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Resumo. Neste trabalho é examinada a viabilidade do uso da técnica de regis_ 
tros de traços de fissão para investigar a concentração de uranio natural 
em petróleo. A aplicação desta técnica ao petróleo é descrita e discutida 
de modo crítico. Os resultados obtidos até agora indicam que as concentra
ções de uranio em amostras de petróleo brasileiro estão dentro do limite 
de detecção da técnica dos traços de fissão. 

Abstract. The feasibility of the fission track registration technique to 
investigate the natural uranium concentration in petroleum is examined. The 
application of this technique to petroleum is briefly described and discussed 
critically. The results obtained thus*0far indicate uranium concentrations in 
samples of Brazilian petroleum which are over the detection limit of the 
fission track technique. 

INTRODUCTION 

The main objetive of this work is to apply the fission track regi¿ 
tration technique to investigate the natural uranium concentration in 
samples of brazilian petroleum. By doing so, it is provided the basic 
technical information to establish the feasibility to use the fission 
track registration technique for a potential future uranium impact 
assessment due to the exploration, refining, combustion and other 
uses of petroleum and its derivatives. 

The fission track registration technique has already been used 
to determine the uranium concentration is several media, as for 
example, rocks(D, biological materialsW, sediments0)f S M 

waterW, and even petroleum^). The uranium content of some oil 
field brines were reported to be about 200 ppb(*), therefore well 
over the detection limits of the fission track technique (~ 2 ppb). 

tPresented at the American Nuclear Society, American Chemical Society 
Topical Conference on Atomic and Nuclear Methods in Fossil Energy 
Research. Mayaguez, Puerto Rico December 1-4, 1980. 
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More recent reports^'"'' indicate uranium-concentrations in crude 
oils and petroleum associated materials, like retort water''), within 
levels which are easily detectable by fission track registration 
technique. 

In the present work petroleum samples in natural and solution 
forms were irradiated by thermal neutrons and subsequently the 
fission tracks were registered and counted. 

THE FISSION TRACK REGISTRATION TECHNIQUE 

The flowchart of the main steps to determine the uranium con
centration in a petroleum sample by applying the fission track 
technique is shown in Fig. 1. The flowchart of Fig. 1 should be 
regarded as a simplification of the following subsequent procedu
res: (i) sample collection; (ii) sample preparation; (iii) sample 
irradiation; (iv) etching the detectors; and (v) track counting. 

Sample Collection 

The petroleira samples used in the present work were provided 
by Petrobrás S.A. from stored petroleum extracted from oil fields 
located in Ceará and Campos. The samples were not acidified upon 
collection, so it is likely that ionic change with the internal 
surfaces of the storage container might have caused a reduction 
in the uranium concentration in the petroleum samples along the 
storage time. Quantitative results of uranium concentrations in 
petroleum by fission track registration technique may be more 
accurate when it is possible to acidify the petroleum samples 
immediately after collection, and to reduce the time between 
collection and analysis. 

Sample Preparation 

The petroleum samples can be irradiated by a neutron flux 
without any requirements other than to immerse the Makrofol poly
carbonate KG, lOvim thickness detector film in the liquid sample. 
However, when a light fraction is present in the sample, degasifi-
cation becomes necessary before irradiation. An alternative way to 
treat the petroleum samples is to prepare a solution for neutron 
irradiation, according to the following steps: 
1. an aliquot of 45g is taken from the petroleum sample and dried 

in a sand bath; 
2. the dried sample is put in an oven for about 10 hours with the 

temperature being slowly raised up to 800°C; 
3. once constant weight is attained, a mixture of nitric acid 

(HNO3) plus hydrochloric acid(HCL) 1:3 is added to dissolve the 
Ashes; 

4. the solution is then transferred to a teflon beacker and attacked 
chemically with fluoridric acid (HF); 
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S. after drying again, the sample is dissolved in HNO3 (1:10), and 
the solution obtained is ready for irradiation together with the 
Makrofol detector mounted in a lucite frame. 

Sample Irradiation 

The neutron sources used to cause' fission in uranium atoms 
present in the petroleum samples irradiated were the Argonauta 
Research Reactor at the Instituto de Engenharia Nuclear (IEN), Rio 
de Janeiro, with a thermal flux of 1.2*10- n/cm2.sec, and the IEA-R1 
reactor at the Instituto de Pesquisas Energéticas e Nucleares {(IPEN), 
São Paulo, with a neutron flux of 7.2x1o1 2 n/an2.sec. The IEN Re
search Reactor is used for samples containing uranium concentrations 
higher than 1 ppm, while the IPEN Reactor has to be used for samples 
containing uranium concentrations at the ppb level. 

Polystyrene cylindrical containers with 50 ml volume capacity 
were used to hold the petroleum samples and the Makrofol detectors 
inside the reactor during irradiation. This arrangement was used 
in order to have a large contact area between the detector and 
the sample, and to achieve a geometry of easy reproduction^'. 

When the Makrofol detector is exposed to a solution containing 
uranium and subsequently to a neutron flux, there will occur fission 
of uranium atoms. The number of fissions can then be registered in 
the detector as fission tracks. 

The fission track density can be related to the uranium conceit 
tration in the solution through the following equation: 

DT - K SjiA C o f
 (A)* t (1) 

where: DT is the fission track density (cm-2); H is the Avogrado's 
number; A is the atomic mass of 2 3 5U(g); IA is the percentual natural 
isotopic abundance of 2 3 5U (0.72Z); of(A) ¿ 8 tj,e microscopic cross 
^section for fission of 2 3 5U for thermal neutrons (cm2); $ is the 
flux of thermal neutrons (n.cm"2.sec"3); t is the irradiation time 
(sec); C is the uranium concentration in the solution (g/cm3); and 
K is a coefficient which expresses the total efficiency for detec
tion (en). 

The irradiations were performed by using fluxes with predomi
nance of thermal neutrons, which have a fission cross-section for 
2 3 5U #qual to 579 barns. However, since the neutron fluxes were not 
composed exclusively of thermal neutrons, fissions from fast neu
trons should also be taken into account for 2 3 8U and 2 3 2Th. 

The 2 3 8U contribution to the total number of fissions is small 
because 2 3 8U is fissionable only for neutrons with energy higher 
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than 1.4 MeV and even so with a fission cross-section of about 
0.56 barns, lhe 232Th microscopic fission cross-section for neu
trons with energy higher than 1.2 MeV is 0.078 barns. Therefore, 
unless great amounts of thorium are present in the sample, as it 
in the case for some thorium rich minerals, the 232Th contribution 
to the number of fission tracks produced can be neglected for 
convenient irradiation conditions. 

Each petroleum sample was irradiated simultaneously with a 
known standard uranvim solution made of uranyl nitrate, 
U02(N03>2 6 H2O. The- standard solutions were used for calibration. 
Fig. 2 shows a calibration curve for an irradiation made with a 
thermal neutron flux of 1.2xl09 n.cm"2.sec-1 by using petroleum cor. 
taminated with known amounts of uranium in the order of ppm. This 
was done to check the experimental procedures against the possi
bility of the existence of neutron poisons, like boron and vana
dium, in petroleum at levels high enough to interfere with the 
uranium determination by fission track technique. 

Etching the detectors 

Petroleum remains attached to the Makrofol film detector. 
ás a consequence, it becomes necessary to clean the detector with 
a "petroleum-ether" solution, which is a mixture of n-hexane -
CH3(CH2)4CH3 - plus n-heptane - CH3(CH2>5CH3 - before attacking 
the detectors with chemical reagents. The detectors were etched 
by a 242 solution of potassium hidroxide (WW) at 60°C for 12 
minutest10). The main parameters to be controlled when etching 
the detectors are time, temperature and the chemical properties 
of the processing reagentsl*"'. 

Track counting 

An automatic discharge chamber was used for counting the 
fission tracks according to the technique developed by Cross and 
TommasinoC11). The working voltage was 600 volts applied across 
an individual counting area of 2.54 cm2. Each detector provided six 
exposed areas for counting in the automatic discharge chamber. 

BSULTS AND DISCUSSION 

Table 1 presents the minimum uranium concentrations of the 
petroleum samples analysed so far* 
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Table 1. Minimum uranium concentrations in two samples of brazilian 
petroleum. 

Origin Characteristics U(ppb) 

Campos light * 23+1* 

Ceará heavy 42±2* 

* Statistical error only. 

These rather limited results indicate that the fission track 
registration technique can be successfully applied to the determi
nation of the uranium content of petroleum. 

The petroleum sample from the Lagoa Feia formation in Campos 
had a light fraction and needed to undergo a length degasification 
procedure, indicated in Fig. 1» before being irradiated. This was 
done to avoid significant gas expansion during irradiation which 
might cause the colapse of the polystyrene cylindrical container 
inside the reactor. 

A calibration curve obtained by irradiating uranium standards 
made of uranyl nitrate was obtained for each irradiation to elimi
nate the effects of any uncontrolled variations in the neutron 
flux, + , and the irradiation time, t, used in equation (1) to cal
culate the fission track density, DT. This procedure is advanta
geous in which enables one to irradiate the samples without a careful 
monitoring of the neutron flux and the irradiation time. 

The results presented in Table 1 appear as minimum values 
because the petroleum samples were not acidified immediately after 
collection and the time elapsed between collection and analysis 
was not known. However, for the purposes of this work that was not 
very important, since the minimum value determined was about ten-
times higher than the lower limit of detection for the technique. 
Therefore, the fission track registration technique can be used 
to determine uranium concentrations in petroleum down to levels 
of about 10 ppb (i.e., > A times the lower detection limit). 

Although the feasibility of using the fission track registra
tion technique to determine uranium concentrations in petroleum 
samples has been demonstrated, further research is still needed to 
apply routinely the technique for this purpose. 
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Fig. 1. Flowchart of the steps to be undertaken to apply the fission 
track registration technique to deteraine uranium concentra^ 
tion of petroleum. 
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Fig. 2. Calibration curve of contaminated petroleum with known amounts of uranium, 


