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A PROCEDURE FOR THE DETERMINATION OF URANIUM QN CELLULOSE A ~ ~ - ~ ~ ~ ~ ~ I ~ ~  

S PECTRQMETRY 

W .  J. McDowell @. N. Case 

A f3 STR ACT 

A procedure is described f o r  o ~ t ~ i n ~ ~ ~  from cellulose 
air-sampling f i l t e r s  the total  uranium content whether i t  
be i n  the form o f  metal, oxide, tetrafluoride or most other 
s a l t s  o f  uranium. I t  i s  demonstrated that. the uranium 
content can be accurately assayed by 1 ~ w - t e ~ p e r a ~ ~ ~ ~  
ashing o f  the filter paper, d i s s o l v i n g  the ash i n  a mixed 
nit rate-sulfate  system, extracting the uranium selectively 
in to  a s c i n t i l l a t o r  containing a ~ ~ ~ ~ ~ o ? ~ ~ ~ ~ ~ ~ - w e i ~ h t  
amine sulfate ,  and counting the extract u s i n g  a 
Photon41 ectron-Rejecting41 pha-Li quid-Scintil Bation 
( PEKALS)  spect roinete r. 

The f i l t e r  gaper (up t o  2 in diam.)  is folded and placed i n  a 16 mm 

x 60 mm (2 dram) screw-cap borosil icate glass v i a l .  The ~~n~~~~~~ v i a l  i s  

p laced  i n  a muffle furnace a t  500OC. T h i s  temperature ‘is just be1ob.s the 

annealing temperature o f  borosil icate glass .  Fifty such v i a l s  can easily 

be placed in a i r e  rack and i n t o  the fu rnace as a u n i t ,  A f t e r  a period 

very minute amount o f  residual ash, 

The v i a l s  are  removed f rom t h e  furnace,  cooled untll just  ‘wam t o ,  

t h e  touch, and the following reagents are placed i n  each va’a’l: con- 

centrated n i t r i c  acid 2 t o  6 drops, sufficient t o  wet a l l  of t 

three drops o f  30% hydrogen p e r o x i  e; and one drop o f  a saturated solu- 

t ion a f  aluminum sulfate ,  A f t e r  these reagent additions, %he vials w e  



p laced S n  a h e a t i n g  d e v i c e  t o ,  f i r s t ,  a i d  i n  d i s s o l v i n g  t h e  ash arid, 

s~i-cri-sd, t o  drive o f f  t h e  n i t r i c  a c i d  (P,,P, 19O'C) .  [he l a t t e r  i s  impor- 

t a n t  s i n c e  the p r~sence  3 f  n i t r a t e  i n t e r f e r e s  w i t h  the  t 7 x t r a c t i o n  o f  u r a -  

n i u m  i n t o  t h e  amirie s u l f a t e  s c i n t i l l a t o r .  A m u f f l e  furnace s e t  a t  200'C 

s ~ r v e s  ~ 9 1 1  f o r  t h i s  purpose biAt prolonged  exposure t o  n i t r i c  a c i d  fumes 

m y  itaaage such a fu;;lacg; t h e r e f o r e ,  c o n s t r u c t f  on o f  an open-tapped f u r -  

nace o r  i i m t e r  f o r  t h i s  step w i t h  r a d i a n t  heat f rom t h e  b o t t ~ i i i  snd  s ides  

(and p o s g i b l y  f rom i n f r a r e d  lamps nvsr t h e  t o p )  i s  recommnndcd. 

Commerci a1 l y  a v a i  1 a b l e  d e v i c e s  may a1 so be s u i t a b l e .  

When a l l  t h e  l i q u i d  has been w a p o r a t e d  f9-om the  v i a l s  and t i i t? r e s i -  

dllc i s  q u i t e  d:-y ( a f t e r  a p e ~ j o d  o f  30 mi0 t o  1 h r ) ,  t h e  v i a l s  a r e  

r e m v e d  f r o m  t h e  soui-ce o f  heat and a l i c n e d  t o  cool s l i g h t l y .  Two iiiLs o f  

a s o l u t i o n  1.0 - N i n  sodium s u l f a t e  and (2.01 - M i n  s u l f u r i c  a c i d  i s  added 

t o  each v i a l .  

p o l y e t h y 1  m e  i nsef-t,  i n v e r t e d  seve ra l  t i m s  each, arid observed t o  be sure 

l h a i  a l l  o f  the s o l i d  m a t e r i a l  i s  i n  s o l u t i o n .  S l i g h t  warming o f  t h e  

v i a l  t o  a f f e c t  s o l u t i o n  may be necessary i n  some c a w s .  

'T"rse v i a l s  a r e  capped With a screiis cap w i t h  a c o n i c a l  

A f t e r  a l l  o f  t h e  s o l i d s  arc d i s s o l v e d ,  a measured q u a n t i t y  o f  the 

e x t r a c t i v e  s c i n l i l l a t o r  (1.2 t o  2,O m L )  i s  added t o  t he  v i a ? .  )he 

e x t r a c t i v e  s c i g t i l l a t o r  i s  coritpounded as  follows. 

D i s s n l v c  95 g o f  m o l e c u l a r l y  d i s t i l l e d  "Adogcn 364'' (o r  other-. s i m i -  

1 a r  branched l e t - t i  ary mi ne) i n 630 nL o f  A i  s t i  11 ed-i n - g l  ass t o 1  uene and 

c o n t a c t  t h i s  so1utScii-i w i t h  100 m l  o f  0.9 t o  1.0 N l-I2SO4 by shaking f o r  2 

t o  5 m;n i n  a separsrttsry fmnne . io t h e  e q u i l i b r a t e d  and separated 

o r y a n i c  phase add 180 t o  I90 g o f  s c i n t i l l a t i o n  g r a d e  naphthalene and 4.0 

grams of PBB0 L2-(4'-Diphenyly -6-phenylbenzaazole3. 

- 

Make t h i s  t o  a 1 1. 
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volume and s t i r  f o r  several hours. F i l te r  the s o l u t i o n  through coarse 

f i l t e r  paper t o  remove any undissolved PBRO and s t o r e  in brown b o t t l e  

bottle covered w i t h  aluminum fo i l .  A ~ ~ ~ o u ~ ~  the sc in t i l l a to r  is not  

l igh t  sensit ive i t  doeis develop a l ight yellow calor when 

exposed t o  room l ight  ~ ~ n t ~ ~ ~ ~ ~ ~ s ~ ~  over a period o f  months. 

Recap the vial w i t h  the p ~ l y ~ t h * y ~ ~ ~ e  l i n e d  cap and e y u i l i  

hases hy repeated inversion for  2 t o  3 minutes. 

After the two phases have cleanly separated, pipette 1 

organic phase i n t o  a 18 75 mm culture t u b e  and spargc f a r  1 ~ n i n  w i t31  a 

dry, oxygcrn-free g a s  t o  remove dissolved oxygen. A dispssable,  %inch 

Pasteur pipette i s  used as a sparging lance, 

and placed in a PERALS detector, These e u i  1 i b ra t1  on sasnpl i n 

ing, and placing-in-detector steps are i l lustrated i n  F i g -  1 except that, 

in the i l lus t ra t ion  a small separatory  funnel i s  used as the equilibra- 

t ion vessel i n  place o f  a vial .  ~ o ~ ~ ~ ~ ~ a ~ ~ ~ n  $ p a r g i n g  w i t h  an 

~ ~ y ~ ~ ~ - ~ r e ~  roves energy resolution and beta gam a r e j e c t i o n  by 

pulse-shape discrimination but may not  be necessary i f  the best energy 

and pulse shape resolution are  n o t  needed, 

detector i s  shown i n  Fig .  2, and a complet~" ~ e s ~ r ~ ~ ~ ~ ~ n  i s  given i n  

e f ,  1. Figure 3 shows a conceptual arrangement that. warild allow 

The Sam l e  i s  then corked 

A ~~~~~~r~~~ o f  t 

e n a t i o n  o f  several samples ~ ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l . ~ ~  Figure 4 shows 

a typical spectrum of 234U obta ined  i n  this procedure, 

samples i n  t h i s  set from Y-1.2 a i r  sarnp'ilers, t h e  a lpha from 23% was pre- 

d m t  nant. 

visible  in a logarithrnjc display.  

I n  a41 the 

%me 1 ower-energy contributions from 23% and 23% are a% so 
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I 

F i g .  1. The equilibration, saii-rpling, and deoxygenation steps i n  
the  p r e p a r a t i o n  o f  a sample f o r  good energy r e s o l u t i o n  and beta-gamma 
pul  se-shape r e j e c t i o n  by the PERALS spectrometer.  
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As i n  any r a d i o w t r i c  d c t e r m i n a t i o i i ,  count ing  t i m e  i o  o b t a i n  

coilntinq s t a t i s t i c s  o f  t h r  t-cqui red accuracy appeai-5 T,o b r  t h e  sample- 

-tht.ough?uli-1imit ing s tpp ;  thus, i L  i s  expected t h a l  Fnr l a r g e  numbers o f  

saiiples, mu1 L ip19 coun te rs  mi i l t5p lexed i n t o  one or m r c  mu1 t i cha t i r le l  

acaly7si-s w i l l  bc necessary i f  more t h a n  about 30 samples o f   SO:?^ a c t i v i t y  

a r c  t o  be counted i n  a 2% hoiir per-ind. 

h ighe r -co i i n t  s a t e  sample5 ~ ~ o u l d ~  of course, improve sample throi ighput 

capah j  1 i ty. 

Laer accuracy requi rements and 

2. RESULTS AND D I S C U S S I O N  

The accurzcy o f  i iranii irn d e t e r m i n a t i o r l  by t h i s  method i s  l i m i t e d  both 

ine d i  sso- - 
by t h e  chei~i i  ca’8 inai-ci; pu l  a t  i ofrc and by L l w  ccun2 i ng accuracy. 

l u t i o n  o f  s tan32rd  U3O8 and UFq by t h e  pr-wrdure was s h o w  t o  be rgi~an- 

titative arid reproducible w f t h i i i  CnirntSng s t d t i s 9  its, Count jng accuracy 

i s ,  o f  course, dependent an t h e  t o t a l  count  c o l l e c t e d  w i t h  t h e  s tandard  

d w i a t i o n  o f  t he  C O I J ~ ~ ,  c j ,  be ing  t h ~  sqtrai-e r o ~ t  o f  t h e  count, 

background i n  t h i s  coun t ing  method i s  very smal l  ( o f  t h e  order o f  

0-03  cpm) t h e  u n c e r t a i n t y  o f  thhe background i s  i io t  c o n s i d ~ r e d .  

t o t a l  count5 o f  P 0 , O O O  t h e  s tandard  r lw-iat ion i s  1.0% of t h e  recorded 

value. Counting i s  nearly 100% e f f i c i ’ e n t .  A lpha p a r t i c l e s  c o l l i d i n g  

w i t h  t h e  wall o f  t h e  sample v e s s ~ l  i n s t e a d  n f  i n t e r a c t i n g  w i t h  the s c i n -  

t i l l a t o r  i f r2  --O.32%* t i- ius actlmal c o m l i n g  e f f i c i e n c y  i s  99.58% as de ter -  

mined by coun t ing  6 al’quots o f  a NBS U308 standai-d.1 

Since t h e  

With 

I n  t h i s  i n w s t i g a t i o n  a7c a t tempt  w s  made t o  mmsure the  

r e p r o d u c i b i l i t y  o f  t h e  r ~ : - x v ~ r y  o f  uraniisill f rom f i l t e r  paper by p i p e t t i n g  

50 n i i c r o l i t e s .  samples o f  a s t i r r : i d  s t ~ s g c m i s n  o f  f i n e l y  d i v i d e d  U3O8 on to  
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541 cm diameter filters, drying them, and ca r ry ing  them ~~~~~~~~ the proce- 

dure outlirled, From a se% n f  f i v e  samples, a standard ~~~~i~~~~~ Prom the 

mean o f  1.5 % was obtained, Since e x t r a c t i o n  caefficients f o r  ~~~~~~~~~ 

from 1 - M sulfate, 0,Q1 I M sulfuric x i i d  a r e  between several hundred and 

one tu two thousand,  measurable losses of ~~~~~~~~ i n  t h i s  step ape no t  

expected, 

i n  this ~ ~ o ~ ~ ~ ~ ~ e ~  

Pi p e t t i n g  errors a r e  probably a;he 1 a rges t  m w r s  encoirntesed 

An i ndependent compari soti of material b a l  ances o b t a f  ned i n  seine twa- 

phase uranilrrn ex t rac t i nn  exper inents  by f l u o r i ~ t r ~ c - a n a l y s i %  and PERA1.S- 

analysis may be seen in Table 1. The fluorimetric analyses averiiged over 

20% lower than the liquid scintillation analyses, arid the d a t a  

more scattered. 

Table 1. C ~ ~ p a r i ~ ~ ~  af material balances on t o-phase liquid-liquid 
equilibrations by fluorimetric and ~~~~~~ analys is  

0.9 78 
0.822 
0,628 
0.458 
0,329 
0.205 
0.157 
0.098 

0.106 
0.121 
a, 124 
0,127 
0,141 
Q. 151  
0,145 
I). 174 

Q a  8 I18 
0.714 
Q, 587 
0*42  
0,364 
0.282 

I159 
” 119 

0 923 
Q. 102 
Q, 1.18 
0,11 
0,126 
0,153 
0,182 
0,209 
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h a l y s e s  o f  28 r i l t c r s  f rom ais- <aarnpIers s u p p l i ~ d  b~ Y - I ?  a r e  skow~ 

i n  Table 2. Ihe sampJw W C C  prepared f o r  coun t ing  on P E W  C as o u t l i n e d  

abovp i n  Sec t i on  1. PROCEDURE. ihcy had p r e v i o u s l y  beon countrd by t h e  

s tandard d i r e c t  coun t ing  r i t i c  s u l f i d e  mekhod used a t  Y-17, and these 

values are  inc luded f u r  comparison. \ h e  v279es o b t h i n r d  f f n m  PERAl S 

spectrometry average 36% h ighs r  t h a n  thoqe obt i i r ied  by d i  i x t  

s u l f i d e  ro t i n t i ng  i n d i c a t i 0 9  t h a t ,  a t  least. f o r  these samples, the paper 

f a c t o r  l o s s  used i n  c o r r e c t i n g  the d i r e c t  ~ o ~ n t i n g  r e s u l t  i s  t o o  low. I n  

d i r e c t  count ing ,  alpha counts r a n  be easily l o q t  by dePp embedding 12f the  

particulate i n  t he  f i l t e r  paper  o r  by %he p i - ~ s m c e  o f  large urar;ium or  

o x i d e  or- s a l t  p a r t i c u l a t p s  frmi which a l p h a  p a r t i c l e s  would n o t  c s c a p ~  

i f  tile decay ~ w 2  in t h e  i n t e r i o r  o f  t h e  p a r t i c u l a l e .  k c u r a t p  c o r i - x -  

t i i r n  o f  d i r e c t  c c u a t i r i g  o f  f i l t e r s  t o  trim ui-ac:um con ten t  w u l d  he 

i m p o s s i b l e  wfthozrt a prl'or- knol.1edge o f  pa i - t i ' c l c  s i z p  d i s t i - i b i i t i o i i  am1 

d e p t h  of par t i cu l5 t e  embedment f n  t .1 - i~  f i l t e r .  I t  i s  k n o w  t h a t  p a r t i c l e s  

o f  a lpha ~ m a ' t t i n g  m a t e r i a l  l a r g e r  than  15 microns i n  diametcs s u f f c r  from 

s e l f  a b s o r p t i o n  s f  a l p h a  r a d i a t i o n . *  

- 

The p r i ~ c e d u ~  u s i n g  PERALS spec t ronet ry  i s  recoiniifendect as a iwthud 

o f  countinq a i r  samples f i l t e r s  fur- alplad a c t i v i t y .  Radon daughters are 

n o t  a problem s i n c e  be ta  even ts  i n  t he  decay cha in  a re  r ~ j e r t e b  by PERWLS 

pu l  se-shape d i s c r i m i n a t i o n ,  and alpha e v m t s  can be s e p a r t t e d  by ecergj 

d i f f e r e n c e s  ( o t h e r  s i g n i f i c a n t  a lpha  decay branches i n  t h e  w r i e s  have 

energ ies  > 6.0 MeV). Sample p r e p z r a t i a n  i s  re lat ively s imp le  and m y  be 

pre fer red  t o  t h a t  o f  the f l uo rescence  t echn iqw (sow used as the standard 
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Tab% e 2. ~~~~a~~ son o f  a i  r-sampl e f i  1 t e rs  
c016llted on p la t e  and by PEKWLS 

16625 

7 409 1 
5054 
2213 
3105 
1788 
2023 

16731 
5205 

39615 
4337 

2689.6 

2 191 
3225 

12655 
32913 

IC3562 
3.3086 
3018 

5340 
2716 

23845 
4982 
1792 

83432 
7 258 
2379 
5 
5 
3767 

36793 
10649 
laO(st37 

71926 
33213 

5877 
~~~~~ 

4179 
1763 
3813 

13757 
3622 

27229 
18224 
84 7 0  
4013 
5946 
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r o u t i n e  assay method. Altl-roiigh t h e  a d d i t i o n a l  sample preparat ion steps 

may be considered prohibitive as regards time and cost compared t o  direct  

cssj,qCLiny o f  the f i l t e r  papers, t h e  use o f  the PERALS method should 

scP-8oi31isly bcz considesed as thc  method a g a i n s t  which d i r e c t  coun t ing  i s  

calibrated. [he accuracy and r s : i ab i l  i t y  o f  this counting melhad i s  

d o c i m c t e d  i n  refei-encc 1. 

- 

- 
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