
SSOLU 
FOR IRRADIATED THORIUM 

- - -  8 - 
\.q:-;,: , i:j,::-..- 1 .5' . : -. - 

G. A. Huff et al 

MASTER 

July 14, 1961 
- 

AND ANALYTICAL PROGRAM 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



PRICE & 
Available from the 

Office of Technical Services 
U. S. Department of Commerce 

Washington 25, D. C. 

I LEGAL NOTICE 

I This report was prepand ar an account of Government sponrored work. Neither the United 
St*, nor the Commirrion, nor any pvaon a& on b+a& of the C o d r i o n :  

A. Malta any warranty or repratntation, express or implied, with rt~pect to the accuracy, 
compIetencbsZ or usefulnqr of the ittfotmation contained in this report, or tbat the use of any 
idormarion, apparatus, method, or proeess disclosed in this report may not infriage privately 
owned rights; or 

I B. Aummes any liabilities with rerpea to the use of, or for drumpa resulting from the use 
uT m 7  ;nfdrmahod, npprmma, uuthd, WF prw~ss r(i~c1med in $hit report. 

As wed in the above, ''person acting on behalf of the Commission" includes any employee or 
contractor of the Commission, or. empl&ee of web contractor, to the extent that such employee 
or contractor of the Copmission, or employee of such contractor prepare, disseminates, or 
provides acccaa to, any information punuant to his employment or contract with the C o d o n ,  
or his emp10ymc.m with such contmtor. 

printed in USA 



IDAHO CHEMICAL PROCESSING PLANT 

, 

IDO-14557 
Research and Development Report 

Chemistry 
TID-4500, Ed. 16 

R .  C .  Shank, Superv isor ,  Ana ly t i ca l  Chemistry Sec t ion  

REMOTE DISSOLIJTION ELND ANALYTICAL PROGRAM 
FOR IRRADIATED THORIUbl 

G .  A. Huff,  I .  L. Doggett, 
R .  D.  F l e t c h e r ,  and M. E. Jacobson 

PHILLIPS 
PETROLEUM 
COMPANY 

w 
Atomic Energy Division 

Controct AT ( 10-1  ) - 2 0 5  

Idaho Operations Office 
U .  S .  A T O M I C  E N E R G Y  C O M M I S S I O N  



REMOTE DISSOLUTION AND ANALYTICAL PROGRAM 
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G .  A. Huff,  I. L. Doggett, 
R .  D. F l e t c h e r ,  and M. E. Jacobson 

A B S T R A C T  - - - - - - - -  

A remote d i s s o l u t i o n  and a n a l y t i c a l  program f o r  i r r a d i a t e d  thorium 
i s  given. The aluminum jacke t  on t h e  s l u g  w a s  d i s so lved  wi th  6~ n i t r i c  
a c i d  and 0.005M mercuric n i t r a t e .  A f t e r  a water  wash t h e  thorium d i s -  
s o l u t i o n  was acdomplished wi th  concent ra ted  n i t r i c  a c i d  made 0 . 0 4 ~  i n  

' hydro f luo r i c  ac id .  Weighing, dis .solving,  and sampling w a s  done remotely 
i n  t h e  m u l t i c u r i e  c e l l  a t  t h e  Idaho Chemical Process ing  P lan t .  Handling 
techniques  f o r  weighing and d i s so lv ing  t h e  s l u g s  a r e  descr ibed.  Trans-  
f e r r i n g  and sampling appara tus  a s  w e l l  as sampling techniques f o r  t h e  
d i s so lved  m a t e r i a l  a r e  d iscussed .  Ana ly t i ca l  d a t a  obta ined  a r e  t abu la t ed .  
Abs t r ac t s  of a n a l y t i c a l  methods f o r  uranium concent ra t ion  and i so tope  
r a t i o ,  aluminum, thorium, cesium, and cerium a r e  given. 

Work done under Cont rac t  ~ ~ ( 1 0 - 1 ) - 2 0 5  t o  t h e  U. S. Atomic Energy 
Commission. 
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REMOTE DISSOLUTION AND ANALYTICAL PROGRAM 
FOR IRRADIATED THORIUM 

G. A,  Huff,  I. L. Doggett ,  
R .  D. F l e t c h e r ,  and M. E. Jacobson 

INTRODUCTION 

The Ana ly t i ca l  Sec t ion  w a s  reques ted  by  t h e  Reactor  Physics  Research 
Group t o  ana lyze  s i x  i r r a d i a t e d  thorium s l u g s  f o r  uranium concen t r a t ion  
and i so tope  r a t i o ,  aluminum, thorium, cesium-137, and Zr-95. It w a s  
determined from cool ing  t ime of t h e  s l u g s  t h a t  Zr-95 would not  be p re sen t  
i n  s u f f i c i e n t  quan t i t y  t o  d e t e c t ;  t h e r e f o r e ,  cerium-144 w a s  s u b s t i t u t e d  
i n  i t s  p lace .  It i s  t h e  purpose o f t h i s  r e p o r t  t o  desc r ibe  t h e  remote 
d i s s o l u t i o n ,  sample p repa ra t ion ,  and t h e  a n a l y t i c a l  methods used t o  
determine t h e  var ious  c o n s t i t u e n t s  reques ted .  

The mul t i cu r i e  c e l l  descr ibed  by F l e t c h e r  and Slansky(2)  was used 
t o  d i s s o l v e  and prepare  t h e  s l u g s  f o r  a n a l y s i s .  The c e l l  p rovides  f i v e  
f e e t  of s h i e l d i n g  composed of b a r y t e s .  concre te  and viewing windows of 
3.2 d e n s i t y  laminated g l a s s .  Manipulations w i t h i n  t h e  c e l l  a r e  made 
wi th  a p a i r  of Argonne Model 8 master s l a v e  manipulators .  

REMOTE HANDLING PROCEDURE 

Descr ip t ion  of Elements and Di s so lu t ion  Procedure 

The s l u g s  were 6.5 inches  x  1.43inches O.D. thorium c y l i n d e r s  c l a d  
with0.034 inches of aluminum, each weighing about 1730 grams. These 
s l u g s  had been i r r a d i a t e d  from 1 t o  24 cyc le s  i n  t h e  Mate r i a l s  Tes t ing  
Reactor  and were es t imated  t o  con ta in  from 1 t o  7 grams of uranium-233. 
The s l u g s  toge the r  measured 100 m r  /hr.  through 2 f e e t  of  water  and 1 
f o o t  of air .  As r epor t ed  by PaigeTti7 e t  a l .  t h e  aluminum j acke t s  of t h e  
s l u g s  were d i s so lved  i n  a  s o l u t i o n  of 6~  n i t r i c  a c i d  and O.OO5M mercuric 
n i t r a t e  : The s lugs  were r i n s e d  f r e e  of-aluminum and t h e  thorium w a s  
d i s so lved  wi th  concent ra ted  n i t r i c  a c i d  made 0.04M - i n  hydro f luo r i c  ac id .  

P 

Descr ip t ion  of  Apparatus -Disso lu t ion ,  D i lu t ion ,  and Sampling 

The appara tus  used f o r  d i s s o l u t i o n ,  d i l u t i o n ,  mixing, and. sampling 
i s  shown i n  F igures  1, 2,  and 3. F igure  1 shows t h e  f ace  of  t h e  
m u l t i c u r i e  c e l l  with suppor t ing  appara tus .  Reagents were g r a v i t y  f e d  
from r e s e r v o i r s  on a p la t form behind t h e  c e l l  through reagent  l i n e s  (A).  
Reagent a d d i t i o n  was c o n t r o l l e d  by valves (B) .  Samples were drawn with 
a  syr inge.  Tubing ( c )  f o r  t h e  sampling system c o n s i s t  of air  l i n e s  f o r  
t h e  b o t t l e  l i f t  and a l i n e  t o  t h e  syr inge .  Variaco were used t o  c o n t r o l  
temperature of ho t  p l a t e s  i n  t h e  c e l l .  Cooling water f o r  t h e  condensers 
was c o n t r o l l e d  from a valve ( D )  , and w a s  r e tu rned  through t h e  c e l l  w a l l  
a t  p o r t  ( E ) .  The water w a s  t hen  discharged t o  a d r a i n  (F) .  A mechanical 
vacuum pump wa,s used t o  o b t a i n  vacuum f o r  t h e  t r a n s f e r  system w i t h i n  t h e  c e l l .  



An aluminum baske t  was devised  t o  con ta in  each s l u g  f o r  remotely 
lowering i n t o  t h e  d i s s o l v e r s .  Each baske t  was cons t ruc ted  from 2 . 1  grams 
of 9% pure aluminum wire.  The s l u g s  and wire  baske t  a r e  shown i n  F igure  
2. Also shown i n  F igure  2  i s  t h e  Tors ion  ba lance  which w a s  used t o  weigh 
each s lug .  Af t e r  t h e  weighings were complete, t h e  ba lance  and weights  
were covered t o  p r o t e c t  them from f u r t h e r  contamination. 

D i s so lu t ion ,  d i l u t i o n ,  mixing, and sampling was accomplished wi th  
t h e  appara tus  shown i n  F igure  3. The t h r e e  d i s s o l v e r s  ( G )  were 12.5 
l i t e r  Pyrex f l a s k s  f i t t e d  wi th  Tef lon  s toppe r s  and water condensers.  The 
condensers were a t t ached  t o  t h e  p l a n t  o f f -gas  system. The o f f -gas  could 
be va r i ed  from 2-20 inches  of water .  I n  a d d i t i o n  t o  t h e  d i s s o l v e r s ,  s i x  
more 12.5 l i t e r  f l a s k s  (H)  were used as d i l u t i o n  and/or ho ld ing  ves se l s .  
S t a i n l e s s  s t e e l  pans were used a s  secondary con ta ine r s  f o r  a l l  12.5 l i t e r  
f l a s k s .  Small ho t  p l a t e s  were used t o  supply h e a t  f o r  t h e  d i s s o l v e r s .  A 
t r a n s f e r  system ( I )  was devised  us ing  c o n t r o l l e d  vacuum t o  t r a n s f e r  so lu-  
t i o n s  from v e s s e l  t o  vesse l .  Th i s  system w a s  f e d  through a t r a p  (J )  i n  
o rde r  t o  prevent  r a d i o a c t i v e  s o l u t i o n  be ing  t r a n s f e r r e d  ou t s ide  t h e  c e l l .  

The f i r s t  t h r e e  aluminum jacket  d i s s o l u t i o n s  were made us ing  18 
inches  of water  off-gas.  T h i s  off-gas reduced t h e  volume of d i s s o l v e r  
s o l u t i o n  t o o  r a p i d l y ,  so  ensuing d i s s o l u t i o n s  were made wi th  t h e  of f -gas  
reduced t o  3  inches.  The aluminum j acke t s  were d i s so lved  us ing  965 w a t t s  
h e a t  and incrementa l ly  adding 6M HNO O.OO5M Hg (100, 150, 250, 500, 3 - 1000, 1000 m l .  ) u n t i l  a to ta l .  o f  3 l l t e r s  had-been added. Each a d d i t i o n a l  
increment w a s  added a f t e r  t h e  i n i t i a l  v igo ro i .~ .~  r e a c t i o n ,  which gave o f f  
copious brown fumes;had subsided. About 15  minutes were r equ i r ed  f o r  
t h i s  r e a c t i o n  t o  subside.  The jacke t  d i s s o l u t i o n  w a s  complete i n  3-4 
hours  l eav ing  a da rk  co lored  cylinder: The aluminum s o l u t i o n s  were t r a n s -  
f e r r e d  t o  hold ing  f l a s k s  wi th  s e v e r a l  water  r i n s e s .  The removal of t h e  
aluminum from t h e  d i s s o l v e r  was necessary because HF a c i d  was used i n  t h e  
thorium d i s s o l u t i o n  s t e p .  

The thorium w a s  d i s so lved  i n  5  l i t e r s  of  concent ra ted  HNO - 0.04M 
3 HI?. Thi s  a c i d  w a s  added i n  approximately 1 l i t e r  increments over a 

of 5  hours  a t  965 w a t t s  hea t .  The h e a t  w a s  t hen  turned  up t o  1250 w a t t s  
and l e f t  over n ight .  An a d d i t i o n a l  1 l i t e r  of a c i d  was then  added t o  
complete t h e  d i s s o l u t i o n .  The thorium d i s s o l u t i o n  t ime w a s  about 30 hours .  
These d i s s o l u t i o n s  were t h e n  t r a n s f e r r e d  t o  t h e  v e s s e l s  conta in ing  t h e  
aluminum s o l u t i o n s .  I n  t h e  thorium s o l u t i o n  t r a n s f e r ,  a s l u r r y  .in t h e  
bottom of t h e  d i s s o l v e r  v e s s e l  was encountered which proved d i f f i c u l t  t o  
t r a n s f e r .  Numerous 100-200 m l .  water r i n s e s  achieved t h i s  t r a n s f e r .  The 
s o l u t i o n  i n  t h e  d i l u t i o n  v e s s e l  w a s  t hen  d i l u t e d  t o  volume, mixed wi th  
mechanical s t i r r e r  ( K ) ,  and allowed t o  s t and  over n igh t  t o  cool .  The so lu -  
t i o n  w a s  aga in  d i l u t e d  t o  volume, s t i r r e d  f o r  15  minutes wi th  a mechanical 
s t i r r e r ,  and t h e  t,emperature noted,  A l l  s i g n i f i c a n t  s o l i d s  d i s so lved  on 
d i l u t i o n  and s t i r r i n g .  

The second s e t  of t h r e e  s l u g s  were handled i n  t h e  same manner 
as t h e  f i r s t  wi th  one modif icat ion.  The aluminum s o l u t i o n  was t r a n s f e r r e d  
t o  a  ho ld ing  vessel '  and he ld  u n t i l  t h e  thorium d i s s o l u t i o n  w a s  complete. 
It w a s  then  t r a n s f e r r e d  back t o  t h e  d i s s o l v e r .  'This e l imina ted  t r a n s -  
f e r r i n g  t h c  thorium s o l u t i o n  and i t s  s l u r r y .  



A l l  s i x  f i n a l  d i l u t i o n s  were sampled from t o p  and bottom. Samples 
were taken with a suct ion  type sampler ( L ) .  The sampler 's t i p  was f i t t e d  
with two hypodermic needles of d i f f e r e n t  lengths t h a t  punch through the  
neoprene cap on t h e  sample b o t t l e .  The long t i p  was connected t o  a tube 
which was lowered i n t o  t h e  so lu t ion  t o  be sampled. The o ther  t i p  was con- 
nected with tubing through a -I;r'ap t o  a 50 m l .  hand syringe on t h e  outs ide  
of the  c e l l .  The sampler was cleaned a f t e r  each sample with water and 
d r i e d  with acetone. Homogeneity i n  t h e  d i l u t i o n  f l a s k s  was checked by . 

uranium ana lys i s  on top  and bottom samples from t h e  f i r s t  th ree  d i s so lu -  
t i o n s .  Homogeneity was checked on t h e  second t h r e e  d i s so lu t ions  by 
analyzing top  and bottom samples from each container  'for a c i d i t y  and 
s p e c i f i c  g rav i ty .  The d a t a  shown i n  Table I ind ica tes  homogeneity of 
each d i l u t i o n  and good sampling technique from each container .  

TABLE I. HOMOGENEITY TEST DATA 

Container I Container I1 Container I11 

Uranium, mg . / m l  . Uranium, mg . / m l  . Uranium, mg . / m l  . 
TOP 
Bottom 

Container IV Container V Container V I  * 

Acid, - N Sp.Gr.* Acid, N Sp.Gr.* Acid, - N Sp.Gr.* 

TOP 5.04 1.406 6.68 1.449 -5.38 1.415 
Bottom 5.08 1.406 6.72 1.449 5.40 1.415 

*Sp. G r  , measured a t  25'~. 

ANALYTICAL METHODS 

Uranium Concentration and I s o t o ~ e  Rat io  

Uranium concentrat ion and i so top ic  r a t i o s  were determined by the  
iootopic d an uiass 6pecLrumetric method. This technique was p r  

f u r  h r developed f o r  uranium by Duffy and Tingey 
and Goris and Tingey. This  method requ i res  a uranium spike and a 
prel iminary l iqu id - l iqu id  solvent.  ex t rac t ion  separa t ion  i n  order  t o  ob ta in  
a sample which can be handled i n  the  mass laboratory.  I n  order  t o  s e l e c t  
t h e  type of spike t o . b e  used, the  ma te r i a l  was checked f o r  i so top ic  r a t i o .  
It was determined t h a t  uranium-238 was not present  i n  s u f f i c i e n t  quanti-  
t i e s  t o  i n t e r f e r  consequently, normal uranium was chosen f o r  the  spike 
mater ia l .  P a i g e ? ~ )  e t  a l .  demonstrated t h a t  moderate amounts of thorium 
could be to le ra ted ;  the re fo re ,  a s ing le  hexone ex t rac t ion  followed by 
a luminumni t ra te  sc rubswas  used. Theuraniumwas p r e c i p i t a t e d  f r o m t h e  , 

hexone a s  the  peroxide and washed with water.  After  prepara t ion  t h e  
samples were t r a n s f e r r e d  t o  the  mass laboratory.  



Thorium and Aluminum 

The e hod used to determine thorium and aluminum was developed by 
Y amamur a. The method requires measuring thorium and total thorium- 
aluminum. Perchloric acid fuming is required to volatilize traces of 
fluoride introduced during slug dissolution. Thorium is separated from 
aluminum by hexone extraction using saturated lithium nitrate as a salt- 
ing agent. Thorium is water stripped from the hexone. Thorium or thorium- 
aluminum total is determined by adding a measured excess of EIYTA to the 
sample and titrating this excess with thorium to an alizarine red S end 
point. Aluminum is obtained by difzerence. 

Cesium-137 and cerium-144 

Nuclides of cesium and ckrium were chemically separated. These 
separations were scanned on the multi-channel analyzer and disintegration 
ratios were calculated. Yield determinations were made in each separatio ?s ) The method of cesium-137 separation was adapted-to these samples by Olson . 
It involves a precipitation of cesium perchlorate. The precipitate is 
dissolved and iron scavenged for additional decontamination. The cesium 
is again precipitated as the perchlorate for counting. 

( 5 )  The method used to determine cerium-144 was developed by Marsh . 
It involves an oxidation of cerium(111) to (IV) with divalent silver. The 
cerium is extracted into nitroethane as the tetrapropylammonium nitrate . 
complex. Cerium is then stripped from the organic with peroxide. Addition- 
al decontamination is achieved by precipitating cerium as the oxalate. 

The data obtained from this' work are shown in Tables I1 and 111. 



TABLE: 11. MATERIAL BALANCE SUMMARY 

Uranium- Uranium- Uranium- I n i t i a l  Weight Material  
Slug Aluminum, gms. Thorium, gms. Uranium, gms. 233, % 234., % 235, '$ 3f Slug, gms. Balance, gms. 

1 TOP 72.8E 1663.5 0.31 95 0 ---- 5 1736.1 1736.7 
~ t r n  7 1 . 5 ~  1660.5 0.31 95 0 ---- 5 1732.3 

2 TOP 7 0 . 6 ~ '  1632.1 1.50 99.42 0.56 0.01 1731 3 1704.2 
~ t m  73.36 1632.1 1.38 99.46 0.54 ---- 1706.8 

3 Top 73.77 1658.3 2.51 99.33 0.58 0.04 1737.3 1734.6 
~ t m  69.37 1655.4 2.51 99.28 0.68 0.03 1727 3 

I FD  TOP 72.83 1648.4 3.65 99-08 0.91 0.01 1729.0 / 1724.3 
B t m  72.50 1639.7 3.77 99 08 0.91 0.01 1716. 0 

5 Top 72.74 1654.9 4.27 98.61 1.34 0.05 1736.4 1731.9 
B t m  72.74 . 1649.1 4.27 98.56 1-38 0.06 1726.1 

6 TOP 72.79 1650.3 5.65 98 07 1.84. 0.09 1735 7 1728.7 
Btm 72.45 1647.4 5-65 98.07 1.84 0.09 1725 5 



T A B U  111. RADIOCIBMICAL DATA 

D a t e  D a t e  



REFERENCES 

Duffy, W. E., Tingey, F. H., U. S. Atomic Energy Commission, 
IDO-14301, 1955. 

Fletcher, R. D., Slansky, C. M., U. S. Atomic Energy Commission, 
IDO-14386, 1956. 

Goris, P., Tingey, F. H., U. S. Atomic Energy Commission, IDO-14366, 
1955 

Inghram, M. G., J. PhyS. C3em. 57, 809, 19530 

Marsh, S. F., Personal Communication, June, 1961. 

Olson, D. G., Personal Communication, June, 1961. 

Paige, Bernice E., Goris, Paul, Rein, James E., U. S. Atomic Energy 
Commission, IDO-14411, 1957. 

Ib id .  7. 

Yamamura, S. S., Personal Communication, June, 1961. 
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