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DETERMINATION OF THE 2353} CONTENT IN ENRICHED SAMPLES
BY THE FISSION TRACK REGISTRATION TECHNIQUE

O Y Matra®* M F Cosar L P Geralde
E M Tanaka and C Henner

ABSTRACT

The contant of 2510 in anniched sarnpled wid oetermined uaing the sold state regRtOn Techmgus with
ﬁgomuuc courting  Liramium saluticne vt dilueed mitrie acsd heve basp wrediated uging the tharmalhesd neutrone of a
Cf source  Enrichmants sround 0% can be meesursd wath 3% praciman

1= INTRODUCTION

This paper daals with an wvestigation of the content of }¥L in enriched samples using the
solhd state registration technigue

The remstration of fission fragments i insulating materials'4? sueh as mica glass and certain
synthetir plasuecs (Makrofol Lexan etc} has baen used duning the last ter years for @ number of
applications 1n nucleat technology!® 7)

In our laboratory the fissian track method has been developed for the anatysis of P3fL
content by trradiabing samples of uranium with the thermabzed neutrons of & 25 Cf sourcel’? The
uranium was i solution form with Makeafol strips immersed 0 1t {wet mathod){&?

Tha same techrugue descnbed 1n this paper can also be applied for analyas of uranumoan sea
water ard also for the deterrmation of the fissile material centent in salutions ncluding highly
radicactive fuel reprocessing wastes without resorting to chemical separstion of the fission products or
any other purification

2 — EXPEAIMERTAL PROCEDURE

The method 15 based on the principie that only 22U 15 fissionsble with thermal neutrans so (f
a standard uranrurm sample with known igotopic abundance and a sermple whose enrichment we want to
know are trrachated wrth thermal nautrons 1t 15 postible to cafculate the 2?2 *U content of the latter by
comparing the total number of fission tracks registerad in a Mekrofol foll The Makrofol 18 much more
sensive 1o the damage produced by the fission fragmants than to any other radatien So there s no
background radation 10 be considerad

The total number of tracks registersd T 1s proporbonal to the nember of fissile atams {0 this
casg praporticnal to ** L) atome sincs the neutrons are thermalizedl to the fisson cross section 0, to
tha therma! flux ¢ ard to the sradiation time t
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The praporticnely constant & i3 wentrfied a1 the absolute track reqistration efficiency in the
solution 1if the geometrical conditions are mantained in the tradiathons

Consequently = {7/T ML, /Cl ¢, where T and T, are the treck densities of the sampls and
standamd £ and C, are tha concentration of uranium (n the sample and in the standard and e, 15 the
enrichment of the standard

The uranum solutiorns (in diluted nitnic 2cd] have bean irradiated i cylindricai lucite boxes
Bp=5%cm A=5%cm} with the Makrofol strips of 18 cm x 25 cm angd 10 um immaerssd 1n them

The neutrons used were provided by a 362 g souree of **2CF and were thermalized with water
(figura 11 The thermal flux at the best wradiation poston previcusly determined  was measured with
goid foils and was found to be 2 0x 10* nfom?* s The cadmium ratio measured for natural uranium
was about § The fest fissions of Y% produced by non thermalized neutrons have been eliminated by
making irradiationz with and wrthout & cxdmium forl of 1 mm thickness

A

Figurs 1 — Expersments! arrangemant of 25 2CF gource used for the pradiation
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Tha sradiation tirme was about 1 h and the concantration of tha salutione was chosan in order
to get conven|ent statistics for tha number of tracks The rradiation time with the cadmium cover was
ahout 4 h

Aftar the irradabon the Makeofol strips were rinsed wath water and diluted niteic acid for a
fow munutes and etched in KDH {35%] At the Leqi ming the teriperature of tha stohing sclutons wes
BO°C and the etching tme was 20 mun As it was difficult to maintain the temperature of the eching
bath!®! with variations less than D4°C the reproducibility of data cbtained with the same etching
condiians was around 2% For this reason we have charged the etching bath temperature to room
temparaturs 2nd the tme to 24h In all the results a confidence level of 95% was used for the
calculation of the vanances

The ptching solution was sticred all the time for uniformity of the attack The Makrofol was
then dried and scannad

The total numbar of tracks was counted in Bn automatre discharge chamberi2! (ritally 1300 ¥
were apphed in order to get 2l the holes in the Makrofel passed through Then a count 10 a scaler was
made applying 550 W 1in a predetermined area (2 54 cm® ) [0 figure 2 we can ses the hales produced 10 a
mylar foil where 1t can be sman that the affect of spurious discharges can be neglected For scanning
conditicns 3 reproducibibty around 0 2% was found

Figure 2 — Holes produced i a mylar fail after the discharge w the irradiated Makrofol
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3 — RESULTS AND DISCUSSION

In ordsr ta check the sffects of saif sbsarption i the solution when the urgnlum concentreton
changes we have performed saveral rradiations with cifferant concentrations of natural uranium
relutions in diduted mitrnic acid The concentrations changed from 1 mgdml o X ma/ml This rangs was
wincted bacause the snnched solutions had concamtratiors more or s n TRt irberval The rreduadon
time has changed from ¥ minta 1 h

The track density obtaned was piotwed agairst uramum concentration and the deta have been
satistically treatedi8) in order to draw tha best straight ling through the dwta pointsy (shown in flgure 3)

We have found v the literatural® a discuscion sbout the non proportionality betwsan track
dersinies and thavmal mautron fluence when urany| acetate solution 13 used The explenstion gvan was
tha formatlon of radipcollold and pegudo radiocollod  which menifests alf 0 s selid state track
detector 8t a closter

In our case using uranyl nitrate and meimtaiming the pH constant duning all the radutions &t e
vilus of 14 {tha radlacollord formation iz vary dependant on the solution pHI we have not tedn By
cluster after scanning saveral fails of Makrofol under tha microscaope

Morwovar tha straight line ebtained (figurs 3) alto shows that thare s good Iineanty whoen the
uranyl nitrate 15 used Sevarsl rradiations with the sam# yranium solution heve besn parfarmed and the
repraducibliity obtained wis 1 5%

Uranrim solutions with concentrations from 1 to 40 mp/ml and known 3770 content {from
0 4% o 19 $8%) hava been 1raciated 10 order to obiain 3 calbration curve

The results obtained for tha several ennichments are shown in figure 4

Only the 0 4% 3396% and 19 98% enrichment samples hava cartficates of the 275U content
The others have besn prepsred mming the enriched solutions with narral uramum solutions Of course
the clibration curve 15 affected by the precision of the standards used and & better one can be ocbtsined
depending on the standard sclutons

Using this calibretion curve the semples can have the enrichment detarmined with a precision of
2 7 6% for snrichrments between 20% and 2% For better results at low anrichments another calibration
curve must be made

The errors are dus 1o yarxus opersborns such s walghing during the preparstion of the
solutions, reproducibility of the ireediation condittons cormechon for fast fiwornd Bt statisticel
Huctuations [n tha number of tracks massy red

When the uranum 15 rradiated as & solution the fissile atoms will be uniformly distributed
giving & unform treck density that will reduce the scanning firme since 1t 15 not nacessary to scan the
whole Makrofol ol

As Makrofol doss not contain any uranium the interferance of s background 15 sliminated and
the technique described can be used svan for extremely low uremum concentrations Thes can be an
important fact whan controlbng the manufacturing of fual slements because Just o small amount of
material has to be used for tests Of coursa for very low congentrationa the irradiation time will inGrease
and » stronger source of neutrons will be needed

The 2*2Cf spurce 15 much more convement than 2 reactor for this kund of measurement
bocause the power fluctuations n a reactor will be 2 signifcant source of erior ta be corrected
However for axtremely low concentrations of uranium the reactor augth to be used
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Figure 3 — Varmstion of track dansity number of trecks per umit erea, {per rradmtion time} with natural
uranium concentration The errors shown in the sxpenimental pomts are the statistical onm



T
Track danaity

1 I
VARIATION OF TRACK DENSITY WiTH

PERCENT ENRICHMENT 1

' v
/

a - Qa+o,3
b= 223+0 03
T =g+ bE

V4
10 s Exparimamial reaulte
4 = AdJugied nircight ilne
0 B (1] IB 20

E %

Figura 4 — Varatron of track densrty |(numbar of wacks per unit area per uranmium solution
concentration] with percent ennchiment The errers shown in the expearimental poants are
tha statishical ones plys the erors in the concentratton of the wlutom



ACKNOWLEDOMENTS

The authors are indebted to Pref F W Lima from the Radiochemustry Departmant for
providing the 2 Cf source and for helpful suggestions

The authors would alsa ke to tank Pref T D 5 Santos from the Nuclear Metaliurgy
Departmant for providing the urariuom and Prof 1 Goldemberg fram the Institute of Physics of
Urivarsity of S8o Paulo for many helpful discussions

RESUMD

0 conteuds de 235U am amastras de urame srmquecedo Fon detdrrmneda usando B & thonea o reguestro de
tages da fragmenioy O frsfo com coniagem putomsice Solughes de nitrsto de urenilo fersm rradimcied com
nbutrons tarmalizects provin entey de ums fonte de © 72 Cf Enciquaciméfitod 4m torno de Z0% podem ser muedides com
precisia da 2%
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