In this project, we have researched a
novel method named high gravity reactive precipitation (HGRP) to prepare nano-CaCO3
which has average size about 70 nm from limestone ore in Yen Bai province by using
gas-liquid-solid reaction system. This project also describes principles of the method,
parameters of apparatus and experimental conditions
Keyword: Precipitated calcium carbonate, high gravity reactive precipitation, nano-PCC
surface modification.

I. REQUIREMENT AND PURPOSE OF THE PROJECT
- Researching and developing a novel method (HGRP) to prepare nanomaterials
through synthetic experiments of nano-CaCO3
- Designing, manufacturing high gravity equipment systems.
- Creating a process at laboratory scale to prepare CaCO3 nanoparticles (nano size
is lower 100 nm) from limestone sources in Vietnam.
- Using precipitate reaction in high gravity condition as a main technology which
is described in the figure 1:
II. EXPERIMENTAL SECTION

Fig.1: Experimental set-up of gas-liquid-solid or gas-liquid
phases reaction system
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1. Stirred tank, 2. Pump, 3. valve, 4.Rotor flowmeter,
5. Distributor, 6. Packed rotator, 7.Outlet,
8. Valve, 9. Rotor flowmeter, 10. Gas inlet.
As shown in the Fig.1, lime milk presented initially in the stirred tank (1) was
pumped through the distributor (5) into the rotating packed bed RPB (6). At the same
time, CO2 gas moves through valve (8) to RPB where the reaction between lime milk
and CO2 is taken place to form CaCO3 particles.
The mixture slurry of Ca(OH)2 and CaCO3 flowed back into the stirred tank 1,
where it was repumped 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
III. RERULTS AND DISCUSSION
Tables, graphs and particle pictures

Fig.2: TEM of CaCO3 (L=7 lpm)

Table 1: Gained results of nano CaCO3 products

164

Mean particle
size (nm)

Alkali concentration (%
CaO)

Purity(% CaO)

Specific surface
area (m2/g)

66,62

0,0326

55,45

29,473
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Fig.3: XRD pattern of CaCO3.
Table 2: Particle size of PCC measuring to different methods
Methods

Mean particle size (nm)

Methods

BET

TEM

SEM

65,25

71,93

69,77

66,62

In this study, we have designed and manufactured successfully high gravity
reactive precipitation system to prepare nano-CaCO3. We have also studied technology
factors such as: effects of temperature, gas flow rate, liquid flow rate, lime milk solution
concentration, gravity level on shape and mean size of products. We have built optimal
conditions of nano CaCO3 preparation such as Ca(OH)2 solution concentration is 70 g/l,
gas flow rate is 20 lpm, liquid flow rate is 7 lpm, reaction temperature is from 30 to 40
0
C , rotor round speed is 3000 rpm.
The figure 2 shows TEM of CaCO3 at liquid flow rate L = 7 lpm.
The figure 3 shows X-ray diffraction of CaCO3.
Table 1 and 2 are presented parameters of CaCO3 prepared under optimal
conditions by high gravity reactive precipitation technology.
IV. CONCLUSION
1. In this project, we have designed and manufactured successfully high gravity
reactive precipitation system to prepare nanosize materials through experimental
preparation of nano CaCO3.
2. We have studied factors that affect on particle size, Morphology of CaCO 3
product and built optimal conditions for preparation CaCO3.
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V. PROPOSAL
This project is initial study. The obtained results show that it is possible to reduce
size of CaCO3 product by optimizing equipment system such as: changing packing
shape, packing materials, specific surface area of packing, liquid flow in RPB... ; using
organic surfactant in cacbonize process to increase disperse level and control
aggregation of products. We hope that in the future, we will have possibility to study of
high gravity reactive precipitation technology more detail and applying our products
into practical applications.
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STUDY OF FLUORIDE QUANTITATIVE SEPARATION ON
SOLID AND LIQUID SAMPLES (PRODUCTS OF UO2 FUEL
PROCESSING), USING PYROHYDROLYTIC TECHNIQUE
Nguyen Thi Kim Dung, Dao Truong Giang, Nguyen Thi Cuc
Pham Ngoc Khai and Do Van Thuan
Institute for Technology of Radioactive and Rare Elements
Abstract: Pyrohydrolysis technique has been employed for the study on quantitative
separation of fluoride in solid samples containing uranium. The recovery of
pyrohydrolytic reaction was studied by using the self-making apparatus in Center for
Analytical Chemistry according to a structural scheme published in a reference. The
experimental data showed that the recovery of analyzed samples was in the range of 85
upto 95 %. The liquid samples containing uranium have been preliminarily studied for
fluoride separation with the use of U3O8 as an accelerator. The fluoride concentration in
condensed solutions was quantitatively determined by using electro-chemical technique
with fluoride ion selective electrode or ion chromatographic (IC) technique.
Keywords: Fluoride, Pyrohydrolysis, Ion selective electrode, Ion Chromatography.

I. INTRODUCTION
There are two methods for determining fluoride in different samples. One is a
direct estimation of fluoride in liquid sample, and the other is determination of fluoride
after isolating it from solid sample matrix.
Fluoride has been determined directly in the environmental water or drinking
water samples by using UV-VIS [1], electrochemistry with the fluoride selective
electrode (ISE) [2], high performance liquid chromatography (HPLC) with conductivity
detector [3] or ion chromatography (IC) [4].
The determination of fluoride in minerals, ores, fluoride compounds, uranium
contained samples[5,6], in environmental, biological samples, in solutions[7] has been
carried out after separation from thick matrix by the physical and chemical techniques.
[4] The diffusion, distillation and pyrohydrolysis have been mainly useful techniques at
present. Fluoride content in separated fractions has been detected by the titration, or
ISE, IC or HPLC.[7-13] The apparatus for fluoride separation has been made on the
basic of the volatile property of HF at room temperature. The principle of separation
techniques and corresponding apparatus can be briefly described as the following.[8]
Diffusion technique is based on the separation of fluoride from saturated
hexametyldisiloxane-perchloric acid in a sealed dish, where the fluoride sample is
mixed at very slow rate for the reaction and forming volatile fluorosilanes in a
distillation apparatus, which are conducted at room temperature in a steam of nitrogen
to an absorption vessel containing dilute alkali.
Steam distillation has been the most classic technique for fluoride separation from
sample solutions. This technique has some disadvantages such as (i) the loss of fluoride
after chemical treatment; (ii) the time-consuming for analysis of many samples; and (iii)
huge waste volume resulted. Apparatus for steam distillation has been made of quartz to
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avoid HF corrosion.[14] There are several modified apparatus [12,13] with air or N2
conducting to the sample solution contained HClO4 [10] or H2SO4 [11] but the same
principle of steam distillation has remained.
Pyrohydrolysis could supply the demand to separate fluoride from solid samples.
The sample could be mixed with flux as WO3 or V2O5 [15] or PbO2 [7], U3O8, Cr2O3
[16] or without it, then placed in a reaction tube at high temperature (800oC -1200oC) in
water steam flow. This technique seemed more advantageous than the others due to
easily change of the sample and fluoride has been determined in coal, phosphate
mineral, stone, alkaline earth fluoride, organofluoride compounds, and in nuclear fuel[9]
such as UO2, (U,Pu)O2, ThO2 or in zircaloy. Figure 1 shows a structural scheme of a
pyrohydrolysis apparatus for fluoride separation from uranium samples [17], which has
been created at an atomic research center of US in the year of 1950. The samples were
mainly UO2 from UF6 conversion process.The pyrohydrolytic system has been modified
for the better usage. The platinum reaction tube [17] was replaced by quartz [9,14,18] or
nickel [19], but the life of tube was shorten due to its ignition at high temperature and
reaction of HF with the tube wall. When fluoride was analysed in enriched uranium fuel
samples, the pyrohydrolytic apparatus was controlled online with a remote device. [6]

Fig.1: Scheme of a hydropyrolysis apparatus for F separation “Macro Scale”
Under the frame work of CS08/03-06 project carrying out in the year of 2008,
pyrohydrolysis technique has been selected for preliminary study on the analysis of
uranium containing solid samples in ITRRE. Since the pyrohydrolysis apparatus is not
commercially available, the structural scheme in Fig.1 was selected for the investigation
to self-make the pyrohydrolysis apparatus using for present study (Fig.2). The quartz
tube has been selected for the research though its life is rather short due to thermal
stretch impact and HFcorrosion.
The apparatus consists of following items.
Water steam producer consists of a round flask with at least two harshly necks,
harshly joiner of heat-proof borosilicate glass, and mantel with temperature controller.
Reaction tube was made of heat-proof quartz with two harshly ends, which
connect to steam conductive tube and to condenser; Sample boat was also made of
quartz, which could contain upto 1.0 grs of solid sample; The furnace consists of heat-
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proof ceramic tube with rolling resistant wire (KANTHAL A1Φ 1,2 mm) covering the
reaction tube, thermocouple cover tubes, heat-proof powder, glass wool;
Temperature controller set consists of thermocouple, digital counter, transformer
(25 A) to convert the voltage from 220V to 110V;
HF vapour inspiration device consists of quartz condenser, heat-resistant
borosilicate jacket, and measured inspiration flask (PE material);
Sub-device consists of stand, stanless-steal furnace cover, stanless-steal bar (70
cm length,Φ 2mm) for the manipulation of sample boat;

Fig.2: System of self-made pyrohydrolysis apparatus in ITRRE
II. EXPERIMENT
All chemicals are of the analytical grade (NaF, NaCl, 1,2-cyclohexyldiaminetetraacetic (CyDTA), CH3COOH, NaOH). Standard stock solution of fluoride was
prepared from NaF in deionized distilled water, and stored in PE bottle.
Total Inonic Strength Adjustment Buffer solution (TISAB) was prepared from a
mixture of NaCl, CyDTA, glaxy CH3COOH acid and final pH was adjusted between 5,2
- 5,5 with NaOH solution.
A pyrohydrolytic apparatus was self-made.
Fluoride selective electrode (HACH made) is a combination type with the KCl gel
reference electrode. The pH metter can be used for potential measurement mode.
Ion Chromatography-IC (Dionex ICS-2100 instrument) has been used for low
range of F concentration due to its better detection limit.
Solid sample was dried and kept in a descicator meanwhile liquid sample was
stored closely. A sample boat containing weighed solid sample was placed in reaction
tube at the room temperature. Connect carefully all tubes and switch on the electricity.
The water steam was conducted into the reaction tube, and maintained for 20 min. after
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switching off the furnace. Liquid sample was pipetted on the weighed U3O8-accelerator
and kept for drying at room temperature. The pyrohydrolysis was carried out similarly.
III. RESULTS AND DISCUSSION
3.1. Investigation of fluoride recovery on pyrohydrolysis
Before carrying out the experiment, new joint tubes were replaced in order to
ensure the best condition of fluoride separation. The reaction tube was cleaned
mechanically after being disassembled. The temperature controller was re-adjusted for
more precisely working. The upper round flask, which had been not heated inside the
mantle was covered by a asbestos cloth for helping the stable water steam.
3.1.1 Study on blank sample
In order to investigate the recovery of fluoride during pyrohydrolysis, the empty
boat was inserted inside the reaction tube and the separation was took place as in the
procedure. The process was repeated at least three times before the separation of a real
sample. Fluoride concentration in condensed solutions was determined by using IC due
to the poor detection of present-used selective electrode. The results were given in Table
1.
Table 1: Separation of Fluoride from Blank Samples
Fluoride
Concentration
(μg/ml)

Total amount of
separated F (μg)

No

Experiment

Volume of
condensed
solution (ml)

1

Sample 0-1

37.3

0.1079

4.0247

Before separating
fluoride sample

2

Sample 0-2

33.2

0.1800

5.9760

Before separating
fluoride sample

3

Sample 0-3

35.8

0.1094

3.9165

Before separating
fluoride sample

4

Sample 0-4

33.9

0.1676

5.6816

Before separating
fluoride sample

5

Sample 0-5

35.6

0.1528

5.4397

After separating
fluoride sample

6

Sample 0-6

36.2

0.1377

4.9847

After separating
fluoride sample

7

Sample 0-7

35.8

0.1279

4.5788

After separating
fluoride sample

8

Sample 0-8

34.9

0.1327

4.6312

After separating
fluoride sample

Mean value

4.9042

Standard Deviation

170

+ 0.7536
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The results showed that blank samples always contain a small amount of
fluoride and the pyrohydrolysis of blank samples could be considered as the cleaning
out at the fluoride separation condition. It depicted apparently that a certain given
fluoride amount was released after each pyrohydrolysis. However, this amount was
rather similar in fractions and the mean value thus could be used for matrix correction.
The analytical data has not been confirmed in the aspect of accuracy due to the
uncertainty of blank samples and it would be difficult for the determination of lower
fluoride content than that value in the samples.
3.1.2 Study on fluoride contained sample
Pure DyF3 compound belonging to the quick pyrohydrolysis was used for the
study of recovery. The reaction temparature was set as 950oC, due to the high melting
point of DyF3 (1400oC) [20];
About 0,0100 gram DyF3 was weighed on sample boat and pyrohydrolysis was
taken. The reation was maintained within 10, 15, 20, 30, and 40 minutes, respectively.
The blank sample was taken place before the separation of fluoride sample. The F
concentration in condensed solution was determined by using both ISE and IC
techniques. The results were shown in Table 2 and the dependency of recovery
percentage on pyrohydrolysis time was plotted in Fig.3.
Table 2: Investigation on Fluoride Recovery
No
Exp.

Vol. of
Conc.
Conc. Fluoride Fluoride
Sample React.
Fluoride
condensed
of Fof Fcontent content by
Weight Time
Recovery
solution (μg/ml) (μg/ml)
found
calculation
(g)
(%)
(min)
(ml)
(ISE)
(IC)
(μg)
(μg)

1

0.0102

10

52.2

43.5

43.88

2289.08

2648.54

86.22

2

0.0103

15

51.3

46.5

47.06

2412.56

2674.51

90.02

3

0.0101

20

51.3

49.0

48.41

2485.28

2622.57

94.58

4

0.0104

30

52.1

50.0

50.06

2606.72

2700.47

96.35

5

0.0102

40

52.3

49.0

48.87

2554.69

2648.54

96.27

98

Recovery (%)

96
94
92
90
88
86

Time (min)
84
0

10

20

30

40

50

Fig.3: Dependency of DyF3 pyrohydrolysis on the reaction time
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The values obtained from two techniques were similar. After 10 minutes of
reaction at 950oC, more than 80% of fluoride was separated from DyF3 compound.
Despite of the fact that DyF3 is insoluble compound even in boiling concentrate H2SO4
or in saturated alkaline solution,[20] F was easily separated during pyrohydrolysis.
However, the prolongation of reaction time upto 30 minutes, the recovery could only
reach at 96%, and after 40 minutes, the recovery of fluoride did not increase (Fig.3).
The reason would be concerned with the partial absorption of fluoride on tube wall.
3.2 Study of F- separation from uranium solid samples
The pyrohydrolytic procedure of DyF3 was applied for the determination of F in
uranium containing samples such as ADU. The reation temperature was set at 950oC
and the time was kept as 30 min. [21] Blank samples was taken place before inserting
ADU samples. Fiveplicate experiments were done and the results were given in Table 3.
Table 3: Analytical Result on Fluoride in ADU sample
Exp.

Sample
Weight
(g)

Vol. of
condensed
solution (ml)

Content of F
(μg/g)
(ISE Technique)

Content of F
(μg/g)
(IC Technique)

Deviated value
between 2
techniques

Lần 1

0.5027

40.0

1504.29

1526.47

22.18

Lần 2

0.5211

41.2

1511.75

1529.72

17.97

Lần 3

0.5092

40.2

1517.77

1526.39

8.62

Lần 4

0.5017

40.1

1506.40

1533.99

27.59

Lần 5

0.5220

40.2

1526.40

1521.58

-4.82

Mean Value

1513.32

1527.63

14.31

+ 8.98

+ 4.59

+ 12.75

Standard Deviation

The data showed that standard deviation was not so large, and the content of
fluoride obtained by two detection techniques was rather similar. The values from IC
technique showed lower deviation than those from ISE. The deviated values between
two techniques were not large when the fluoride content was rather high. If the recovery
was expected as 95%, the real value of F in sample was deviated 5% from present one.
3.3 Testing on the separation of F- from liquid sample containing uranium
3.3.1 Testing with fluoride compound samples
The aim of this experiment was qualitative and semi-quantitative detect of F- in
liquid samples. A solution was prepared from NH4F salt on the basic of studying on
UO2F2 producing proccess,[22] where fluoride mainly existed as ammonium fluoride
beside uranyl fluoride. F- concentration in stock solution was determined by gravimetric
method when adding the exceed amount of La(NO3)3 for precipitation of LaF3.[23]
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Table 4: Result of a liquid sample testing
Exp.
No

Weight of
U3O8 (g)
before
reaction

Weight of
U3O8 (g)
after
reaction

Blank
value in
present of
U3O8 (μg)

Added F
amount
(μg)

Found F
amount
(μg)

Recovery
(%)

1

0.2002

0.2002

5.765

370.1

347.52

93.92

2

0.2003

0.2002

6.781

370.1

353.12

95.44

3

0.2001

0.2001

6.675

370.1

354.91

95.92

4

0.2002

0.2002

5.462

370.1

350.43

94.71

5

0.2003

0.2002

6.436

370.1

352.60

95.30

The free fluoride U3O8 accelerator was used for this testing because it had been
employed[16] for the determination of fluoride in minerals.The pyrohydrolysis on liquid
sample using accelerator was similar to that on solid material. But liquid sample was
impregnated on the fine ground accelerator at room temperature.
Fluoride content in condensed solutions was determined by using IC due to the
unstable working of ISE at low range of fluoride. The results were shown in Table 4.
The weight of accelerator was almost constant after pyrohydrolysis even NH4F
solution was added. However, the blank value when U3O8 was present was higher than
the average value of blank samples. The recovery for this case was about 95%.
3.3.2 Testing on mixed solution containing uranium and fluoride
2.5ml of 5 mgU/ml uranyl nitrat solution was mixed with 0.5 ml of 3.701 mg/ml
NH4F solution and 0.1ml of this mixed solution was pipetted on to the sample boat
containing a certain amount of free fluoride U3O8 accelerator. The experiment was
repeated for the survey of pyrohydrolysis repeatability. The results were given in Table
5.
Table 5: Test result of mixed liquid samples
Exp.
No

Weight of
U3O8 (g)
before
reaction

Weight of
U3O8 (g)
after
reaction

Blank value
in present of
U3O8 (μg)

Added
F (μg)

Found F
(μg)

Recovery
(%)

1

0.20012

0.20061

6.1126

61.6667

56.6245

91.82

2

0.20011

0.20060

6.9989

61.6667

55.0012

89.19

3

0.20004

0.20053

6.0201

61.6667

55.8930

90.64

The weight of accelerator was increased, that was equivalent to the uranium oxide
presented in mixed solution. The found fluoride content was lower than that of added
amount and the recovery was thus reached 90%.
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3.4 Analysis of fluoride containing in the some technological products
Following up the studied results, fluoride in some UO2 powder and pellet samples
produced in the Center for Nuclear Fuel Engineering was separated using the self-made
pyrohydrolytic apparatus. The fluoride content was then determined by using both ISE
and IC techniques. The results were shown in Table 6.
Table 6: Analysis of fluoride on UO2 powder and pellet samples
UO2 Powder

UO2 Pellet

Experiment

F content (ppm)

Experiment

F content (ppm)

1

20.402

1

6.454

2

16.346

2

6.021

3

21.122

3

6.253

4

17.588

5

19.320

Mean Value

18.956

Mean Value

6.242

Standard
Deviation

+ 1.975

Standard
Deviation

+ 0.217

Analytical data showed that fluoride content in UO2 powder sample was much
lower than that in semi-product ADU, and it was very low in pellet sample. IC
technique has been used due to the high sensitivity. However, these data were
preliminary results with the use of self-made pyrohydrolytic apparatus. The liquid
sample from UO2F2 processing has not been obtained from the supplier for analysis.
III. CONCLUSION
Following the part of project, which was implemented in 2008, the works being
done in the year of 2009 has been achieved the aims as the follows.
1. The overall apparatus has been upgradded in vapour inspiration device, heating
controller, and condensor joinning system (newly replaced with perpendicular join) to
enssure the tight system for reaction aiming the analysis of fluoride small amount
contained in solid samples;
2. The recovery of fluoride separation has been studied with solid samples by
using the pure fluoride compound; and it achieved at about 95%;
3. The studied conditions have been applied for the determination of F- in UO2
powder and pellet samples with acceptable standard deviation within 10%;
4. The testing on analysis of the liquid sample contained fluoride and uranium has
been carried out by the use of fluoride-free U3O8 as an accelerator; the recovery
approached the value of 90%;
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5. Preliminary study on the IC technique for fluoride determination (which shows
the higher sensitivity than the present-used selective electrode), and the comparison of
the analytical data between two techniques have been made in some cases.
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STUDY ON THE TECHNOLOGY OF PRODUCING
FERRO-SILICON-MANGANESES ALLOY WITH LOW CONTENT
OF CARBON
Ngo Xuan Hung, Pham Duc Thai, Ngo Trong Hiep
Vu Quang Chat and Nguyen Trong Hai
Institute for Technology of Radioactive and Rare Elements
Abstract: Ferro – silicon – manganese alloy (FeSiMn) is very good agent for improving
physical and mechanical characteristics of steel. The rare earth metal in melting steel is
able to reduce phosphor, sulfur, nitrogen, oxygen elements which are harmful agents for
characteristics of steel and have a bad effect on the mechanical treatment of steel.

Results of Project:
- Set up the reduction technology process for producing ferro silicon manganese
by metal thermic method, using reductant Al with the presence of Si in FeSi.
Experiments are carried out in the medium frequency induction furnace.
- The optimal technological parameters that effect on quality and recovery
efficiency of products were determined. The time of reduction reaction: 120
minutes, temperature of reduction process: 1550-16000C, etc.
- 50 kg of FeSiMn alloy was produced (contain: 65% Mn, 1.4% C, 20% Si and
Fe remained), which was used to improve physical and mechanical characteristics
of steel.
Key words: Processing flow sheet, name of elements: Manganese (Mn); Silicon
(Si); Carbon (C); Cadmium (Cd)
I. INTRODUCTION
If we use arc melting method for producing FeSiMn alloy with conditions: raw
material is manganese ore 65% MnO2 , reductant is Carbon and additives, we only
obtain FeSiMn alloy containing high carbon. In order to produce Ferro silicon
manganese alloy containing Mn ≥ 60%, C ≤ 2%, the best method we can use is metal
Mn thermic reduction with reductant Al with the presence of Si in Ferro- Silicon. This
process is carried out in the medium frequency induction furnace.
Besides, we have studied some direct effects on ability of improving manganese
content, decreasing carbon content in alloy, as well as improving product recovery
efficiency. They are: time and temperature of metal thermic reduction process, mass
ratio of MnO2 and Al + Si in Ferro- Silicon, mass ratio of materials and additives. We
have chosen the rational technique parameters after studying experimental results.
II. EXPERIMENTAL RESULTS AND DISCUSSION
1. Raw materials:
- Manganese ore used in experimental research is produced from Cao Bang mine
by hand beneficiation method. Its chemical composition is shown in the table 1.

The Annual Report for 2009, VAEI

181

VAEI-AR 09--20

Table 1: Chemical composition of manganese ore.
Chemical
composition, %

REO

SO4-2

CaO

MnO2

Fe2O3

Waste
matter

Rare earth oxide

96.40

2.40

0.65

Trace

Trace

<0.2

- Aluminum: 98.7% Al.
- Ferro-silicon alloy: FeSi 75% and FeSi 87%
- Gold dust, dolomite, coke coal, iron oxide: technique cleanness.
2. Experimental equipment: An arc furnace with a capacity of 20l, baking
temperature: 16000C.
3. Experimental results and discussion
3.1. Research on the mass ratio of MnO2 and Si in Ferro- Silicon or Carbon.
The mass of reactants in the metal thermic reduction reaction can be calculated
from 10 kg to 14 kg for each experimental batch. The first ratios of mixing are shown
on the table 2.
Table 2: The first ratio of mixing.
Order

Mangane
se ore

Ferro
silicon

Charco
al

Gold
dust

Coke
coal

Aluminun

Dolomit
e

Experiment 1

6.0

1.0

0.5

1.0

0.2

1.0

0.5

Experiment 2

6.0

3.0

1.0

1.0

0.2

1.0

0.5

Experiment 3

6.0

2.0

2.0

1.0

0.2

1.0

0.5

Experiment 4

6.0

1.0

3.0

1.0

0.2

1.0

0.5

The reduction process is carried out at 16000C in 120 minutes. About 2 to 4 kg
FeSiMn is produced in each experimental batch. The experimental results are shown in
the table 3.
Table 3: Research on the mass ratios of manganese ore
and Si in Ferro- Silicon or Carbon.
Composition (%)

Order

Raw
materials (kg)

Mn

Si

C

Al

Product
(kg)

1

10.2

65.8

20.1

1.6

-

3.4

2

12.7

62.1

32.0

2.1

-

3.7

3

12.7

68.5

25.4

4.3

-

3.2

4

12.7

61.9

18.9

8.3

-

2.1

182

The Annual Report for 2009, VAEI

VAEI-AR 09--20

Discussion
The results in table 3 showed that if we choose the mass ratio of ferro silicon and
carbon 1: 1/2. we can obtain carbon <2% and manganese >65%, recovery efficiency of
ferro manganese in alloy is high. So, we use parameters of experiment 01 for further
research.
3.2. Research, select additive and revert to the orginal state.
We have calculated that total raw materials in the reduction reaction can be 11
kilogram. Mix them, the main component for 6 experiments are shown in the table 4.
Table 4: The main component.
Raw materials

Manganese
ere

Ferro
silicon

Dolomite

Gold dust

Coke coal

weight (kg)

6.0

2.0

0.5

1.0

0.5

- Supplement 1 kg of CaF2 or 1 kg of Al or 1 kg of charcoal for 6 experiments.
- The reduction process is carried out at 16000C in 120 minutes. About 2 to 4 kg
of FeSiMn is produced in each experimental batch. The experimental results are shown
in the table 5.
Table 5: Research, select additive and revert to the orginal state
Order

Raw
materials
(kg)

Supplement

Product
(kg)

Composition (%)
Mn

Si

C

Al

1

11

CaF2

2.5

58.3

23.2

2.1

-

2

11

CaF2

2.1

57.6

24.0

3.9

-

3

11

Al

3.4

64.1

20.6

1.4

2.1

4

11

Al

3.1

65.4

22.4

1.1

1.7

5

11

C

3.3

56.7

26.5

4.2

-

6

11

C

3.5

63.8

24.9

5.5

-

Review and result discussion
The results in the table 5 show that if reduction process is carried out with the
presence of aluminum, obtained products have good quality with composition: C <2%,
Mn > 60%. So aluminum was chosen the reducing agent involved in refining process of
ferro silicon manganese with low carbon.
3.3. Effects of batch refining time on the productivity and mass product recall
Carry out 4 experiments. Mass of material of each experiment is 10.8 kg. Stir the
mixture at a rate in table 6
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Table 6: Main mixing rate
Material

Manganese
ore

Fero silic

ĐVT (kg)

6.0

1.5

Aluminum Dolomit
1.0

0.5

Gold
dust

Charcoal

1.0

0.2

Change smelting time of 4 experiments respectively are 1.5 hours, 2h, 3h, 4h
since filled fuel. After the certain time, take product out of the furnace for recoverying.
Experiment results are presented in the following table.
Table 7: Effect of smelting time on productivity and quality of product
Composition (%)

Smelting time
(minutes)

Product mass
(kg)

Mn

Si

C

Al

1

90

2.8

48.6

29.3

4.7

-

2

120

3.4

64.8

23.8

1.8

-

3

180

3.2

57.1

18.9

1.5

-

4

240

3.0

50.7

16.1

1.1

-

Recall product mass, kg
2,8
3,4
|
|
|

|

No

0

90

120

180

240

Smelt time, minutes
Fig.1: Effect of smelting time on recall product mass
Discussion
Using the method of silicon and aluminum thermal reduction for reducing
manganese ore, changing smelting time from 90 minutes to 240 minutes, looking at the
Fig.1. we can see that when smelting time reaches 120 minutes, the mass of obtained
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product is the highest. If smelting time is 90 minutes, manganese removal has not
expired, manganese slag remains much. If smelting time increases to 180 minutes, 240
minutes or more, the metal elements fire losses were converted into oxide slag. As the
result, contents of these elements are low, the productivity recall as well decrease.
3.4. Develop the technology process for producing alloys ferro silic mangan
(FeSiMn) with low carbon content ( 2 %C).
- Select additives as fluorite, used well for adjusting the fluidity of the slag.
- The best appropriate reconstitution time is 120 minutes for technology process
of producing alloy ferro silic mangan (FeSiMn) with low carbon content (≤ 2 %C), on a
scale of arc furnace 100KVA, use 10-20 kg refining materials for each experiment.
Based on above achievements, we have built process for producing alloy ferro
silic mangan (FeSiMn) with low carbon content (≤ 2 %C) as follows:

Manganese ore

FeSi.75

Al metal

Additives

Arc furnace 100kVA

Molten

Reverting reaction

Filling the mold, cooled hu«n, ®Ó nguéi

Waste slag

Casting, pull out product

Recovering
product

Ferro silicon manganese
finished product

Fig.2: Diagram of technology process for producing alloys smelt ferro silicon
manganese with low carbon (≤ 2 %C)

The Annual Report for 2009, VAEI

185

VAEI-AR 09--20

III. CONCLUSION
After implementing this project CS/06/03-08 for over a year, we have developed
technology process for manufacturing alloys ferro silicon manganese (FeSiMn) with
low carbon.
- Experimental conditions:
+ Arc furnace 100k VA.
+ Reconstitution time: 120 minutes.
+ Temperature of reduction process: 1550-16000C
- Experimental stages: mix manganese ore, ferro silic and additives, put them into
the arc furnace, after the ingredients are completely melted, add aluminum in the
furnace, wait for 10 minutes before removing them out of the furnace (smelting time:
120 minutes). Pour the product into the mold and cool it. Break slag to recover silicon
manganese with compositions: low carbon (≤2%C), manganese (≥ 60% Mn) and silicon
(20-25% Si). This product has been used efficiently in the Technology Institute for the
purpose of denaturing steel, cast shoe chain car D80A.

186

The Annual Report for 2009, VAEI

VAEI-AR 09--21

STUDY ON THE PRECIPITATION OF AMMONIUM
PRELIMINARY CACBONATE (AUC) FROM URANULFLUORIDE
(UO2F2) SOLUTION
Nguyen Trong Hung, Do Van Khoai, Nguyen Van Duc and Cao Duy Minh
Institute for Technology of Radioactive and Rare Elements
Abstract: The preliminary studies on the precipitation process of ammonium uranyl
carbonate (AUC)-(NH4)4UO2(CO3)3 from the UO2F2–HF solution system by using
precipitation agent of ammonium carbonate (AC)-(NH4)2CO3 and on preparation ability
of UO2 powder via AUC route are shown in this report. Our analysis results suggested
that a product, identified as ammonium uranyl fluoride (AUF), was found along with the
AUC precipitate. In order to prevent the formation of the undesirable AUF precipitate, the
AUC precipitation process was carried out in the stable pH media ∼ 9, uranium
concentration of 100 g/L and molar ratio of C to U ≥ 7.5.

I. INTRODUCTION
In the nuclear fuel cycle, UO2 (uranium dioxide) ceramic pellets – nuclear fuel for
LWR – are fabricated from enriched UF6 (uranium hexafluoride). Some processes are
being applied:
→

UF6

UO2

UF6

→

UF4

→

UO2

UF6

→

ADU

→

UO2

UF6

→

AUC

→

UO2

UF6

→

UO4

→

UO2

}dry methods

}wet methods

In the wet methods, UF6 is hydrolized to form UO2F2 (uranyl fluoride) – HF
(hydrofluoric acid) solution system. From the latter, there are two main ways for
fabricating the UO2 powder, namely ADU (ammonium diuranate) and AUC precipitate
route. Alternatively, the intermediate product UO4 – uranium peoxide – is precipitated
to prepare UO2 powder.
The following technologies for preparation UO2 powder via AUC route are
applied in some countries [1,2]:
- Precipitation of AUC from solution of uranyl salts, using precipitate agents:
solution of ammonia carbonate or gas mixture of NH3 and CO2
- Conversion of ADU precipitant into AUC, using dissolve agent: NH4HCO3
solution In addition, precipitation of AUC from TBP solvent containing uranyl nitrate
that comes from scrub section of uranium purification processing or spent nuclear fuel
reprocessing, using precipitate agents: solution of ammonia carbonate or gas mixture of
NH3 and CO2.
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Reactions for AUC formation from uranyl solution are as below:
UO2F2 + 3(NH4)2CO3 = (NH4)4UO2(CO3)3 + 2NH4F
UO2F2 + 6NH3 + 3CO3 = (NH4)4UO2(CO3)3 + 2NH4F
AUC process was applied on an industry scale in some countries, such as Korea,
Germany, Sweden, Argentina.
UO2 ex-AUC powder is found to be giving the following advantages [3, 4, 5]:
- High recovery, up to 95% in comparison with ADU process in pelletising
operations
- Free flowability, the powder is free flowing and enables elimination of precompaction and granulation steps
- Easy mechanization, since the UO2 ex-AUC powder is free flowing it is possible
to completely mechanize its transfer through an enclosed system which would
effectively avoid airborne activity in the environment during its production.
Besides, the AUC process is automatically refining [6, 7, 8]. From the above
good points, the study on preparation of UO2 ceramic via AUC route needs to be
interesting.
II. EXPERIMENTS
The simulative solution of UF6 hydrolyzing process is the mixture of UO2F2 and
HF (UF) with U/F molar ratio of 1/6. The ammonium solution, (NH4)2CO3 300g/L
precipitate agent are chemicals of analytical grade.
The uranium concentration in solutions is determined by the vanadate titration
method. XRD and SEM methods are applied for examining the composition and
morphology of the precipitate. The particle size distribution of the AUC precipitate is
measured by the laser scattering method (Horiba – LA950 particle size analyzer). The
specific surface area of the AUC and UO2 powders was measured by BET method
(Coulter SA 3100). Thermal analysis is performed on Setaram thermal-analyzer.
Conversion of AUC into U3O8 and reducing process of U3O8 into UO2 are
conducted in the apparatus system, consisting of LORA furnace 10000C and hydrogennitrogen-stream supply system. The conversion occurred at a temperature of 6800C in
mixture of steam and nitrogen gases, nitrogen flow rate is 21 ml per minute. The
reducing process is also performed at the temperature of 6800C in a reducing medium,
that is mixture of hydrogen and nitrogen gases in ratio of 3:1, hydrogen flow rate is 62
ml per minute. The temperature program for both processes are as follows: the rate of
heat increase is 2000C per hour, the time for remaining heat is 4 hours, and the rate of
heat decrease is natural.
III. RESULTS AND DISCUSSIONS
3.1. Investigation into AUC precipitation manner
The UO2F2 – HF system exists in solution as a complex form of UO2Fn2-n. When
this system interacts with the precipitation agents (NH4)2CO3), beside the AUC
precipitate, a series of stable complex is probably generated in the form of AUF such as
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(NH4)2UO2F4, which is little soluble with its solubility of 1,4.10 -4 mol/L) and
(NH4)3UO2F5, which is soluble with its solubility of 0,326 mol/L). Depending on the
way of the precipitation, the AUF precipitates will be formed along with the AUC. That
gives rise to unhomogenousness and high fluorine content of AUC precipitate. This is
main difference between the AUC precipitation processes from the uranyl fluoride and
other uranyl solution.

Fig.1: XRD pattern of precipitate obtained
when pouring the AC solution into the UF (C/U ratio = 7)
The AUC precipitation was implemented by pouring directly the AC solution into
the UF solution at the ratio of C/U from 1/3 to 1/9, the precipitate product is mainly in
AUF - (NH3)3 UO2F5 form. That is explained as follows: in the precipitation process, the
carbonate concentration increases along with adding the AC solution into the reactor,
then the AUF as (NH4)2UO2F4 form is solute and the other are not. The consideration is
demonstrated in the XRD schema of AUC precipitation (Figure 1).
For the reverse manner, pouring directly the UF solution into the AC solution,
AUC is first precipitated in high concentration of carbonate. This is demonstrated in
experimental curve of titrating the AC solution of 200 g/L with the UF solution of 90
gU/L. (Fig.2). Two precipitation areas at pH <7 and pH >5 appear in the curve. That is
explained as follows: in adding the UF solution into the AC solution, HF is first
neutralized and then yellow AUC precipitate is formed. With the AUC precipitation
process, the pH of the solution is stable in the value of 7-6.5. If the UF continues to be
added into the AC solution, the amount of
carbonate decreases and then the AUF will
be precipitated at the pH from 5.5-5.
pH

9
8

Based on the above preliminary
results and the arguments, the AUC
precipitation process with agent AC
should be implemented by the manner as
follows: pouring simultaneously the
UF and AC solution into the NH4OH
buffer solution of 1:1. The amount of the
NH4OH solution calculated is sufficient
for neutralization of HF in the UF
solution. With the precipitation manner,

7
6
5
4
3
0

20

40

60

80

100

120

UF solution (in ml)

Fig. 2: Titration curve of AC with UF solution.
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the HF is first neutralized and at the same time, ADU (ammonium diuranate) and AUF
precipitates are formed. If mixture of UF and AC continues to be added into solution,
ADU and AUF are dissolved in carbonate medium and finally the AUC precipitation
process takes place. To assess the precipitation ability of AUC, the process is carried out
in accordance with the above manner. As a results, the pure AUC precipitate is
obtained. The XRD schema indicated clearly the formation of the AUC precipitate with
the diffraction angle 2θ =14o.
3.2. Investigation into effect of uranium concentration in the stock UF
solution on the AUC precipitation.
Because of creating stable complex between ion U+6 and F-, and dissolution of
uranium in carbonate solution, the precipitation of AUC in low UF concentration (< 50
gU/L) is uneconomical due to low precipitation efficiency and generation of a large
amount of wastewater. In the case of the AUC precipitation in too high UF
concentration (>150gU/L), concentration of free F- ion in mother liquor will increase in
precipitation process and that makes equilibrium concentration of uranium in the mother
liquor increase. As a result, the precipitation efficiency does not increase with growth of
uranium concentration in the stock solution.
Based on these arguments, the study on effect of uranium concentration in stock
UF solution was implemented with the uranium concentration varying from 40 to 160
gU/L. Results indicated that the uranium precipitation efficiency increases with the
increase of the concentration of UF and achieves maximum value about 80% in the
uranium concentration in UF solution of more than 100g U/L.
3.3. Investigation into effect of C/U ratio on the AUC precipitation.
The uranyl fluoride in solution exists in stable complex form: UO2F42- (β=5×1011)
and UO2F3- (β=2×1010), and AUC precipitate is only formed in high carbonate
concentration (>200 g/L). So, a redundant amount of the precipitation agent is necessary
to precipitate completely uranium. The preliminary studies indicated that with the C/U
molar ratio in the range of 7 to 9 and the AC concentration of about 300 g/L, the
uranium precipitation efficiency reaches 80%.
3.4. Conversion process of AUC into UO2.
Based on the results of the investigations, the AUC precipitation process is
implemented in stable pH media of 9, with uranium concentration in the stock UF
solution of 100 gU/L and the C to U ratio of
7.5. The precipitate obtained is dried slight
at 70oC in an oven. AUC powders is
characterized by some methods, such as
SEM, DTA, TGA, BET, etc. The results of
SEM image, XRD pattern and thermal
analysis curves are indicated in Figure 3, 4
and 5, respectively.
The SEM image showed the
morphology of AUC is cylinder associated
with each block. From Fig.4, it is clear that
the precipitate formed is AUC with the
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Fig. 3: SEM image of the AUC.
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diffraction angle 2θ=14o. BET result showed the specific surface area of AUC is about
25,5 m2/g. The relatively large value thus demonstrated good surface activation of the
powder. The grain size value measured is d0,9=94µm. Large surface area and grain size
will be the key factors for sinter ability of the UO2 ex-AUC powder.
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Fig. 4: X-ray diffraction of sample AUC precipitated at 50oC

Fig. 5: Thermal analysis curves of the AUC

From the thermal analysis curves, there is an endothermic effect at 215oC
corresponding with the decomposition reaction of AUC, as following:
(NH4)3UO2(CO3)3 →NH3↑+H2O+CO2 +UO3
This process happened with the mass decrease of 29%. The decomposition
reaction of AUC has resulted in formation UO3.xH2O type substance. The water loss of
the substance grew with the growth of temperature and making the peak at 350oC. The
conversion of UO3 to U3O8 existed at 680oC. Additionally, the moisture’s fall of
precipitate AUC was showed by the peak at 80oC. It can be seen from the thermal
analysis diagram that the process of U3O8 conversion happened mostly from 650 –
700oC. Therefore, the conversion and reduction processes will be implemented at
680oC.
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Powder UO2 obtained from recovery process was tested the particle size and
morphology. The SEM image of UO2 ex-AUC powder was shown in fig. 6 and the data
of particle size reveal the value d0,9 = 85 µm. These results also demonstrated the
preeminent advantages of UO2 ex-AUC powder, such as quite uniform and large gain
size, spherical particle.
IV. CONCLUSION
The AUC precipitation process was implemented in steady pH medium of 9, the
uranium concentration in the stock solution is about 100g U/L with the C/U ratio ≥ 7,5
(mol/mol). The composition of the precipitates tested by XRD and thermal analysis was
proved to be type of AUC having the diffraction angle 2θ=14o. The UO2 ex-AUC
powder was found to possess preeminent advantages, such as quite uniform and lagre
gain size, spherical particle.
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RESEARCH ON POSSIBILITY OF PURIFYING ZIRCONIUM
FROM ZIRCONIUM ANHYDRIDE BY LIQUID-LIQUID
EXTRACTION METHOD WITH TRIBUTYL PHOSPHATE
SOLVENT
Hoang Nhuan, Tran Ngoc Ha, Hoang Van Đuc, Le Thi Bang
Nguyen Thuc Phuong, and Nguyen Thi Thanh Thuy
Institute for Technology of Radioactive and Rare Elements
Abstract: Zirconium is a metal of advantageous physical properties such as having an
extremely low thermal neutron cross section combined with exceptional corrosion
resistance. This facilitates heat transfer in thermal reactor by zirconium cover of the fuel
rod. It has been proved that the properties of zirconium make it particularly suitable for
use in thermal reactors. Zirconium (Zr) meets the requirements of nuclear reactor:
mechanical strength and stability under high pressure resulting from high thermal
gradients; leakage reliability in high temperature, resistance to radioactive damage;
restriction from formation of high activity products caused by nuclear reaction; and
adaptability to simple maintenance and repair. Zirconium material for reactor needs to
have standard of nuclear purity. Hafnium has been discovered as an impurity causing
most damage for Zr as Hf has high cross section capturing thermal neutron. The purity of
Zr for building reactors depends on Hf content in it. Zr and Hf have similar chemical
properties, so separation of the two elements is complicated. The separation Hf from Zr
by solvent extraction has been applied worldwide, one of extraction reagent for the
efficient separation of Hf is tributyl phosphate (TBP) due to its selective extraction and
high stability.

EXPERIMENTAL RESULTS AND DISCUSSION
1. Preparation of zirconium dioxide as raw material
ZrO2 powder (imported, 98%) is mixed with NaOH by 1:6 (mol ratio), baked at
7000C in 2 hrs. The chemical reaction is as follows:
Zr(Hf)O2 + 2NaOH = Na2Zr(Hf)O3 + H2O

(1.1)

Theoretical ratio of ZrO2 to NaOH is ~ 1:2, but commercial ZrO2 was calcined up
to anhydrous and stable state, so the extra sodium caustic has been used to strengthen
re-zirconization. The mixture of zirconate and hafniate Na2Zr(Hf)O3 was dissolved in
water, acidified by HNO3 to transfer to Zr(Hf)O(NO3)2. The obtained solution is used
for the hafnium separation and purification of zirconium.
2. Research on characteristics of TBP-Zr(Hf)O(NO3)2-HNO3
2.1. Dependence of separation ratio on the extraction concentration
The chemical reaction of extraction process in medium solution is characterized
by rather complicated equations [1]. The main reaction of extraction to get zirconium by
TBP in organic phase is as follows:
ZrOaq2+ + 2NO3aq2- + TBP → [ZrO(NO3)2.2TBP]o
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E ffe c t o f a c id c o n c e n tr a tio n o n
d is tr ib u tio n c o e ffic ie n t
D is tr ibution c oe ffic ie nt, D zr

E ffect of TB P concentration on
distribution coefficient

Distrib u tio n Ratio

0.5
0.4
0.3
0.2
0.1

1 .6
1 .2
0 .8
0 .4
0
0

0
0

20

40

60

80

100

2

4

6

8

HNO 3 c onc e ntr a tion (M )

TBP co n ce n tratio n (% v o lu n m)

Fig.1: Solvent concentration effect
to the distribution coefficient

Fig.2: Influence of acid
concentration on the distribution
coefficient.

The investigation of the effect of the extraction solvent concentration (TBP) to
zirconium distribution ratio is carried out in conditions: [H+] = 6M; initial concentration
of Hf-Zr mixture CZr(Hf) = 30g/L; Phase ratio (organic/aqueous) = 1/1. The
experimental results in figure 1 showed that the concentration of ZrO2+ in organic phase
increases when increasing TBP content that leads to a raise of distribution coefficient of
zirconium. This distribution ratio increases strongly in range of TBP concentration from
30% to 60%, and increases moderately from 60% to 80%. Greater 80%, TBP causes the
reverse phase, preventing extraction process. On the other hand, an intensively high
concentration TBP caused competition of [H+] with Zr4+ ion extracted in the organic
phase causing decrease of [H+] in aqueous phase. This process badly affected further
extraction. Consequently, 60% TBP in kerosene is an appropriate ratio for the
continuing study of Zr extraction.
2.2. Effect of acid concentration of initial solution on zirconium distribution
ratio
The experiment of the influence of acid concentration (HNO3) in initial solution
(feed solution-mixture of zirconium and hafnium nitrate) on the efficiency of zirconium
extraction was carried out in conditions: initial solution concentration C Zr(Hf) = 30 g/L;
phase ratio of organic/water = 1:1; TBP concentration in kerosene is about 60%
(volume); [H+] in the range of 3M to 7M. Experimental data is shown in Figure 2.
From gained results, when acid concentration increases, distribution coefficient of
zirconium increases. In the range of [H+] from 3M to 5M, distribution coefficient
increases lightly. There is a remarkable change in distribution coefficient in the range of
[H+] from 5M to 6M. Especially, these values increase suddently when the acid
concentrations in aqueous phase reach the values of 6M to 7M. These results can be
explained based on: zirconium is preferentially extracted into the organic phase in the
acid media HNO3 of initial solution over to 6M. This coincides with the recent work of
[9] in which they showed that the reactions forming neutral complexes, the solvation
forming charged ions…make favorable conditions to extract zirconium into organic
phase. Hence acid concentration of initial solution of 6M is chosen as optimal
concentration for next experiments.
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2.3. Effect of initial solution concentrations on zirconium extraction
The experiment on effect of concentrations of mixture of components (Zr and Hf)
in initial solution on Zr extraction performance was carried out in conditions: [H+ ] =
6M; Phase ratio (organic/aqueous) = 1/1; [TBP] is about 60% by volume in kerosene.
Effect of phase ratio on distribution
coefficient

Dependence of distribution coefficient on
Zirconium concentration

0.5
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Fig.3: Effect of initial solution
concentration on Zr distribution
ratio

Fig.4: Effect of phase ratio on
Zirconium distribution coeficient

It can be seen that when the concentrations of two metal mixture (Hf/Zr) in initial
solution increase, the values of extraction performance reduce, leading to decrease of
distribution coefficients of system (fig. 3). The acid concentration in aqueous phase
after extraction process always remains constantly with all of initial solution
concentrations. This result indicates that the zirconium content extracted in organic
phase is relatively stable with different initial feed concentrations. NO 3- ions,
contributing to formation of complexes with ZrO2+ and TBP, are kept in organic phase
and then H+ ions are delivered into aqueous phase. Combining with above mentioned
results of acidity, it can be seen that if aqueous phase is remained in higher acidity,
zirconium would be extracted better in organic phase. The major reason of this is
maximum extraction capacity of solvent in certain extraction conditions and acid media.
In order to gain maximum extraction capacity, extraction solution concentration of
30g/L is chosen for next experiments.
2.4. Effect of phase ratio on distribution coefficient
The experiments to study effect of organic/aqueous phase rate on distribution
coefficient was carried out in the following conditions: initial solution CZr(Hf) = 30g/L;
[H+] = 6M; TBP in kerosene = 60%. Experimental data is shown in Figure 4.
From gained experimental results, it can be clearly seen that zirconium extraction
performance increases when organic/aqueous phase rate increase in the range of 0.5 to
1. However, in higher phase rates, distribution coefficients sharply reduce. This is due
to interations between acid molecules and solvent molecules. Increasing solvent
concentration leads to competative extraction of H+ ions into organic phase. This causes
reduction of acid concentrations in aqueous, leading to the reducing of zirconium
extraction. The organic/aqueous phase rate of 1:1 is a suitable for next experiments.
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3. Model research of continuous extraction in experimental scale
Based on gained experimental results, optimal conditions of discontinuously
extracting process in experimental scale are: Metal contents in initial solution CHf/Zr is
30g/L; TBP concentration in kerosene is 60% (by volume); Initial acid solution (HNO 3)
concentration [H+] = 6M; and organic/aqueous phase rate equal by 1:1.
These conditions are considered optimal to design continuously extracting
process. Matter to be carefully considered is effectiveness of extracting process. Studies
on extracting process require that practical applications for continuously extracting
process should be met. In order to ensure effective extraction, recovering index is an
extremely important parameter. Therefore, we need to understand corresponding
relation between recovering index and extracting number. It is a program to calculate
necessary number of times to extract in order to gain optimal recovering index from
zirconium initial concentration in aqueous phase. Model research gained from this
paper:
3.1. Condition: Extracting system Zr-TBP; [HNO3] is constant in aqueous phase
= 6M; Organic/aqueous phase ratio = 1/1.
3.2. Results: Based on experimental data, we defined that experimental equation
of extraction performance depending on initial concentration of aqueous is an
exponential function. The program used to define theoretically the minimum number of
extraction stages to reach desired recovering performance from different initial
concentrations. In this paper (conditions showed above): the minimum number of
extraction stages is 5 to reach 95% recovering performance with initial concentration of
zirconium is 30g/L.
4. Zirconium extraction process to trace amount of Hf in experimental scale
Firstly, ZrO2 powder is demolished by NaOH with molar rate ZrO2/NaOH by 1/6,
firing temperature of 7000C in two hours. Then the products, obtained after firing, are
acidified by HNO3 to gain the solution which is used as an initial reactant for extraction
and separation process. The initial solution with total concentration [Zr4+, Hf4+] by 30 40 g/L and [HNO3] by 6M is called as Feed solution of extraction process. TBP is
dissolved in pure kerosene with the percentage of TBP is 60% by volume.
- The process of discontinued extraction in the laboratory: The volume of TBP
solvent mixture and the volume of Feed solution are taken with the rate of 1:1, and then
put them into extracting funnel. After that, put the funnel on shaking device and shake it
for 10 minutes with shaking speed of 300 rounds per minute. After extracting process
finishes, the funnel is put in static on a flat shelf. Leave it in 5 minutes in order to phase
separation is occurred absolutely. We collect aqueous phase in the bottom of the funnel
to analysis the contents of zirconium, hafnium and other impurities. The rest of funnel is
organic phase that would be scrubbed with HNO3 3M and stripped with HNO3 0.1M.
- This process is carried out 4 times of extraction and 2 times of tripping to get the
product of pure zirconium (non Hf) with 40% recovery efficiency.
- Product: ~ 1L ZrO(NO3)2 solution (20g/L) containing the amount less than
0.01ppm of hafnium and a negligible amount of other impurities. The product meets
standards of nuclear purity (based on trace content of Hf/Zr).
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STUDY OF PERCENT DEPTH DOSES IN THE WATER
PHANTOM WITH CO-60 PHOTON IRRADIATION
BY MONTE-CARLO SIMULATION
Le Van Ngoc, Vu Van Cam and Trinh Dang Ha
Institute of Nuclear Science and Technique
Abstract: Monte-Carlo simulation is one of the most essential computational tools to
study the particle transport and interaction of radiation with matter as well as radiation
protection and dosimetry. In this paper it was used to calculate percent depth doses in the
water phantom for two Co-60 beam irradiation cases with using the MCNP-4C2 code.
The simulation results was validated by comparision with those of measurements.
Application of the MCNP-4C2 code for dose calculations in Co-60 beam treatment
planning was recommended.

I. INTRODUCTION
Monte-Carlo simulation is a computer-based stochastic technique using random
numbers and probability statistics. It is one of the most essential computational tools to
study the particle transport and interaction of radiation with matter as well as radiation
protection and dosimetry.
With the advent of inexpensive computing power the M-C techniques have been
widely used in medical radiation applications over the two past decades.
In radiotherapy, the accurate evaluation of the absorbed dose within patient is an
important requirement. Internationally accepted accuracy limit for patient dose delivery
is within 5%.To meet this requirement the physical dose measurement accuracy should
be maintained within 3% [2,3].
Various methods of calculation have been applied to determine the absorbed dose
to water (because for the photon energies used in clinical applications, this can be
considered to be almost equal to dose to tissue). However, nowadays almost all codes of
pratice (analytical ones) for absolute dose determination in radiotherapy beams are
based on M-C calculations to describe particle transport through human body.
Application of Monte-Carlo simulation in medical physics, especially in
radiotherapy physics, have been accepted as the most accurate technique for dose
calculations.
The percent depth dose is a basic quantity in dosimetry which is useful not only in
absorbed dose determination, but also in determination of basic input data of any
treatment planning system. This quantity is a very important parameter in radiotherapy
applications.
In this paper, the percent depth doses in the water phantom were calculated for
two Co-60 beam irradiation cases by M-C simulation with using the MCNP-4C2 code
system [1]. For validation of the results of MCNP calculations, the calculated data were
compared with the results of experimental measurements.
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II. M-C CALCULATION OF PERCENT DEPTH DOSES IN WATER
PHANTOM IRRADIATED BY CO-60 PHOTON BEAM
In radiotherapy, the absorbed dose (or simply, dose) varies with depth and
depends on many parameters such as beam energy, field size, source-surface distance
and collimation system. The knowledge of dose variation with depth in the water
phantom or patient is central.The pecent depth dose is defined as the normalization of
the absorbed dose at a depth per the absorbed dose at a fixed reference depth along the
central axis of the beam i.e.
PDD = (Dd/ Drref ) x 100
Here, the reference depth is usually taken at the position of the maximal absorbed
dose.
The MCNP absorbed dose at a z-depth in the water phantom may be defined
based on estimate as
D =

a



dV
(
)
(
)
H
E

r
,
E
dE
∫∫
V
V E

Where ρa = atom density (atoms/barns-cm)
ρ = mass density (grams/cm3)
φ(r,E) = photon flux
H(E) = heating response (summed over nuclides in a material and is defined as

H(E) = T (E)∑Pi (E)×(E − Eout)
3

i =1

σT(E) = total reaction microcross-section
E = incident photon energy
i = 1 incoherent (Compton scattering with formfactors)
i = 2 pair production E out = 1.022016 = 2mo c 2
i = 3 photoelectric
pi = probability of i-reaction
V = specified average flux region close to the (0, 0, z) – point. This region is
defined by a fictitious sphrere of Ro- radius surrounding the point detector. Ro may be
specified either in centimeter or in mean free path.
In this study, for M-C calculation of percent depth doses in water phantom
irradiated by the Co-60 beam the following two phantom irradiation cases were
considered.
Case1 The water phantom is irradiated by incident photon beam from a point
source Co-60. The MCNP irradiation geometry modeling is shown as on fig 1. The
phantom is cubic and it’s sizes are 30 cm x30 cm x 30 cm. A lead collimator is 5 cm
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thick which is placed on the beam’s path at distance of 10 cm from the source. The
collimator has an opening degree to create the 10 cm x 10 cm field size on the surface of
the phantom at the source-surface distance of 80 cm.

Fig.1: The phantom irradiation geometry with a point source Co-60
Case 2 The water phantom is irradiated by incident photon beam from the Co60 irradiation facility at PTB [5]. The Co-60 radiation source is fixed in the facility and
not moved unless the source must be exchanged. This source is cylindrical and covered
by stainless steel (ρ= 8.06 g/cm3, Si 0.7%, Cr 17%, Mn 1%, Fe 66.8%, Ni 12%, Mo
2.5%). It is located in a yellow brass spacer (ρ=8.47 g/cm3, Cu 66%, Zn 34%) and
tungsten-copper alloy shielding (ρ= 18g/cm3,W 72,66%, Ni 17,89%, Cu 9,45%). The
diameter and height of the active source cylinder is 2 cm and 2.5 cm.
The radiation is swiched on and off with a moveable shutter (made of a heavy metal)
which unblocking or covering the beam exit .
The shutter is designed in two parts. The “inner” and “outer” parts can move
independently of each other. The internal shutter is located directly in the front of the
Co-60 source. It’s thickness in 15 cm in the direction of radiation. This shutter is made
of tungsten-copper alloy and moves in the invertical direction. The internal shutter
serves to switch the effective radiation on and off for irradiation.
The external shutter further attenuates (in addition to the internal shutter) the dose
rate when the work is to be carried out in the irradiation room. It is 21 cm in thickness
(in the direction of the beam radiation) and made of lead. Before an irradiation process
is started, the external shutter is firstly opened, and then irradiation begins and ends with
opening or closing the internal shutter.
The collimator defines the form and size of the radiation field (the standard
collimator of the irradiation facility creates a square radiation field whose field size
equals to 10 cm x 10 cm at a distance of 100 cm from the radiation source). It is made
of tungsten-copper alloy and composed of 7 orifices. The total length of the collimator
is approximately 21.3 cm.
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The collimator is integrated into the external shutter and automaticlly broutght
into the correct position for irradiations when the shutter is opened.
The irradiation facility’s MCNP geometry modeling is shown as on fig 2. In
order to obtain the accurate results for dose calculations and avoid the systematic errors
due to approximations, the geometric details of the facility were taken into account.
The irradiation facility serves at the same time as a storage and the shielding
container for the Co-60 source. The housing of the facility is completely filled with lead
bricks so that the radiation source is in all directions surrounded by, at least, 32 cm lead
(when both shutters are closed)

Fig.2: The PTB’s irradiation facility modelling
The considered water phantom is cylindrical. It’s diameter and height are 30 cm.
The phantom irradiation geometry is shown on fig 3. The standard radiation field with
size of 10 cm x 10 cm is created at distance of 100 cm from the source.
In both cases the photons are emited isotropically with energies of 1.332 MeV
and 1.173 MeV. The transport of photons were M-C simulated continuously untill they
were absorbed or their energy went down to lower energy cutoff based on the nuclear
data library ENDF-B VI and the detailed photon physics treatment with taking into
account incoherent and coherent scattering, pair production, and photoelectric
absorption with fluorescent emission.
In order to increase the efficency of simulations the source direction biasing
technique was used. This ensures that most of photons emitted from the radiation source
are directed towards the phantom. The energy cutoffs used in simulations for photons
and electrons were 0.001 MeV and 0.01 MeV, respectively.
The depth (absorbed) doses normalized per source photon in the water phantom were
obtained by us from simulation of 389308891 source photons (with 75 hours of
computer time on PC cluster) for the case1 and 138610275 source photons (with 83.34
hours of computer time on PC cluster) for the case 2.
The percent depth doses were determined based on the above depth absorbed)
doses by normalizing them per the absorbed dose at a reference fixed depth. The results
of calculations are shown in tables 1,2 together with those of measurements for
comparision.
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Fig.3: The phantom irradiation geometry with the PTB’s facility
Table 1: The Percent depth dose in the water phantom irradiated
by photons with a point source Co-60
N0

Depth
(cm)

Percent depth dose
calculated by
MCNP-4C2 %)

Experimentally
measured percent
depth dose (%) [4]

Relative
difference (%)

1
1 21

0.5
1

100
97.56

100
97.78

0
0.225

3

1.5

95.25

95.56

0.324

4
5

2
3

93.37
88.82

93.33
88.89

0.043
0.079

6

4

84.03

84.44

0.486

7

5

79.38

78.89

0.621

8

6

74.83

74.44

0.524

9

7

70.38

70

0.543

10

8

66.11

65.56

0.839

11

10

58.02

57.78

0.416

12
13
14
15
16

12
14
16
18
20

50.67
44.20
38.50
33.41
29

51.11
44.44
38.89
33.33
28.89

0.861
0.540
1.003
0.24
0.381
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Table 2: Percent depth dose in the water phantom irradiated
by photons with the Co-60 irradiation facility at PTB
N0

Depth
(cm)

Percent depth dose
calculated by
MCNP-4C2 (%)

Experimentally
measured
percent
depth dose (%)

Relative
difference
(%)

1
2

2.4
3.2

116.56
111.14

116
111.10

0.483
0.036

3

4.1

105.48

105.52

0.038

4
5
6
7

5
5.7
6.4
7.2

100
95.93
91.50
86.77

100
95.76
91.61
86.99

0
0.178
0.120
0.253

8

8

82.11

82.51

0.485

9

8.8

77.53

78.19

0.844

10
11

9.6
10.4

73.14
69.12

74.04
70.08

1.216
1.370

12
13
14
15
16

11.2
12
12.8
13.6
14.4

65.27
61.6
58.09
54.77
51.63

66.27
62.66
59.2
55.91
52.80

1.509
1.692
1.875
2.039
2.216

Here, for determination of percent depth doses the reference depth was taken at
the position of 0.5 cm for the case 1 and 5 cm for the case 2. At each depth the relative
difference between the results of calculations and measurements were calculated
according the following formula
Relative difference = /[the result of calculation - the result of measurement]/the
result of measurement / x 100.
It is noted that the MCNP results are in a very good agreement with those of
measurements.The relative difference between the calculated and measured doses are
within 0.043%-1.003% for the case 1 (photon phantom irradiation with a point source
Co-60) and 0.036%-2.216% for the case 2 (photon phantom irradiation with the Co-60
irradiation facility at PTB ).
CONCLUSION
The Monte-Carlo method is a computer-based statistical technique. It’s
applications in therapy physics have accepted as the most accurate method for therapy
dose calculations. In the study presented here the percent depth doses in water phantom
were M-C simulated for two Co-60 beam irradiation cases with using the MCNP-4C2
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code. With the statistical uncertainty less than 4.10-3 in MCNP calculations the
simulation results were in an excellent agreement with the reference measured data.
This indicated that the MCNP-4C2 code could be applied for dose calculations in
treatment planning with Co-60 photon irradiation.
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Modification of the Dalat Reactor Control
System

2003

Developing Nuclear Power Infrastructure

2009

Enhancement of Quality and Yield of
Rice Mutants Using Nuclear and Related
Techniques, Phase

2005

Establishment of National Cyclotron
Facilities and Centres for Medical and
Research

2005

Establishing National Cyclotron Facilities
and Centres for Medical Applications and

2009

Insitution

Counterpart

Budget

Vietnam Atomic Energy
Institute

Mr. Vuong Huu Tan

896,960.00

Center for Nucelar
Technique _HCM

Mr. Nguyen Duc
Thanh

380,552.00

Institute or Technology for
Radioactives and Rare
Elements

Ms. Nguyen Thi
Kim Dung

Institute or Technology for
Radioactives and Rare
Elements

Mr. Le Ba Thuan

239,351.00

Nucelar Research Institute

Mr. Nguyen Nhi
Dien

243,220.00

Vietnam Atomic Energy
Institute

Mr. Hoang Anh
Tuan

582,220.00

Center for Nucelar
Technique _HCM

Mr. le Quang Luan

376,692.00

Tran Hung Dao General
Hospital, ChoRay Hospital

Ms. Pham Thi Minh
Bao; Mr. Nguyen
Truong Son

350,620.00

BV 108; BV Chî Réy; BV
§µ N½ng; BV Kiªn Giang

Ms. Pham Thi Minh
Bao; Mr. Nguyen

293,455.00
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Research
10.
11.

12.
13.

14.

15.
16.
17.

18.

19.

212

VIE8014
VIE8016

VIE8017
VIE8018

VIE8019

VIE8020
VIE9009
VIE9010

VIE9011

VIE9013

Truong Son

Upgrading the Irradiation Facility at
Hanoi Irradiation Centre

2001

Isotope and Nuclear Techniques for Better
Management of Groundwater

2001

Upgrading the Irradiation Facility at
Hanoi Irradiation Centre

2005

Applying Electron Beam Technology for
Processing Biomaterials

2005

Establishment of Tracer Technique to
Study Processes in the Gas Industry

2007

Developing Advanced Non-Destructive
Testing Techniques for

2009

Formulation of Atomic Law

2005

Strengthening the Technical Capacity of
the Regulatory Body for Radiation and
Nuclear Safety

2007

Improving the Capability for Site
Characterization and Evaluation of New
Nuclear Installations

2009

Strengthening the Technical Capacity of
the Radiation and Nuclear Safety
Regulatory Body

2009

Hanoi Irradiation Center

Mr. Ho Minh Duc

Institute of Nuclear Science
and Techology, Center for
Nuclear Techniques

Mr. dang Duc Nhan;
Mr. Nguyen Kien
Chinh

139,940.00

Hanoi Irradiation Center

Mr. Ho Minh Duc

391,350.00

Center for Research and
Development of Radiation
Technology

Mr. Tran Khac An

304,650.00

Center for Application of
Nuclear Techniques in
Industry

Mr. Nguyen Huu
Quang

123,362.00

Center for Non-destructive
Evaluation

Mr. Vu Tien Ha

315,500.00

Vietnam Atomic Energy
Institute

Mr. Vuong Huu Tan

88,410.00

Vietnam Authority for
Radiation Protection and
Nuclear Safety

Mr. Ngo Dang Nhan

312,588.00

Nuclear Research Institute

Mr. Pham Van Lam

353,975.00

Vietnam Authority for
Radiation Protection and
Nuclear Safety

Mr. Ngo Dang Nhan

331,200.00
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2.2- List of RAS Projects 2009
Code

Titlle

Year

Status

Institutions

Coodinator

RAS5045

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

2009

Con.

Center for Nuclear
Techniques HCM

Mr. Le Quan Luan

RAS5046

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

2009

Con.

Center for Research and
Development of
Radiation Technology

Mr. Tran Khac An

RAS6038

Strengthening Medical Physics through
Education and Training (RCA)

2009

Con.

Hanoi Medical University

Mr. Phan Sy An

RAS6048

Hight-Precision 3D Radiotherapy for
Predominant Cancers in the RCA region
(RCA)

2009

Con.

National Cancer Hospital

Mr. Nguyen Xuan Ku

RAS6049

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

2009

Con.

Tran Hung Dao General
Hospital

Ms. Pham Thi Minh Bao

RAS7015

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

2009

Con.

Institute of Nuclear
Science and Technology

Mr. Vuong Thu Bac

RAS7016

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

2009

Con.

Nuclear Reseach Institue

Mr. Nguyen Trong Ngo

RAS9042

Sustainability of Regional Radiation
Protection Infrastructure (RCA)

Con.

Vietnam Authority for
Radiation Protection and
Nuclear Safety

Mr. Dang Thanh Luong

1.

2.

3.
4.

5.
6.

7.

8.

2009
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9.
RAS6053

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

2009

New

National Cancer Hospital

Mr. To Anh Dung

RAS8108

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

2009

New

Center for Nuclear
Techniques HCM

Mr. Nguyen Kien Chinh

RAS8109

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

New

Center for Research and
Development of
Radiation Technology

Mr. Doan Binh

RAS7019

Regional Harmonization of Nuclear and
Isotopic Techniques for Marine Pollution
Management (RCA)

2009

New

Nuclear Research
Institute; Institute of
Nuclear Science and
Technology

Mr. Nguyen Trong Ngo;
Mr. Trinh Van Giap

RAS8110

Applications of Advanced Industrial
Radiography and Tomography in
Industry and Civil Engineering.(RCA)

2009

New

Center for Non
Destructive Evaluation

Mr.Vu Tien Ha

RAS5050

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

2009

New

hanoi Irradiation Center

Ms. Le Thi Dinh

RAS8111

Diagnosis of industrial multi-phase
systems by process visualization using
radiotracers and sealed sources (RCA)

2009

New

Center for Application of
Nuclear Techniques in
Industry

Mr. Nguyen Huu Quang

RAS0046

Support towards Self-Reliance and
Sustainability of National Nuclear
Institutions

2009

Con.

Vietnam Atomic Energy
Institute

Mr. Cao Dinh Thanh

10.

11.

12.

13.

14.

15.

1.

214

2009
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2.

3.

RAS0047

Supporting Web-Based Nuclear
Education and Training through Regional
Networking

2009

Con.

Vietnam Atomic Energy
Institute

Mr. Hoang Anh Tuan

RAS2013

Good Radiopharmacy Practice and Good
Manufacturing Practice

2009

Con.

Nuclear Reseach Institute

Mr. Duong Van Dong

RAS3009

Strengthening Infrastructure for
Radioactive Waste Management

2009

Con.

Institute of Technology
for Radioactive and Rare
Elements

Mr. Nguyen Ba Tien

RAS4027

Test procedures for Quality Control in
the Maintenance and Refurbishment of
Nuclear Instruments

2009

Con.

Institute of Nuclear
Science and Technology

Mr. Dang Quan Thieu

RAS4028

Integrated Management Systems for
Expanding Nuclear Power Programmes

2009

Con.

Vietnam Atomic Energy
Institute

Mr.Le Van Hong

RAS4029

Strengthening Nuclear Power
Infrastructure and Planning

2009

Con.

Vietnam Atomic Energy
Institute

Mr. Vuong Huu Tan

RAS6034

Quality Assurance Programme for
Molecular-Based Diagnosis of Infectious
Diseases

2009

Con.

National Institute of
Hygine and Epidemiology
Mr. Dang Duc Anh
Department of
Bacteriology

RAS6043

Regional Screening Network for
Neonatal Hypothyroidism

2009

Con.

National Hospital for
Obstetrics and
Gynecology

Mr. Le Anh Tuan

RAS6050

Control and Prevention of Childhood
Malnutrition in Asia

2009

Con.

National Institute of
Nutrition

Ms. Do Thi Phuong Ha

RAS6051

Supporting Education and Training in
Medical Physics

2009

Con.

Institute of Nuclear
Science and Technology

Mr. Nguyen Huu Quyet

4.

5.

6.
7.
8.

9.

10.
11.
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12.
RAS7017

Application of Nuclear Techniques to the
Management of Hazardous Algal
Blooms

RAS9043

Using the Asian Nuclear Safety Network
to Raise Nuclear Safety Levels

RAS9045

Strengthening National Regulatory
Infrastructure for the Control of
Radiation Sources

2009

Con.

NhaTrang Instute of
Ocean Researh

Con.

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

Con.

Vietnam Authority for
Radiation Protection and
Nuclear Safety

Con.

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

Con.

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

Con.

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

13.

14.

2009

2009

15.
RAS9046

Strengthening Technical Capacities for
Occupational Exposure Control

RAS9047

Strengthening Radiological Protection of
Patients and Protection from Medical
Exposure

RAS9048

Strengthening National Capabilities for
Public Exposure Control

RAS9049

Establishment of National Capabilities
for Response to Radiological and
Nuclear Emergencies

2009

Con.

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

RAS9050

Education and Training in Support of
Radiation Protection Infrastructure

2009

Con.

Vietnam Authority for
Radiation Protection and

16.

2009

2009

17.

18.

19.

216
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Nuclear Safety, Vietnam
Atomic Energy Institute
20.

RAS0053

Providing Decision Support for Nuclear
Power Planning and Development

2009

New

Vietnam Atomic Energy
Institute

Mr. Le Van Hong

RAS0054

Support Towards Self-Reliance and
Sustainability of National Nuclear
Institutions

2009

New

Vietnam Atomic Energy
Institute

Mr. Cao Dinh Thanh

RAS0059

Enhancing Human and Nuclear
Technology Capacities

2009

New

Vietnam Atomic Energy
Institute

Mr. Le Doan Phac

RAS5052

Sharing Regional Knowledge on the Use
of the Sterile insect Technique within
Integrated Area-Wide Fruit Fly Pest
Management Programmes (RAS/5/049)

2009

New

Institute of Plant
Protection

Mr. Le Duc Khanh

RAS6055

Controlling and Preventing Childhood
Malnutrition in Asia

2009

New

National Institute of
Nutrition

Ms. Do Thi Phuong Ha

RAS6056

Developing a Regional Screening
Network for Neonatal Hypothyroidism
(Phase II)

2009

New

National Hospital for
Obstetrics and
Gynecology

Mr. Le Anh Tuan

RAS6057

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

2009

New

Tran Hung Dao General
Hospital

Mr. Le Ngoc Ha

RAS6058

Building Evidence on Nutrition
Interventions for People Living with
HIV/AIDS (PLWHA) (ARASIA)

2009

New

National Institute of
Nutrition

Ms.Bui Thi Nhung

RAS6059

QUATRO (Quality Assurance Team in
Radiation Oncology) Training in SouthEast Asia

2009

New

National Cancer Hospital

Mr. Nguyen Xuan Ku

21.

22.
23.

24.
25.

26.

27.

28.
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29.

RAS6060

Support to Comprehensive Cancer
Control

2009

New

National Cancer Hospital

Mr. Nguyen Ba Duc
Mr. Nguyen Hao Quang;
Mr. Hoang Van Nguyen

30.
RAS9053

Strengthening Occupational Radiation
Protection (TSA2)

2009

New

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

RAS9054

Strengthening National Regulatory
Infrastructures (TSA1)

2009

New

Vietnam Authority for
Radiation Protection and
Nuclear Safety

Mr. Le Chi Dung

RAS9055

Strengthening Radiation Protection in
Medicine (TSA)

New

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

Mr. Le Quan Hiep;
Mr. Vu Manh Khoi

RAS9056

Strengthening Capabilities for Protection
of the Public and the Environment from
Radiation Practices (TSA4)

New

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

Mr. Nguyen Hao Quang;
Mr. Nguyen Quang Long

RAS9057

Strengthening National and Regional
Capabilities for Response to Radiological
and Nuclear Emergencies (TSA5)

New

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

Mr. dang Thanh Luong;
Mr. Nguyen Viet Hung

RAS9058

Supporting Education and Training in
Radiation Protection

New

Vietnam Authority for
Radiation Protection and
Nuclear Safety, Vietnam
Atomic Energy Institute

Mr. Le Quang Hiep;
Mr. Vuong Thu Bac

RAS9059

Strengthening Nuclear Regulatory
Authorities in the Asia and the Pacific
Region

New

Vietnam Authority for
Radiation Protection and
Nuclear Safety

Mr. Le Chi Dung

31.

32.

33.

34.

2009

2009

2009

35.

36.
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2.3- LIST OF RESEACH CONTRACT 2009
Code
1.
13013/R4/RB
2.

3.
4.
5.

Chief Investigator

Determination of genetic diversity in Vietnamese
National Inst. of Animal
indigenous goat breed based on molecular
Ms.Le Thi Thuy
Husbandry
marker
Role of ECG-gated Tc-99m MIBI SPECT
Tran Hung Dao General
imaging in evaluation of asymptomatic diabete
Mr. Le Ngoc Ha
Hospital
patients

6000

14/78/R2/RB

Value ofECG-gated TC-99m MIBI SPECT Tran Hung Dao General
Mr. Vu Dien Bien
imaging in patients with acute chest pain
Hospital

5000

14700/R1/RB

Assessment of left ventricular function in
Cho Ray Hospital
coronary artery diseases with nuclear Techniques

Mr. Nguyen Truong Son

6000

14085/R1/RB

Application and evaluation of real time PCR in
Institute of Veterinary
diagnosis on avian influenza

Mr. Nguyen Tien Dung

8000

14465/R0/RB

Improvement of water use efficiency through
Isotopic Techniques for the Scarce Water Institute of Water Resource
Mr. Duong Hai Sinh
Resources in the Tay Nguyen Plateau, Central Reseach
part of Vietnam

13850/R1/RB

Assessment of Source Term, Radionuclides
Transport within Containment/Confinement and
Nucelar Research Institute
Release to the Environment for Dalat Nucelar
Research Reactor

13850/R1/RB

Development of rearing techniques
Bactrocera pyrifoliae in Vietnam

14773/R1/RB

Preparation of Biotic Elicitor from Chitosan for center for Research and Mr. Nguyen Quoc Hien

7.

9.

Institution

14077/R2/RB

6.

8.

Titlle

9500

Mr. Luong Ba Vien

for MARD (Insittute of Plant
Mr. Le Duc Khanh
Protection)
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Rice and Sugarcane by
Method
10.

11.

14834/R1/RB

Priclical Evaluation of Peptides and Antibodies
Radiopharmaceuticals Labeled with Generator Nucelar Research Institute
Produced 90Y for potential clinical use

12951/R4/RB

Interaction between water from Red River and Hanoi University of Mining
Mr. Bui Hoc
groundwater in catchment of the rever.
and Geology

14316/R1/RB

Assessment of uptake and bioacccumulation of
Cadmium in Benthic Organisms raised in the Institute of Nuclear Science
Mr Dang Duc Nhan
Red River's mouth area using Radio-cadmium and Technology
and Radioassy Technologies

5000

15326/R0/RB

Use of Environmental Isotope Tracer Techniques Institute of Nuclear Science
Ms. Vo Thi Tuong Hanh
to Improve Basin-scale Recharge Estimation
and Technology

5000

15326/R0/RB

Effect of gamma irradiation at quarantine doses center for Research and
on three species of mellybugs infesting red Development of Radiation Ms. Doan Thi The
dragon fruits.
Technology

7000

12.

13.
14.

220

Gamma-Irradiation Development of Radiation
Technology
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3. SCIENTIFIC PAPERS PUBLISHED ABROAD AND IN VIETNAM
3.1- Scientific Papers Published Abroad
1.

T.T. Hanh, S. Takachashi, J. Chen, S.C. Sawada, Y. Maekawa. “Polymer
electrolyte membranes having sulfoalkyl grafts into ETFE film prepared by
radiation-induced copolymerization of methyl acrylate and methyl methacrylate” J.
Applied Polymer Science, Vol.114, pp.231-237 (2009).

2.

D.V. Phu, V.T.K. Lang, N.T.K. Lan, N.N. Duy, N.D. Chau, B.D. Du, B.D. Cam,
N.Q. Hien. “Synthesis and antimicrobial effects of colloidal silver nanoparticles in
chitosan by γ-irradiation”, J. Experimental Nanoscience, pp.1-11 (2009).

3.

V. T. Bac & P. D. Hien. Regional and local emissions in red river delta, Northern
Vietnam. Air Quality, Atmosphere and Health. Vol.2, No.3, September, 2009. p
157-167. DOI 10.1007/s11869-009-0042-2.

4.

Hoang Sy Than, Dao Tien Khoa, Nguyen Van Giai. Neutron star cooling – a
challenge to the nuclear mean field, Physical Review C80 (2009) in press

5.

The Pierre Auger Collaboration, P.N.Diepcp, P.N.Dongcp, P.T.Nhungcp,
N.T.Thaocp. Upper limit on the cosmic-ray photon fraction at EeV energies from the
Pierre Auger Observatory, Astroparticle Physics 31 (2009), 399.

6.

The Pierre Auger Collaboration, P.N.Diepcp, P.N.Dongcp, P.T.Nhungcp,
N.T.Thaocp. Limit on the diffuse flux of ultrahigh energy tau neutrinos with the
surface detector of the Pierre Auger Observatory, Physical Review D79 (2009),
102001.

7.

The Pierre Auger Collaboration, P.N.Diepcp, P.N.Dongcp, P.T.Nhungcp,
N.T.Thaocp. Atmospheric effects on extensive air showers observed with the Surface
Detector of the Pierre Auger Observatory, Astroparticle Physics 32 (2009), 89.

8.

The Pierre Auger Collaboration, P.N.Diepcp, P.N.Dongcp, P.T.Nhungcp,
N.T.Thaocp. Trigger and Aperture of the Surface Detector Array of the Pierre Auger
Observatory, accepted for publication in Nuclear Instruments and Methods in
Physics Research (NIM A, 2009).

9.

The Pierre Auger Collaboration, P.N.Diepcp, P.N.Dongcp, P.T.Nhungcp,
N.T.Thaocp. The Northern Site of the Pierre Auger Observatory, accepted for
publication in New Journal of Physics (2009).

10.

Pham Tuyet Nhung. On the decay of muons stopping in the SD tanks, Auger GAP2009-055.

11.

Pham Ngoc Dong, Pham Tuyet Nhung. The PMTs of the PAO surface detector
New measurements, Auger GAP-2009-115.

12.

Pham Ngoc Diep. Energy independent analysis of SD jumps, Auger GAP-2009131.

13.

Dao Tien Khoa, Nguyen Dang Chien, 2009. Neutron transition strengths of 2+1
states in the neutron-rich oxygen isotopes determined from inelastic proton
scattering, Physical Review C79 (2009) 034314.
The Annual Report for 2009, VAEI

223

VAEI-AR 09

14.

F. P. Carvalho, J-P. Villeneuve, C. Cattini, Dao Dinh Thuan and Dang Duc
Nhan. 2009. Polychlorinated Biphenyl Congeners in aquatic environment of the
MeKong River, south Vietnam. Bull Environ Contam Toxicol 83: 892-898.

3.2- Scientific Papers Published in Vietnam
1.

T.T. Hạnh, N.Q. Hiến, H.T. Huy. “Biến tính ghép axít acrylic lên chitin bằng
phương pháp chiếu xạ để hấp thụ ion Zn2+ và Cu2+”, Tạp chí Hóa học, T.47(2),
Tr.203-206 (2009).

2.

N.Q. Hiến, Đ.V. Phú, N.T.K. Lan, N.T. Anh, N.N. Duy, V.N.Đ. Khoa, B.D. Du.
“Chế tạo vàng nano bằng phương pháp chiếu xạ”, Tạp chí Hóa học, T.47(2), Tr.174179 (2009).

3.

Nguyễn Ngọc Tuấn, Nguyễn Giằng, Nguyễn Thanh Tâm. Xác định hàm lượng một
số nguyên tố dinh dưỡng Ca, Mg, Cu, Zn, Se, Co, Mn, Mo và Fe trong lá và rễ cây
đinh lăng được trồng trên địa bàn thành phố Đà Lạt, Tỉnh Lâm Đồng. Tạp chí phân
tích Hóa, Lý và Sinh học, Tập 14, số 1/2009, tr.62

4.

Nguyễn Ngọc Tuấn, Nguyễn Giằng, Nguyễn Thanh Tâm. Khảo sát hàm lượng Cu,
Zn trong một số giống chè khác nhau ở thị xã Bảo Lộc, Tỉnh Lâm Đồng bằng
phương pháp quang phổ hấp thụ nguyên tử. Tạp chí phân tích Hóa, Lý và Sinh học,
Tập 14, số 1/2009, tr.75.

5.

Nguyễn Giằng. Xác định đồng thời hàm lượng As và Sb trong mẫu lương thực bằng
phương pháp phân tích kích hoạt neutron. Tạp chí phân tích Hóa, Lý và Sinh học,
Tập 13, số 3/2008, tr.10.

6.

Nguyễn Giằng, Nguyễn Ngọc Tuấn, Nguyễn Thanh Tâm, Trương Thị Phương
Mai, Trương Đức Toàn. Xác định hàm lượng Sb(III) và Sb(V) trong mẫu nước
ngầm bằng phương pháp quang phổ hấp thụ nguyên tử. Tạp chí phân tích Hóa, Lý và
Sinh học, Tập 14, số 1/2009, tr.69.

7.

Nguyễn Trọng Ngọ, Nguyễn Thanh Bình, Trương Ý, Nguyễn Văn Phúc, Lê Như
Siêu, Mai Thị Hường, Nguyễn Thị Linh, Phan Sơn Hải. Về mức hàm lượng phóng
xạ trong lương thực thực phẩm chủ yếu ở một số vùng sinh thái của Việt Nam. Tạp
chí phân tích Hóa, Lý và Sinh học, Tập 13, số 3/2008, tr.30.

8.

Pham Ngoc Diep, Pham Ngoc Dong, Do Thi Hoai, Pham Tuyet Nhung, Pierre
Darriulat, Nguyen Thi Thao. Extensive air showers and the LPM effect, submitted
to Communications in Physics Vietnam (2009).

9.

Hoang Nhan Hien, Le Thi Thu, Nguyen Van Thai, D. J. Euh. “The Air-Water
Mixing Experiment in a Vertical Flowing Channel”, Bài gửi đăng tạp chí Nuclear
Science and Technology của VAEI.

3.3- Scientific Papers Presented in International Conferences
1.

N.Q. Hien. “Study of chemical treatment combined with radiation to prepare biotic
elicitor for utilization in agriculture” The 2nd RCM/IAEA, 12 -16 Oct., (2009),
Reims, France.

2.

D.T. The. “Effects of gamma irradiation at quarantine doses on three species of
Mealybugs (Hemiptera: Pseudococcidae) infesting red Dragon fruits”, The 1st
RCM/IAEA, 5 -9 Oct., (2009), Vienna, Austria.
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3.

Phan Sơn Hải. Application of fallout radionuclides to assess soil redistribution rates
and the effectiveness of soil onservation measures in Vietnam. IAEA/RCA Final
Progress Review Meeting of a regional Project RAS/5/043, 19-23 January, China.

4.

Phan Sơn Hải. Estimation of the concentration level of radionuclides and elements
in coastal marine sediments at some areas in south of Vietnam. Final Review
Meeting of RCA/UNDP Post-Tsunami Environment Impact Assessment Project, 2023 September, 2009, Philippines.

5.

Nguyễn Trọng Ngọ, Nguyễn Thanh Bình, Nguyễn Văn Phúc, Lê Như Siêu,
Trương Ý, Mai Thị Hường, Nguyễn Thị Linh, Phan Sơn Hải. On radionuclides
concentration in marine environmental samples along the coast of Vietnam.
Proceeding Hanoi, March 19-20, 2009, pp. 196.

6.

Phan Sơn Hải, Nguyễn Đào, Trần Văn Hòa, Trần Đình Khoa, Nguyễn Thị Mùi.
Study of the feasibility of using the ratio of Th-232 to Th-230 for identification of
sediment sources. Proceeding Hanoi, March 19-20, 2009, pp. 37 (Abstract).

7.

Lê Hải. Radiation Processed Polysaccharide for Agricultural Application in
Vietnam. Proceeding JAEA-Conf 2008-2009, pp.213.

8.

Lê Văn Hồng, Dương Thanh Tùng. “Study of the correlation of berenson in film
boiling in post-dnb on the winfrith experience tubes by using the physic laws of
revision 6.1 of the cathare code”; Hội nghị “Nhiệt thủy động dòng nhiều pha và ứng
dụng” -THOMFA-2009, May 5-6, 2009, Hanoi-Vietnam.

9.

Dang Duc Nhan, Nguyen Van Lam, Ha Chu Ha Long, Dao Dinh Thuan, Dang
Anh Minh, Vo Thi Anh, and Nguyen Van Hoan, 2009. Hydrogeological
characteristics of karstified groundwater in the north east Viet Nam as studied by
isotopic techniques. Presented at an International Conference on Geokarst:
GEOKARST 2009. HUMG-UNESCO-BOCU-INTERGEOKARST, Ha Noi, 12-15
Nov, 2009.

3.4- Scientific Papers Presented in National Conferences
1.

Đ.T. Thế, N.T. Khanh, V.T.K. Lăng, L.Q. Thành. “Nghiên cứu xử lý nhiệt kết hợp
chiếu xạ gamma liều thấp để kéo dài thời gian bảo quản xoài cát Hòa Lộc xuất
khẩu”, Tuyển tập báo cáo HNKH&CN Hạt nhân Toàn quốc lần thứ VIII, Nha Trang
20-22/8/2009.

2.

Đ.V. Phú, N.T. Anh, N.T.K. Lan, V.T.K. Lăng, N.Q. Hiến. “Ảnh hưởng pH và khối
lượng phân tử chitosan đến keo bạc nano chế tạo bằng phương pháp chiếu xạ γCo60”, Tuyển tập báo cáo HNKH&CN Hạt nhân Toàn quốc lần thứ VIII, Nha Trang
20-22/8/2009.

3.

P.T.T. Hồng, Đ. Bình, L.Q. Thành. “Chế tạo liều kế etanol clorobenzen (ECB) có
độ nhạy cao dùng đo trong dải liều thấp từ 1 – 7 kGy”, Tuyển tập báo cáo
HNKH&CN Hạt nhân Toàn quốc lần thứ VIII, Nha Trang 20-22/8/2009.

4.

Đ. Bình, P.T.T. Hồng, N.T. Được. “Xác định các đặc trưng của nanogel polyacrilic
axít được khâu mạch nội phân tử bằng bức xạ gamma”, Tuyển tập báo cáo
HNKH&CN Hạt nhân Toàn quốc lần thứ VIII, Nha Trang 20-22/8/2009.

5.

T.T. Hạnh, N.Q. Hiến, H.T. Huy. “Chế tạo vật liệu hấp thụ Arsen từ chitin bằng kỹ
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thuật polyme hóa ghép bức xạ”, Tuyển tập báo cáo HNKH&CN Hạt nhân Toàn
quốc lần thứ VIII, Nha Trang 20-22/8/2009.
6.

V.T.K. Lăng, Đ.V. Phú, N.Q. Hiến, N.T.K. Lan. “Khảo sát hiệu ứng kháng khuẩn
của Ag-nano/chitosan được chế tạo bằng phương pháp chiếu xạ”, Tuyển tập báo cáo
HNKH&CN Hạt nhân Toàn quốc lần thứ VIII, Nha Trang 20-22/8/2009.

7.

N.Q. Hiến, Đ.V. Phú, N.T.K. Lan, N.T. Anh, B.D. Du. “Chế tạo vàng nano bằng
phương pháp chiếu xạ”, Tuyển tập báo cáo HNKH&CN Hạt nhân Toàn quốc lần thứ
VIII, Nha Trang 20-22/8/2009.

8.

N.T.K. Lan, Đ.V. Phú, V.T.K. Lăng, N.N. Duy, T.T. Hạnh, N.T. Anh, N.Q. Hiến.
“Nghiên cứu chế tạo bạc nano bằng phương pháp chiếu xạ gamma Co-60 sử dụng
alginat làm chất ổn định”, Tuyển tập báo cáo HNKH&CN Hạt nhân Toàn quốc lần
thứ VIII, Nha Trang 20-22/8/2009.

9.

Vương Hữu Tấn, Trần Tuấn Anh, Nguyễn Cảnh Hải, Phạm Ngọc Sơn.
Measurement of neutron capture cross section of 139La, 152Sm and 191,193Ir at
54keV and 148.3keV. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân
toàn quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp.
40-45.

10.

Vương Hữu Tấn, Phạm Ngọc Sơn, Trần Tuấn Anh, Nguyễn Cảnh Hải. Nghiên
cứu xác định các tham số hiệu chính trong phép đo tiết diện bắt bức xạ nơtron.
Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân toàn quốc lần thứ VII,
Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp. 55-59.

11.

Phạm Ngọc Sơn, Vương Hữu Tấn. A computer code for calculation of fission
product concentration for time following fission burst. Tuyển tập báo cáo Hội nghị
Khoa học và Công nghệ hạt nhân toàn quốc lần thứ VII, Đà Nẵng, 30-31/8/2007,
Nhà XB Khoa học và Kỹ thuật, pp. 193-197.

12.

Vương Hữu Tấn, Phạm Ngọc Sơn, Trần Tuấn Anh, Nguyễn Cảnh Hải. Tính toán
các thông số đặc trưng phục vụ phát triển các dòng nơtron phin lọc mới tại lò phản
ứng Đà Lạt. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân toàn quốc
lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp. 198-201.

13.

Vương Hữu Tấn. Nguyễn Xuân Hải. Nghiên cứu phổ bức xạ gamma nối tầng của
153Sm và 172Yb trong phản ứng bắt nơtron nhiệt. Tuyển tập báo cáo Hội nghị Khoa
học và Công nghệ hạt nhân toàn quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB
Khoa học và Kỹ thuật, pp. 66-70.

14.

Nguyễn Thị Thuý Nhâm, Nguyễn Xuân Hải, Hồ Hữu Thắng, Phạm Ngọc Sơn.
Một số vấn đề về mật độ mức hạt nhân thực nghiệm của 36Cl thu được từ hệ phổ kế
SACP tại NRI. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân toàn
quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp. 228233.

15.

Nguyễn Xuân Hải, Phạm Ngọc Tuấn, Hồ Hữu Thắng. Nghiên cứu thiết kế chế tạo
thiết bị thu nhận số liệu cho hệ phổ kế cộng biên độ các xung trùng phùng. Tuyển
tập báo cáo Hội nghị Toàn Quốc về Khoa Học và Công nghệ hạt nhân lần VII, Đà
Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp. 234-238.

16.

Nguyễn Ngọc Duy, Nguyễn Nhị Điền, Nguyễn Xuân Hải, Hồ Hữu Thắng. Nghiên
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cứu phân rã gamma nối tầng từ phản ứng 27Al(n,2γ)28Al với neutron nhiệt. Tuyển
tập báo cáo Hội nghị Toàn Quốc về Khoa Học và Công nghệ hạt nhân lần VII, Đà
Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp. 252-256
17.

Trần Thu Hồng, Lê Hải. Adsorption capacities of metal ions onto CMC/CMCts
blend hydrogels. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân toàn
quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, p. 314

18.

Phạm Văn Làm, Lê Vĩnh Vinh, Huỳnh Tôn Nghiêm, Nguyễn Kiên Cường, Lương
Bá Viên, Nguyễn Mạnh Hùng, Nguyễn Minh Tuân, Trang Cao Sử, Phạm Quang
Huy, Phạm Hồng Sơn, Trần Quốc Dưỡng, Lê Quang Trung, Võ Đoàn Hải Đăng.
Nghiên cứu chuyển đổi vùng hoạt Lò phản ứng hạt nhân Đà Lạt sang sử dụng hỗn
hợp với nhiên liệu độ giàu thấp. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ
hạt nhân toàn quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ
thuật, pp.124.

19.

Nguyễn Minh Tuân. Phân tích các thực nghiệm làm cơ sở cho việc sửa đổi các mô
hình SUBCOOLED FLOW BOILING trong CODE TRAC-BF1 để tiên đoán trạng
thái VOID-FRACTION trong các thực nghiệm mô phỏng tai nạn RIA lò BWR.
Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân toàn quốc lần thứ VII,
Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp.109.

20.

Trần Quốc Dưỡng. Modelling and Neutronic Calculation of VVR-M2 Fuel
Assembly and Dalat Nuclear Research Reactor using TRIPOLI4 Code and
APOLLO2 Code. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân toàn
quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp.137.

21.

Nguyễn Kiên Cường. Benchmark Analysis of the High Temperature Gas Cooled
Reactors using Monte Carlo Technique. Tuyển tập báo cáo Hội nghị Khoa học và
Công nghệ hạt nhân toàn quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa
học và Kỹ thuật, pp.144.

22.

Nguyễn Kiên Cường. Neutronics Analysis of Dalat Nuclear Research Reactor by
MVP/GMVP Code. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân
toàn quốc lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp.
202.

23.

Lương Bá Viên, Lê Vĩnh Vinh, Huỳnh Tôn Nghiêm, Nguyễn Kiên Cường. Tính
liều gamma tại khu vực Lò phản ứng hạt nhân Đà Lạt trong trường hợp sự cố mất
nước bể lò. Tuyển tập báo cáo Hội nghị Khoa học và Công nghệ hạt nhân toàn quốc
lần thứ VII, Đà Nẵng, 30-31/8/2007, Nhà XB Khoa học và Kỹ thuật, pp.213.

24.

Đỗ Công Cương, Đào Tiến Khoa. Nghiên cứu cộng hưởng khổng lồ qua phản ứng
hạt nhân trực tiếp, báo cáo tai hội nghị khoa học và công nghệ hạt nhân toàn quốc
lần thứ VIII, Nha Trang 20-21/8/2009.

25.

Tran Huu Phat, Le Viet Hoa, Nguyen Tuan Anh, Nguyen Van Long. Phase
Transition in Binary Mixture of Bose Gases, Supplement Communication in Physics
2009: The 34th National Conference on Theoretical Physics, August 2009, Dong
Hoi, Vietnam.

26.

Nguyen Tuan Anh, Dinh Thanh Tam, Do Huu Nha. The Four-Quark Coupling
Bag Model for Nuclear Matter, Supplement Communication in Physics 2009: The
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34th National Conference on Theoretical Physics, August 2009, Dong Hoi, Vietnam.
27.

Tran Huu Phat, Nguyen Tuan Anh, Le Viet Hoa, Nguyen Van Long. Effect of
isovector scalar meson in asymmetric nuclear matter, Proceedings in The 8th
National Conference on Nuclear Science and Technology, August 2009, Nha Trang,
Vietnam.

28.

Vuong Thu Bac. Results of joint training project (NuTEC) in institute for nuclear
science and technology, VAEC. 8th National Conference on Nuclear Science and
Technology, Nha Trang, 20-22/8/2009.

29.

Vuong Thu Bac. Overview of environmental radiation monitoring around nuclear
power plant. 8th National Conference on Nuclear Science and Technology, Nha
Trang, 20-22/8/2009.

30.

Đặng Đức Nhận, Hà Lan Anh, Nguyễn Văn Hoàn, Burauel P., Nguyễn Văn Dy
và Nguyễn Trường Thành, 2009. Nghiên cứu ảnh hưởng của cacbon hữu cơ đất đến
khả năng cố định dư lượng thuốc trừ sâu trong đất bằng kỹ thuật đánh dấu đồng vị
cacbon 14 theo lysimeter. Báo cáo trình bày tại Hội nghị Khoa học Vật lý và Kỹ
thuật hạt nhân toàn quốc lần thứ 9. Viện NLNTVN-Hội NLNTVN-Sở KH&CN
Khánh Hòa, Nha Trang, tháng 8/2009.

31.

Đặng Đức Nhận, Nguyễn Thị Thái, Y. Tateda, 2009. Sử dụng kỹ thuật đánh dấu
đồng vị và ICP-MS nghiên cứu quá trình tích tụ sinh học kim loại nặng (Cd) của loài
động vật hai mảnh dọc bờ biền phía bắc Việt Nam. Báo cáo trình bày tại Hội nghị
Khoa học Vật lý và Kỹ thuật hạt nhân toàn quốc lần thứ 9. Viện NLNTVN-Hội
NLNTVN-Sở KH&CN Khánh Hòa, Nha Trang tháng 8/2009.

32.

Đặng Đức Nhận, Đoàn Văn Cánh, Đào Đình Thuần, Hà Lan Anh và Võ Thị
Anh, 2009. Nghiên cứu mối tương quan thủy lực giữa nước khí tượng và nước ngầm
khu vực thị xã Bảo Lộc tỉnh Lâm Đồng bằng kỹ thuật đồng vị. Báo cáo tại Hội thảo
quốc gia về “Bổ cấp nhân tạo”. Đại học Mỏ-Địa chất-Bộ KH&CN, Bảo Lộc, tháng
11/2009

3.5- Books
1.

T.T. Hanh, N.Q. Hien, T.T. Canh. “Application of chitin/chitosan in agriculture”,
IAEA-TECHDOC-1617, pp.205-211 (2009).

2.

T.T. Hanh, N.Q. Hien, T.T. Canh. “Application of chitin/chitosan in environment”,
IAEA-TECHDOC-1617, pp.213-220 (2009).

3.

Lê Văn Tán, Nguyễn Ngọc Tuấn. Calixaren hợp chất “Siêu” phân tử. Sách chuyên
khảo, Nhà xuất bản Khoa học và Kỹ thuật.
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