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INTRODUCTION
The Department of Nuclear Physics & Chemistry forms the part of Directorate
"Applications of Nuclear Techniques" and is responsible for the basic and applied
research in Radiochemistry, Nuclear Physics and Neutron Physics within the R&D
activities of National Nuclear Energy Commission (CNEN).
The present report presents a summary of the scientific research carried out by
the staff members and their collaborators during the period 1995-1996. A large part of
the research work described in this report had active participation of the graduate
students, affiliated to the department, working for their M.Sc. and Ph.D. degrees.
The department is engaged in several areas of basic and applied research.
Specific areas of research programs include study of nuclear structure, nuclear
hyperfine interactions, nuclear reactions, neutron diffraction and scattering , neutron
activation analysis and rfs applications in the areas of
health, agriculture,
environment, geology and industry among others.
A part of the research described here was carried out in collaboration with other
research institutions and universities both within the country and abroad. These
scientific collaborations have been quite important and have contributed positively in
the development of our own research programs. It is our objective to maintain such
external collaborations by offering ample access, to our laboratories and experimental
facilities, to the scientists and students from other institutions and universities.
Many of our research projects received financial support in the form of research
grants and student fellowships from various external research financing agencies like
FundaQao de Amparo a Pesquisas do Estado de Sao Paulo(FAPESP), Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico(CNPQ), Finaciadora de
Estudos e Projetos(FINEP), International Atomic Energy Agency(IAEA), European
Economic Community(EEC). We highly appreciate their help in our research efforts
and would like to extend our sincere thanks for their generous financial support.
Technical and administrative support provided by IPEN-CNEN/SP was very
important and decisive for the success of our research programs.

Rajendra N. Saxena
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Neutron Activation and
Radiochemical Analysis

Determination of Abrasivity Indices in Dental Materials
by Radiometrie Method
Mitiko Saiki, Iara M.C. Camargo, Carla C.C. Zoppe, Edson R. Alves, Marina B. A.
Vasconcellos, Heitor Panzeri 1 , Elza H. G. Lara2
'Faculdade de Odontollogia, Ribeiräo Preto, USP
Faculdade de Ciências Farmaceuticas, Ribeiräo Preto,USP

2

Abrasivity determinations in dental materials have been for long of great
interest, since wear on teeth is a result of a combination of the effects of dentifrice,
toothbrush, brushing force and brush procedure. For dentifrice manufacturers,
abrasivity determinations in toothpastes and in raw materials used for their production
are very important for quality control of the products and also for selecting abrasives.
In this project, abrasion indices or so called RDA (Radioactive Dentin Abrasion)
values were determined by radiometrie method[l] in the following materials:
Dentifrices: RDA values were determined in 45 samples of dentifrices provided from
supermarkets and industries and their results ranged from 11 to 233. Therefore the
products analyzed are within the value permitted by American Dental Association
(ADA). The ADA considers 250 as being the maximum RDA value allowed for
dentifrices[2]. Using calcium pyrophosphate as reference material, dentifrices can be
classified as having low, medium and high cleaning potential[3]. According to this
classification 31% of the dentifrices analyzed presented RDA < 50, therefore with low
cleaning potential, 49% presented medium cleaning potential with 50<RDA<100 and
20% presented high cleaning potential with RDA > 100.
Raw materials: The study of influence of size particle of raw materials (calcium
carbonate and silica) and of dried toothpastes on dentine abrasion showed a correlation
between the abrasivity values and average particle diameters. There were an increase
of RDA values when the size particle of silica or calcium carbonate is increased.
Besides, silica presented higher abrasivity than calcium carbonate although both
products present similar particle size.
Toothbrushes: The determination of RDA values using different types of toothbrush
bristles showed that those made of polybutyrene terephtalate (TBT) presented higher
wear on dentin than ones made of nylon. This study was carried out by brushing the
teeth with water and also with dentifrice slurries, individually The wear of the bristles
is being examined by electronic microscopy analysis.
References
1. J.J. Hefferren. J. Dent.Res. 55(1976)533.
2. Federal Register 45:62, 20676, March 28,1980.
3. F. Barbakow, F. Lutz, T. Ifeld. Quint. Int. 18(1987)29.

Determination of Trace Elements in Hair Samples from Prisioners
by Neutron Activation Analysis
Mitiko Saiki, Luciana J. de Arauz, Marina B.A. Vasconcellos

There is a growing interest in the use of hair analysis as a medical and
behavioral diagnostic tool.
Trace element analysis of human head hair have been carried out in order to
study the criminal behaviour of individuals since some elements influence and may
regulate enzyme activity which may affect the behaviour through biochemical
processes such as neurotransmitter activity and neuronal transmission!!]. Toxic
elements such as Cd and Hg can usually affect neurochemical and biochemical
functions.
In this work instrumental neutron activation analysis has been applied for trace
element determinations in hair samples from two group of individuals: group of
prisioners from Presidio de Parelheiros, SP and a control group composed of normal
and healthy people. The control group was composed mainly from University students.
The purpose of this work is to verify the hypothesis that violent criminals may
be differentiated from normal populations on basis of element levels in hair samples.
In the laboratory each hair sample was cut in lengths smaller than 2mm and
washed with non-ionic detergent Triton XI00 solution, acetone p.a. from Merck and
distilled water[2]. Then it was dried at room temperature inside a class 100 laminar
flow hood.
About 30 samples were collected of each group and by using short and long
irradiations at the EEA-R1 nuclear reactor, the following elements are being analyzed:
As, Cd, Co, Cr, Mn, Sb, Sc, Se and V at the level of |ig/kg and the elements Al, Br,
Ca, Cl, Cu, Fe, Hg, K, Mg, Na and Zn at the level of |ig/g.
In order to demonstrate the validation of method, the precison, the accuracy and
the detection limit of the method were evaluated. The quality assurance of the
analytical results was evaluated by analyzing the certified reference materials: No. 5
Human Hair from National Institute for Environmental Studies (NIES), Japan and
GBW09101 Human Hair from Shanghai Institute of Nuclear Research, China. Our
results agreed well with the respective certified or information values. The relative
errors were, generally, lower than 15%. Also a good precision, expressed as relative
standard deviations varying from 0.2% to 15% was obtained.
References
1. P.E. Cromwell, B.R. Abadie, J.T. Stephens, M. Kyler. Phychological Reports,
64(1989)259.
2.B.L. Smith, Doctor's Data Laboratory, IL, USA, private communication.

Determination of Mercury and Methylmercury in Human Head Hair
by Radiochemical Methods of Analysis.
M.B.A. Vasconcellos, M. Saiki, D.I.T. Fâvaro, G. Paletti, M.G.M. Catharino,
R.G. Baruzzi1
1

Departamento de Medicina Preventiva - Escola Paulista de Medicina

Lately much concern has arisen in Brazil from governmental authorities,
research institutions and the general population, about contamination of the
environment by mercury due mainly to gold extraction activities in the Amazon
Region. It is estimated that tons of mercury are thrown into the rivers of the region
annually or evaporated in open air after the amalgamation of gold[l].
Inorganic mercury originated from these activities can be methylated in the
environment and the resulting methylmercury, which is very toxic, can be rapidly
absorbed by some aquatic organisms, mainly fish and consequently can be transfered
to fish consuming populations via the food chain.
In view of the seriousness of this problem, the Radiochemistry Division of
IPEN has been engaged in the IAEA Coordinated Research Programme on Assessment
of Environmental Exposure to Mercury in Selected Human Populations as Studied by
Nuclear and other Techniques, whose main objective is to detect in developing
countries populations exposed to mercury contamination.
In the first part of the work, three main populational groups were studied:
1. Control population, comprising subjects with no suspicion of contamination by
mercury.
2. Populational group residing close to the Billings Dam, in one of the most
industrialized areas of the State of Säo Paulo.
3. Indian populations living in the Xingu Park, an Indian reservation area in the State
of Mato Grosso.
The monitoring of mercury exposure of these populations is being made by
analysis of head hair, collected according to the IAEA protocol[2]. Total mercury in
hair is being determined mainly by instrumental neutron activation analysis. Hair
samples are irradiated in the IEA-R1 nuclear research reactor, together with mercury
standards and reference materials for quality control, as described by Vasconcellos et
The results of the analysis of hair samples performed showed that the
individuals from all the eleven Indian tribes studied presented mercury concentrations
several orders of magnitude higher than the controls. This fact means that they could
be at risk of mercury exposure, probably by consumption of fish caught in the rivers of
the Xingu Park.
Among the chemical forms presented by mercury in the environment,
methylmercury is particularly toxic, due to the fact that it has the property of
surpassing biological barriers, like placenta, causing serious damage mainly to the
central nervous system of the foetus. Consequently, it is very important to determine,

besides total mercury, also methylmercury and other organic forms of the element in
hair and in other biological samples.
Methylmercury is generally determined by atomic absorption spectroscopy or
by gas chromatography, after separation of the compound by techniques such as
volatilization, solvent extraction or ion exchange. The determination of methylmercury
is particularly difficult, due to the volatility of this compound and in Brazil it is
practically not performed.
The Nuclear Chemistry Department of the Jozef Stefan Institute, from
Ljubljana, Slovenia, is highly experienced in analysis of several chemical species of
mercury and was considered as the reference laboratory for the IAEA Coordinated
Research Programme.
In view of this fact, hair samples from several-of the Indian tribes that are being
studied were sent to Ljubljana, to analyze the methylmercury content, by ion exchange
separation followed by CVAAS. The results have shown that most of the mercury
found in the hair of the Indians is in the form of methylmercury, which reinforces the
hypothesis of contamination via fish consumption.
Due to the importance of the determination of methylmercury in these samples,
in the present work, a nuclear analytical technique is being studied for this purpose.
The method of choice is based on the separation of methylmercury by volatilization of
methylmercury cyanide in a Conway cell. The hair samples are placed in the inner part
of a Conway Cell, and a saturated solution of potassium hexacyanoferrate (II) is added.
A ring of filter paper impregnated with a buffered cysteine solution is placed in the
outer part of the cell. Sulfuric acid is added to the hair sample.
The cell is closed with a glass cover and placed in an oven at 75°C for 14 hours.
In this process the volatile methylmercury cyanide is formed and absorbed by the filter
paper impregnated with cysteine. After cooling of the cell, the paper is removed and
irradiated in the IEA-R1 reactor, following the same procedure as for the analysis of
total mercury[3]. Following the same line of research, the Radiochemistry Division has
been engaged also in the multidisciplinary project: "Study of the geochemical cycle of
mercury in the Amazonic region", which includes many compartments of the
environment, such as water, soils, sediments, fish, plants, aerosols and biological
samples and which has the participation of several research institutions.
The Project is focused in some regions of the State of Amapa, Serra do Navio,
Vila Nova and Tartarugalzinho. The analysis by INAA of hair samples of populations
living in these localities revealed also high levels of total mercury as compared to the
general population, mainly for workers in the gold extraction activities, but also for
other individuals. There seems to exist some relationship between fish consumption
and the levels of mercury in hair, but it is not so clear as in the case of the Indians.
Both Projects described, in the Xingu Park and in the State of Amapa deserve
further studies and it is estimated that they will proceed still for several years, due to
the complexity of the behaviour of mercury in tropical environments.
References
1. L.D. Lacerda, W.C. Pfeiffer, Quimica Nova 15 (2) (1992) 155.
2. Reference Methods for Marine Pollution Studies, N° 46, IAEA, October 1987.
3. M.B.A. Vasconcellos, M. Saiki, G. Paletti, R.M.M. Pinheiro, R.G. Baruzzi, R.
Spindel, J. Radioanal. Nucl. Chem., Articles, 179 (2) (1994) 369.

Determination of Rare Earth Elements, U, Th And Other Traces In
Geological Samples By Instrumental Neutron Activation Analysis
Ana M.G.Figueiredo, Regina Ticianelli, Luiz R.N. da Silva,
Claudio A. Nogueira

Trace elements, including U, Th, Ba, Sc, Rb, Ta, Cs, Co, Hf and rare earth
elements (REE), have been extensively used in petrogenetics studies of igneous rocks
since they allow the evaluation and extent of the main processes involved in the
generation and differentiation of melts[ 1 ].
Instrumental neutron activation analysis (INAA) has been widely used in the
determination of these elements in rocks due to its high sensitivity as well as good
precision and accuracy [2]. It is readily capable of simultaneous determination of many
elements at parts per million (ppm), some at parts per billion (ppb) levels, often
without destruction of the sample.
Aliquots of approximately 100 mg of the powdered rock sample were weighed
in pre-cleaned polyethylene vials and placed inside aluminium irradiation vessels
developed for use in the nuclear reactor IEA-R1. The samples and geological reference
materials, such as GS-N (granite) and BE-N (basalt), from IWG-GIT, were subjected
to a reactor neutron flux for 8 h. After irradiation, samples and standards were allowed
to decay for about 5-15 days. Countings were carried out using a HPGe detector, with
a resolution of 1,90 keV for the 1332 keV gamma ray of 60Co, connected to a PC based
MCA. The gamma ray spectra were processed by the program VISPECT, which
locates peak positions and calculates gamma ray energies and net areas.
The program VISPECT was compared to the programs GELIGAM (ORTEC)
and SAMPO90 (CANBERRA) by analysing artificial spectra presenting interfering
photopeaks and also spectra obtained by the irradiation of geological reference
materials.
Several colaborative research programs were developed with different
Universities. In one of these colaborations, with the Geoscience Institute of the
University of Campinas (UNICAMP), a gamma-ray spectrometer (CANBERRA) from
UNICAMP was set up in the Radiochemistry Division to be used by both Institutions.
About 40 samples of different kinds of rocks were analysed.
Analysis of U and Th were performed in rocks from Parana Basin, in a
cooperation with the Astronomic and Geophysic Institute of the University of Sao
Paulo. Approximately 50 samples of metassedimentary rocks of the Crixas greenstone
belts, Goias, and 23 samples of vulcane-sedimentary rocks from Juscelandia, Goias
were analysed by INAA, in cooperation with the Geosciences Institute of the
University of Brasilia. In a colaboration work with the Geoscience Institute of the
Federal University of Rio Grande do Sul, 28 samples of rocks from Peninsula Fieldes,
Antartica, were analysed.
References
1. G.N.Hanson, Ann. Rev. Earth Planet. Sci. 8 (1980) 371.
2. E.L.Hoffman, J. Geochem. Explor.44 (1992) 297.

Determination of Iridium in Geological Samples by Neutron
Activation Analysis
Ana M. G. Figueiredo, Claudio A. Nogueira, Claudia P.R.Morcelli

In recent years, the development of sensitive and reliable techniques for the
determination of platinum group elements (PGE) in terrestrial materials has attracted
great interest. This is due not only to the growing economic interest in PGE as mineral
resources, but also to the information that these elements can provide on metal
geochemistry. The determination of very low amounts of iridium is particularly
important on account of some anomalies in iridium distribution in sedimentary rock
samples, related to catastrophic events [1].
The concentration of iridium in many geological samples is in the ng g"1 or even
sub ng g"1 range, so sensitive and accurate techniques must be used to achieve reliable
results. Neutron activation analysis (NAA) and inductively coupled plasma mass
spectrometry (ICP-MS) are the most widely used techniques for PGE determination in
rocks [2,3]. NAA is one of the preferred methods of analysis because of its sensitivity,
accuracy and freedom of contamination. Nevertheless, even when sensitive techniques
are employed, it is necessary to separate the PGE from matrix elements and
concentrate them before analysis.
A simple and rapid radiochemical NAA method was developed for the
determination of iridium in small geological samples (< lg). The procedure represents
a modification of the procedure described by Stockman [4], and consists of sample
irradiation in the IEA-Rl nuclear reactor, sodium peroxide sintering, precipitation with
tellurium and high resolution gamma-ray spectrometry with a hyperpure Ge detector.
Iridium was determined by the radioisotope 192Ir (ti/2=73.83d). The accuracy of the
procedure was verified by analysis of the certified reference materials SARM-7
(platinum ore) distributed by the South Africa Bureau of Standards, W-l (USGS) and
UMT-1 (CANMET). The detection limit for the analytical conditions employed in the
analysis of W-l was 0.006 ng g"1. The method will be applied to the reference
materials GXR-5 and GXR-6 (USGS), which do not have any reported value for Ir
concentration.
References
1. I.W.Alvarez, W.Alvarez, F.Asaro, H.V.Michel, Science 208 (1980) 1905.
2. C.J.B.Bowing, PJ.Potts, Analyst 116 (1991) 773.
3. A.Cocherie, M.Volfinger, G.Meyer, J.Radioanal.Chem., Articles, 113 (1987) 133.
4. H.W.Stockman, J.Radioanal. Chem. 78 (1983) 307.

Determination of Trace Elements and Anions in Rain Water of
Säo Paulo
Rosemeire P. Paiva; Casimiro S. Munita; Maria Aparecida F. Pires1; Maria de Fâtima
Ändrade2; Fâbio Gonçalves2; Osvaldo Massambani2
1

Supervisäo de Caracterizaçao Quimica de Materials - IPEN-CNEN/SP
2
Departamentu de Ciências Atmosféricas - IAG - USP

Wet precipitation is one of the most eficienty process to remove pollutants, that
are released by natural and anthropogenic processes to the atmosphere[l]. The
information about its composition provides subsidies to main sources identification.
Rain water samples are being collected in an event basis, just after the
precipitation, since September 1993 at the top of the building of the Astronomy and
Geophysic Institute, locate in the campus of the Säo Paulo University. Wet deposition
samples were filtered in 0.4 |0.m Nuclepore filters and pH was measured. One fraction
was acidified to pH 1.5 with purified nitric acid and stored at 4°C for instrumental
neutron activation analysis (INAA) and the other was stored at 4°C without chemicals
for ionic species analysis by ionic chromatography.
Due to the low intensity or duration of rainfall, some precipitations have small
volumes (about 20 mL) and the utilization of preconcentration procedures before
irradiation were not suitable.
About 2 to 3 mL of samples were placed into precleaned poliethylene vessels
and irradiated together standards for 5 minutes and for 8 hours under a thermal neutron
flux of about 1012 n cm'2 s"1 at EEA-R1 reactor of IPEN-CNEN/SP. After irradiation
samples were transfered to weighed vessels to measure the induced gamma radiation.
The measurements were carried out in a hiperpure Ge detector with a resolution of
1.80 keV in the 1332keV of 60Co, after different times of delay and counting.
The analytical procedure was checked by means of two reference material
(Trace elements in water and Riverine water for trace elements) analysis. Accuracy
and precision were lower than 10% for most elements.
This procedure allowed the determination of 14 elements: Al, As, Cl, Cr, Cs,
Fe, K, La, Mn. Na, Sb, Sm, V and Zn, at ng L"1 and jig L"1 levels in rain water samples,
without any preconcentration procedure, preventing the contamination and loss of
elements.
This data will be helpfull in the identification of the main sources of pollutants
in the city of Säo Paulo.
Reference
1. S. Kasina, Atmos. Environ., 14(1980)1271.

Geochemical Characterization of Rain Water Particulate Material of
Rio de Janeiro
Rosemeire P. Paiva, Emmanoel V. Silva Filho1, Julio C. Wasserman1,
Luis D. Lacerda1
!

Dept. de Geoquimica - Universidade Federal Fluminense - Niteroi

The problem of airborne contamination has been of concern for a number of
scientists in the temperate region[l]. In the tropics, very small amount of data is
avaliable[2-4].
In this work, rain water particulate material from an industrial (Sepetiba) and a
no industrial (Iguaba) sites of the State of Rio de Janeiro are being studied.
Bulk samples (wet and dry deposition) were collected monthly during a period
of an year (August 1993 to August 1994) using an acrylic funnel (collection area of
0.0625 m2) and a polyethylene bucket attached to the narrow end, 1.5 m above the
ground level.
Samples were filtered in acid washed and pre weighed 0.45 jj,m Millipore
membranes, dried for 1 week at room temperature in a laminar flow hood and
weighed.
The elemental concentration was determined by instrumental neutron activation
analysis. Membranes, folded into pre-cleaned polyethylene bags, and elemental
standards were irradiated for 5 minutes (to determine Al, Mn, Na, Ti and V) and for 8
hours (to determine As, Ba, Ca, Co, Cr, Fe, K, La, Sm, Th and Zn) under a thermal
neutron flux of 1012 n cm"2 s"1 at EEA-R1 reactor of IPEN-CNEN/SP. Measurements of
gamma ray induced in samples and standards were carried out in an hyperpure Ge
detector after different decay times. Spectrum analysis were carried out using the
VISPECT software developed by Dr. Piccot, from Saclay, France.
Results are being analyzed in order to identify the main sources of pollutants.
References
1. M. Waldichuk, 1988 Exchange of pollutants and other substances between the
atmosphere and the oceans, p. 113-151. In: The Handbook of environmental
chemistry, O. Hutzinger (ed.), Springer Verlag, Berlin & Heidelberg, vol.2, part 1.
2. H.A. Trindade, W.C. Pfeiffer, H. Londres, C.L. Costa-Ribeiro, Env. Sci. & Tech.,
15(1981)84.
3. M.A. Pedlowisk, L.D. Lacerda, A.R.C. Ovalle, P.P. Watts, E.V. Silva Filho, Ciencia
eCultura, 43(1991)380.
4. R.R. Oliveira, L.D.Lacerda, Acta Bot. Bras. 1(1988)165.

Speciation of Cr(III), Cr(VI), As(in), As(V), Hg(II) and
Methylmercury by Substoichiometric Isotopic Dilution Analysis
Katia R. Ferrari, Casimiro S. Munita

Most studies dealing with metals in environmental samples concern total metal
concentration. Relatively few attempts have been made to evaluate the speciation of
paniculate, i.e., the partitioning among the various forms in which they might exist.
Use of total concentration as a criterion to assess the potential effects of contamination
implies that all forms of a given metal have an equal impact on the environment; such
an assumption is clearly untenable.
Contamination of the environment by Cr, As, and Hg has been recognized as a
serious problem. Chromium in the hexavalent state is toxic and carcinogenic; whereas,
in the divalent state it is important physiologically, is essential for the maintenance of
the normal glucose tolerance factor[l,2].
Arsenic occurs extensively in the environment in different chemical species,
generally occurs in the states As(III (arsenite) and As(V) (arsenate). Since As is both
toxic and possibly carcinogenic. However, arsenite is considered to be a potentially far
greater hazard than arsenate(3). The speciation of As with respect to oxidation state is
important from the points of view of bioavailability and toxicity.
Mercury and its compounds received much attention after the Minamata tragedy
in which many people died after consuming fish which was contaminated with Hg.
Mercury is amongst the most dangerous elements because it is an anthropogenic metal.
The potential hazard that it creates is related to its irreversible effects.
In the first step of this work are being studied the analytical conditions to
determine Cr(VI) by substoichiometric isotope dilution analysis. Substoichiometry
combined with isotope dilution has the following advantages: quantitative recovery of
the species of interest is not required, and the final determination is made by a simple
radioactivity measurement of the substoichiometric extract without the need for
calibration graphs. Accordingly, this method is considered to be very suitable for
speciation. Chromium is among the elements difficult to determine by neutron
activation analysis because it suffers from insufficient sensitivity for 5lCr, mainly due
to interference from 32 P in biological materials and in materials containing large
amounts of Fe, due the fast neutron reaction 54Fe(n,a)51Cr is significant and must be
considered.
The radiochemical separation procedure is based upon the substoichiometric
liquid/liquid extration of Cr(VI) into a solution of tribenzylamine/chloroform.
Reference
1. H.A.Waldon. Metals in the Environment, Academic Press, London, 1980.
2. Health Assesment Document for Chromium (Review Draft), EPA, US, Springfield,
Vantis, 1983.
3. M.J. Hemmings, E.A. Jones, Talanta 38(1991)151.
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Determination of Total Mercury and other Element of Interest in Soil
and Sediment Samples from Serra do Navio, Amapa, by
Radiochemical and Instrumental Neutron Activation Analysis
C. Goncalves, D.I.T. Favaro, M.B.A. Vasconcellos, S.M.B. Oliveira1
'institute de Geociencias - USP, Sao Paulo, Brazil.

The pollution caused by heavy and toxic metals such as Hg is one of the causes
of the forest environmental degradation process. Mercury is the only metal which is
known to have caused serious environmental contamination that resulted in deaths [1].
The natural cycle of Hg has been changed in the last decades, mostly due to the
gold mining activities, where Hg is employed to amalgamate gold. In recent years
these activities have been widespread in the Amazon Basin and the potential mercury
contamination has become an important issue. The amalgamation process is conducted
using metallic mercury, and Hg losses to the environment occur at two distinct
stages. 1- through manipulation of metallic Hg in the separation of gold from gravel, in
which a significant amount of metallic Hg finds its fate into the rivers and soils and 2
through the separation of gold by burning, which releases elemental Hg vapour into the
atmosphere[2]. Pfeiffer & Lacerda[3] described the entire gold-mining process through
Hg amalgamation in the Brazilian Amazon and estimated Hg loss for the production of
1 Kg of gold as 1.32Kg of Hg, being 0.72 Kg to the atmosphere as Hg vapour and 0.60
kg directly to rivers as metallic Hg.
In Brazil several studies about mercury pollution have been carried out during
the last ten years. Pfeiffer et al[4] studied the Hg distribution in sediments and fishes
for the Madeira River watershed, Rondonia State. Hg contamination was clearly
detected in some sites along the Madeira River, where Hg concentration levels reached
values as high as 19.83 |0g/g in bottom sediments and up to 2.7 (Xg/g in fish.
Rodrigues Filho & Maddock[5] also studied 2 gold mining areas in the
Brazilian Amazon in order to determine mercurial pollution in sediments and soils,
from unaffected and affected regions by gold mining. They concluded that the
concentrations of mercury in bottom sediments and soils of the drainage subbasins
studied in the Pocone region showed anomalous indexes, compared to the local
background values for sediments and soils.
In the present work the studied area is a gold mining region, in the midst of
alluvial/elluvial ways of gold exploration. As background to quantitative balances, an
area located far from Serra do Navio (Amapari river) was chosen, where the forest is
found totally preserved from any anthropogenic contribution. This study is part of a
multidisciplinary project entitled:"Hg study in the ecosystem of the Amazonic Forest",
where all the compartments are being analyzed: air, water, soils, sediments, fish, plants
and human hair. Soil and sediment samples from both regions were collected and
analized by the neutron activation analysis method.
Sediment samples collected and separated in two different granulometric
fractions (silt and sand) and soil separated in one granulometric fraction (< 2mm) have
been analyzed by radiochemical neutron activation method. Samples and standards
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were irradiated for 16 hours in quartz vials, under a 101 n cm"2 s"1 thermal neutron
flux, in the BEA-R1 reactor from IPEN/CNEN-SP. Determination of total Hg was
carried out by using the 203Hg and 197Hg radioisotopes. The method has consisted in
the irradiated soil and sediment samples lixiviation with acqua regia in a microwave
oven and subsequent Hg extraction with bismuth diethyldithiocarbamate (Bi(DDC)3)
selectively. The precision and accuracy of the method were verified by means of
analysis of reference materials Lake Sediment (BCR-CRM 280) and Buffalo River
Sediment (SRM-NIST 2704) for sediment samples and for soil the GXR-5 (USGSAEG), which have certified values for mercury concentration.
In addition to Hg determination by RNAA about 25 to 30 elements are being
determined by means of instrumental neutron activation analysis (INAA) in these soil
and sediment samples. The elements are: As, Ba, Br, Ca, Ce, Cl, Co, Cr, Cs, Eu, Fe,
Hf, Ho, K, La, Lu, Mg, Mn, Na, Nd, Rb, Sb, Sc, Se, Sm, Th, Ti, U, V, W, Yb, Zn, Zr
in concentration levels varying from mg/g until ng/g. About 200 mg of samples and
aliquots of standard solutions were irradiated for 16 hours, under a 1012 n.cm" .s"
thermal neutron flux, in the EEA-R1 reactor from IPEN/CNEN - SP, into polyethylene
bags.
The aim of the present work was to develop a radiochemical separation in order
to determine low and high levels of mercury concentrations in soil and bottom
sediment samples collected near regions with gold mining activities and also in regions
considered as background.
We also intend to study the correlation among Hg concentration and the
content of Fe and Mn in these samples; and the correlation among the trace elements
concentration with depth and mineralogical composition of the samples analyzed in the
present work.
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Neutron Activation Analysis Applied to the Determination of Heavy
Metals and Other Trace Elements in Sediments of Baia de Sepetiba Rio de Janeiro
Ana Maria G. Figueiredo, Deborah I.T. Favaro, Julio C. Wasserman1
1

Universidade Federal Fluminense - Departamento de Geoquimica

Nowadays one of the most dangerous kind of pollution of aquatic systems in
the Earth's ecosystem is resulting from heavy metals dumping. Its increasing use in
industries and other activities considered to be essential in modern human life, has
resulted in a modification of natural geochemistry cycle of these elements, increasing
their dispersion in the environment.
Among toxic elements, mercury is considered the most harmful. The
equilibrium of its cycle has been changed during the last 50 years due to artificial
emissions from industrial activities.
Studies of sediments from estuaries which have been polluted by heavy metals
represent the comprehension of transportation phenomena in these complex ecosystem
and the discovery of the pollution history. The sediments analysis is well described in
the literature [1-3].
These studies require highly sensitivie analytical techniques, with high
precision and accuracy. Instrumental neutron activation analysis (IN A A) has been used
for the determination of heavy metals distribution in sediments[4].
The AAN is a multielemental technique, and it allows the determination of
various heavy metals such as Hg, Zn, Cu, Mn, Cd and other elements as As, Ba, Br,
Ca, Cl, Co, Cr, Cs, Fe, Hf, K, Mg, Mn, Na, Rb, Sb, Sc, Se, Ta, Th, U, Zr and rare
earth elements.
The aim of the present work was the application of NAA in sediment samples
from Sao Joao do Meriti Estuary in Guanabara Bay system and Sepetiba Bay system.
The precision , accuracy and deteccion limits of the method were determined
by means of the analyses of two reference materials Buffalo River Sediment (NIST
SRM 2704) and JB-1 (USGS) that have certified values for almost all the elements
determined.
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Determination of Rare Earth Elements in Plants by Neutron
Activation Analysis
Ana M.G. Figueiredo, Sheila P. Maria, Gregorio Ceccantini1
'institute de Biociencias, Depto. de Botdnica, USP, Sao Paulo

Investigations of rare earth elements (REE) in the environmental context have
been limited due to the lack of sensitive analytical techniques to estimate the trace
levels of these elements in air, water, soil, sediment and various biological samples [1].
Lately, REE have been used as fine chemicals in modern industry, like in solid state
lasers, superconducting materials, fluorescent material, etc. The demand for industrial
usage of REE is growing, and environmental contamination from widespread use of
REE is likely to increase in the near future. So, the determination of the concentration
of REE in various environmental media and biota, as well as their distribution and
behaviour, are essential to evaluate their possible unfavorable impact on humans and
wildlife [2].
In the present study, instrumental neutron activation analysis was applied to the
determination of rare earth elements in plants. First, the possibilities of the method
were verified by the analysis of the reference materials Citrus Leaves and Pine Needles
(NIST). The method was then applied to different species of leave plants growing in
the alkaline-ultramafic complex of Salitre, Minas Gerais, due to particular mineralogy
of the region, presenting high levels of REE in the soil.
The analytical procedure consists of washing the leaves many times with
abundant deionized water. The leaves were dried (30°C) and homogenized in a
blender. The grinded samples were put into ceramic vials, dried (105°C for 24h),
weighed and ashed in an electric oven for 450°C for 12h. Samples (200mg) and
standards, consisting of aliquots of solutions with known concentrations of the
analysed REE, were irradiated for 16h at a thermal flux of 1012 n cmV 1 . The
measurements of the gamma-ray activity were carried out in a GMX hyperpure Ge
detector, connected to a multichannel analyser and to a personal computer. The
resolution (FWHM) of the system was 1,90 keV for the 1332 keV gamma-ray of 60Co.
The contents of REE in 13 species of plants were determined, presenting
concentration values similar to the reference values in plants [3]. The level of REE in
the plants appears to be independent from the REE contents in the soil.
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Studies of Natural and Artificial Radioactivity in Brazilian Marine
Samples
Ieda I.L. Cunha, Rubens C.L. Figueira, Roberto T. Saito

In the last years there has been an increasing interest in various elements present
in the environment and their possible effects on human health.
The pollutants can be transported across long distances from their emission
source, removed from the atmosphere and deposited in the biosphere and hydrosfere
by a number of mechanisms.
Artificial radionuclides are produced regularly in nuclear power plants and can
reach the environment by means of effluent discharges, nuclear weapons tests and
from accidental releases as the Chernobyl accident. The radionuclides can enter to the
human population by several pathways and one of them is the marine environment.
Considering these problems and the lack of information concerning our country,
the study of the natural and artificial radioactivity in Brazilian environmental samples
is being performed in order to provide technology for reliable assessment of
radionuclide contamination, to ensure the capacity of our laboratory to perform these
analyses in environmental samples and to maintain a data base of radionuclide levels.
This knowledge is necessary as a baseline for the detection of any future
contamination.
Methodologies for analysis of cesium-137, strontium-90, plutonium-239, lead210 and polonium-210 in seawater, fish, sediment, seaweed were developed[1-4] and
applied in environmental samples.
Marine samples were sampled at fixed stations from the Brazilian coast by the
Oceanographic Institute of the University of Sao Paulo.
Fish were purchased from fishermen's cooperative associations, who know the
point of collection. Edible parts were used for the measurements. The main fish
species analysed were sardine, ballistes, weak fish, brazilian croakar, red and white
grunt.
Cesium-137 levels in seawater ranged from 0.8 ± 0.2 to 1.7 ± 0.2 Bq.m"3 and in
fish from 14 to 220 mBq.kg"1, with an analysis error of 40%.
Strontium-90 levels in seawater are of (1.6 ± 0.3) Bq.m"3 and fish varied from
19 to 75 mBq.kg"1 for fish muscle.
Sediments present levels of strontium-90 lower than 0.8 Bq.kg"1 and for
plutonium-239 of 0.05 Bq.kg 1 .
These concentrations are typical due to fallout for the southern hemisphere and
are lower as compared the other regions of the world such as Sellafield and Baltic Sea.
In Brazil, available data on polonium-210 in fish are very sparce, and this
radionuclide is concentrated by most marine organisms and in several cases provides
the major natural radiation dose for marine organisms. The method here developed for
polonium analysis was applied in fish from the Mediterranean (Monaco) and Brazilian
coast. Polonium-210 levels in fish from Monaco varied from 0.7 to 11.5 Bq.kg"1 of
edible part, and at Brazilian coast from 0.5 to 5.3 Bq.kg"1.
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The analytical quality is verified by regular participation in the international
intercomparisons, ran by International Atomic Energy Agency and World Health
Organization.
Cesium-137 levels obtained for seawater and fish were used to calculate the
dose received by the population from consumption of fish. The dose values varied
from 0.8 to 31.7 nSv.y"1, and were low compared to the value recommeded by the
ICRP for the limit of annual dose to members of the public (1 mSv.a"1).
Artificial radioactivity levels in marine samples are in agreement to the values
from regions not directly affected by nuclear accidents or nuclear reprocessing plant
discharges and they can be considered as reference levels in Brazilian coastal marine
samples. Any increase in these levels could be attributed to some possible future
contamination.
The methods here developed can be applied in another research fields, such as
in dating of sediments, sediment accumulation rate, atmospheric cycling studies for
determination of mean residence times of pollutants in the atmosphere.
References
1. R.C.L. Figueira, ILL. Cunha, J.Radioanal.Nucl.Chem., Letters, 200(1995)497.
2. ILL. Cunha, E.L. Fabra, Fres.Envir.Bull., 4(1995)19.
3. R.C.L. Figueira, I.I.L. Cunha, Fres.Envir.Bull., 4(1995)160.
4. C.S. Munita, I.I.L. Cunha, R.C.L. Figueira, R.P. Paiva, Fres.Env.Bull., 4(1995)
97.

16

Determination of Trace Elements in Lichens for the Study of
Environmental Pollution
Mitiko Saiki, Daniela M.B. Cocccaro, Marina B.A. Vasconcellos, Marcelo Marcelli1
'institute de Botdnica, Secretaria do Meio Ambiente do Estado de Sao Paulo, SP

Several studies have proved that lichens are useful to assess trace element air
pollution and they have been used as bioindicators for monitoring purposes. Thus, air
quality has been studied by using lichens collected from their natural habitat or lichens
that were transplanted from clean to polluted areas.
Besides, lichens are very sensitive to anthropogenic changes of the environment
and they have provided relevant information in biomonitoring programmes. Nowadays,
with the increase of the environmental problems originated from the industrial
development, automobile pollution and waste incineration, lichens have been analyzed
in several European and North American countries in order to get maps of
geographical distributions of the pollutant concentrations. In this research, samples of
epiphytic lichens (Canoparmelia texana specie) were collected from the bark of trees (
mainly from palm trees) from the following sites:
Site 1: in the surroudings of IPEN-CNEN/SP, located at the Campus of the University
of Sao Paulo, SP
Site 2: near the University amphitheatre, Campus of University of Sao Paulo,
Site 3: in a countryside town called Ibiuna, SP, considered as a clean region.
The preparation of the lichen samples consisted on cleaning by examining and
dissecting them under a stereocospic microscope to eliminate substrate or extraneous
materials. Thereafter all samples were washed with distilled water to remove dust and
sand. Next, they were dried by lyophilization.
The samples and synthetic standards of elements were irradiated at the IEA-R1
nuclear reactor and concentrations of the elements: Al, As, Br, Ca, Cd, Cl, Co, Cr, Cs,
Fe, Hf, K, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Mg, Mn, Na, Rb, Sb, Sc, Se, Th, Ti, U, V
and Zn were determined by instrumental neutron activation analysis.
In the previous study about lichen treatment, concentrations of most elements of
the same magnitude or slightly higher were found in unwashed samples. However,
within the experimental errors these results show no significant difference between
data obtained for washed and unwashed samples, with the exception of results found
for Al, K, Na, Se and Ti. These results indicated that the washing procedure adopted
can be used to eliminate adhering materials since most of elements retained by the
lichens and of interest for environmental contamination study were not removed.
The comparison between the results obtained for samples collected in different
dates indicates, for the same elements, a slight increase of the elemental concentrations
depending on the lenght of exposure. Results obtained in lichens collected from
distinct sites indicated the highest concentrations of the elements in samples collected
in Sao Paulo city areas when compared to the one collected in Ibiuna which is
considered a clean region of Sao Paulo State.
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Characterization of Toxic Elements in Plastic Products Using
Neutron Activation Analysis
Mitiko Saiki, Sandra F. Mateus, Helio Wiebeck1
'Chemical Engineering Department, Escola Politecnica, USP

Plastic materials may contain toxic elements originated from additives used as
polymer stabilizers, coloring agents, catalysts, flame-retarding agents, filling materials
and from the contamination during production or recycling processes. Besides, plastic
recycling has been a new growing economic activity and this fact shows a possible
trend which could lead to a wider application of recycled plastics in the near future.
From the environmental monitoring point of view, analyses of plastics may
contribute to the identification of possible sources of heavy metals present in
municipal solid waste incinerator ashes and emissions. Plastic materials have relatively
short life cycles and increase the municipal solid waste. For instance, the city of Sao
Paulo produces about 12 000 ton of solid material per day in which about 700 ton per
day are plastic packingsfl]. At the present, the disposal of municipal solid waste is an
increasing problem all over the world and in order to alleviate such problem the
incineration process is being used as a feasible solution to reduce the great quantity of
urban solid wastes.
Besides, plastics are being used in storage and packing of foods, beverages,
blood and medicines. For plastics intended for packing foods, toxic elements may be
transfered from the plastic into the stored material, so that there is a need to identify
the possible food contamination by migration. In view of this problem the Brazilian
government has enacted regulations for the use of plastics for packing both food and
blood[2,3].
In this work, instrumental neutron activation analysis is being applied to
characterize mainly toxic elements in plastic materials coming from different original
fields of use such as bags, garbage bags, cleaning agent bottles, photographic film
packings, personal hygiene products, food packings, water cups, soft drink bottles,
packings for physiological serum, etc. For analysis these plastic samples were firstly
washed using domestic detergent and water. After cutting or smashing in chips or
small strips, these samples were again washed using distilled water.
The elements As, Ba, Br, Cd, Co, Cr, Fe, Sb, Sc, Se, Sn, Ti and Zn are being
analyzed in these plastic samples. However for some samples, not all these elements
have been detected due to their low concentrations or to interferences.
In order to demostrate the validation of the method, the precision and the
accuracy of the results were evaluated. The accuracy for Cd was studied by using
polyethylene reference material VDA001, VDA002 and VDA003 from Central Bureau
for Measurements, Belgium. For other elements there are no plastic certified materials.
Then the following certified materials were used: BCSS-1 marine sediment from
National Research Council, Canada and NIES Vehicle Exhaust Particulate from
National Institute, for Environmental Studies, Japan. The precision of the results was
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examined by analyzing, in seven replicates, a sample of grey recycled polyestirene.
These results showed relative standard deviations varying from 3 to 15 %.
The detection limit values in the detemination of trace elements in plastic
materials were obtained adopting Currie's criterion[4]. For the elements As, Br, Cd,
Co, Cr, Sb, Se, Sc and Zn, detection limit values at the levels of jag/Kg and for Ba and
Fe at the levels of |Hg/g were obtained.
In order to improve the accuracy of the results obtained by neutron activation
analysis, the effect due to scattering of the neutrons by the plastic itself was verified
since plastic is a moderator of neutrons. For large plastic samples it is necessary to
determine whether increasing the thickness has any effect on the measured activity of
the elements within this sample of plastic. The occurence of this effect was
investigated by irradiation of Al-Au flux monitor mounted in "sandwich" between
polyethylene foil samples. The counting rates (specific activities) for 198Au were
obtained for different positions in the sandwich or different thickness of the plastic
sample. The results indicated that this nuclear effect can be considered as negligible
for the polyethylene whose thickness is smaller than about 3 mm.
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Evaluation of Essential and Toxic Element Contents in Diets of
Children and Elderly by Neutron Activation Analysis
Vera A. Maihara, Marina B.A. Vasconcellos

The dietary intake of essential and toxic elements by humans is influenced by
differents conditions, such as dietary habits, availability of foods, and the
bioavailability of dietary constituents in the foods consumed[l]. In the whole world the
population is continuously exposed to a variety of contaminants from the environment.
The main source of the elements for humans is the food and diet, however, the data for
these element intakes by different groups are rather poor[2,3].
A study was made with a group of 19 pre-school children staying at the central
nursery of the University of Sao Paulo and with 23 elderly living in private institutions
in Sao Paulo with the aim of evaluating the essential and toxic element contents
present in diets of these two groups. For sampling, the duplicate portion technique was
used, which consisted in collecting all the foods and beverages consumed during 3
consecutive days, in order to evaluate the elements present in the diets,
Instrumental neutron activation analysis was applied to the determination of 14
elements (Br, Ca, Cl, Cr, Co, Cs, Fe, K, Mn, Na, Rb, Se, Sc and Zn), at levels from
mg/g to ng/g. A radiochemical separation procedure was developed and applied to the
determination of Cd, Co, Cr, Fe, Mo, Sb, U, Th, W and Zn, by means of retention of
these elements in the chelating resin Chelex 100, in O,1M HAc-NH4Ac medium,
followed by retention of As and Se in the inorganic exchanger TDO, tin dioxide, in
HC1 6M medium.
The contents of proteins, lipids and carbohydrates were also analyzed in the
diets. In the diets of the children, for which the consumption of milk and milk products
is high, the protein contents found were above the recommended values. In the diets of
the elderly, whose consumption of foodstuffs of vegetal origin is higher, there was a
protein deficit of 44% and 56% for males and females, respectively.
The diets of both children and elderly have shown inadequate caloric contents,
besides presenting defficiences for the essential elements calcium, iron and zinc. For
selenium, only the diets of the children attained levels of dietary ingestion as
recommended by the RDA. As to the other elements, the diets presented levels of
dietary ingestion in the ranges recommended as adequate and safe.
The toxic elements arsenic, cadmium, uranium and thorium presented levels of
ingestion below the maximum levels allowed, and thus can be considered as not
presenting any health hazard to the individuals studied in the present work.
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Variation of the chromium content in noodles and their raw materials
Celina L. Obregon1, Vera A. Maihara, Renato Baruffaldi1
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There has been increased interest in recent years in human dietary intake of
essential trace elements. The nutritional importance of these elements has been
addressed in several studies for a better understanding of their biological rolesfl].
The inadequate intakes of these elements can result for increasing physiological
disorders, such as loss of weight, growth retardation, immunological abnormalities[2].
Chromium is present in the diet mainly as Cr (III). The Cr (VI) form, which is
more toxic, is easily reduced in the presence of organic material. Trivalent chromium
is required for maintaining normal glucose metabolism in laboratory animals; it acts as
a cofactor for insulin. In several animal species, the chromium deficiency has resulted
in impaired glucose tolerance in the presence of normal concentrations of circulating
insulin and, in several cases, in a diabetes-like syndrome[3].
The dietary evaluations have shown that the chromium intakes from normal
diets are lower than the recommended values by the Food and Nutrition Board of the
National Research Council of the USA[4].
One reason for this reality is that, probably, the loss happens during the food
industrialization process. The grain grinding and the refining processes can be the
main causes of the loss of nutrients and essential elements.
The present study intends to verify if the concentrations of chromium and other
essential elements present in noodles originate only from the raw materials or if they
are released during the industrialization process. The influence of the steel
equipments will also be studied.
The determination of Cr and other essential elements in the noodles and their
raw materials is been carried out by instrumental neutron activation analysis.
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Determination of Mineral and Trace Elements in Diets and
Foodstuffs from Different Regions of Brazil by Using Neutron
Activation Analsyis.
Deborah I.T. Favaro, Claudia Afonso, Vera A. Maihara, Marina B.A.Vasconcellos,
Silvia M.F. Cozzolino1
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The number of trace elements known to be essential in humans has increased
markedly in recent years. Nutritional defficiency states for some of these elements
have been reported, which have in some cases arisen from inadequate dietary intakes.
Variations in the trace element content of foodstuffs are now well recognized[l] , and
demonstrate the importance of direct chemical analyses of foods and/or diet
composites for the evaluation of trace element intakes. In addition, the existence of
trace element interactions in man [2], emphasizes the importance of a multi-element
approach in the trace element analysis of human diets.
Methods of multielemental determination such as neutron activation analysis
(NAA) combined with high resolution gamma ray-spectrometry applying Ge detectors
and electronic data evaluation are therefore of particular interest in the area of
toxicology and nutrition[3-5] since it is a very accurate and precise technique. Neutron
activation with radiochemical separation (RNAA) combines characteristics of
accuracy and precision with high sensitivity.
In Brazil the present knowledge about the daily intake of elements and also the
content of elements in foodstuffs is rather poor. The country has approximately 150
million inhabitants without a well-defined ethnic origin and socio-economical
conditions quite different. This diversity has produced many different food habits in
various parts of the country[6] and then the total diet studies become much difficult.
At the begining of this study the content of 19 elements (As, Br, Ca, Cd, Cl,
Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Rb, Sb, Sc, Se and Zn) was determined in some
diets taken from different regions of Brazil by instrumental and radiochemical neutron
activation analysis. All data were compared to issued values for recommended daily
dietary intake of essential and toxic elements by World Health Organization (WHO)
and Recommended Daily Allowance (RDA) by Food and Nutrition Board, USA.
In the present paper 2 different studies are being carried out:
1) Determination of mineral and trace elements in diets consumed by students of
the University of Sao Paulo in three different cafeterias : Central, Chemistry
Institute and School of Public Health.
The diets were collected by duplicate portion technique, where the participants
provide a duplicate of all foods and meals that they eat on a day. These are then
analysed as a whole or step by step, that is breakfast, lunch, dinner and drinks,
separately[7]. The diets were collected and prepared for analysis in the laboratory of
miniralnutrition (Faculty of farmaceutical science, USP).
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Short and long irradiations were implemented depending on the half-life of the
induced radionuclides, and the following elements were determined: Br, Ca, Cl, Co,
Cr, Fe, K, Mg, Mn, Na, Rb, Sb, Sc , Se and Zn by instrumental neutron activation
analysis. The precision and accuracy of the method were tested by analyzing the
certified reference materials Citrus Leaves(NBS SRM 1572) and Total Diet (NIST
SRM1548).
The daily dietary intake values found were compared to RDA , WHO and
PTWI (provisional tolerable weekly intakes) values.
2) Determination of mineral , toxic and trace elements in foodstuffs and
diets from the Amazonic Region by instrumental and radiochemical neutron
activation analysis.
The Amazonic region is characterized by the availability of fruits rich in
provitamin A and fishes with high proteic content[8]. However, there is little
information about the nutritional potentiality of these foodstuffs mainly concerning the
content of fibre, phytate and minerals in the fruits and vegetables. The purpose of the
present work was the establishment of the chemical composition of these foodstuffs by
using both instrumental and radiochemical neutron activation analysis. About 15
different species of regional fruits and vegetables (only the edible part of these
materials) were analyzed .
Short and long irradiations were implemented depending on the half-life of the
induced radionuclides, and the following elements were determined: Br, Ca, Cl, Co,
Cr, Fe, K, Mg, Mn, Na, Rb, Sb, Sc , Se and Zn by instrumental neutron activation
analysis. The precision of the method was tested by analyzing the certified reference
materials Citrus Leaves(NBS SRM 1572) and Total Diet (NIST SRM 1548).
This work is being carried out with the cooperation of Dr. Lucia K.O.
Yuyama from INPA (Institute de Pesquisas da Amazonia).
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Instrumental Neutron Activation Analysis Applied To Simultaneous
Determination of Minerals In Different Species of Forages
Maria Jose A. Armelin, Ricardo M. Piasentin, Paulo E. Cruvinel1, Odo Primavesi2
'EMBRAPA-CNPDIA-Sao Carlos, SP; 2EMBRAPA/CPPSE-Sdo Carlos, SP.

The analytical results of chemical composition of pastures in different units of
soil representation are important subsidies to evaluate the condition of pastural
production in the region. Animals depend on the pastures and water for obtaining
energy, proteins, vitamins and minerals, which are necessary to attend their
physiological demands. In animal nutrition, the occurence of nutricional imbalances, in
which the minerals are involved, is very frequent. These disorders compromise the
productive efficiency of the animals, generating by that reason, relevant economic
losses.
The different species of forage plants, which compose the pasture, present large
variation in the mineral absorption, and therefore, the mineral concentration in the
vegetable tissue also varies[l]. Thus, the knowledge of the mineral concentration in
forages is important to promote the mineral equilibrium in the animal feeding.
According to Conrad[l], the mineral concentration in the forages depend on the
interaction of several factors, such as, soil, species and level of plant maturity,
handling of the pasture and climate. For this reason, it is important the raising of
mineral levels in forages from several regions of Brasil with the objective of preparing
adequate mineral supplies for each region.
Instrumental Neutron Activation Analysis followed by y-ray spectrometry is an
analytical method, which has been used, frequently, for the mineral analysis in
biological samples [2-4].
One of the most remarkable features of this method is the capacity of
multielemental analysis. For this reason, the present work has the purpose to explore
this characteristic at most.
In this way it has been studied the most adequate experimental conditions, that
allowed the application of this method for the determination of the largest number of
minerals in the shortest time, in some species of forage plants belonging to the
leguminous and gramineae families. The concentrations of V have been at the ng/g
level, while Ca, K, Mg, Mn, Na and Ti have been at the |ig/g level.
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Instrumental Neutron Activation Analysis (INAA) for studying the
spatial variability of inorganic elements in agricultural field.
Maria Jose A. Armelin, Paulo E. Cruvinel1, Ricardo M. Piasentin, Marcos P. de Souza
1

EMBRAPA-CNPDIA- Sao Carlos, SP.

An appreciation of the physical, chemical, and biological factors determining
the supply, availability, and movement of inorganic elements in soil/plant ecosystems,
together with suitable techniques for the measurement of the concentration and
identification, is essential to the development of an understanding of the mechanisms
and dynamics of transport and their biological implications. The elemental
concentration variability, in time and in space, in the agricultural zone is a serious
difficulty in the study of inter-relation of inorganic elements in soil-plant ecosystems
[1]. Thus the analysis of a large number of samples is necessary to evaluate the
distribution of one element in an agricultural field and to have representative results of
the whole. In this case, the choice of analytical techniques which allow a nondestructive, accurate, fast and with a minimum pretreatment analysis is appreciable.
Instrumental neutron activation analysis technique (INAA) allows to obtain
information about concentrations of a large number of elements simultaneously and it
has been applied to the analysis of soil by several workers during the last years [2].
The composition of soils is extremely diverse despite being governed by many
different factors, such as climatic conditions, and parent material being most
predominant. Although some elements are in the solid phase of soils, at concentration
values in the range of parts per billion and tenths of parts per million, they play an
important role in soil fertility. As for biological samples many of them are of great
importance for the nutrition of plants, while others are toxic, and others play an
unknown role. Thus the behavior of inorganic elements in the soil-plant system is
complex and has been usually studied separately.
This work demonstrates the suitability of INAA technique to study As at level
Hg/g, Ca (ng/g), Cr (|ig/g), Co (ng/g), Eu (ng/g), Fe (ng/g), K (ng/g), La (p,g/g), Mn
(Hg/g), Na (ug/g), Sb (ng/g), Sc (|ig/g), Ta (|Xg/g), Th (^ig/g), Ti (ng/g), U (ng/g), W
(ng/g) and Zn (|Xg/g) in soil. To demonstrate the capabilities of the method soil samples
were collected in a 5000 m2 agricultural field. The elements Cr, Ti and Zn were
determined also by means of Particle Induced X-ray Emission (PIXE) technique. A
comparison of results obtained by both PIXE and INAA techniques showed that there
is a good linear relationship between the elemental concentration of Cr obtained using
those techniques, i.e. a correlation coefficient of r2 = 0,82 was achieved.
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Multielemental analysis of agroindustrial by-products employed in
animal nutrition by instrumental neutron activation.
Maria Jose A. Armelin, Jose C. Silva Filho 1 , Carla M. Teruya,
Aliomar G. da Silva2
'CENA - Ciencias Animais - Piracicaba, SP; 2EMBRAPA/CPPSE - Sao Carlos, SP.

Agricultural and agroindustrial by-products are residues whose commercial
prices are maintained by strong demand of the market[l]. In Brazil, a great
quantity, of residues and by-products from both, agriculture and agroindustry are
widely used in feeding of ruminants.
The by-products from the processing of wheat, corn, sorghum, rice, tomato,
barley and citric are the most employed for this purpose because a great part of
them are rich in fibre and energy[2].
It is therefore important to measure the mineral composition of those byproducts because minerals are essential for growth, reproduction and health. In the
last years, there has been much speculation that mineral deficiencies or imbalances
are involved in great economic damages. On the other hand, the greater part of the
fruits, that produce the by-products, were treated with insecticides to combat
insects and diseases. These chemical products, in many cases, contain heavy metals
in their molecular structure that may be absorbed by the plant. Moreover, the
information about mineral composition of most Brazilian agroindustrial by-products
are scarce.
Monitoring of mineral composition was done in the following by-products:
hulls of cotton, rice, canola, soybean and wheat, fish meal, feather meal, meat meal,
feather plus viscera meal; rinds of cotton, rice, orange; citrus pulp and tomato
residue from different origin. The analysis was carried out by means of
instrumental neutron activation. The concentrations of As, Cd, Hg, Mo, Co, Cr are
expressed in ng/g, while Ca, Zn, Fe, Na, K are in (ig/g.
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Determination of Magnesium and Rare Earths in Zirconium Oxide
Ceramics by Neutron Activation Analysis
Ana M.G. Figueiredo, Regina B. Ticianelli, Reginaldo Muccillo

Zirconia is a material of great interest due to its properties, such as chemical
inertness, permeability, thermal shock resistance and ionic conductivity, and finds
applications as catalysts and gas sensors, among others [1]. For these applications, it is
usual to stabilize it by solid solution formation with Ca, Mg, Y or rare earth cations.
For technological applications, it is very important to know the exact amount of
stabilizing agent, because all ceramic properties are concentration-dependent.
Neutron activation analysis has been used in the analytical control of high
purity materials, due to its high precision and accuracy [2].
Neutron activation analysis has been performed in magnesia, lanthania and
ceria-stabilized zirconium oxide ceramics to determine the stabilizer content.
ZrO2:mmol% MgO (m = 5, 8, 10 e 15), ZrO2:lmol% La2O3 (1 = 10, 15 and 33) and
ZrO2:cmol% CeO2 (c = 8,10, 12 and 20) were analysed.
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Directional Correlation of y-transitions in tSe
Sonia P. Camargo, Cibele B. Zamboni, Manoel T.F. da Cruz1, Vito R. Vanin1,
Jose A.G. de Medeiros
Instituto de Fisica da Universidade de Sao Paulo

The directional angular correlation of coincidence y-transitions in 76Se has been
measured following the p" decay of As using a HPGe spectrometer.
The radiactive samples of 76As were obtained by neutron activation of 99.99%
pure natural As, in metal form, in the DEA-R1 reactor at Sao Paulo. Approximately
5mg of As were irradiated in a flux of 1013 neutrons cm"2 .s"1 for three minutes.
The yy spectrometer consisted of two hyperpure Ge detectors. The fixed and
the movable detectors had volumes of 90 cm3 and 60 cm3 respectively. Each detector
had a lcm thick conical lead shield, in order to prevent true coincidences arising from
compton-scattered y-rays. The measurements were carried out at angles of
90°, 120°, 150° and 180°. A conventional fast-slow coincidence circuit, with a time
resolution of 11 ns in the range from 200 keV to 3.0 MeV, has been used. Two equalsize hardware gates were set on the timing spectrum, to tag the coincidence events
either as true or chance. For each master gate three parameters, the energy of both
detectors and the coincidence tag, were recorded with a CAMAC input register,
assisted by a MBD-11 microprocessor, connected to a PDP-11/84 computer. The
method of analysis was the same as described by Brow et al [1].
The angular correlation coefficients A^, corrected for the finite solid-angle
effects, were determined by least-squares fitting procedure in the usual manner. The
Akk values are given in Table I.
The multipole mixing ratios for the y-transitions and the spin sequences
consistent with the observed angular correlation data and decay properties are
presented in table II.
Table I: Results of directional correlations measurements of transitions in 76Se
y-cascade
(keV)
402-809-657
402 - 695 - 771
402 - 809
402 - 1466 - 559
456 - 771 - 559
456 - 771
1216-472
472 - 657
484 - 954
528 -1568 - 559

Gating transitions
(keV)

A22

402
402
402
402
456
456
472
472
484
528

0.147 (61)
-0.160(72)
-0.180(47)
0.142(40)
0.086 (33)
0.183 (33)
- 0.163 (52)
- 0.657 (33)
0.685 (246)
-0.46 (13)

'
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A44

0.503 (91)
0.105 (104)
0.026 (69)
-0.257 (62)
0.419(49)
0.097 (50)
-0.077 (77)
-0.076 (48)
-0.915 (413)
-0.45 (17)

1232 - 559
1956 - 559
571 -1216
575 - 657
575 -657 -559
575 -1216
665 - 563
740-1129
750-472-1216
809-657
809 -1216
1212-657
1212 - 657 - 559

0.303 (46)
0.99 (14)
-0.250(31)
0.158(30)
-0.050 (29)
- 0.126 (38)
0.012 (9)
0.318 (22)
0.102(63)
0.131 (53)
0.095 (79)
-0.016 (7)
0.024 (7)

559
559
571
575
575
575
665
740
740
809
809
1212
1212

0.276 (73)
0.45 (21)
0.057 (45)
0.230 (46)
0.300 (44)
0.411 (56)
-0.018(13)
-0.077 (35)
-0.381 (95)
-0.318 (82)
-0.336 (127)
-0.018 (10)
-0.014 (10)
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Table II: Multipole mixing ratios of y-transitions in CSe

Mixed transitions
(keV)
571
571

2+-2+
2 + -2 +

575

2 - 2+

Gating-Transition
(keV)
657
1216
657

575

2-2 +

1216

863
867
882
657

r-2
r-2 +

575
571
571
559

Tit

jTC

li - I f

2"-2 +
2+-2+

5
0.75±0.05
1.0±0.1
-0.64+0.50
-0.68
1.79+0.47
-0.68
-0.48±0.05
-0.05±0.01
5.41+0.03
4.13+0.02
5.26+0.50(2)
4.15±0.20(3)

These measurements have been realized for the first time and the results will
permit definite assignments of spins to the majority of the low energy levels.
The result of 8(657) obtained in this study is included in table II for comparison
with previous angular correlation result [2] and angular orientation study [3].
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Co-deposition of Gallium and Zinc in Alkaline Medium for Nuclear
Studies of 72 Ga
Ilca M. M. A. Medeiros, Maria F. P. Lamas *, Jose A. G. Medeiros,
Cibele B. Zamboni, Silvia M. L. Agostinho 1
^ Institute de Quimica da Universidade de Sao Paulo

A study of the nuclear structure of 7 2 Ga in low energy region (<300 keV) using
the gamma spectroscopy technique requires special effort in preparing the radioactive
sources. The thickness of the radioactive source influences the experimentally obtained
nuclear parameters such as energy and intensity of gamma transitions. Thus, the source
has to be prepared as a thin layer on the backing material in order to reduce the
influence of absorption of the low energy gamma rays.
The aim of this work is to obtain a 72ca-Zn codeposit on a thin copper
substract to be used in nuclear investigations. The use of zinc is due to the necessity of
obtaining a material of higher melting point than gallium (M.P=29.78°C) [1], with low
atomic number to provide physical and chemical stability in solid state and no
interference on nuclear measurements. Besides, deposition potential values for both are
of the same order making the codeposition process easier. The zincate ions also
contribute to increase the hydrogen overpotential in copper [2].
To develop this method, previous electrochemical studies consisting of
potentiostatic and galvanostatic measurements were made.
Potentiostatic Studies
An electrolytic solution of 5M NaOH containing lmM Ga2C>3 and 5mM
ZnSO4 was prepared with analytical grade reagents and bidistilled water. A three
electrode system was employed. The working electrode was a 2cm diameter copper
rotating disk (99,9% purity). This electrode was mounted in a cylindrical
polytetrafluoroethylene sleeve in such a way that only one cross sectional surface was
exposed to the electrolyte. The counter electrode was a large area platinum foil and
the reference electrode was Hg/HgO/5M NaOH conected to the solution through a
Luggin capilar. A conventional electrochemical cell , with a working volume of 500ml, was used. The solutions were deaerated by purging purefied nitrogen in the cell
prior to the measurements and the gas was left over the solution during the
experiments. The experiments were conducted at (25 ± 1)°C.
Galvanostatic Studies
A similar electrolytic solution containing irradiated gallium was prepared. The
radioactive gallium was obtained by neutron irradiation of 99,9% pure gallium oxide in
the IEA-R1 research reactor. Approximately 1 mg of Ga2C>3 was irradiated in a
31

thermal neutron flux of approximately 1.5x0^ neutrons.cm"2.s~l for a period of 5
minutes. 72(} a IS formed according to 7lGa(n,y)72Ga nuclear reaction. A two
electrode system was employed where the cathode was a copper foil (backing) and the
anode was a 69mm long platinum wire, lmm in diameter and having a spiral form at
the end of itv s extremity.
The electrochemical cell consisted of a lucite cylinder with a conical central
cavity and a base made of brass for electrical contact, over which the copper working
electrode was mounted. The upper diameter of the cavity was 30mm and the lower
diameter was 5mm. The distance between the electrodes was adjustable, normally kept
between 1.0 to 2.0cm. The deposition area was about 0.2cm2.
The deposition potential value determined for the codeposition was around 1.45V, corresponding to a current density of 5mA/cm2. In this range the Ga (IEQ/Ga0
process is diffusion controlled. The deposition time was estimated to be about 2 hours.
The 72Qa-Zn active codeposit adherence and the reproducibility of the method
were checked by gamma spectroscopy using a 35cm^ Ge(Li) detector. For this analysis
the integral area of the selected gamma photopeak was determined using the computer
code Panoramix [3].
The method described above is appropriate for the preparation of thin sources
and offers the advantage of being rapid, simple and of low cost.
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Decay of lwl Mo and lwl Tc
F.A. Genezini, C.B. Zamboni, S.P. Camargo, J.A.G. Medeiros

The gamma transitions of 101Tc and 101Ru following the decays of 14.6 min
101
Mo and 14.0 min 101Tc have been studied by Cook and John [1], by Wright et. al.
[2] and more recently by Hammel et. al. [3]. An examination of these data show many
discrepancies among the reported values and no recent experimental information is
available for both nuclei.. The interest in examining these discrepancies has motivated
to perform an investigation of the I01Mo and I01Tc decays using gamma spectroscopy.
Sources of ' 'Mo were obtained by irradiating 5mg samples of enriched
molybdenum metal (99.5% 100Mo) for periods from 1 to 5 minutes in the IEA-R1
reactor. For singles measurements the source strength was chosen to ~5000cps with
the source placed 10 cm from the detector.
The singles spectra were obtained with a 35cm3 coaxial Ge(Li) detector. The
detector resolution was 1.8 keV (FWHM) for the 1332 keV gamma ray of 60Co. The
background was minimized by using a lead shield. The energies of the stronger
transition were determined by simultaneously accumulating a composite spectrum of
101
Mo and a some calibration sources ( B3 Ba, 57Co, 152Eu). These transitions were used
as internal standards to determine the energies of the weakest lines. The efficiency of
the detector was determined as a function of energy using absolute standard sources.
In order to identify the origin of the gamma rays, spectra were accumulated
during five sucessive half-lives for twenty two sources. A careful study of these
spectra showed that a short-time counting, i.e. spectra registred in the first 15 minutes
would minimise the contribution from the daughter 101Tc. Using this procedure 187 ytransitions have been definitely assigned to the decay of 101Mo and 31 to the decay of
101
Tc.
The direct y-ray spectrum in the interval from about 70 keV to 2.0 MeV,
recorded during 16 hours was analysed using the program Panoramix [4] from which
the full energy photopeak areas were obtained. Among the total number of y-rays
assigned to the decay of 101Mo, 11 of them were observed for the first time: 351.9,
484.12, 619.39, 656.31, 664.00, 1271.40, 1280.80, 1289.60, 1368.52, 1446.65,
1689.10 keV. In addition, a number of y-transitions previously attributed to the decay
of 101Tc [5] were confirmed.
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The Level Structure of 139La
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The levels of 139La have been extensively studied through the (y, / ) ,
( He,d), (a, a'y), (d, d'), (a, a'), (7Li, 6He) and (d,p) reactions summarized in NDS[1].
Several studies of the levels populated throught the decay of both 139Cs and 139Ba have
also been reported [1] however additional information could not be obtained from
139
Cs decay because its desintegration energy is ~270keV and in the case of I39Ba
decay, the absence of experimental information was due to the fact that -99% of beta
decay populates the ground and first excited states. Basically, the results of two studies
[2,3] established the main features of the 0- decay scheme of 139Ba.
An examination of the published data shows controversies regarding the
detection as well as the placement of several y-transitions in the level scheme of I39La.
The present work was undertaken with a view to carry out precise measurement of
energies, intensities and coincidence relations using both singles and coincidence
spectroscopy techniques.
The radioactive sources of 139Ba (Ti/2= 83min) were obtained from the 138Ba
(n, y) Ba reaction. Approximately 15mg of natural barium in the form of Ba(NO3)2
were irradiated in a thermal neutron flux of about 5x1012 n/cm2.s for different periods
of time varying from 5 to 15 minutes, in the IEA-R1 reactor. A waiting period of 50
minutes was allowed before starting the measurements to permit decay of the short
lived !31mBa (Ti/2=14.6 min) and
Ba (T1/2=2.6 min) which are also formed during
the irradiation of natural barium. Each radioactive source was counted for a period of 4
hours after wich it has been observed that interference from the longer lived 131Ba
(Ti/2=11 d) isotope became significant.
Neutron activation analysis was employed to determine the impurities in the
sample of Ba(NO3)2. We found inpurities of 24Na, 28A1 and 56Mn and the results of the
analyse are described in details in reference [4].
The singles spectrum was studied with two independent spectrometer system
consisting of a 60 cm3 HPGe and a 35 cm3 co-axial Ge(Li) detector. The energy
resolution of the HPGe was 1.8 keV at 1.33 MeV of 60Co and 2.0 keV at 0.66 MeV of
1
Cs for Ge(Li). The two spectrometer systems were mounted inside a lead shielded
hood in order to reduce the background radiation. The spectrum from 100 keV to 1.0
MeV was observed with the Ge(Li) system because of its higher efficiency in this
energy range. No intensity measurements were made with this system.
The energy and relative intensities of all gamma rays were measured with a
60cm3 HPGe detector.
Two experiments of y-y coincidence were carried out. In the first one, the
combination of a 89cm3 HPGe and a 45cm3 Ge(Li) was used, each one with an
energy resolution better than 2.0 keV at 1.3 MeV of 60Co. A conventional fast-slow
coincidence circuit, with time resolution of 11 ns has been used. The method of
analysis was the same as described by Brown et al [5]. In the second experiment, the
3
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combination of a 75 cm3 HPGe and a 7.6cm x 7.6cm Nal(Tl) was used. The y-y
coincidence spectra were obtained using a low-noise fast coincidence system and a
pulse height analyser. The photopeak at 166 keV obtained by the Nal(Tl) detector was
selected by the single channel analyser (SCA). The intensities of coincidences y-rays
were determined from the HPGe detector. An additional gate placed adjacent to the
main gate (166 keV) on the higher energy side served to determine the effects of
Compton scattered radiation of higher energy y-rays included in the window setting.
The chance coincidences were determined in a separeted experiment by introducing a
delay of l(is in the signal pulses from one of the detectors before reaching the
coincidence unit and recording the coincidence spectrum. In both experiments the
detectors were placed at 130° and 0.5cm Pb absorber was used to reduce the intensity
of the strong 166 keV gamma-ray in the HPGe detectors.
In this experiment, the energy and intensities of 29 y-rays have been
determined. Four transitions with energies 268.27, 388.60, 1524.65 and 1900.33 keV
were observed for the first time. The 1042.9, 1518.6 and 1894.7 keV transitions
summarized in NDS [1] were not confirmed, although the present experiment has
achieved better observation limits. A new level at 1524.1 keV excitation energy is
proposed and a number of y-rays have been confirmed.
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Neutron Photoproduction Cross Sections for Th-232 and U-238 Using
Thermal Neutron Capture Gamma Rays.
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Photonuclear reactions at low energies for actinide nuclei have been a subject of
intense study during the past 40 years mainly, as a powerful tool to explore the
photonuclear processes near the reaction thresholds. However, owing to the difficulty
of performing photonuclear measurements, especially with monoenergetic photons,
very litte experimental data have been reported on photofission and photoneutron cross
sections, even for Th-232 and U-238, which were more intensively studied. A survey
in the literature[l-3] shows that there is only one detailed evaluation work for the
238
U(y,f) reaction[4] and few data are reported in the EXFOR file[7] from AEEA for
(y,n) reactions in both nuclides. Furthermore, the results obtained for these nuclei
employing different experimental apparatus, have presented a significant amount of
variation, especially between studies performed with capture gamma rays and other
types of gamma rays sources[8,9]. Thus, there is still a need for additional
experimental data on photonuclear cross sections for these actinide nuclei in order to
clarify the discrepancy among the reported values as well as to better establish the
actual knowledge of these important parameters.
Measurements of the total neutron photoproduction cross sections for Th-232
and U-238, near the photofission and photoneutron reaction thresholds, are being
carried out in an experimental facility[10] installed at the tangential beam port BH4-12
of the EEA-R1 research reactor (2 MW). The gamma rays are produced by thermal
neutron capture in several target materials and for the present work, around 30
monochromatic and discrete gamma ray lines, with energies ranging from 5.2 and 10.8
MeV, are being employed. The gamma ray flux densities are measured by a Ge(Li)
detector (5%, 25 cm , ORTEC) placed approximately 824 cm from the capture target.
The relative efficiency calibration for this detector is performed, in the energy interval
of interest (5-11 MeV), by using samples of nickel and nitrogen(melamine) as
reference standards in a similar form as adopted previously [10]. The changes of the
thermal neutron flux during all the experimental measurements are monitored by
means of a self powered neutron detector (SPND) with silver converter, fixed outside
the tangential beam tube, very close to the capture target. Neutrons from the (y,f) and
(7,n) reactions are simultaneously detected by a 4n long counter system, having around
48 He-3 proportional detectors conveniently distributed[ll] in 3 concentric rings
inside a polythene cube, where the neutrons are slowed down. The long counter
detector efficiency(around 25%) is routinely determined employing a Cf-252
calibrated source.
Preliminary results obtained in this work for the nuclei Th-232 and U-238, are
presented in Figure 1 in the form of counting ratios of the respectives neutron
photoproduction yields. As can be seen, there is a reasonable agreement between the
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present data and the curve obtained from an evaluation of the data reported in
references [4-6].
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Figurel: Relative neutron photoproduction cross sections for Th-232.

In low excitation energies, the total neutron photoproduction cross section
can be expressed by[9]:
where,
oY>n and aYf are respectively the photoneutron and photofission cross sections and v is
the average number of prompt neutrons per fission.
In the energy interval from 5 to 11 MeV, the gamma ray de-excitation
may be considered negligible, compared with the other two decay processes. Thus the
photofission probability Pf and the competition between neutron emission and fission
r n /T f , can be written in terms of <5r,N as:
P f =(o Y , N -c7 a )/a a (v-l)

and

r n /r f = (va a - oY,N)/(aYiN - a a )

where,

o a is the total photoabsorption cross section.
By using experimental data from the literature for v and a a it is possible to
obtain information on the systematic of Pf and r n /r f , through the measurements of
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O7>N(E), and to realize a correlation study of these ratios with parameters based on
theoretical models such as: Z2/A( Liquid Drop Model)[9], (Ef - Bn)(Constant Nuclear
Temperature Model)[9], (2Z - N)(Cluster Model)[12].
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Study of Photofission Reactions for Np-237 and Pu-239 in the 5 to 11
MeV Energy Interval
Renato Semmler, Luiz P. Geraldo, Odair L. Gonçalez1, Marcelo B. de Ändrade
1

Institute de Estudos Avançados - CTA, S. J. dos Campos

A sistematic study of photonuclear reactions for several actinide nuclei has been
realized[l-3] in this laboratory, using monochromatic photons obtained from thermal
neutron capture at IPEN IEA-R1(2MW) a nuclear research reactor. From these
experimental results, obtained with the same gamma ray source, it was possible to
perform[4] a study of the correlation trend between the relative fissionability,
photofission branching ratio and neutron emission-fission competition, with
parameters based on theoretical models such as the fissility parameter Z2/A from the
Liquid Drop Model. However, an important fact to be emphasized on all the
measurements realized up to now with capture gamma ray sources, is the small amount
of experimental data(around 12) reported for each studied nuclide. This has been a
great inconvenience in determining fission barriers parameters and in resolving
possible structures in photofission cross section data as the one existing near the
photoneutron threshold.
In order to obtain a higher number of experimental informations and to improve
the photofission reaction studies in low excitation energies, a new experimental
facility[5] has been mounted at a tangential beam tube(BH4-12) of the BEA-R1 reactor.
With this apparatus, it is possible to utilize up to 30 capture gamma ray
lines(resolution of some tens of eV), with discrete energies ranging from 5 to 11 MeV,
allowing to obtain experimental data on photofission reactions in several energies
which were not explored with this type of gamma ray source yet.
The main objective of the present work is the study of photofission reactions for
237
Np and 239Pu nuclei using this new experimental apparatus of capture gamma-ray
source. The study basically consists in photofisssion cross section measurements for
all the available excitation energies, determination of fission barrier parameters and
consistency analysis of the results through avaluation of the fission probability trend as
a function of Z2/A(Liquid Drop Model)[6,7] and (2Z-N)(Clusters Model)[8].
Odd A nuclei like 237Np and 239Pu have received little attention in photofission
studies, mainly due to the half-integer spin of their ground states which produce , by
dipole photoabsorption, several compound states[6,7]. This has made difficult the
observation of individual level effects, in angular distribution of fission fragments[8],
even in excitation energies near the reaction threshold. However, the use of a large
number of monochromatic gamma rays, with nergy resolution of a few tens of eV, may
produce new informations on the fission phenomenon at low energy for these nuclei
mainly to clarify the reported[2,3,7,8] structures in the photofission cross sections,
near the reaction threshold.
The gamma radiation beam is produced by thermal neutron capture in several
target materials, when placed near the reactor core. This gamma rays are collimated by
a lead collimator with 250 cm lenght, producing at the outside of the reactor wall, a
parallel beam of 3 cm diameter. Neutrons coming from the reactor core together with
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the capture gamma rays, are filtered by a polythene plug of 25 cm lenght. The
collimated gamma radiation impinging on the actinide sample produces the (y,f),(Y>n)
and (y,y') reactions, where the respective cross sections are usually of interest. In the
energy range from 5 to 11 MeV, the first two reactions are the most important and in
the present work we are concerned only with the photofission reaction.
The photofission fragments are detected by Makrofol KG foils(10 |itm
thickness), irradiated together with the actinide samples in the form of a sandwich.
After irradiation, the tracks produced by the fission fragments in the Makrofol foils are
etched in a KOH solution (35%), at 60°C, for 30 min. The tracks counting is realized
in a automatic discharge chamber[2], which allows the analysis of large areas of the
plastic detector in a time inteval of few minutes. The total efficiency(around 30%) of
this technique is routinely determined using a 252Cf fission calibrated source.
Gamma flux density measurements for all the capture targets are carried out by
counting the emitted prompt gamma rays with a Ge(Li) detector (5%, 25 cm ,
ORTEC), previously calibrated in energy employing samples of nickel and nitrogen
(melamine) as reference standards[5]. The resolution obtained for this detector was
around 2.3 KeV for the 1.332 KeV gamma ray from 60Co. The Ge(Li) detector has
been positioned approximately 824 cm from the capture target, inside a lead shield in
order to minimize the background radiation as well as the dead time and pile up effects
during the gamma rays counting.
A silver wire self powered neutron detector (SPND), fixed outside the
tangential beam tube and near the irradiation position of the capture target, is
employed to control the changes of the local thermal neutron flux during all the
experimental measurements.
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Phase Concentrations Determined by the Rietveld Method in
Nb-Ni-Al Alloys Obtained by SHS
Vera L. Mazzocchi, Carlos B. R. Parente, Ricardo M. L. Neto, Paulo I. Ferreira

The Rietveld method [1] has been applied in the quantification and refinement
of the existing phases in a Nb-Ni-Al alloy obtained by self-propagating temperature
synthesis (SHS) [2]. By using program DBWS-9411 [3], the following phases have
been identified: NiAl, Nb and Ni3Al4, all cubic, NbAl 3 , tetragonal, NbNiAl, hexagonal
and Ni2Al3, trigonal, with mass concentrations of 61.33%, 0.25%, 1.59%, 24.04%,
9.32% and 3.46%, respectively. Such phases were refined and the results are shown in
Table I. Overall profile Rp and weighted profile R wp , which indicate the quality of the
refinement, resulted equal to 10.21% and 13.84%, respectively. Figure 1 shows X-ray
diffraction and difference patterns of the as reacted Nb-Ni-Al alloy, after completion
of a preliminary refinement.
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Figure 1 - X-ray diffraction and difference patterns of the as reacted Nb-Ni-Al alloy. Solid line
corresponds to the refined profile by the Rietveld method.
Refinement of the structural parameters of phases did not include thermal
parameters. This will be done in a further analysis, which will also include refinement
of phases in an annealed Nb-Ni-Al alloy. A simplified Rietveld analysis of such an
alloy showed a reduction in the number of phases. Only phases NiAl, NbAl3 and
AINbNi were identified. The concentration of the latter one is very low, when
compared to the other two phases.
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Table I: Phases, refined structural parameters and relative concentrations of
PHASE
NiAI
Nb
NbNiAl
NbAl3
System
cubic
cubic
tetragonal
hexagonal
Im3m
Pm3m
I4/mmm
Space
P63/mmc
Group
a=2.8333
a=3.3322
Lattice
a=3.7926
a=4.9605
c=8.1823
Parameters
c=8.5307

the as reacted Nb-Ni-Al alloy.
Ni 2 AI 3

M3AI4

trigonal
P3ml

cubic
Ia3d

a=4.0191
c=4.8762

a=l 1.4030

Ni (l/3,2/3,z),
z=0.14900
Al(l) (0,0,0)
Al(2) (1/3,2/3,z),
z=0.64800

Ni (l/8,x,l/4x),
x=0.63100
Al(l)
(x.0,1/4),
x=0.01000
Al(2) (0,0,0)

Ni: 1.00
Al(l) = 1.00
Al(2) = 1.00

Ni: 1.00
Al(l): 1.00
Al(2): 1.00

3.46
7.07

1.59
0.55

(A)
Ni (0,0,0)
Nb (0,0,0)
Nb (0,0,0)
Al
Al(l) (0,0,1/2)
(1/2,1/2,1/2) Al(2)
Atomic
(0,1/2,1/4)
Coordinates

Ocuppancy

Ni: 0.80
Al: 1.00

Nb : 1.00
Al(l): 1.00
Al(2): 1.00

Nb: 1.00

% Mass
% Molar

61.33
74.58

24.04
12.47

0.25
0.24

Nb (l/3,2/3,z),
z=0.06316
Ni(l) (0,0,0)
Al(2) (0,0,0)
Al(l)(x,2x,l/4),
x=0.83866
Ni(2) (x,2x,l/4),
x=0.83866
Nb : 1.00
Ni(l): 0.21
Al(2): 0.79
Al(l): 0.68
Ni(2): 0.32
9.32
5.08
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Symmetry in Multiple Diffraction Patterns
Carlos B.R. Parente, Vera L. Mazzocchi, Jos6 M. Sasaki1 and Lisandro P. Cardoso1
1

Institute de Fisica Gleb Wataghin - UN1CAMP, Campinas

In 1972, Parente studied the multiple diffraction of neutrons in an aluminum
single crystal [1]. He measured a neutron multiple diffraction (m.d.) pattern with the
111 primary reflection from the crystal. The experimental neutron m.d. pattern showed
two of the symmetry mirrors normally existing in a m.d. pattern. Around of the mirrors
(at § = 60°), an unique pair of symmetrical peaks appearing in the pattern exhibit
different intensities. Around the other mirror (at § = 30°), 3 pairs of peaks exhibit a
perfect symmetry, i.e. peaks are in symmetrical positions around the mirror and peaks
of a same pair have same intensity. The author explained the differences in intensity by
showing that a few of the secondary reflections, as well as the coupling reflections,
involved in the formation of the peaks had different reflectivities. Different
reflectivities imply different intensities. Recently, Sasaki [2] observed the same
phenomenon in an x-ray m.d. pattern, obtained with CuKoti radiation and primary
reflection 222 from a galium arsenide (GaAs) single crystal epitaxially grown on top of
an indium-galium arsenide (InGaAs) substrate. Present authors have made a further
investigation of the phenomenon by measuring and simulating m.d. patterns for
different primary reflections from several different crystals, the azimuthal angle <|)
ranging from 0 to 360°. Simulated patterns were calculated by the computer programs
MULTI [3] and MULTX [4] for neutrons and x-rays, respectively. Data were plotted
in circular plots, where the intensity axis is radial and the $ axis is circular. A circular
plot allows a better visualization of the pattern symmetry. Using such a type of plot,
we have identified two types of symmetry mirrors. One of them is a normal mirror we
called 'isomorphic mirror'. It produces only pairs of fully symmetrical peaks, like
those in Fig. 1., around mirrors at <J) = 30, 90, 150, 210, 270 and 330°. Other is an
abnormal mirror we called 'anamorphic mirror'. It produces pairs of peaks having
different intensities, like some pairs around § = 60, 120, 180, 240, 300 and 360°. It
should be mentioned that the latter type of mirror also produces pairs of fully
symmetrical peaks, as can be also observed in Fig. 1.
We have studied several different experimental and simulated x-ray and neutron
m.d. patterns, searching for isomorphic and anamorphic mirrors. Results show that, for
patterns obtained with n-fold symmetry axes parallel to the scattering vector of the
primary reflection both anamorphic and isomorphic mirrors appear, when n is odd.
Mirrors of one type intercalate into mirrors of the other type, in a regular sequence.
For n even, patterns have only isomorphic mirrors. The number of isomorphic mirrors
equals the order n of the symmetry axis, i.e. mj = n. The number of anamorphic mirrors
is equal to ma = mi= n , if n is odd, and ma = 0, if n is even. Of course, the number total
of mirrors is given by mt = mi + ma.
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Figure 1 - Simulated Al (111) neutron m.d. pattern in a circular plot. The 3-fold symmetry of
direction 111 is clearly visible in the plot. Three isomorphic mirrors (IM) intercalated into three
anamorphic mirrors (AM) are shown in the plot.
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Development of a Methodology for Analysis of the
Crystalline Quality of Single Crystals
Sabrina Metairon, Vera L. Mazzocchi, Carlos B. R. Parente,
Thierry J. Lemaire1 and Sonia L. Baldochi
l

Instituto de Fisica - UFBa, Salvador

Recently, a study of the crystalline quality of Czochralski grown BaLiF3 single
crystals has been published [1]. In the study, certain characteristics of intensity curves
(rocking curves), obtained by neutron diffraction, are correlated to several parameters
involved in the growth method. Although the methodology employed in the study led
to useful results, characterization of domains obtained by its employment lacks
completeness. This present research is an attempt to develop a better methodology for
the analysis of the crystalline quality of single crystals, by using rocking curves
measured by neutron diffraction. Neutrons are better than x-rays for this purpose since
they give information about the bulk of the crystal. X-rays, on the other hand, give
information about a very small portion of the crystal [1]. Tridimensional Intensity ~$ co
x x plots, obtained from a single crystal as several Intensity x co rocking curves for '•>%
stepping in a convenient interval, show, in general, more than a single mosaic domain.
In principle, it is possible to determine number of domains, their relative intensities,
mosaic spread of each one and angular dispersion between them.
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Figure 1. - Tridimensional plot obtained with reflection 111 from a BaLiF3 single crystal
(above) and the corresponding contour map (below). Crystalline quality is very poor.
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From a macroscopic point of view, determination of these characteristics
corresponds to an evaluation of the crystalline quality of the single crystal under study.
Fig. 1. shows a tridimensional plot obtained with reflection 111 from a BaLiF3 single
crystal and the corresponding contour map. A fit of Gaussians to a few of the
individual Intensity x co rocking curves showed at least 5 mosaic domains. For this
reason, one can say that the crystal has a bad crystalline quality. It should be noted that
domains for scans in the % direction appear much more wider than in the co direction.
This is due to the worst resolution of the Soller collimator in the % direction. Use of a
special collimator for neutron multiple diffraction, which collimates in both vertical
and horizontal directions, can partially eliminate this problem. Fig. 2. is similar to Fig.
1., except that it represents a BaLiF3 single crystal with a much better crystalline
quality. In fact, Gaussian fittings to a few individual Intensity x co rocking curves
showed no more than 2 mosaic domains, one being dominant over the other. For the
continuation of this research, a computer program for the deconvolution of
experimental rocking curves,in order to remove the effect of the instrumental
broadening, has been written.
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Figure 2. - Tridimensional plot obtained with reflection 111 from a BaLiF3 single crystal
(above) and the corresponding contour map (below). Crystalline quality is good.
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Determination of the Lattice Parameter of Aluminum at Different
Temperatures by Neutron Multiple Diffraction
Carlos B.R. Parente and Vera L. Mazzocchi

In a multiple diffraction (m.d.) pattern the azimuthal position of a peak depends
on the wavelength of the incident radiation as well as on the cell parameters of the
crystal under investigation [1]. If the wavelength assumes a fixed value, the azimuthal
position becomes dependent only on the cell parameters.
In this research, the cell parameter a of an aluminum single crystal is
determined for different temperatures. The azimuthal angular positions of several
selected peaks in a neutron m.d. pattern of Al, obtained at a certain temperature, are
used to determine the a-value for that temperature. In a first method, the absolute
position of a peak, i.e. its position referred to an arbitrary origin, is used for the
determination. In this method, each peak produces an a-value. In a second method, the
relative positions of two neighbor peaks are used. For a better result, two neighbor
peaks with opposite behaviors must be chosen. Opposite behaviors means that, if a
peak shifts toward the right in the m.d. pattern, when the temperature changes, the
other one goes to the left. In this method each pair of peaks produces an a-value. In the
first method, the a values are found by comparing the absolute azimuthal position of a
peak with azimuthal positions of the same peak calculated by assuming different avalues in an indexing program. When the azimuthal position of the experimental peak
equals that calculated for a certain a-value, this value is assigned to the peak. In the
second method, the azimuthal angular distances between two peaks are used instead.
For both methods, the final a-value for a certain temperature can be attained by
averaging the several individual a-values obtained.
Fig. 1 shows partial neutron m.d. patterns obtained with an Al single crystal at 3
different temperatures. The azimuthal positions of the peaks are listed in the bottom of
Fig. 1. They resulted from Gaussian fittings of the patterns (full lines). Fig. 1.
illustrates how the peaks change their positions with temperature. Peak 402, for
example, goes to the left as the temperature increases. Peak 042, on the other hand,
goes to the right. They form a pair with opposite behaviors and could be used in the
second method. Each one separately could also be used in the first method as well.
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Magnetic Hyperfine Field at Hf Site in Hf(Fei.xCox)2
and Hf(Fei.xCox)2 H0.is at Low Co Concentration
A.W. Carbonari, J. Mestnik Filho, R.N. Saxena

The stoichiomettic AB2 cubic Laves compounds are well suited for the study of
magnetic hyperfine field behaviour because of their cubic symmetry and well defined
position of the atoms in the lattice. The compound HfFe2 is a ferromagnet with Tc 600K, whereas HfCo2 is a Pauli paramagnet. The pseudobinary compounds Hf(Fei_
xCox)2 crystallize in the cubic Laves phase showing a spontaneous magnetization
which decreases with increasing x and presents a transition from ferromagnetism to
paramagnetism at x ~ 0.7, where a sharp collapse of the magnetic moment occurs[1,2].
At low Co concentration, different Hf nearest neigbhour configurations can
simultaneously be present in several sublattices ranging
from undisturbed
neighbourhood (12 Fe nearest neighbour atoms) to configurations where one , two or
more Co replace Fe atoms. The measurement of the magnetic hyperfine field at the
non-magnetic Hf site in these situations is therefore an ideal way to investigate
microscopically the collapse of the ferromagnetic order.
In the present work, the magnetic hyperfine field has been investigated at Hf
site in pseudobinary alloys Hf(Fei.xCox)2 and Hf(Fei.xCox)2 Hy in the range 0 < x < 0.4
by TDPAC measurements.
The alloy samples were prepared by arc melting the constituent elements under
argon with about 0.1 % of the Hf atoms being substituted with radioactive 181Hf. The
resulting alloys were annealed for 24 h at 800 °C. X-ray diffraction analysis showed
the presence of only one phase. The Hydrogenation of the samples was carried out in
a standard Sievert-type facility. The final hydrogen concentration was determined by
weighting the samples after hydrogenation in a very precise balance.
The TDPAC method is based on the hyperfine interaction of nuclear moments
with magnetic field (H hf ) or electric field gradient (EFG). Since EFG is vanishigly
small due to the cubic symmetry of the charge distribution around a particular site in
the cubic Laves phase, only the magnetic interaction is expected. Further details about
the TDPAC method and the way the measurements were made is described in
reference[3].
The TDPAC measurements were carried out with a conventional fast-slow
coincidence set-up using four BaF2 detector spectrometer. The A22G22(t) measurements
were performed at 77 K in all the cases. For the samples without hydrogen,
measurements were also taken above 650 K in order to verify the cubic symmetry of
the samples.
Results of the least-square fitting of the experimental data to an appropriate
function [3] for the magnetic interaction in a polycrystalline sample for some of the
compounds is shown in fig. 1. It can be seen that for x = 0 there is a unique field
(HO indicating that the
Ta nuclear probes see only one nearest neighbour Fe
configuration that is 12 Fe atoms surrounding the probe. For 0.01 < x < 0.10 there are
three fields which we believe are due to the co-existance of three different
configurations corresponding to a) Hf nuclei in undisturbed sites with only Fe nearest
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Figure 1. TDPAC spectra for some of the Hf(Fei.xCox)2 alloys.
neighbours (Hi), b) Hf sites with 11 Fe and 1 Co nearest neighbour (H2) and c) the Hf
nuclie where two or more Co atoms replace some of the 12 nearest neighbour Fe atoms
(H3). At still higher Co concentration x > 0.1 only two frequencies are observed as the
probability of the existance of totally unperturbed Hf nearest neighbourhood
configuration becomes very small.
The variation of the measured hyperfine field (Hn) as well as the fractional site
population (Pn), corresponding to different Hf nearest neighbourhood configurations
mentioned above, is plotted in figure 2 as a function of Co concentration for some of
the alloys. While the fractional population (Pi) corresponding to unperturbed
configuration drops rather dramatically from 100% at x=0 to 13% at x=0.1 and there
after going to almost zero for x > 0.1, the value of (P2) for the configuration
(HFe,lCo) increases rapidly, goes through a maximum of 55% at x=0.05 and then
declines to 30% stabilizing at this value for x >0.1. The fraction (P3) of the sites
(10Fe,2Co) also increase with increasing Co concentration, attaining a maximum value
of 57% at x=0.1, and then increases only slightly for x > 0.1. These results seem to be
quite consistent with simple statistical considerations of the probabilities of the
existence of various Hf nearest neighbourhood configurations as more and more Co
atoms substitute Fe in HfFe2.
The hyperfine field component Hi declines rapidly between x=0 and x=0.1.
This component is not observed any more for x > 0.1. The field H2 also decreases, with
increasing Co concentration, rather dramatically at lower concentrations (0.01 < x <
0.1) but only slowly at higher concentrations. On the other hand the field H3
practically remains unchanged in the entire range of Co concentrations. This behaviour
indicates that long range interactions play important role in determining the magnetic
order in these compounds. At the same time the fact that the observed field Hi is much
higher than both H2 and H3 indicates that the local environment arround the probe play
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a dominant role in the formation of the magnetic moment and may involve some short
range interactions like hybridization of d orbitals. The distribution of hyperfine fields
was found to increase with increasing Co concentration in all the field components.
This may indicate instability in the Fe-Co magnetic moments which are probably very
sensitive to the local environment leading to wide distribution of hyperfine fields.
The TDPAC measurements carried out on samples above 650K showed very
small quadrupole interaction implying an almost cubic symmetry. The quadrupole
frequency was however observed to increase almost linearly with the Co concentration
indicating some distortion of the local charge distribution arround the probe as more
and more Co atoms substitute Fe in the compound HfFe2.
The maximum quantity of hydrogen that could be absorbed by the samples at
one atmosphere was found to be quite small, corresponding to a composition Hf(Fei_
xCox)2 H0.15, and was practically independent of the Co concentration The TDPAC
measurements on hydrogenated alloys revealed very similar hyperfine field behaviour
as observed for the non hydrogenated alloys.
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PAC Measurements in Delafossite Oxides
AgCrO2, AgInO2 and CuFeO2
R. N. Attili, M. Uhrmacher1, K.P. Lieb1, M. Mekata2, A.W. Carbonari,
R. N. Saxena
'II. Physikalisches Institut, Universitdt Gottingen, Germany, 2Department of Applied Physics,
Fukui University, Japan.

A large number of delafossite oxides with stoichiometric composition ABO2
have been studied recently with a view to characterize their chemical structure[l,2].
Time differential perturbed angular correlation(TDPAC) technique was used with
radioactive l n I n probe atom for the measurement of the electric field gradient (EFG) in
these compounds to search for a systematic dependence of the EFG, either on the ionic
size of the B +3 cation or the lattice constant, in copper and silver based delafossites[2].
The delafossite oxides ABO2 have two non-equivalent cation sites. The
monovalent ion A+ is linearly coordinated by two O ions whereas the trivalent cation
B +3 occupies the center of an O octahedron. The main difficulty in TDPAC
experiments is often the ambiguity about the exact location of the radioactive probe
nuclei, specially if the probe was introduced into the sample by ion implantation . In
the particular case of the delafossites studied through the m In(EC) Cd probe for
example, one can not distinguish between the two sites, mentioned above, from purely
symmetry arguments of the EFG since both will produce an assymetry parameter r| = 0
a fact that was verified by the experiment[2]. Since the probe site alocation is crucial
to any attempt at comparing the measured and calculated EFG as well as correlating
the results to the chemical properties of these oxides, authors of the reference 2 have
presented some indirect evidences based on the chemical characteristics of the
radioative probe togheter with previous PAC measurements on other families of oxide
compounds to argue that the probe atoms m I n most probably occupy the B + cation
site. However a definite lattice location assignment is not possible except in the most
obvious case of AgInO2 compounds.
In an attempt to further clarify this question, TDPAC measurements were
performed on AgCrO2, AgInO2 and CuFeO2 delafossite oxides using the probe 1HAg
instead of m I n . Both n i Ag and i n In decay to H1Cd nucleus which is directly involved
in the hyperfine interaction measurement in the TDPAC experiment. Since the 1HAg
probe is undoubtly located at A+ cation site in these experiments, a comparision of the
measured EFG values should help in identifying the site ocupancy in the previous
experiments [2].
The radioactive nucleus l u Ag was produced by irradiating approximately 100
mg of Pd metal with thermal neutrons in the reactor IEA-Rl for a period of about 70 h
in a neutron flux of 1013 n/cm2.s. The silver activity produced through the reaction
11

Pd(n,y)IIlmPd —£—> u l Ag was chemically separated from palladium using an ion
exchange method. The carrier free H1Ag in HC1 solution was evaporated to complete
dry ness and taken up in a few drops of H2O. One drop of this solution was deposited
on the sample of delafossite oxide and dried under heat lamp. The m A g was finally
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diffused in to the sample by heating in N2 flux at 350-450°C for several hours.
The TDPAC measurements were performed with a gamma spectrometer
consisting of 4 BaF2 detectors. The 97-245 keV gamma cascade in u l C d populated
from the p~ decay of l u A g was used for the delayed yy coincedence measurements in
which a total of 8 spectra could be obtained simultaneously. Plots of the A22G22(t),
obtained in the usual manner, for different oxide samples are shown in figure 1 along
with the least square fit of the experimental data to theoretical function[2]. The sample
AgInO2 was a small single crystal where as the AgCrO2 and CuFeO2 were
polycrystalline. Fourier transform of the experimetal data is also shown in figure 1.
The results of the analysis are summarised in table 1 along with results obtained
previously with H1 In probe[2]. The values of EFG calculated using point charge model
(PCM) are also included in this table.
Table 1. Z components of EFG obtained by PCM and experimental measurements
Vzz (PCM calculation)
Vzz (Experimental)
21
2
compound
(10* V/m2)
(10 V/m )
m
m
A site
Bsite
Ag-> l u Cd
In->mCd
CuFeO2
0.20
-1.52
0.92
0.07
AgCrO2
0.88
0.22
-1.09
0.08
AgInO2
1.03
0.15
0.15
-1.05
A comparasion of the data obtained with 111 Ag and
In probe respectively
spectivey
shows that the experimentally determined values of EFG using
Ag are
1!I
1!I
approximately a factor of 4 larger than the one obtained with In. In addition the
agreement between the experimental value and the calculated EFG for A site is very
good. The results therefore indicate that the location of m A g is indeed A site. It can
therefore be concluded that the site occupied by u l I n should be B.
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Fig.l TDPAC spectra and Fourier transform for the delafossite oxides
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Magnetic Hyperfine Field in the Heusler Alloys
VV
(Y = Sc,Hf,V)
W. Pend Jr.1, Hercflio R. Rechenberg1, ArturW. Carbonari,
R.N. Saxena, J. Mestnik Filho
l
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Heusler alloys are ternary alloys of the chemical formula X2YZ which
crystallize in the cubic L2i structure, with space group Fm3m. The X element is a
transition metal or noble metal such as Co, Ni, Cu, Au, Pd, etc; Y is another transition
element such as Mn, Sc, Ti, Zr, Hf, Nb, V, Ta, Cr, etc. and Z an sp element such as Al,
Ga, Sn, In, etc...
In the previous work[l,2] some interesting features of the hyperfine fields at
non-magnetic atoms in the cobalt based alloys Co2YZ have been reported. The reduced
magnetic hyperfine field (mhf) either at the non-magnetic transition element at Y site
or at the sp element Sn in these alloys has been shown to depend mainly on the
chemical nature of the non-magnetic transition element at the Y atom site. Another
important observation is that the reduced mhf at the Sn as well as at the non-magnetic
transition element site follows the generally observed trend where the field increses
with increasing conduction electron density.
Magnetic hyperfine field acting on Sn it self or at the Sn atom site is being
investigated in the pseudoquaternary Heusier alloys Co2ScxHf].xSn and Co2HfxVi_xSn
with 0 < x < 1 by Mossbauer spectroscopy using 23.9 keV transition in 119Sn and
TDPAC measurement utilizing the 171-245 keV gamma-gamma cascade in m C d
following the eletron capture decay of n i In.
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Figure 1. X-ray spectrum of C02Sco.4Hfo.6Sn alloy.
56

The samples were prepare by arc melting the constituent elements with 99,9%
purity in argon atmosphere. After fusion the samples were homogenize at 800 °C for
24-48 hours. The X-ray powder diffraction was taken for each alloys at room
temperature using Cuka radiation. The results of the refinement using the Rietveld
method showed that the L2 t structure was obtained. The figure 1 shows the X-ray
diffractrion spectrum of Co2Sco.4Hfo.6Sn alloy. The lattice parameter of various alloys
are shown in table 1.
Table 1. Results of the lattice parameter for the alloys
Alloy

a (A)

Co2ScSn

6.1921(1)

C02Sco.8Hfo.2Sn

6.1994(1)

C02Sco.6Hfo.4Sn

6.2012(1)

C02Sco.4Hfo.eSn

6.2052(1)

C02Sco.2Hfo.sSn

6.2027(3)

Co2HfSn

6.1985(4)

C02Hfo.gVo.2Sn

6.1891(2)

C02Hfo.5Vo.4Sn

6.1515(5)

Co 2 Hfo. 4 Vo. 6 Sn

6.0950(4)

C02Hfo.2Vo.gSn

6.0394(5)

Co2VSn

5.9977(6)

For the Mossbauer spectroscopy the samples will be used as such in the
compacted powder form. For the TDPAC measurements the H1In activity will be
diffused in to the samples by depositing a drop of carrier free i n In solution on to the
alloy sample, drying it under the heat lamp and then heating at 200°C under argon
atmosphere for 4-6 hours. A spectrometer with four BaF2 detectors will be used for the
measurement of TDPAC spectra.
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Study of Ferroelectric Ceramics by TDPAC, X-ray and Neutron
Diffraction
Edison F.Motta1, Sylvio D.Souza1, Maristela O.Dionysio1, Artur W.Carbonari,
J.Mestnik Filho, Mauricio Moralles
l

Departamento de Fisica - Universidade Federal de Sao Carlos

It is known that some non centro-symmetric ceramics present electric dipole
ordering arising from lattice-vibrational instability, i.e., one unstable phonon branch
goes to zero frequency at the Curie temperature [1]. The perovskite compounds based
on admixtures of PbZrC>3 and PbTiO3 (PZT) form ferroelectric phases in a wide range
of Ti-Zr compositions and the various phases which are formed are well established
from the crystallographic point of view [2]. Time differential perturbed angular
correlation (TDPAC) measurements with the 18IHf-I81Ta probe made on the terminal
compounds PbTiO3 and PbZrO3 revealed the presence of only one site for Ti or Zr
with well defined hyperfine interaction consistent with the crystallographic structures.
Near the ferroelectric-paraelectric transition temperature Tc a large broadening
of the line shape parameter is observed which can be attributed to the fluctuating
electric field gradients (EFG) at the beginning of the critical phenomena [1]. In
PbZrxTi(i.X)O3 compounds the TDPAC results show considerably wide distributions of
EFG even at temperatures well bellow Tc indicating the existence of fluctuating fields,
static inhomogeneities or even the presence of more than one crystallographic site
occupied by Zr and Ti atoms.
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Figure 1. TDPAC Spectrum of PbZro.sTio.2O3 at room temperature

Figure 1 shows a typical TDPAC spectrum for PbZro.8Tio.2O3 at room
temperature. The data for this spectrum are well represented by two components of
static EFG hyperfine interactions, with quadrupole mean frequencies O)Q=132.5 Mrad/s
and COQ=43.9 Mrad/s and with asymmetry parameters r|=0 in both cases. The observed
widths of the distribution of the EFG around these mean values are respectively 79%
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and 32% while the fractions for the two interactions were 8.5% and 11.5%
respectively. About 14% of the expected anisotropy is due to undisturbed sites whereas
the remaining 76% is missing.
Part of the missing portion of the TDPAC anisotropy could be attributed to sites
probing fluctuating electric field gradients, whose relaxation times are shorter than
about 1 ns, which is the resolution attained in the experiments. It is expected that
measurements of the temperature dependence of this effect will confirm or not if it
comes from the softening of the phonon modes which are known to exist in these
systems.
The static components observed in the TDPAC spectrum indicate that probably
the compound is multiphase, in contradiction with the Rietveld analysis of X-ray and
neutron powder diffraction measurements, as shown in figure 2, from which it can be
concluded that only one phase is present. Particularly the neutron diffraction profile
shows very clearly the small rombohedral distortion of the high temperature cubic
phase of the PbZro.gTio.2O3 perovskite. Even in this case only one site for Zr/Ti is
expected. This discrepancy may be related to the relative rotations of oxygen
octahedrons [3], that can be sensed by the TDPAC probes while not by diffraction
methods.
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Real-Time Neutron Radiography
MMo O.de Menezes, R. Pugliesi

Neutron radiography is a valuable nondestructive testing technique which
ideally complements conventional radiography[1], whose main ability is to probe the
internal structure of a specimen, and toprovide a suitable image record medium. For
neutron radiography, as for other forms of radiography it is sometimes desirable to
observe a dynamic event, or to view many objects passing by a detection station. RealTime radiographic systems provide this capability. Most of these systems depend on
the fact that neutron scintillators yield light when irradiated with thermal neutrons. The
resultant light can be amplified by image intensifiers and/or detected by television
cameras. The television display can provide real-time viewing of the neutron images at
locations removed from the radiation area. The most common conversion screen used
today are ZnS(Ag) + 6Li, ZnS(Cu) + LiF or B, and Gd2O2S(Tb) [2,3]. These screen
convert the neutron into an ionizing radiation which excite the phosphor, yielding
light.
Normally, coupled with the real-time system is the image processing system[4],
that is, a computer where the image can be processed. To be able to capture an image,
the computer uses a digitizer board. This board converts the analog signal, coming
from the TV camera to a digital signal, which the computer can manipulate. The figure
1 shows a squematic diagram of this facility.
camera

computer
(TARGA+ ")

1

Monitor

Figure 1. Schematic of real time image processing system
The board intended for use in our system is a TARGA+16 NTSC and if s main
components are:
• VRAM (Video RAM) - a memory array that contains from 0.5MB to 2MB where the
images are stored (frame buffer). Our system has 1MB memory.
• Mixer - a 32 bit video combiner.
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• CTL - controls the video timing, display and capture parameters of the board.
• Decoder - transform input Composite video signals and/or S-video signals into RGB
signals.
• Encoder - transform output RGB signals into output Composite video and S-video
signals.
• ADC - analog-to-digital converters. There is an analog-to-digital converter (ADC)
for each primary color (red, blue and green) on the TARGA+.
•LUT and DAC - look-up table or color map, used to provide up to 256 different
colors at the output; and digital-to-analog converter to output to analog devices.
To operate the board in order to capture the images, a software is being written.
This software will run on Linux Operating System and will allow a large number of
operations to be performed on the board, such as:
• capture an image and save it to a file
• add a number of frames, capturing the final, enhanced image
• subtract images to allow visualization of live dynamic events.
As a part of the implementation of this software, the function which initializes the
board has been concluded and tested, along with some other programs to capture a
frame in the board's memory, and to switch from memory to live display. Currently,
the Graphical User Interface(GUI) of the program is being written. It will facilitate the
operation of the program with a more intuitive interface.
The TV camera suitable for the system should be able to capture images at poor
ilumination, since the light emitted by converter screens is normally of very low level,
about 10"2 lux. Cameras with such sensitivity often use a technology which is based
principally on charge-coupled devices (CCD). These cameras have solid-state arrays,
composed of discrete silicon imaging elements, called photosites, that have a voltage
output proportional to the intensity of the incident light.
The objective of this work is to study and to implement a Real-Time Neutron
Radiographic system in the beam hole BH-08 of the IEA-R1 Research Reactor.
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Characterization of Scintillator Converter Screens for Neutron
Radiography
Marcos L.G.Andrade, R. Pugliesi

To obtain a neutron radiography(NR) it is necessary to use a screen which, by
means of nuclear reactions, convertes the neutrons to ionizing radiations which are
able to sensibilize an image-detection system (film or phosphour). In comparison to the
other converters, that emit a, (3 and 7 radiations, the scintillator screens are up to 100
times faster and provide the possibility to develop real-time radiography systems. The
main goals of this project are: to study and characterize the scintillator screens*
^LiF(Zn(Ag)) and GdS2C>4, as well as verify the viability of a thermo-luminescent
material for NR purposes. The thermo-luminescent materials commonly used for
neutron dosimetry, have potencial to be used in NR since they are Dy and Li based
substances, employed in conveter screens. The films used are the conventional one that
are employed for x-ray radiography[l].
In order to characterize some image-detection systems, the following studies
will be carried out: optical density, resolution and sensitivity analysis. The procedures
for the first two, are described in other work, of this progress report.
Sensitivity: The sensitivity of an image-detection system is commomly analysed in
terms of its capacity to discern thicknesses of materials. Theoretically the neutron
transmission by matter, obeys the following exponential law [2]:
I = Ioexp(-Ztx)
where IQ and I are the incident and transmitted neutron intensities, x and Z t are the
sample thickness and its total macroscopic cross section respectively. This law can be
verified if the transmission measurement is performed in a good irradiation geometry
condition in which the neutron collimation system and the sample are positioned as
far as possible from the image-detection system, assuring just the detection of non
interacting neutrons. In the case of bad geometry condition, a fraction of scattered
neutrons will also be detected, and the total transmitted intensity will be given by[3]:

In order to optimize the resolution the geometry condition for radiography is the
bad one, since the sample must be irradiated as close as possible of the imagedetection system. In this way scattered neutrons will contribute for the image
formation process.
For an image-detection system in which the optical density is proportional to
the neutron intensity, the above equations for the good and bad geometry condition are
respectively:
= Doexp(-5:tx)
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The minimal discernible thicknesses Ax (sensitivity) [4], for both irradiation
conditions are obtained by differentiating the above equations:
Ax = AD / (Ax = AD / (-D(I)It + dD(Is) / dx))
Real-time viability
The viability of using a converter screen in a real-time system basically depends
of the emitted light intensity, which is generated during irradiation. For neutron beams
with a flux of around lO^n/s/cm^, the light intensity for a converter screen such as
^LiF(Zn(Ag)), is about 0.021ux which is 10 times lower than the one for the high moon
and 100 times lower than that for the sensitivity of the standard video cameras.
However the development of light intensifier systems with light gain of about 104 to
105 has provided a solution for such real-time systems which are being used rotinly in
NR services [5].
All of these studies are being carried out at the NR arrangement installed at the
beam-hole BH-08 of the IEA-R1 nuclear research reactor[6].
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Characteristics of the solid state nuclear track detector CR-39
for Neutron Radiography
Marco A.S.Pereira, R. Pugliesi

The track-etch method has been commonly employed in the Neutron
Radiography (NR) technique. The ability of the Solid State Nuclear Track Detectors
(SSNTD) to register local damages created by individual radiation events, and its
insensitivity to visible light, a, P and y radiations are some of the characteristics that
make these detectors attractive for NR[ 1,2].
In the NR technique, the sample is irradiated in a uniform neutron beam and a
screen converts the transmitted neutrons to ionizing radiation which sensitizes the
SSNTD. By means of an adequate chemical etching, the local damages caused by the
ionizing radiation are enhanced, giving rise to tracks which will form a visible
image[l]. A theory has been proposed based on the optical properties of a single track
which explains the image formation process in SSNTD[3,4,5,6].
The objective of the present work is to investigate the characteristics of the
SSNTD CR-39 with a natural boron converter screen, for neutron radiography
purposes, and to determine the etching times and neutron exposures for which the best
image contrast and resolution power are achieved.
The NR facility is installed at the radial beam-hole BH-08 of the 2MW pool
type IEA-R1 Research Reactor[7]. The exposures are performed by using an aluminum
cassette containing the SSNTD and the converter screen in a tight contact during
irradiation.
The SSNTD CR-39 is a policarbonate 600|im thick, manufactured by Pershore
Mouldings (England). The converter screen, manufactured by Kodak Pathe (French), is
a plastic backing single coated with a natural boron layer having 106uiii and 65(im
thickness respectively. The damages in the detector are induced by the products of the
nuclear reaction ^B(n,aplA (a-Energy=l .47MeV; Li-Energy=0.84MeV) for which
its intrinsic registration efficiency is near the unity[5].
The chemical etching was performed in a KOH(30%) aqueous solution at a
constant temperature of 70°C. The etched CR-39 detectors have been analysed in a
TV-camera system coupled with an optical microscope and in a Jarrel-Ash optical
microphotometer. The former was employed to track inspection and the latter to light
transmission readings(optical density). The following characteristics have been
investigated:
Track Size
The track diameters were studied as a function of the etching time varying in the
interval 10 < tg< 65minutes. The measurements were performed with the TV-camera
system, employing a 1500x-magnification in the optical microscope. The track
diameter readings were obtained directly on a screen monitor, using a previously
calibrated lenght scale. The values ranged from (1.0±0.1)}xm to (4.1±0.2)jim.
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Track production rate
This parameter is defined as the track to neutron conversion efficiency of the imagedetector system. The conversion efficiency was determined from the slope of the
straight line fitted to the experimental data points of track density as a function of the
neutron exposure. The track densities were obtained by counting, in the screen monitor
of the TV-camera system, the tracks at fixed areas of the detector, and subtracting from
these values the background track density (~4xlO^tr/cm2). The value obtained was
tr/n=(7.93±0.03)xl0-3.
Optical density
The optical density, DOp, is defined as:
Dop=log(Io/I)
where I o and I are the intensities of the incident and transmitted light through the
detector, respectively. The optical density studies were performed as a function of the
etching times and neutron exposures varying in the interval 10 < tg < 65 minutes and
9x1 ()8 < E < 6xl0 1 0n/cm^, respectively. The readings were carried out in the
microphotometer with a scanning beam width of 3(im. The results could be explained
according to the theory proposed by Ilic[3].
The image contrast, defined by G = dDOp / d(logE), were determined by fitting
straight lines to the steepper region of these curves and the results have shown that
increasing the etching time increases the contrast, reaching a maximum value 1.51+
0.01 for tg = 25 minutes where track production rate is maximum.
Resolution
In the radiography studies, the spatial resolution is usually defined as the
distance that must separate two objects before they can be distinguished from each
other[6]. This parameter has been determined by scanning the image of a gadolinium
knife-edge test object 0.127mm thick, radiographed in a tight contact with the imagedetector system. Such scanning was performed by using the microphotometer, and the
edge spread function ESF = A + B.arctan(C1^(X-D)) has been used to fit the resulting
optical density distribution data. In this equation A, B, C, and D are free parameters
and X is the scanning coordinate[8,9]. The term Uy = 2 C ' 1 ^ is the total unsharpness
which is the FWHM of the differentiated ESF (a Lorentz distribution). The total
unsharpness results from the combined effect of the intrinsic unsharpness (Uj) due to
the image-detector system, and of the geometrical unsharpness ( U Q ) due to the neutron
beam angular divergence contributions, and are related by the equation (Uj) 11 = (UT)11
+ (Uc) n [9]. For the present irradiation geometry the geometrical unsharpness is UG
The resolution was quoted in terms of the intrinsic unsharpness Ui and was
calculated by using the above equation. The results were compared with those given by
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the image formation theory in SSNTD in which Uj = 9|im[6]. The experimental value
obtained was Uj = (13 ± 3)|im which is very close to the theoretical one.
According to the results obtained in the present work, the best radiographic
conditions, in terms of contrast and resolution, for the present image-detector system
are: chemical etching time tg = 25minutes and neutron exposure ranging in the interval
2x109 < E < 2xl0!0 n/cm^
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Improvement of the 4-Detector TDPAC Spectrometer and
Development of Software for Data Analysis
A. W. Carbonari, R. N. Saxena, J. Mestnik Filho

The TDPAC spectrometer of the laboratory for Hyperfine Interaction studies
consists of 4 BaF2 scintillation detectors mounted on a circular stainless steel table.
Each detector is supported on the top of a sliding bench in a symmetric position from
the center of the table where the sample to be measured is positioned. The sliding
bench permits the radial distance between the sample and detector to be adjusted with
good precision. The angle between the detectors is determined by the experimental
parameters to be measured. Each detector provides simultaneous output for the start
and stop gamma radiation and the most common geometry is a 90° angle between the
detectors. In such a geometry there are 12 possible combinations of start-stop signals
for each pair of detectors: 8 combinations for detectors at 90° and 4 combinations for
detectors at 180°. A total of 12 coincedence spectra can therefore be obtained. Due to
the limitations on the available multichannel analyser memory (MCA) subgroups only
8 combinations, 4 for 90° and 4 for 180° are being used presently. A new MCA, with
multiplexing capability of up to 16 memory subgroups is being purchased to fully
utilize the data acquisition capacity which is 12 coincidence spectra simultaneously.
The gamma detectors consist of BaF2 crystal (h = 2", (J) = 2") coupled to
photomultiplier tubes XP-2020Q and a voltage divider. The electronic system consists
of commercially available NIM units plus a special unit projected and made by the
electronics department of IPEN, which is a "multiplexer Router". This unit is used to
identify the true combinations of start and stop signals from different detectors and
route the coincidence spectrum to a predesignated memory subgroup of a PC
compatible MCA
Some improvements were introduced in the spectrometer system in order to
optimise the time resolution and increase the efficiency of data acquisition. One of the
measures was the replacement of an octal delay unit (EGG ORTEC- GC8010), wich
showed serious problems of cross talk among the 8 independent channels, with 4
coaxial cables (RGC 213 celular) each one about 650 meter long providing about
3.5ixs delay with only a small signal attenuation. The other improvement introduced
was the construction of special signal manager units used to help in the adjustment of
the electronics before each measurement. One of the units is used to select the linear
signal from any one of the 4 amplifiers and to connected it to the input of an
osciloscope. The other unit is used to select the start and the stop signal from any one
of the 8 timing single channel analyzers (TSCA) or the signal from any one of the 4
constant fraction discriminators (CFD) and connect it to the external trigger of the
osciloscope. Obviously the signals selected must be from the same detector. In this
way the adjustment of energy gates as well as the triggering levels of the CFD is made
lot easier and and time saving. The units avoid cumbersom cable connection and
disconnection operations which are usually necessary before each measurement.
The detection of a problem of cross talk between the independent signals going
through the quad constant fraction discriminator unit (EGG ORTEC- 935) has
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prompted us to replace this unit as well with 4 home made CFD units which are being
constructed in our laboratory. The design and printed circuit board of these CFD unit
were acquired from the university of Bonn, Germany, courtesy of Dr. R. Vianden.
A system of computer programs in Quick basic language has bee developed to
aid in the analysis of the spectra resulting from the TDPAC measurements. The
program AMINQPAC consists of 3 parts. The first part determines the time zero (to)
and background (accidental coincedences) by least square fitting an asymmetric error
function convoluted with an exponential function to each experimental spectrum. The
function used to fit the background can be chosen from among a constant, a quadratic
function or a step function. The second part of the program calculates the A22G22(t)
curve from the adjusted spectra, and the third part makes a least square fitting of the
experimental A22G22(t) data to an appropriate function, which could involve an electric
or a magnetic interaction or a combination of both, to obtain the relevant interaction
parameters.
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Characterization of Polycarbonate Makrofol KG Nuclear Track-Etch
Membranes by Gas and Water Flux Permeation
lone M. Yamazaki, Russel Paterson1, Luiz P. Geraldo
'University of Glasgow, Dept. of Chemistry, Glasgow, Scotland, U.K

The study of the surface morphology of track-etch membranes(TEM's) can help
to understand the separation processes in these membranes as the characteristics of
pore struture and to determine their filtration properties. A high resolution scanning
electron microscope (SEM) is usually necessary to observe the small pores in these
membranes. As in the case of the tansmission electron microscope, it requires
preparation of a replica, the method to prepare it is often complex and thus there is a
consequent risk of artifacts. Structural changes may also occur due to damage by the
electron beam or the requirement to operate in high vacuum[l]. Therefore, both are
likely to lead to underestimation of pore size and the caracterization of small pore in
TEM's using scanning or tansmission electron microscope, can be achieved only
partially.
Despite several methods to estimate mean pore size in membranes have been
available[2,3,4,5], these methods generally involve some abiguity and/or require
sample modification. The measurement of gas and water permeability, as a function of
the mean pressure across the membrane, has been successfully applied by several
authors to characterize microporous membranes[3,6,7].
The objective of the present work is to characterize polycarbonate Makrofol KG
TEM's developed at IPEN[8] using the research nuclear reactor IEA-R1(2MW) as well
as the commercial nuclear track-etch membranes Nuclepore, with different pore sizes,
through the methods of gas and water permeation.
The mechanism of gas permeation is being investigated and applied to
determine pore diameter of membrane samples and the results obtained are being
compared with direct observation by SEM. Various transport mechanisms of gases
through porous membranes can be distinguished depending on the structure of the
membrane. These are: Surface, Knudsen and Poiseuille diffusion[3]. Surface diffusion,
appears when the molecules of the gas interact with or are adsorbed
physically/chemically on the material of the pore wall of the membrane. Knudsen
diffusion, occurs when the size of the pore is smaller than the mean free path of the
gas molecules[3]. In this case, the gas molecule collide much more frequently with the
pore wall than with another molecule and low molecular weight gases therefore, are
able do diffuse more rapidly than heavier ones. In Poiseuille diffusion, gas molecules
collide exclusively with each other, in fact, they seem to ignore the existence of the
membrane or pore wall and no separation is obtained among the various gaseous
components.
An automated gas cell was constructed for determination of gas permeability through a
flat membrane. It works applying a gas pressure in one side of the membrane cell(high
pressure side) and collecting the gas passing through the membrane in a well known
collecting volume in the other(low pressure) side. The gas permeation studies are being
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carried out using a system shown in figure 1, consisting of a pressurized gas cylinder,
pressure regulator, membrane cell, pressure transducers and computer link for data
logging. The gas is fed into the high pressure side of the cell, after it has been
completely filled with the pure gas to be used. The permeability of pure gases is
measured by monitoring the pressure in both, high and low pressure sides of the
permeation cell as a function of time. The low pressure side is constituted by a
constant volume cylinder and the pressure tends to increase in this side when the gas
pemeate through the membrane.

Valve

Gas

Gas Permeation
Cell
Membrane

Valve

Collecting Volume
Reservoir

Figure 1 : Schematic diagram of gas permeation system.
Nuclepore as well as Makrofol KG TEM's are also being characterized by
using prefiltrated water permeation. The liquid test system presented in figure 2,
consists of a pressurized gas cylinder, pressure regulator, dead-end stirred filtration
cell which uses a pressurised liquid feed (from bottled gas cylinder) in a Pyrex
reservoir. This reservoir is thermostatted in a water bath. The cell output is monitored
using an electronic balance with computer link to datalog the solution output. Distilled
microfiltrated water flux permeation is being routinely performed using a filltration
cell from. Amicon
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(Cell 8010), a water bath temperature of 25° C with transmembrane pressure ranging
from 0.4 to 1.6xl05 Pa and a stirring speed of 600 rpm. The passing water collected is
finally automatically recorded by weight as a function of the time.
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Figure 2 : Schematic diagram of liquid system.
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Neutron Powder Diffraction with the Triple-Axis Spectrometer
Jose Mestnik Filho and Mauncio Moralles

The triple-axis spectrometer installed at the neitron beam hole BH-10 of the
IEA-R1 reactor has been employed in the studies of polycrystalline materials. The
neutron diffraction data have provided substantial information about the structure of
materials studied with other techniques, like X-ray diffraction and Perturbed Angular
Correlation (PAC)[1]. Following the automation of the data acquisition described in
the last report, [2] new improvements have been made in order to obtain data of better
quality.
The system of spectra acquisition, that employed three ORTEC sealers, was
substituted by a PC-card (PCL-830) which contains 10 counters, each of them can be
associated to TTL input signals or to an internal frequency source. The new program
for the data acquisition was written in Q-BASIC language. It assigns two counters to
the 3He-detector and monitor signals, and a third counter to the acquisition time that
uses the internal clock. An improvement in the quality of the spectra was obtained by
using the third axis to select the energy of the scattered neutrons. The setup scheme is
shown in Fig.l. The use of the third axis as a filter resulted in better resolution and
substantial suppression of the background. Figure 2 shows a neutron diffraction
spectrum of a powder sample of hematite (Fe2O3) and Table 1 presents the refined
parameters with the Rietveld code GSAS.3)
Detector (3-He)

Reactor
wall
Pyrolytic
Graphite [002]

Monocromator
Cuflll]

Figure 1. Scheme of the triple-axis spectrometer employed for powder diffraction studies with
the third axis used as a filter for the scattered neutrons.
Another modification was the substitution of the Cu [111] monocromator for a
pyrolytic graphite [004]. The wavelenght of the monocromated neutrons changed from
1.4387 A to 1.1576 A, allowing the observation of more reflections in the same
angular range. The quality of the spectra obtained with these improvements were
useful to determine the positions of the oxygen atoms in the PbZri_xTixO3 (PZT)
compounds,1} permitting the correct assignment of the crystalline structure in cases
where the X-ray diffraction patterns could lead to dubious interpretation.
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This instrument, in the present arrangement, can be employed satisfactorily in cases
where high resolution is not essential.
Hematite
Lambda 1.4387 A, L-S cycle
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Figure 2. Neutron powder diffraction spectrum of Fe2O3.
Table 1. Refined parameters for Fe2O3.

Space group
a

a
atom
Fe
O

Fe
O
Fe
parameters varied
K-wp

Dwd
reduced-^2

R3C
5.4248(10) A
55.267 (6) °
coordinates
x = 0.35532 (21)
x = 0.55597 (99)
thermal parameters
0.0080 (13) A2
0.0080 (17) A2
magnetic moments
4.12 (6) bohr magnetons
18
7.9%
1.77
1.2
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Nuclear Physics and Chemistry Department Computer Network
Mario Olimpio de Menezes

The implementation of the Nuclear Physics and Chemistry Department
network is being done using the Linux Operating System[l,2]. Linux is a clone of the
UNIX operating system that runs on Intel 80386, 80486, Pentium and Pentium Pro
computers. It supports a wide range of software, from TeX to X Windows to the GNU
C/C++ compiler to TCP/IP. It is a versatile, bona fide implementation of UNIX, freely
distributed by the terms of the GNU General Public License.
Because Linux is a free software, no single organization or entity is responsible
for releasing and distributing the software. Therefore, anyone is free to put together
and distribute the Linux software, as long as the restrictions in the GPL are observed.
The upshot of this is that there are many distributions of Linux, available via
anonymous FTP or via mail order. The chosen distribution was Debian/GNU version
1.2. Debian is a highly organized and tested Linux distribution, with a fine upgrade
scheme and a complete set of packages.
The machine we have chosen to set as the server is a Pentium 100MHz PC,
with an Adaptec 1540 SCSI controller, 2.1GB hard disk, IDE/AT API Sony CD-ROM,
32MB of RAM, Diamond Stealth PCI DRAM 2MB video card, 3.5 in. floppy drive, 3
3Com PCI Ethernet cards and a 14 in. color monitor. Figure 1 shows a schematic of
the department's network design.
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J

IPEN network connection
Baitaca Server

Computer room and Radio chemistry (offices)

PC ]

' PC J
&

PC 1

PC ]

PC ]

PC J

Nuclear Physics (offices)

Figure 1 - Schematic of the Nuclear Physics & Chemistry Dept. network

Due to the maximum allowed length of the 10base-2 cable, the local network
was split in two branches, so that a large number of PC could be reached. Each PC on
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the network must have a Internet Protocol (IP) address [3] and because IPEN does not
have IP addresses for each new PC connected to the IPEN network, there are, two
possible solutions for allowing all PC to have an access to Internet. One of the
solutions is to implement a Dynamic IP addressing, that is, the Server will give to a PC
wishing a Internet connection the next IP number from a queue of availables. When the
connection is finished, that IP address returns to the queue. If the queue is empty, no
machines can connect to Internet.
The other solution is to implement an "IP Masquerade" . This feature on a
Linux host allows connected computers, that do not have registered internet IP
addresses, to connect to the internet through Linux box. This allows, a set of machines,
to invisibly access the internet hidden behind a gateway system which appears to be
the only system using the internet. The Internet Assigned Numbers Authority (IANA)
has reserved the following three blocks of the IP address space for private networks:
Class A: 10.0.0.0 - 10.255.255.255
Class B: 172.16.0.0-172.31.255.255
Class C: 192.168.0.0-192.168.255.255
The chosen solution for the department" s network was IP-Masquerade. The
implementation of this feature, using a Class-C range is in its final stage and soon we
will have more computers attached to the IPEN network and internet through our
Linux Server. These computers will be able to share, among other things files, data,
printers, etc., improving their functionality.
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V.A. Maihara, A.T.S. Miguel, M.B.A. Vasconcellos.
"Determinação de elementos traço essenciais em dietas de crianças de idade
pré- escolar".
III Encontro de Aplicações Nucleares, August 7 to 11, 1995, Águas de Lindóia, SP.
C.C.C. Zoppe, M. Saiki, M.B.A. Vasconcellos.
"Uma Revisão de métodos para avaliação do grau de abrasão
dos dentifrícios ".
III Encontro de Aplicações Nucleares, August 7 to 11,1995, Águas de Lindóia, SP.
M. Saiki, P.H. Saldiva.
Trace element determinations in lungs of rats by neutron activation analysis.
Ill Encontro de Aplicações Nucleares, August 7 to 11, 1995, Águas de Lindóia, SP.
S.F. Mateus, M. Saiki
"Determinação de componentes inorgânicos em plástico pelo método de
ativação neutrônica".
III Encontro de Aplicações Nucleares, August 7 to 11, 1995, Águas de Lindóia, SP.
CA. Nogueira, A.M.G. Figueiredo
"Determinação de irídio a níveis de sub-ppb em rochas por ativação
neutrônica".
III Encontro de Aplicações Nucleares, August 7 to 11,1995, Águas de Lindóia, SP.
A.M.G. Figueiredo, LM. Ranieri, A.M.do Espírito Santo, S.P. Morato
"Caracterização de cristais de LÍYF4 dopados com terras raras por ativação
neutrônica".
III Encontro de Aplicações Nucleares, August 7 to 11, 1995, Águas de Lindóia, SP.
J.A. Armelin, C S . Mori, J.C da Silva Filho.
"Determinação de microminerais em fonte s de fósforo fornecidos a animais por
ativação com neutrons ".
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Ill Encontro de Aplicações Nucleares, August 7 to 11,1995, Águas de Lindóia, SP.
G. Ceccantini, A.M. G.Figueiredo, F. Sondag, F. Soubiés
"Biogeoquímica dos elementos-traço (ETR e Ti) em cerrado desenvolvido sobre
o manto de intemperismo das rochas alcalino-carbonatíticas do complexo de
Salitre, MG".
V Congresso Brasileiro de Geoquímica, August 7 to 11, 1995, Niterói, RJ.
H. Jost, A.M. G.Figueiredo, A.V. Ferreira
"Elementos em traço e a proveniência elástica na transição de ambiente
euxênico para turbidítico em metassedimentos do greenstone belt de Guarinos,
GO".
V Congresso Brasileiro de Geoquímica, August 7 to 11, 1995, Niterói, RJ.
O.L. Gonçalez, L.P. Geraldo, M.C. Padilha, R. Semmler, M.S. Dias,
L.A.A. Terremoto.
"Caracterização e calibração do feixe de radiação gama de captura no reator
IEA-R1 ".
XVIII Reunião de Trabalho sobre Física Nuclear no Brasil, September 2 to 6,
1995, Águas de Lindóia, SP.
F.A. Genezini, C.B. Zamboni, S.P. Camargo
"Estudo do decaimento beta dos núcleos de I0IMo e WITc".
XVIII Reunião de Trabalho de Física Nuclear no Brasil, September 2 to 6, 1995,
Águas de Lindóia, SP.
I. M.M.A. Medeiros, C.B. Zamboni, J.A.G. Medeiros
"Espectrscopia gama no núcleo de 72Ga".
XVIII Reunião de Trabalho de Física Nuclear no Brasil, September 2 to 6, 1995,
Águas de Lindóia, SP.
J. Mestnik Filho, A.W. Carbonari, W. Pendi Jr., R.N. Saxena
A study of the Interaction of Hydrogen Atoms with impurities in Transition
Metals.
XIII Simpósio Latino Americano de Física do Estado Sólido, November 5 to 10,
1995, Gramado, RS.
V.A Maihara, M.B.A.Vasconcellos.
"Determinação da ingestão diária dos elementos essenciais Ca, Cl, Co, K, Mn,
Se e Zn em dietas de crianças de idade pré-escolar estimada pela porção em
duplicata".
I. Seminário Integrado da Pós-Graduação e Pesquisa da Universidade de São
Paulo, USP, December 4 and 5, 1995, São Paulo.
D.I.T. Fávaro, V.A. Maihara, M.J.A. Armelin, M.B.A.Vasconcellos, S.M.
Cozzolino.
"Análise de Ca, Fe e Zn por ativação com neutrons em dieta consumida por
estudantes universitários na USP - avaliação do consumo diário".
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I. Seminário Integrado da Pós-Graduação e Pesquisa da Universidade de São
Paulo, USP, December 4 and 5,1995, São Paulo.
M. Uhrmacher, R.N. Attili, K.P. Lieb, K.Winzer, M. Mekata
"PAC-Messungen in 2-dimensionalen frustier en antiferromagneten"
Friihjahrstatung der Deutschen Physikalischen Gesellschaft, March 25-29, 1996,
Regensburg, Germany.
L.J. de Arauz, M. Saiki.
"Análise de elementos traço em cabelos de presidiários pelo método de análise
por ativação com neutrons".
19a Reunião Anual da Sociedade Brasileira de Química (SBQ), May 27 to 30, 1996,
Poços de Caldas, MG.
S. Kramarski, M. Saiki, A. Borelli.
"Estudo da determinação de elementos traço em ossos humanos pelo método de
análise por ativação com neutrons ".
19a Reunião Anual da Sociedade Brasileira de Química (SBQ), May 27 to 30, 1996,
Poços de Caldas, MG.
M.P. deSouza, M.J.A. Armelin, P.E. Cruvinel.
"Aplicação da análise por ativação com neutrons instrumental para
determinação de Vanádio em amostras de solo eforragens".
19a Reunião Anual da Sociedade Brasileira de Química (SBQ), May 27 to 30, 1996,
Poços de Caldas, MG.
E.F. Motta, S.D. de Souza, M.Olzon.Dionysio, A.W. Carbonari
"Caracterização de cerâmicas ferroelétricas pela técnica TDPAC. "
40° Congresso Brasileiro de Cerâmica, July 12 to 15, 1996, Criciúma, SC.
S.P. Camargo, C.B. Zamboni, V.X. Oliveira
Directional correlation in the decay of76As
XIX Reunião de Trabalho de Física Nuclear no Brasil, September 2 to 6, 1996, Águas
de Lindóia, SP.
M. Moralles, K. Balog, T. Beha, P. Janker, H. Leitz, U. Lenz, K.E.G. Löbner, K.
Rudolph, H.G. Thies, T. Winkelmann and P. R. Pascholati
Gamma-ray spectroscopy of 42K and 4iK
XIX Reunião de Trabalho de Física Nuclear no Brasil, September 2 to 6,
1996, Águas de Lindóia, SP.
J. Mestnik Filho, A.W. Carbonari, W. Pendi Jr., R.N. Saxena
"Estudo da interação dos átomos de Hidrogênio com impurezas em metais de
transição "
XIX Encontro Nacional de Física da Matéria Condensada, September 2 to 6,
1996, Águas de Lindóia, SP.
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J. Mestnik Filho, M. Moral les
Estudos do ordenamento dos momentos magnéticos na hematita através da
difração de neutrons
XIX Encontro Nacional de Física da Matéria Condensada, September 2 to 6,
1996, Águas de Lindóia, SP.
W. Pendi Jr., A.W. Carbonari, R.N. Saxena, J. Mestnik Filho, J. Schaf
"Campo hiperfino magnético nas ligas de Heusler CozY1i.xY2KZ ( Y = Ti, V, Nb,
Cr; Z = Al, Sn)"
XIX Encontro Nacional de Física da Matéria Condensada, September 2 to 6,
1996, Águas de Lindóia, SP.
A.W. Carbonari, J. Mestnik Filho, R.N. Saxena
"Investigação de um novo tipo de ferromagetismo fraco pela técnica de
correlação angular perturbada".
XIX Encontro Nacional de Física da Matéria Condensada, September 2 to 6,
1996, Águas de Lindóia, SP.
R.N. Attili, M. Uhrmacher, K.P. Lieb1. M. Mekata, A.W. Carbonari, R.N.
Saxena
"Gradientes de campo elétrico no lllCd em óxidos delafossite ABO2 (A= Ag,
Cu; B = Al, Cr, Fe, In, Nd, Y)".
XIX Encontro Nacional de Física da Matéria Condensada, September 2 to 6,
1996, Águas de Lindóia, SP.
E.F. Motta, S.D. de Souza, M.Olzon. Dionysio, A.W. Carbonari
"Caracterização de cerâmicas tipo PZTpela técnica de correlação angular
perturbada".
XIX Encontro Nacional de Física da Matéria Condensada, September 2 to 6,
1996, Águas de Lindóia, SP.
R.N. Attili, M. Uhrmacher, K.P. Lieb. M. Mekata, K. Winzer
"Frustação de spins no oxido delafossite CuFeÖ2 "
XIX Encontro Nacional de Física da Matéria Condensada, September 2 to 6,
1996, Águas de Lindóia, SP.
O.L Gonález, M.B. de Andrade, L.P. Geraldo, R. Semmler, M.C. Padilha.
"Determinação dos efeitos da distribuição de massa em estudos de reações de
fotofissão para uma amostra de U-233".
XIX Reunião de Trabalho sobre Física Nuclear no Brasil, September 2 to 6,
1996, Águas de Lindóia, SP.
M.A.P.V. Moraes, R. Pugliesi
"Selection y Optimization de Amplificadores Espectrometricos para
Espectrometria gama: Part Il-Linealidad, Tiempo vivo, Software "
VI Congresso Geral de Energia Nuclear, September 27 to October 2, 1996 Rio de
Janeiro.
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V.X. Oliveira, C.B. Zamboni, A.M.G. Figueiredo
"Níveis excitados do núcleo de 139La".
VI Congresso Geral de Energia Nuclear, September 27 to October 2, 1996 Rio
de Janeiro.
M.L.G. Andrade, R. Pugliesi, M.O. de Menezes, M.A.S. Pereira
"Caracterização do conjunto filme-conversor Kodak Min-R para Radiografia
com Neutrons"
VI Congresso Geral de Energia Nuclear, September 27 to October 2, 1996 Rio de
Janeiro.
M.A.P.V. Moraes, R. Pugliesi
Selection and Optimization of Spectrometric Amplifiers for gamma
Spectrometry: Part I-Resolution of System
VI Congresso Geral de Energia Nuclear, September 27 to October 2,1996 Rio de
Janeiro.
F.B. vaz de Oliveira, R. Pugliesi, M.L.G. Andrade, H.G. Riella
"Autoradiografia com Neutrons de Peças cilíndricas de Alumina-Carbeto de
Boro"
VI Congresso Geral de Energia Nuclear, September 27 to October 2, 1996 Rio de
Janeiro.
M.L. Santoro, M.C.C. Sousa, L.R.C. Gonçalves, S.M.A. Santos, I.L.L. Ferreira, M.
Saiki, A. Peres, I.S. Santo-Martins.
Comparison of biological activities of three subspecies ( Crotalus dur issus
terrificus, C. durissus cascavella and C. durissus collilineatus) of the South
American rasttlesnake.
IV Simpósio Sociedade Brasileira de Toxinologia. October , 1996, Recife, PE.
CL. Obregón, V.A. Maihara, R. Baruffaldi
"Verificação da qualidade do processo de fabricação de massas alimentícias e
de suas matérias primas ".
XI Seminário de Pós-Graduação da Faculdade de Ciências Farmacêuticas da
USP, October 14, 1996, São Paulo.
I.I.L. Cunha, R.C.L. Figueira
"Análise de Plutônio-239 em Amostras de Referência".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
janeiro, RJ.
J.R. Berretta, I.I.L. Cunha.
Phosphorus Analysis in Milk by Activation fast Neutrons using Van der Graaf
Accelerator.
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
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I.I.L. Cunha, R. Saito

"Análise de Polônio-210 em Amostras de Referência ".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
janeiro, RJ.
V.A. Maihara, M.B.A. Vasconcellos.
"Determinação dos níveis de ingestão dietética dos elementos arsênio,
antimônio,cádmio, tório, tungstênio e urânio em dietas de crianças pelo método
da porção em duplicata".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
D.I.T. Fávaro, M.B.A. Vasconcellos, A.H. Fostier.
"Determinação de Hg e outros elementos de interesse em amostras de peixes e
plantas da Região Amazônica, por análise por ativação com neutrons.
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
C. Gonçalves, D.I.T. Fávaro, M.B.A. Vasconcellos, S.M.B, de Oliveira.
"Determinação de metais pesados e cutros elementos de interesse em amostras
de solo provenientes da Serra do Navio, Amapá, por ativação com neutrons'1.
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
A.R. Aguiar, M. Saiki.
"Estudo da determinação de elementos traço em unhas pelo método de análise
por ativação com neutrons ".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
S.F. Mateus, M. Saiki, H. Wiebeck , M.A. Soares.
"Análise por ativação de amostras de poliestireno e náilon (concentrado de
cor) granulados.
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
A.M.G.Figueiredo; S.P.Maria; G.Ceccantini
"Determinação de elementos terras raras em plantas por análise por ativação
com neutrons ".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
M.G.M. Catharino, M.B.A.Vasconcellos, G. Paletti, D.I.T. Fávaro.
"Análise de mercúrio em materiais de referência e em amostras de cabelo de
populações da região da Serra do Navio(Estado do Amapá) pelo método
de análise por ativação com neutrons instrumental".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
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L.R.N. da Silva, A.M.G. Figueiredo
"Avaliação do programa VISPECT na análise de espectros de raios gama de
amostras geológicas ativadas com neutrons ".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
M.J.A. Armelin, P.E. Cruvinel, R.M. Piasentin, M.P. Souza.
"Análise por ativação com neutrons aplicada para a determinação simultânea
de minerais em diferentes espécies de forrageira"'.
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
R.P. Paiva, CS. Munita, M.A.F. Pires, M.F. Andrade, F.L.T. Gonçalves, O.
Massambani
"Aplicação da análise por ativação com neutrons instrumental em estudos de
precipitação atmosférica".
VI Congresso Geral de Energia Nuclear, October 27 to November 1, 1996, Rio de
Janeiro, RJ.
F.L.T. Gonçalves, M.F. Andrade, O. Massambani, M.A.F. Pires, C S . Munita,
R.P. Paiva
"Influência das variáveis meteorológicas na composição química da água de
chuva coletada no campus da USP, São Paulo".
IX Congresso Brasileiro de Meteorologia, November 6, 1996, Campos de Jordão, SP.
V.A. Maihara, M.B. Cordeiro, S.M. Cozzolino, M.B.A. Vasconcellos.
"Utilização do método de análise por ativação na avaliação do conteúdo de As,
Ca, Cd, Cl, Co, Cr, Fe, K, Mn, Na, Se e Zn em dietas de idosos
institucionalizados.
IV Congresso Nacional da Sociedade Brasileira de Alimentação e Nutrição,
December 2 to 5, 1996, São Paulo, SP.
L.K.O. Yuyama, J.P.L. Aguiar, K. Yuyama, S.H.M. Macedo, T. Gioia, D.I.T.
Fávaro, C. Afonso, M.B.A. Vasconcellos, S.M.F. Cozzolino.
"Determinação de elementos essenciais e não essenciais na polpa e no palmito
de pupunha (Bactris gasipaes Kunth) da Região Amazônica ".
IV Congresso Nacional da Sociedade Brasileira de Alimentação e Nutrição,
December 2 to 5, 1996, São Paulo, SP.
L.K.O. Yuyama, J.P.L. Aguiar, S.H.M. Macedo, T. Gioia, D.I.T. Fávaro, C
Afonso, M.B.A. Vasconcellos, S.M.F. Cozzolino.
"Determinação dos teores de elementos minerais em alimentos convencionais e
não convencionais da Região Amazônica pela técnica de análise por ativação
com neutrons''.
IV Congresso Nacional da Sociedade Brasileira de Alimentação e Nutrição,
December 2 to 5, 1996, São Paulo, SP.
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R.C.L. Figueira,.I.I.L. Cunha,V.V. Furtado.

"Monitoração de Césio-137 em água do mar, peixes e sedimentos da Costa
torânea Brasileira. "
III Simpósio sobre Oceanografia, Instituto Oceanográfico USP, December 2 to 6,
1996, São Paulo, SP.
S.R.M. Marchesi, I.I.L. Cunha, C.H. Mesquita.
"Análise Compartimentai da Transferênia de Cs-137 da água do mar para o
peixe Abudefduf saxatilis ".
HI Simpósio sobre Oceanografia, Instituto Oceanográfico USP, December 2 to 6,
1996, São Paulo, SP.
V.L. Mazzocchi, C.B.R. Parente, R.M. Leal Neto, P.I. Ferreira
"Determinação da concentração de fases pelo método de Rietveld em uma liga
Nb-Ni-Al obtida por SHS"
12°. Congresso Brasileiro de Engenharia e Ciência dos Materiais, December 8 to
11,1996, Águas de Lindóia, SP.

100

Seminars
A. Seminars given by the staff members
R. N. Saxena
TDPAC studies of magnetic hyperfine fields in the cobalt based Heusler alloys
Nuclear Science Centre, Jawaharlal Nehru University, New Delhi, India
March 18,1996
Ana Maria G. Figueiredo
Current Scientific Researches in Radiochemistry at IPEN / CNEN-SP
CENA/USP, March, 1996.
R.N Saxena
Enhancement in the reasearch reactor utilization: a global perspective
IPEN-CNEN / SP, April 25, 1996
Ana Maria G. Figueiredo
Neutron Activation Analysis Applied to the Determination of Trace Elements in
Rocks and Minerals.
Instituto de Geociencias da USP, October, 1996.
B. Seminars given in the department by Visiting Scientists
R. Paterson (University of Galsgow)
Current research on ceramic membranes in Glasgow University
April 6, 1995
Peter Bode (University of Delft)
Quality and acreditation of chemical laboratories
May 23,1996
Alberto Lopez Garcia (University of La Plata)
PAC studies ofperovkites PZT
June 27, 1996
Milena Horvat (Marine Environment Laboratory Monaco)
Mercury analysis ans speciation.
Analytical quality assurance in meercury related studies-IAEA's analytical
quality control service.
Mercury contamination in the Mediterranean.
Mercury in Idrija (Slovenia) the second largest uranium mine.
October 9-11,1996
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Academic Activities
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Courses offered by the department
A. Post graduate courses
R. N. Saxena
CTN-727 "Tópicos Avançados em Química Nuclear" - IPEN
L. P. Geraldo
CTN-748 "Tópicos Especiais em Fissão Nuclear" - IPEN
R. Pugliesi
CTN-729 "Neutrons Lentos. Aplicação na Tecnologia Nuclear e na Análise de
Materiais" -WEN
Casimiro S. Munita
CTN-726 "Substoichiometira e Diluição Isotopica em Analise Radiochemica" - IPEN
Marina B.A. Vasconcellos and Mitiko Saiki
QFL-766 " Radioquimica e Analise por Ativação Neutronica" - IQ-USP
Ana Maria G. Figueiredo
CTN-752 " Fundamentos de Tecnologia Nuclear" - IPEN
Déborah LT. Fávaro and leda LL. Cunha
CTN-717 " A Extração com Solvente aplicada à Química dos Produtos de Fissão"
IPEN

B. Special course
Summer School Jorge Andre Świeca - VII Session of the Experimental Nuclear
Physics organised by the Department
Period: February 5-16, 1996
Location: IPEN/CNEN-SP
Paricipants: 20 Graduate students from various universities and research institutions
participated in this course. Each student participated in at least two of the following
experiments under the supervision of the research staff members and some graduate
students working in the department.
• Quadrupole interaction of181Ta in hafnium metal and hafnium oxide.
• Powder difraction with neutrons utilizing the method ofRietveld.
• Determination of the multipolar admixture of gamma transitions from
gamma-gamma angular correlation measurements.
• Study of photoneutron production reaction in the nuclei 232Th and U.
• Application of the neutron radiography technique for the analyses of the
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materials.
• Neutron Activation Analysis Applied to Environmental Samples.
• Phosphorus Activation by 14 MeV Neutrons Using Van de Graaf
Accelerator.
• Measurement of neutron fluence in the 1EA-R1 reactor using foil activation
technique and a 4n$y coincidence system.

Scientific visits, training and expert missions
I.M. Yamazaki
Department of Chemistry, University of Glasgow,
Glasgow, UK
August, 1995 to December, 1996 (Doctoral programme)
A.W. Carbonari
Hyperfine Interaction Laboratory
Institut fur Strahlen-und Kernphysik ISKP, University of Bonn, Germany
September 1 to 9,1995
R.N. Saxena
Pelletron Acelerator Laboratory
Nuclear Science Centre
Jawaharlal Nehru University, New Delhi, India, March 18, 1996
R. Pugliesi
General Electric Nuclear Research Center
California, USA October 21, 1996
Aerotest Operations, San Ramon
California, USA, October 22, 1996
Phoenix Memorial Laboratory
University of Michigan, USA, October 24 to November 2, 1996
R.P. Paiva
Regional Workshop on Applications of the k-sub-zero Method and other Parametric
Methods in Neutron Activation Analysis.
Lima, Peru, March 13-24, 1995.
sponsored by International Atomic Energy Agency
D.I.T Favaro
"Curso Regional de Capacitacion sobre el uso de Tecnicas Isotopicas en la Nutricion
Humana ".
Lima, Peru, June 24 to July 12, 1996.
sponsored by International Atomic Energy Agency
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C.S.Munita
IAEA expert mission in Nuclear Techniques for Environmental Control
Lima, Peru, October 19 to November 2,1996
Gerson Paletti
IAEA fellowship for training in atomic absorption spectroscopy
Jozef Stefan Institute .Ljubljana, Slovenia, September 15 to December 15, 1996
Mitiko Saiki
JICA felloship for trace element analysis
Radiochemistry research laboratoty, Sizuoka University, Japan.
October 2 to December 20, 1996

Research grants
Characterization of New Materials Utilizing the Neutron Difraction technique.
responsible: V. L. Mazzocchi
CNPq, 1994-1996
Determination of the Geomineralorgical parameters based on the mineralogical and
texture characteristics of the Iron ore from the " Quadrildtero Ferrifero".
responsible: C. A. Rosiere (UFMG) and C. B. R. Parente
FINEP, 1994-1996
Hyperfine Interaction Studies Using the Technique of Perturbed Gamma-gamma
Angular Correlation
responsible: R. N. Saxena
FAPESP, 1994-1995
Preparation and Characterization of a New Generation of Improved Track Etched
Membranes for Microfiltration and Ultrafiltration
responsible: R. Paterson and L. P. Geraldo
European Economic Community, 1994-1997
Modification of the Ventilation and the Air-conditioning Systems in the Experimetal
Hall of the IEA-R1 reactor
responsible: L. P. Geraldo
FAPESP, 1995
Nuclear Structure Study with Gamma Spectroscopy
responsible: C. B. Zamboni
FAPESP, 1996-1997
Development of the Neutron Radiography Technique
Responsible: R. Pugliesi
Centro Tecnico Aeroespacial- CTA, 1994-1996
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Hyperfine Interaction Studies Using the Technique of Perturbed Gamma-gamma
Angular Correlation
responsible: A. W. Carbonari
FAPESP, 1996-1998
Modernization of the Infrastructure of the Sample Preparation Laboratory of the
Nuclear Physics Division
responsible: L. P. Geraldo
FAPESP, 1996-1997
Structural Characterization of Advanced Ceramics Using Neutron Diffractometer
Developed by Instituto de Pesquisas Energeticas e Nucleares (IPEN)
responsible: C. B. R. Parente
AIEA, 1995 -1996
Acquisition and Installation of Multi-user Equipments for the Development of
Research Activities in the Field of Neutron Activation Analysis.
responsible: Marina B.A. Vasconcellos
FAPESP, 1996 - 1997
Evaluation of the Content of Essencial and Toxic Trace Elements in Diets of the
Population of the City of Sao Paulo by Neutron Activation Analysis.
responsible: Marina B.A. Vasconcellos
CNPq, 1994-1996
Determination of Total Mercury and Methyl-mercury in Human Head by
Radiochemical Methods of Analysis.
responsible: Marina B.A. Vasconcellos
IAEA, 1990-1995
Bioavailability of Minerals in Brazilian Diets and Evaluation of the Nutritional Status
of Populational Groups in Relation to Zn and Se.
responsible: Silvia M.F. Cozzolino (FCF/USP-SP) and Vera A. Maihara
CNPq, 1995-1996
Study of the Cycle of Mercury in the Ecosystem of the Amazon Region: Evaluation of
the Impact of Gold Extraction.
responsible: Adolfo Jose Melfi (IAG-USP) and Ana Maria G. Figueiredo
PADCTII/CIAMB, 1994 -1996
Aplication of Neutron Activation Analysis to the Determination of Metals and Other
Elements of Interest in Sediments of the Sepetiba Bay, Rio de Janeiro.
responsible: Ana Maria G. Figueiredo
FAPESP, 1996-1997
Determination of Inorganic Elements andAnions in Rainwater from Sao Paulo.
responsible: Rosemeire Petrauskas Paiva
IAEA, 1991-1996
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Characterization of Brazilian Prehistoric Ceramics.
responsible: Casimiro S. Munita
IAEA, 1996
Rare Earths: Separation, Purification, New Coumpounds, Properities and
Applications.
responsible: Geraldo Vicentini (IQ-USP) and Ana Maria G. Figueiredo
FINEP, 1991-1996
Improvements in the Facilities ofNUPEGELfor Geochemical and Mineralogical
Studies.
responsible: Sonia Maria Barros de Oliveira (IG-USP, NUPEGEL-USP) and Ana
Maria G. Figueiredo
PADCT, 1995
Geochemistry, Origin and Evolution of Archean Metassediments from the Region of
Crixds, Goids.
responsible: Hardy Jost (IG-UnB) and Ana Maria G. Figueiredo
CNPq, 1994 -1996
40

Ar/9Ar Methodology and Paleomagnetism Applied to the Geodynamic Evolution of
the Occidental Gonduana Continent.
responsible: Koji Kawashita (IG-USP) and Ana Maria G. Figueiredo
FAPESP, 1994-1996
Development of Radiochemical Methods for Measuring Artificial Radionuclides in
the Environment.
responsible: Ieda I.L. Cunha
IAEA, 1994 -1996

Scientific collaborations
Instituo do Cora? ao- INCOR
Instituto de Estudos Avanc,ados - CTA
Institute de Fisica da USP
Instituto de Fisica da UNICAMP
Instituto de Fisica da UFBa
Instituto de Geociencias da USP
Instituto de Geociencias da UFMG
Instituto de Geociencias da UFRGS
Instituto de Quimica da USP
University of Glasgow
Instituto Oceanografico da USP
Instituto de Biociencias da USP
CETESB - Sao Paulo
Instituto de Pesquisas Espaciais INPE - S.J. dos Campos
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Faculdade de Medicina da USP
Instituto Astronômico e Geofísico da USP
Instituto Adolfo Lutz
Instituto de Geociências da USP
Centro de Energia Nuclear na Agricultura (CENA) - Piracicaba
Escola Superior de Agricultura Luiz de Queiroz (ESALQ) - Piracicaba
Instituto Butantã
Instituto de Geociências da UFRGS
Centro Brasileiro de Pesquisas Físicas - Rio de Janeiro
Anakol Indústria e Comércio Ltda
Colgate Palmolive Ltda
Clínica Guilherme Paulo Deucher
EMBRAPA
BRASTEMP
Faculdade de Odontologia de Ribeirão Preto - USP
Faculdade de Ciências Farmacêuticas de Ribeirão Preto
Departamento de Nutrição Experimental da Faculdade de Ciências Farmacêuticas da
USP
Coordenadoria de Saúde e Assistência Social da USP (COSEAS)
ByK Química
Josef Stefan Institute - Ljubljana, Eslovênia
Prefeitura do Município de São Paulo
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Routine Services offered by the department
A. Neutron radiography
During the period 1995-1996 approximately 600 objects were neutron radiographed
as a part of routine service for non destructive analysis of materials. The objects
examined included pyrotechnic components like explosive bands, igniters, and
initiators which are used in satalite launching vehicle and safty systems like pilot
ejection system in the air planes. Several neutron radiographs were also taken for the
artificial heart to examine the integrity of the rubber diaphragm. The services were
offered to EMBRAER, INCOR, and Centro Tecnico Aeroepacial(CTA).
B. Neutron Activation Analysis
During the period 1995-1996, about 200 samples were analyzed by neutron
activation, as a part of service offered to various Departments of IPEN, other
Institutes of CNEN and to external clients.
Many different kinds of neutron activation analyses were carried out, for example
determination of rare-earths, uranium and thorium in geological samples, impurities in
latex films, magnesium in zirconium oxide, impurities in gems like topaz and
amethyst, trace elements in hair, impurities in Pt-Ir wires, cobalt in BaLiF3 and
several others.
Besides neutron activation analysis, the determination of dentifrice abrasivity was
also performed as a part of the service, when requested by industries which produce
dentifrices.
C. Neutron transmutation doping of silicon
A contract for the routine and commercial production of NTD silicon was signed
between IPEN and Shin-Etsu Handotai Co. Ltd. a Japanese maufacturer of float-zone
silicon single crystals in 1996. The irradiation of silicon with neutrons in the IEA R-l
reactor was resumed in the month of November, 1996. Estimated capacity of the
silicon irradiation for 4" diameter crystals in our reactor is about 600kg per year. A
project to install a rig in the reactor capable of irradiating 5" diameter silicon crystals
has been initiated and it is expected to increase the irradiation capacity to about
1000kg per year.
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A. Research staff
Ana Maria G. Figueiredo
Artur W. Carbonari
Carlos B.R. Parente
Casimiro J.S. Munita
Cibele B. Zamboni
Deborah LT. Fävaro
leda I.L. Cunha
lone M. Yamazaki
José Mestnik Filho
Luiz P. Geraldo
Maria José A. Armelin
Marina B.A. Vasconcellos
Mário O. de Menezes
Maurício Moralles
Mitiko Saiki
Rajendra N. Saxena
Renato Semmler
Reynaldo Pugliesi
Ricardo Marcelo Piasentin
Rosemeire Petrauskas Paiva
Vera Akiko Maihara
Vera Lúcia Mazzzocchi
B. Technicians
Edson Rodrigues Alves
Gerson Paletti
Regina Beck Ticianelli
Roberto M. Schoueri
Rose Mary Marques Pinheiro (on leave of abscence)
C. Secretaries
Ineide N. da S.F. Andrade
Irene de Cássia dos Santos
Marcos Cardoso da Silva
D. Visiting Scientists
Dr. R. Paterson
Dept. of Chemistry
University of Glasgow, UK

April 4-14,1995
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Dr. John J. Hefferren
Center for Biomedical Research
University of Kansas, USA,
August 11-25,1995
Dr. Milena Horvat
Marine Environment Laboratory
(IAEA-MEL) - Monaco,
October 7-11, 1996.
Dr.Peter Bode
Interfaculty research institute
University of Delft, Holland,

May 23-25,1996

Dr. Alberto Lopez Garcia
University of La Plata, Argentina, June 27-28, 1996
Graduate Students
Scholarship

Ph.D.
Jose A.G. de Medeiros
Mario O. de Menezes
Meire de C. Padilha
Odair L. Gonzalez
Renato Semmler
Roberta N.A. Franzin
Sonia P. de Camargo
Willi PendlJr.
Rubens C.L. Figueira
Kdtia R. Ferrari
Magda M. Pinto

1995 - CNPq
Staff member
1992/96 - CNPq
1994 - RHAE
Staff member
1992/96-FAPESP/CNPq
1993 - CNPq
1990/96 - CNPq
1995 - CNPQ
1996 - CNPQ
1996 - CNPQ

M.Sc.
Astrogildo de C. Junqueira
Ilca M. Amaral
Jose A.G. Medeiros
Marco A.S. Pereira
Sabrina Metairon
Carla C.C. Zoppe
Luiz Roberto N. da Silva
Roberto Saito
Cristina Gone, alves
Claudia R.P. Morcelli
Daniela M.B. Coccaro
Sandra Fonseca Matheus
Sandra Marchese

1996 - CNPq
1993 - CNPq
1991/95 - CNPq
1995 - CNPq
1994 - CNPq
1994 - CNPQ
1993 - CNPQ
1994 - CNPQ
1995 - CNPQ
1996 - CNPQ
1996 - CNPQ
1994-CNPQ
1994-CTMSP
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Carla M. Teruya
Gerson Paletti

1996 - CNPQ
Staff member

Undergraduate Students
Astrogildo de C. Junqueira
Frederico A. Genezini
Marcelo B. de Ändrade
Marcos L.G. de Ändrade
Maria de F. Ferreira Neto
Vânia Xavier de Oliveira
Marflia G.M. Catharino
Sila Kramarski
Luciana J. de Arauz
Carlos N.M. Junior
Marcos Paulo de Souza
Amilton R. Aguiar
Sheila P. Maria

1995/96 - CNPq
1994/96 - CNPq
1994 - CNPq
1992/96 - CNPq
1996 - CNPq
1994 - CNPq
1994 - CNPQ
1994-CNPQ
1994-CNPQ
1996-CNPQ
1995 - CNPQ
1994-CNPQ
1996 - FAPESP

Student Trainees
lara M.C. Camargo
Claudia A. Nascimento
Fâbio Pellegatti
Adriana V. Ferreira

1995 - RHAE/CNPQ
1994 - RHAE/CNPQ
1996 - RHAE/CNPQ
1995 - RHAE/CNPQ
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