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0.0 ABSTRACT 

The progress of continued Purex process laboratory development 
f o r  May, June, and July, 1952 i s  presented. The r e s u l t s  of fu r the r  
invest igat ion of techniques f o r  f i n a l  pur i f ica t ion  of reactor- i r radiated 
uranium, basic  solvent ex t rac t ion  s tudies ,  and pi lot-scale  operation 
of the ORNL process f o r  plutonium recovery from metal lurgical  wastes 
are reported. 
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1.0 INTROIXJCTION 

As during t h e  previous quar te r , ( l )  much of t h e  Purex laboratory e f f o r t  
has been expended on continued study of process modifications intended t o  
increase the decontamination of uranium from residual f i s s i o n  products such 
t h a t  a l l  spec i f ica t ions  placed upon uranium recovered from Hanford produc- 
t i o n  metal may be rout ine ly  met with two-cycle S l v e n t  ex t rac t ion  and the  
uranium product ta i l -end treatment. Treatment of the second-uranium-cycle 
feed with n i t r i t e  to l i m i t  the  carryover of ruthenium with the  uranium 
product appears most promising i n  the laboratory and has been recommended 
f o r  p i l o t  p lan t  demonstration. 
zirconium and niobium on s i l i c a  gel,  designed to remove the l a s t  t r aces  of 
these contaminants from the uranium product, has l e d  t o  a b e t t e r  understand- 
ing of t h i s  complex adsorption system. 

Continued study of the  adsorption of 

The development of the  ORNL process f o r  recovery of plutonium from 
quarter,  and a terminal metallurgical wastes was l a rge ly  completed t i 

report  covering t h i s  work i s  i n  preparation. ‘i 27 

Further study was devoted t o  the problems of chemical s t a b i l i t y  of 
Purex solvent and the laboratory mixer-sett ler operation. 
invest igat ion was begun t o  determine t h e  nature of uranium, plutonium,and 
f i s s ion  product ex t rac t ion  by TBP a t  elevated temperatures and thus t o  
estimate the  e f f e c t s  of such operation upon the process. 

A scouting 

2.0 s m y  

IA Column Extraction Studies a t  Elevated Temperatures. Uranium, PU(1V) 
and spec i f ic  f i s s i o n  product d i s t r ibu t ion  between 30% TBP i n  Amsco and n i t r i c  
acid solut ions ranging from 0.5 t o  6 M have been determined a t  25, 50, and 
75OC t o  es tab l i sh  the  advantages, i f  any, of solvent ex t rac t ion  a t  elevated 
temperature. 
extract ion coef f ic ien t  i s  repressed, whereas Pu(IV) , f i s s i o n  products, and 
n i t r i c  ac id  ex t rac t ion  increase.  Therefore, operation of the  I A  contactor 
a t  50 o r  75OC would undoubtedly.reduce the  uranium and plutonium separation 
from f i s s i o n  products from tha t  present ly  achieved at 25OC. 

The da ta  show t h a t  a s  the temperature rises, the  uranium 

Chemical S t a b i l i t y  of Purex Solvent. Freshly prepared 30% TBP i n  Amsco 
was contacted with inac t ive  IIAF solut ion a t  room temperature, a t  SOOC, and a t  
67% f o r  70 hr or  longer t o  determine the percentage of nitrogen f ixa t ion  
i n  t h e  solvent ( a f t e r  0.1 M Na2CO3 wash). The r e s u l t s  ind ica ted  t h a t  degrada- 
t i o n  was qu i t e  l imited,  as-measured s o l e l y  by the formation of nitrogen-con- 
ta in ing  compounds. 
i n  these s tudies . )  
0.5% nitrogen, whereas 408 h r  contact a t  25OC resu l ted  i n  only 0.065% nitrogen 
pick-up. 

(Oxidative degradation which may occur was not measured 
After 70 h r  contact a t  67OC, the washed solvent contained 
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Aliquots of ICW, IEW, and IIBW solut ion from p i l o t  plant run HCP-7 
were washed with 1% Na2CO3 and analyzed f o r  res idual  nitrogen. 
f i xa t ion  was qui te  low i n  a l l  samples, with a malcemum of O.Ol3g i n  the  

Nitrogen 

rcw. 
It has been observed tha t ,  as  solvent n i t r a t i o n  continues, mechanical 

d i f f i c u l t i e s  such a s  emulsification and crud formation increase.  Thus the  
useful l i f e  of the solvent may be l imited i n  t h i s  manner r a the r  than by 
s igni f icant  changes i n  solvent physical  p roper t ies  ( i  .e , viscos i ty ,  density,  
f l a sh  point)  e 

N i t r i t e  Feed Treatment f o r  Ruthenium Decontamination. Further study 
of t h e  n i t r i t e  feed treatment developed to enhance ruthenium decontamfnation 
across the  second uranium cycle has served t o  ver i fy  e a r l i e r  r e s u l t s ,  Addi- 
t i o n  of 0.05 M NaNOp t o  the IDF followed by 3 h r  digestion a t  85OC increases  
the  uranium-ruthenium separation achieved i n  the I D  extract ion by a f ac to r  
of 5 t o  10, 
sparge t o  avoid react ion of the n i t r i t e  with fe r rous  sulfamate i n  the  I D  
scrub stream and resu l tan t  gassing (N2) i n  the columno 

Residual n i t rous  acid i n  the feed i s  destroyed by a 20-min a i r  

The n i t r i t e  feed treatment has been tes ted  using N20& i n  place of sodium 
n i t r i t e ,  and has proved t o  be equal ly  e f f ec t ive  a s  regards ruthenium decon- 
taminati on. 

Uranium Product Tail-End Treatment. Laboratory study of the adsorption 
of zirconium and niobium on s i l i c a  ge l  has been car r ied  out which supports 
the following conclusions: 

Adsorption a t  70°C i s  not appreciably b e t t e r  than a t  3O0C. 

The degree of zirconium and niobium adsorption va r i e s  considerably 
a s  successive batches of p i l o t  plant  uranium product a re  processed 
i n  the  laboratory.  

Apparently, the uranium product c a r r i e s  more than one form of 
zirconium and niobium, and the d i f fe ren t  forms have d i f f e ren t  
a f f i n i t i e s  f o r  s i l i c a  gel .  
about 20% of the niobium was present i n  a form possessing only 
a moderate a f f i n i t y  fo r  s i l i c a  ge lo  

I n  a recent p i l o t  p lan t  product, 

Plutonium(1V) i s  n o t  s ign i f i can t ly  adsorbed on s i l i c a  gel  from 
concentrated uranyl n i t r a t e  solution. 

Total  Phosphate Analysis I n  cooperation with the Special  Analysis 
Section of the Analytical  Chemistry Division, a s a t i s f ac to ry  procedure has 
been found f o r  wet digest ion of TBP and i t s  hydrolysis products t o  ortho- 
phosphoric acid, f o r  purposes of analysiso 
presence of n i t r i c  and perchloric acids  and  hydrogen peroxide t o  e f f e c t  the 
digestion (see Appendix 1). 

The sample i s  heated i n  the 
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Plutonium Recovery from Metallurgical Wastes. During the  quarter ,  
seven p i lo t - sca le  s l a g  and crucible  dissolut ion runs were made with an 
average plutonium loss of 0.43% t o  the so l id  residue. These runs have 
served t o  f i x  the flowsheet conditions required t o  give 99.5% plutonium 
recovery: 
of f r e e  f luor ide  and (b) a dissolut ion time of 70 min or  lonper a t  tempera- 
t u re s  above IOOOC.  

( a )  controlled dissolut ion with 50 t o  60% HNO3 i n  the presence 

The use of d i l u t e  HNO3 (6 t o  9 M) i n  the i n i t i a l  d i sso lu t ion  has 
eliminated the  need f o r  NaN02, or igiEal ly  added t o  reduce ioda te  t o  iodine. 
The iodine i s  v o l a t i l i z e d  from the  dissolver, leaving only 0.05 t o  0.16 g/ 
l i t e r  i n  solut ion.  This concentration i s  not considered harmful t o  the  
process 

A revised procedure f o r  plutonium assay of the  dissolver  residue has 
been developed which i s  rapid and simple. 
i s  dissolved by treatment with 48% HF. 
by adding excess concentrated H2SO4, heating t o  fumes, and slowly adding a 
mixture of 36% H C l O 4  and 35% HNO3. 

34% C r y  8.8% A l ,  and 8.d% Fe (as  the oxides), with t r aces  of N i ,  Mn, Nb, C r y  
S i ,  Mg, Mo, Sn, V, and Zn. 

Approximately 99% of the residue 
Complete dissolut ion i s  accomplished 

Spectroscopic analyses of the residue indicate  i t s  composition t o  be 

Corrosion s tudies  of 309Cb s t a i n l e s s  s teel  were continued. The r e s u l t s  
of t e n  (24 hr) exposure cycles i n  synthet ic  s l a g  and crucible solut ion showed 
t h a t  t he  average penetration r a t e s  during the last f i v e  cycles (0.0265, 0.0089, 
and 0.0171 in./year i n  the vapor, l iqu id ,  and in te r face ,  respect ively)  were 
about 30% less than those determined f o r  t h e  first 120 h r  exposure. 
welded sample and t h e  r ing weld a t  the  bottom of the dissolver  f a i l e d  because 
of f a u l t y  h e l i a r  c welding e 

and crucible so lu t ion  by solvent extract ion (TBP) and ion  exchange (Dowex 50 
res in)  according t o  t h e  t en ta t ive  recovery flowsheet. This product has been 
shipped t o  Los Alamos f o r  evaluation. Overall decontamination ac to r s  of 

and 4.5 x 10 , respectively.  
the Purex product a f t e r  two solvent extract ion cycles  and concentration by 
ion exchange. Further study of the  proposed solvent ex t rac t ion  system has 
revealed t h a t  appreciable amounts of Pu(VI), a s  much a s  18%, may exist i n  
the dissolver  solut ion owing t o  extended reflux (up t o  9 h r )  of the dissolver  
contents a t  120OC. 
0.003 M Fe(NH2S03)z followed by oxidation t o  hr(TV) with 0.02 M NaNO2 has 
been f&nd s a t i s f a c t o r y  a t  the  laboratory scale .  

One 

About 12  g of pur i f ied  plutonium was recovered from 120 l i t e r s  of s lag  

the product Erom aluminum, calcium, and magnesium were 8.5 x 10 f , 1.7 x lo&, 
The plutonium pur i ty  was comparable t o  tha t  of 

A feed  treatment involving reduction t o  Pu(II1) with 
- 

. 
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ORNL ''Minitt Mixer-Settler. The resu l t s  of comparative laboratory- 
sca le  mixer-sett ler and batch countercurrent ex t r ac to r  runs made with 
radioact ive so lu t ions  under conditions specif ied fo r  the IA column opera- 
t i on  (c)RNL h r e x  Flowsheet No, 1 )  indicated tha t  the mixer-set t ler  scrubbing 
ef f ic iency  i s  equal, and perhaps superior, t o  t h a t  experienced with batch 
countercurrent operation. 
observed w5th e i t h e r  u n i t  beyond eight scrub stages.  

No appreciable gain i n  decontamination was 

3.0 I A  COLUMN EXTRACTION STUDIES AT ELEVATED TENPERAWRES 

S. V. Castner 

It has long been known that  i n  the Redox system large  amounts of thermal 
heat a r e  l i be ra t ed  i n  d i lu t ing  and extract ing during the  primary extract ion.  
This heat i s  taken up i n  expanding volumes and thus causes changes t o  take 
place i n  the  d is t r ibu t ion  coef f ic ien ts  and separation fac tors .  While the re  
i s  only a s l i g h t  amount of heat  l i be ra t ed  when uranium i s  extracted by TBP, 
it was nevertheless deemed advisable t o  inves t iga te  the e f f e c t s  of higher 
temperatures on the Purex process, since ambient temperatures a t  t h e  Savannah 
River plant reach 40 t o  45OC i n  t h e  hot tes t  season and t h e r e  might be some 
de f in i t e  advantages t o  be gained with operation a t  elevated temperature. 

An apparatus f o r  maintaining elevated temperatures during a batch 

An organic 
equi l ibra t ion  (see Fig.  3.1) was devised. 
walled, and a thermometer i s  mounted i n  the inner  section. 
l iqu id  of su i tab le  boi l ing point i s  boiled i n  the k e t t l e ,  and the hot 
vapors a re  conducted through the s i lvered  vacuum-jacketed tube t o  the 
outer sect ion of t he  mixing chamber. 
from which they return t o  the boi l ing  k e t t l e  a s  l iqu id .  There i s  a tempera- 
t u re  drop across t h e  mixing chamber wall of approximately 1.5%. 
ter t -butyl  chloride (b.p. sl°C) will give a temperature of 49.5OC and carbon 
te t rachlor ide  (bop.  76%) will give a temperature of 7'4.5?C. 

The mixing chamber i s  double 

From here they pass t o  the  condenser, 

Hence 

The pa r t i cu la r  volume r a t i o  needed to  produce 80 o r  90% uranium satura- 
t i o n  of the  solvent phase a t  each acid concentration was determined by 
equi l ibra t ing  aqueous uranyl n i t r a t e  solut ions containing 200 g of uranium 
per l i t e r  and varying concentrations of n i t r i c  acid with 30% TBP-Amsco f o r  
10 min a t  25OC. 
acid concentration and the  separated phases were analyzed f o r  uranium. 
r e s u l t s  of t h i s  preliminary experiment were p lo t ted  (see Figo 3.2). 

The solvent-to-aqueous volume r a t i o  was varied f o r  each 
The 

Uranyl n i t r a t e  solut ions (200 g of uranium per l i t e r )  of varying acid 
s t rength were spiked with t r ace r  pU(IV) and f i s s i o n  products and then equi l i -  
brated with the  correct  volume of 30% TBP-Amsco t o  produce first 80% organic 
saturat ion and secondly 90% organic saturat ion by uranium. The volume r a t i o  
was held constant and the experiments were repeated a t  50 and 75OC.  
phases were separated while hot, and each phase was analyzed f o r  uranium, 
plutonium, n i t r i c  ac id ,  and t h e  pr incipal  f i s s i o n  products. 
d i s t r ibu t ion  coeff ic ients  f o r  each component were computed (see Tables 3 . 1  
through 3.7 and Figs. 3.3 through 3 . 9 ) .  

The 

From these data,  
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Fig. 3 . 3 .  Variat ion of Uranium Distribution 

C o e f f i c i e n t  with Variation o f  Aqueous N i t r i c  
Acid Concentration a s  a Function o f  Tempera- 
ture.  

A - 25OC Solvent 80% 
B - 50°C saturated with 

D - 25OC Solvent 90% 
E - 5OoC saturated with 
F - 75OC t uranium a t  25OC 

C - 75OC t uranium a t  25OC 

c 

1.0 2 . 0  3 . 0  4 .0  
I N I T I A L  AQUEOUS N I T R I C  ACID CONCENTRATION ( M I  
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Fig .  3 . 4 .  V a r i a t i o n  of Pu(1V) D i s t r i b u t i o n  C o e f f i c i e n t  w i t h  Aqueous N i t r i c  Ac id  Con- 
c e n t r a t i o n  a s  a F u n c t i o n  of Temperature. S o l v e n t  90% s a t u r a t e d  wi th  uranium a t  25OC. 

I 
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I N I T I A L  AQUEOUS N I T R I C  ACID CONCENTRATION ( M )  
F i g .  3 . 5 .  V a r i a t i o n  o f  Pu(1V) D i s t r i b u t i o n  C o e f f i c i e n t  w i t h  Aqueous N i t r i c  A c i d  C o n c e n t r a t i o n  a s  a 

F u n c t i o n  o f  Temperature. S o l v e n t  80% s a t u r a t e d  w i t h  uranium a t  25OC. 
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F i g .  3 . 6 .  V a r i a t i o n  o f  Gross B e t a  D i s t r i b u t i o n  C o e f f i c i e n t  w i t h  Aqueous N i t r i c  
Ac id  C o n c e n t r a t i o n  a s  a Funct ion  o f  Temperature.  
a t  25OC. 

S o l v e n t  90% s a t u r a t e d  w i t h  uranium 

I. 
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F i g .  3 . 7 .  V a r i a t i o n  o f  Gross B e t a  D i s t r i b u t i o n  C o e f f i c i e n t  w i t h  Aqueous A c i d  Con- 
S o l v e n t  80% s a t u r a t e d  w i t h  uranium a t  25OC. c e n t r a t i o n  a s  a F u n c t i o n  o f  Temperature.  
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F i g .  3.8. V a r i a t i o n  o f  Ru then ium D i s t r i b u t i o n  C o e f f i c i e n t  w i t h  Aqueous N i t r i c  Ac id  
C o n c e n t r a t i o n  a s  a F u n c t i o n  o f  T e m p e r a t u r e .  

C - 5OoC S o l v e n t  80% 

D - 75OC 
s a t u r a t e d  w i t h  
u r a n i u m  a t  25OC t A - 5OoC S o l v e n t  90% 

B - 75OC u r a n i u m  a t  2 5  C 
s a t u r a t e d  w i t b  t 

D a t a  f o r  25OC n o t  p l o t t e d  s i n c e  t h e y  g i v e  s c a t t e r e d  p o i n t s  o n l y .  
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3 . 9 .  Var ia t ion  o f  Zirconium D i s t r i b u t i o n  C o e f f i c i e n t  with Aqueous N i t r i c  Acid Concen 
a s  a Function o f  Temperature. 

D - 25OC S o l v e n t  90% 
E - 5OoC s a t u r a t e d  with 
F - 75OC t uranium a t  25OC C - 75OC t uranium a t  25OC 

A - 25OC S o l v e n t  80% 
B - 5OoC sa turated  with 
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Table 3.1 

Tempo 
(OC) 

25 
50 
75 
25 
50 
75 

Variation of Uranium Distr ibut ion Coefficient wfth Variation 
of Aaueous Ni t r i c  Acid Concentration as  a Function of Temperature 

~~ ~~ 

Distr ibut ion Coefficient (O/A) 

0.5 M 2.0 M 3*0 M 4.0 M 5.0 M 6.0 M 
~ ~ 0 3 -  ~ ~ 0 3 -  ~ ~ 0 3 -  H M O ~  ~ ~ 0 3 -  HNOJ- 

1.18 2*83 3.28 4.28 4.16 3.61 
1.18 2.10 2.61 2.60 2.71 2.3'; 
1 e10 1.65 1.78 1 0 7 4  1.89 1.60 

0.78 l e 0 0  1.13 1.12 1.09 1.03 
0.76 0095 1,OL 1.09 0 ~ 9 9  0092 
0.62 0.87 1.01 0.89 0.89 Oe76 

Percentage 
Saturat ion 
of Solvent 

with Uranium 

80 

90 

(See F ig .  303) 

30% TBP i n  Amsco 123-15 Solvent: 

Table 3.2 

Variation of Pu(1V) Distr ibut ion Coefficient (O/A) with Variation i n  Aqueous 
Ni t r i c  Acid Concentration a s  a Function of Temperature 

(See Figs .  3*k and 305) 

Solvent: 30% TBP i n  Amsco 123-15 

Percentage 
Saturation 
of Solvent 

with Uranium 

80 

90 

Temp. 
(OC) 

D i  s tr i  bu ti on Coe f f i c i  e n t  

0.46 

1+13 
0.63 

0 ~ 3 6  
0053 
1.11 

2.80 3.11 

0.41 007L 
0.85 

2.41 1 1.75 
I 

6e0 M 
~ ~ 0 3 -  

2.62 
3.53 
3.81 

0.92 
1 . 2 0  
2 

(a)  These points  are approximately a f ac to r  of 10 t o o  high. They are  
lowered by t h i s  f a c t o r  i n  computing the  separation f ac to r s  (see 
Figs .  3.b and 3.5). 



0.5 M 2.0 M 
~ ~ 0 3 ' -  ~ ~ 0 3 -  

3.0 M 
~ ~ 0 3 -  

4.0 M 
~ ~ 0 3 ' -  

5.0 M 
~ ~ 0 3 -  

_. 

Table 3.3 

Variation of Gross Beta Distr ibut ion Coefficient (O/A) with Variation 
of Aqueous Ni t r i c  Acid Concentration a s  a Function of Temperature 

(,jz?e Figs.  3.6 and 3.7) 

Solvent: 30% TBP i n  Amsco 123-15 

Percentage 
Saturat ion 
of Solvent 

with Uranium 

Distr ibut ion Coefficient Temp 

4.0 M 
~ ~ 0 3 -  

6.0 M 
~ ~ 0 3 -  

80 

90 

2 . 3 2x10'3 
3.67~10-3 
7.80~10'3 

1 .0oX10-3 
2 e 27x10'3 
6.4Lxlo-3 

1.27 xl0-3 
4.83~10-3 
7. ~ 5 ~ 1 0 - 3  

Table 3.4 

Variation of Ruthenium Distr ibut ion Coefficient (O/A) with Variation of 
Aaueous Ni t r i c  Acid Concentration as a Function of Temnerature 

(See Fig. 3.8) 

30% TBP i n  Amsco 123-15 Solvent: 

Percentage I Temp. I Distr ibut ion Coefficient 
Saturat  ilon 
of Solvent 

with Uranium 
6.0 M 
~ ~ 0 3 -  

80 

90 

. 
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From these r e s u l t s  it i s  seen t h a t ,  when the ex t rac t ion  temperature i s  
increased from 25 t o  75%, t h e  d i s t r ibu t ion  coef f ic ien t  of uranium decreases, 
but the  d i s t r ibu t ions  of Pu(IV), gross beta, ruthenium, zirconium, and niobium 
a re  somewhat increased i n  favor of t he  solvent. Rare ea r th  d i s t r ibu t ion  
shows no t rend with temperature var ia t ion.  The n i t r i c  ac id  distri ' tnrtion coef- 
f i c i e n t  increases as temperature increases.  No conclusion can be drawn con- 
cerning the var ia t ion  of the  n i t r i c  acid d i s t r ibu t ion  with var ia t ions  in 
n i t r i c  acid concentration s ince the data  were e r r a t i c .  

The separation f a c t o r s  [ r a t io  of d i s t r ibu t ion  coef f ic ien t  of uranium or 
Pu(1V) t o  t h a t  of gross beta] for  both plutonium and uranium are  p lo t ted  i n  
Fig.  3.10, u t i l i z i n g  the equilibrium data  obtained a t  25 and 7S0C, with the  
solvent 90% saturated with uranium. 
f ac to r  f o r  each product decreases r a t h e r  uniformly a s  the aqueous n i t r i c  acid 
concentration i s  raised.  It i s  noted t h a t  when the temperature i s  increased 
t o  7soC,  the  plutonium separation f ac to r  i s  cons is ten t ly  less than t h a t  rea- 
l i zed  a t  2S0C, within the  range of ac id  concentrations invest igated.  
the  separation of uranium from gross beta i s  generally poorer a t  75 than a t  
25OC. However, the uranium separation f ac to r  drops more sharply a t  75OC as  
the aqueous n i t r i c  acid s t rength  is increased. 

It i s  apparent t h a t  the separation 

Likewise, 

From these s tudies ,  it i s  concluded t h a t  less e f f i c i e n t  decontamination 

However, s ince the  
of plutonium and uranium from f i s s i o n  products would r e s u l t  from operation 
of Purex ex t rac t ion  contactors a t  elevated temperatures 
d i s t r ibu t ion  of uranium s h i f t s  toward t h e  aqueous phase and gross beta a c t i v i t y  
favors  the solvent a s  the temperature i s  increased, addi t iona l  decontamination 
(perhaps a f a c t o r  of 2 or  3 )  might be gained by s t r ipp ing  uranium a t  50 t o  
75OC. 
n i f i can t  process advantage. 

Further  study i s  planned t o  determine i f  t h i s  e f f e c t  presents  a s ig-  

h.0 CHFATCAL STABILITY OF FUREX SOLVENT 

L. E. Line, Jr. 

Because of concern about the  chemical s t a b i l i t y  of the Purex solvent 
mixture (30% TBP i n  Amsco 123-15) and the f e a r  t h a t  degradation products 
might a f f ec t  process efficiency, a program of invest igat ion of  t h i s  matter 
was s ta r ted .  The general objective i s  tha t  of gathering any information 
tha t  might give clues  as t o  t h e  prospective l i f e  of t he  recycled solvent.  

I n  t h e  l a s t  quar te r ly  report(') some observations concerning solvent 
discolorat ion and measurements of the d i s t r ibu t ion  of n i t rous  acid between 
the organic and aqueous phases were given. 
the n i t rous  acid was absorbed by the organic phase and t h a t  the yellow dis -  
colorat ion was more evident, and t h a t  the ex ten t  of nni t ra t ion" 

It was reported t h a t  some of 

i h t  there- 
fore  be greater ,  i n  t h e  presence of n i t rous  acid.  Previous work T f  3 had shown 



F i g .  3 .  10. Uranium-Gross Ueta and Pu(IV)-Gross B e t a  S e p a r a t i o n  F a c t o r s  a s  a 
Funct ion  o f  Aqueous N i t r i c  Ac id  C o n c e n t r a t i o n  and Temperature.  
w i t h  uranium a t  25OC. 

S o l v e n t  90% s a t u r a t e d  



Variation of Zirconium Distr ibut ion Coefficient (O/A) with Variation 
of Aqueous N i t r i c  Acid Concentration as a Function of Temperature 

(See Fig.  309) 

30% TBP i n  Amsco 123-15 Solvent: 

Percentage I Temp. I Distr ibut ion Coefficient 
Satura  ti i n  
of Solvent 

with Uranium 

I I 

4.0 PI 
~~03'- 

Table 3-6 

Variation of Niobium Distr ibut ion Coefficient (O/A) with Variation 
of Aqueous N i t r i c  Acid Concentration as a Function of Temperature 

Solvent: 30% TBP i n  Amsco 123-15 

Per cent age 
Saturat ion 
of Solvent 

with Uranium 

80 

90 

Temp 
(OC) 

25 
50 
75 

25 
50 
75 

0 ~ 2 ~ 1 0 - 3  o .. 38x10-3 
0.22~10-3 0~98~io-3 
0.22~lO-3 0.81~I.o-3 

Dis t r ibu t i  in Coefffc 

3.0 M 
~ ~ 0 3 -  

e n t  

5.0 M 
~ ~ 0 3 -  

1 82x10-3 
4 e 17x10-3 
2 e 22x10-3 

0 s7x10-3 

I 

3.17~10-3 
3 e 17x10-3 
6 19x10-3 



2.0 M 3.0 M 4.0 M 
~ ~ 0 3 -  ~ ~ 0 3 -  ~ ~ 0 3 -  

5.0 M 6.0 PI 
~ ~ 0 3 -  ~ ~ 0 3 -  

25 
I 50 
~ 75 
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., Table 3.7 

Variation of Total  Rare Ear th  Distr ibut ion Coefficient (O/A) with 
Variation of Aqueous Ni t r i c  Acid Concentration as a Function of 

TemDerature 

Solvent: 30% TBP i n  Amsco 123-15 

Percentage 
Saturat ion 1 
of Solvent 

with Uranium 

Distr ibut ion Coefficient 

2.0 M 
~~03'- 

3.0 M 
HNO~- 

4.0 M 
~ ~ 0 3 -  

5.0 M 
H N o ~ -  

6.0 M 
~ ~ 0 3 -  

0.5 M 
~ ~ 0 3 -  

80 

90 

Table 3.8 

Variation of N i t r i c  Acid Distr ibut ion Coefficient (O/A) with Variation 
of Aqueous N i t r i c  Acid Concentration as a Function of Temperature 

Solvent: 30% TBP i n  Amsco 123-15 

D i  s tri bution Coefficient Percentage 
Saturat ion 
of Solvent 

with Uranium 
~ ~~~ 

'~0 .Os4 
0.066 
0.083 

0.030 
0.041 
0 .Os8 

0.048 

0.088 
0.062 

80 

90 

25 
50 
75 

0.078 
0.080 
0.088 

0.064 
0.078 

o .036 

0-073 

0.027 
o .041 
0.062 

0.040 
0 .oh1 
0 0057 

0.078 
0 .Os6 
0 -074 

1 



. 
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t h a t  when a solut ion of 30q TBP i n  Amsco 123-15 was shaken with 6 M HNO3 
f o r  17  days a t  room temperature, the nitrogen pick-up was only 0.07%. 
was therefore  considered worthwhile t o  measure the  extent  of nitrogen 
f i x a t i o n  by the  organic phase a t  room temperatures when the solvent  mixture 
i s  brought i n t o  prolonged contact with an ac id  feed corresponding t o  t h e  
IIAF solut ion,  which i s  t h e  Purex stream containing the  highest  concentra- 
t i o n  of n i t rous  ac id  ( O o l  M )  . 
4,1 Runs a t  Room Temperature 

It 

- 

Resul ts  of experiments i n  which TBP-Amsco was contacted f o r  1 7  dags 
with n i t r i c  and n i t rous  acids  a t  room temperature showed a s teady decrease 
i n  the  n i t rous  acid concentration i n  both t h e  aqueous and organic phases 
(see Table 4.1 and Fig .  L o l l .  This would be expected i f  the n i t rous  a c i d  
was involved i n  the  l lni t ra t ion."  
i n  t h e  pre  e ce of n i t rous  acid was a l i t t l e  more than twice as much as had 

The amount of ni t rogen f ixed  i n  t h e  orpanic 

been found 717 i n  i t s  absence. 

The experiments were car r ied  out with 50 m l  of 30% TBP i n  Amsco 123-15 
This was and 200 m l  of 0.1 M HN02, which were placed i n  a 250-ml graduate. 

stoppered and shakzn end over end f o r  1 7  days (408 h r )  a t  room temperature 
(25 t o  30°C). 
determinations. The n i t r i t e  was determined color imetr ical ly ,  a f t e r  appropriate 
d i lu t ion  of a small sample, i n  the  aqueous phase directly i n  the  organic 

Fixed n i t r o  e phase after washing with d i l u t e  sodium carbonate solut ion.  
i n  the  organic phase was determined according t o  t h e  method given by Pregl  
on a 5 - m l  sample t h a t  had been washed twice with 20-ml port ions of 1" Na2C03 
and three  times with water or d i l u t e  n i t r i c  acid.  I n  the  analyses, 200-cL1 
port ions of t he  5 - m l  samples were dipested,  and t h e  ammonia was d i s t i l l e d  i n t o  
2% boric  ac id  and t i t r a t e d  with 0.01 - N HC1, using methyl red--bromcresol preen 
mixed ind ica to r  .* 

A t  i n t e r v a l s  samples were removed f o r  n i t r i t e  and ni t rogen 

fsY 

It w i l l  be observed (Table 4.1) t h a t  t h e  percentage pick-up of ni t rogen 
i s  q u i t e  small under the conditions of t h e  experiment, being only 0.06s$ 
af ter  408 h r  (17 days). It should be remembered, however, t h a t  these and 
similar data  t o  follow represent  analyses a f t e r  the  sodium carbonate wash 
and, therefore ,  do not represent  the t o t a l  extent  of nitrogen f ixa t ion ,  as 
the  washing probably removes some of the  n i t r o  compounds. It w a s  noticed 
t h a t  when the  acid so lu t ion  w a s  brought i n  contact with t h e  solvent mixture, 
t he  l a t t e r  a t t a ined  i t s  m a x i m u m  yellow d iscolora t ion  within 3 t o  5: min, 
showing scarce ly  any change over the remainder of t he  e n t i r e  17-day period. 

3 h e  writer wishes t o  thank Houston Hemphill of t he  Analyt ical  Chemistry 
Division f o r  t h e  use of h i s  d i s t i l l a t i o n  apparatus i n  t h e  micro-Kjeldahl 
analyses.  
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Aqueous 

0.096 

0.063 

0 0057 

0 -057 

0.052 

0.050 

0. ob6 

0.037 

Nitrogen Fixation by TBP-Amsco i n  Contact with Ni t r i c  Acid i n  Presence 
of Nitrous Acid a t  Room Temmrature 

Organic 

0,075 

0.071 

0.060 

Aqueous phase: 

Organic phase: 

Conditions: 

6 M HN03 containing 0.1 M HNO2 

30% TBP i n  Amsco 123-15 
- - 

50 ml of organic plus 200 ml of aqueous i n  250-ml 
container shaken end over end for-17 days a t - 2 5  t o  
3OoC 

Shaking 
Time 
(hl-1 

(blank) 

1 

3 

72 

96 

120 

14lr 
168 

408 

Nitri te Conc. ( E )  Nitrogen i n  Organic ($1 

0.027, 0.023, avg. 0.025 

0.062, 0.052, avg. 0.057 

0.061, O,O?L, avg. 0.067 

0.088, 0.092, avg. 0.090 

Increase 

0.032 

0.012 

0.065 
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Organic 
Stream 

Nitrogen determinations on the ICW, ITBW, and IEW streams from Purex 
p i l o t  p lan t  run HCP-7 a f t e r  a washing with 0.1 M Na2CO3 showed tha t  the 
solvent had picked up very l i t t l e  nitrogen whilg being recycled through 
the process (Table 4.21. 

Nitrogen ( 5 )  
Found Increase 

Table L.2 

(blank) 

ICW 

IIBW 

m 

Nitrogen Fixat ion by Various Purex Streams 

avg. 0.025 

0.033, 0.042, avg. 0.038 0.013 

0.029, 0.033, avg. 0.031 0.006 

0.024, 0,037, avg. 0.031 0.006 

t.2 Runs a t  Elevated Temperatures 

h0 t o  sO°C a t  times, the run with IAF solution, described i n  Sec. 4.1, was 
repeated a t  51 and 67% with only occasional shaking. 
have been introduced by eliminating t h e  constant shaking s ince t h e  react ion 
probably goes on within the organic phase and is not limited by the frequency 
of i n t e r f a c i a l  contact. 
increased a t  the elevated temperatures (see Table 4.3 and Fig.  kel)e 
ever, the  m a x i m u m  increase i n  nitrogen-containing compounds was only 5 p a r t s  
per hundred. 
washed with 1% NaOH. 
the  same solut ion washed with 1% Na2CO-j. This i s  probably t o  be expected 
s ince n i t r o  compounds containing alpha hydrogens would be more soluble  i n  
the stronger base. 

Since the solvent temperature a t  the  Savannah River plant  may reach 

No g rea t  e r r o r  should 

As was expected, t h e  ni t rogen pick-up w a s  g rea t ly  
How- 

I n  one case nitrogen w a s  determined on a sample tha t  had been 
The nitrogen found was less than tha t  i n  a sample of 

4.3 Discussion 

Chemical degradation of t he  type producing nitrogen compounds i s  seen 
t o  be small, even under d ra s t i c  conditions, and it is  probably safe  t o  
assume tha t  t he  nitrogen compounds represented by the  percentage reported 
here w i l l  not g rea t ly  a f f ec t  the density,  v i scos i ty ,  o r  f l a s h  point  of the  
organic phase. However, i t  has been observed tha t  phase separation after 
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Nitrogen Mxation"at Elevated Temperature by TBP-Amsco i n  Contact with 
Nitr ic  Acid i n  Presence of Nitrous Acid 

Aqueous phase: 

Organic phase: 

6 M HNO3 containing 0.1 M HN02 

30% TBP i n  Amsco 123-15 

Conditions: 50 ml of organic plus  200 ml of aqueous i n  25O-mI  
containers, shaken end over end f o r  1 7  days a t  25 
t o  3OoC 

Temp. 
(OC) 

Time 
(hr)  

Nitrogen i n  Organic (%I 
Found 

- 
Increase.  

(blank) avg. 0.025 

0,077, 0.073, avg. 0.075 

0.103 

0.457 

0.197, 0.205, avg. 0.200 

0 947 

0.49, 0.52, 0.63, avg. 0.55 
0.39, 0.40, avg. 0.40 

67 

(a) Washed with 1% NaOH solution. 
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alkal ine and aqueous washing becomes more d i f f i c u l t  with increasing 
degradation. 
solvent recycling, although i n  pract ice  the  solvent would be washed after 
each cycle and not  a t  the  end of many cycles. It was found t h a t  when the  
aqueous phase was made s l i g h t l y  acid with n i t r i c  acid,  the phases disengaged 
eas i ly .  

It i s  possible tha t  t h i s  could become a l imi t ing  f a c t o r  i n  

Since n i t r i c  acid i s  a good oxidizing agent i n  the presence of n i t rous  
acid, products of oxidation might be expected. 
degradation has not been studied here. 
removable by a lka l ine  washing, bu t  any intermediate oxidation products might 
remain i n  the  solvent. 

The extent  of t h i s  type of 
The carboxylic ac ids  should be 

Assuming t h a t  t h i s  type of degradation a s  w e l l  as formation of n i t ro-  
gen-containing compounds i s  very small, there  s t i l l  remains the question 
of what effect  these will have on plutonium s t r ipp ing  losses  and the a f f i n i t y  
of the organic phase f o r  f i s s i o n  products. 
nature can be made. 

It i s  h o p d  t h a t  s tud ies  of t h i s  

5.0 NITRITE FEED TFEATMENT FOR RUTHENIUM DECONTAMINATION 

V.  J. Reilly 

Experimental work on the second-uranium-cycle feed pretreatment with 
n i t r i t e  t o  increase ruthenium decontamination has been extended t o  (a) 
explore the  f l e x i b i l i t y  of the procedure and (b) subs tan t ia te  the i n i t i a l  
r e su l t s .  

The use of a shor t  NO2 sparge followed by simmering of the  feed a t  
85% f o r  3 hr  was compared t o  the  s imi la r  use of sodium n i t r i t e ,  using the  
f i r s t -cyc le  uranium product (ICU concentrate) from Purex p i l o t  p lan t  run 
HCP-7. Nitrogen dioldde was sparged t o t h e  extent  of 0.1 mole per l i t e r  
of solution; n i t r i t e  was added t o  the extent  of.0.05 mole per l i t e r ,  
t h i r d  run was a l s o  made with t h i s  feed without pretreatment. 
were evaluated by processing t h e  feeds through batch countercurrent extrac-  
t ion ,  scrub, and s t r i p  runs simulating I D  and I E  column operation. Purex 
No. 1 flowsheet, modified t o  provide 90% uranium sa tura t ion  a t  t h e  feed 
p la te ,  was used. Without feed pretreatment, the ruthenium decontamination 
factor was 25; with NO2 sparging treatment, it was 220,and with NaNO2, 250. 
Excess n i t r i t e  was removed a t  the end of the simmering by a i r  sparging i n  
both cases. 
equivalent i n  improving the second-cycle ruthenium decontamination f ac to r .  
It probably i s  not necessary t o  continue the NO2 sparge during the  simmer- 
ing. 

A 
The treatments 

These r e s u l t s  ind ica te  t h a t  NO2 and NaN02 are e s s e n t i a l l y  
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6,O 

Laboratory study 

URANIUM PRODUCT TAIL-END TREATMENT 

V. J. R e i l l y  

of the use of a s i l i c a  ge l  column t o  adsorb res idua l  
niobium and z i k o n i u h  from the second-uraniumrcycle product (supplied by 
the  Purex p i l o t  p lan t )  has been continued. 
shown not t o  increase the  adsorption s igni f icant ly .  Determination of 
plutonium i n  the  feed and ef f luent  showed no removal of t h i s  contaminant 
from the  uranium product a t  any volume of e f f luent .  Invest igat ions were 
made on the va r i a t ion  of zirconium and niobium decontamination from batch 
t o  batch. 

Increasing the temperature was 

Two runs were made i n  the temperature e f f e c t  s tudies ,  one a t  3OoC 
(room temperature) and one a t  70°C (see Table 6.1). The feed  was f i l t e r e d  
IEXJ boildown from run HCP-7, which contained 460 g of uranium per  l i t e r ,  
4.15' mv of gamma a c t i v i t y  per m i l l i l i t e r  (Bldg. 3550 ion  chamber , and was 

prior-to spiking with pU(IV) t o  1,1 x 104 c/m/ml. 
t i o n  of the spiking so lu t ion  t o  use conditions t h a t  would prevent formation 
of Pu(1V) polymer. 
1 ml/min, but,  owing t o  d i f f i c u l t i e s  i n  flow control,  the rate i n  run SC-18 
var ied  from 0.75 t o  1.0 ml/min, while m n  SG-19 was made la r  e l y  a t  a flow 

t i o n a l  area and was packed t o  a depth of 20 cm krith Dadson re f r igera t ion  
grade s i l i c a  g e l  of mesh -20, 

0.84 N i n  HN03. Plutonium was present t o  the  extent  of 1.5 x 10 J c/m/ml 
Care was taken i n  prepara- 

Both runs were made a t  a flow r a t e  of  approximately 

r a t e  of 1.3 ml/min. I n  each run the adsorption bed was 1 cm 9 i n  cross-sec- 

4 0 .  

Plutonium determinations on feed and ef f luent  showed no removal of 
this contaminant i n  e i t h e r  run a t  any volume of eff luent .  
gamma a c t i v i t y  removal (see Table 6.11, a s  shown by both ion-chamber and 
radiochemical analyses of feed and ef f luent ,  agreed w e l l  with the values 
f o r  gamma a c t i v i t y  removed from the bed on e lu t ion  with oxalic acid. 

The values f o r  

Adsorption of zirconium and niobium i n  a two-section s i l i c a  ge l  column 
was studied i n  order t o  explore t h e  limit of decontamination possible and 
t o  gain f u r t h e r  i n s igh t  i n t o  t h e  mechanism of f i s s i o n  product adsorption. 
Results ind ica ted  that a t  least t w o  species of each contaminant is present 
i n  the  product concentrate, and t h a t  t he  r e l a t i v e  amounts of the  species 
vary from one solvent-extraction product t o  the next,  Since the  species 
vary i n  t h e i r  a f f i n i t i e s  f o r  s i l i c a  gel ,  the decontamination obtained with 
a given column would depend somewhat on the proportions of the  d i f f e ren t  
species  present i n  the  feed. 

The two sec t ions  of t h e  column were each 1 an2 i n  cross  sect ion and 
20 cm deep. Provision was made f o r  sampling the  solut ion a f t e r  i t s  passage 
through 20 cm and again af ter  40 cm. 
t r a t e  from Purex run HCP-9B, and the flow ra te  was 102 ml/min f o r  the f irst  
3 l i t e r s  and 1.0 ml/min the rea f t e r .  

The feed t o  t h e  column was IEU concen- 

.'. ! 



Table 6.1 

Bed 
NO 

SG-19 

SG-18 

S i l i c a  Gel Adsomtion of Zirconium and Niobium f r o m  Uranyl Nitrate 

Tern ml ef f luent  Flowing Stream Decontamination Factor 
COCP m l  of bed Z r  1 Nb 

30 70 2 09 7 .o 
160 1155 lr.3 

1 *35 2 .3  

480 1.0 2.1 

70 75 2.9 L.3 
4 0  2.8 5 - 2  
250 3.7 4.0 
370 2.1 2 *7  
L35 2.2 2.2 
450 1.65 2.1 

Solution a t  Room Temperature (30°C) and a t  70°C 

Feed: 
Adsorption bed: 

Flow rate: w l  ml/min 

IEU boildown (1.93 M uranium, 0.84 N HNO3) from Purex run HCP-7 
1 cm2 cross-sectional are;, f i l l e d  t o  20 cm depth 

with Davison re f r igera t ion  grade s i l ica  ge l  of mesh -20, +LO 

During t h e  first pa r t  of the  run, the decontamination across the 
second sect ion was qu i t e  low, but  it increased as the run progressed, and, 
toward the end of the  run, exceeded tha t  across the f i rs t  sect ion (see 
Table 6.2). 
across a 40-cm bed was roughly the same as t h a t  across a 20-cm bed. 
r e s u l t s  ind ica te  the existence of a t  least  two species  of zirconium and 
niobium, s ince i f  only one species  was present,  the same decontamination 
would be obtained With the  second sect ion as with the first, a t  l e a s t  near 
the beginning of the run when the beds w e r e  e s s e n t i a l l y  clean. An estimate 
of the r e l a t i v e  proportions of the d i f f e ren t  forms of niobium, assuming two 
kinds, one with a high a f f i n i t y  and one with a low,< (see Appendix 2), indi-  
cates  t ha t  about 80% of the niobium i s  of t he  high-aff ini ty  type. A s imi la r  
calculat ion made on the basis of t he  zirconium data  ind ica tes  approximately 
50% of each kind, although ne i ther  form appears to  have a very high a f f i n i t y  
f o r  s i l i c a  gel. 

I n  earlier runs with HCP-5 concentrate, the  decontamination 
These 

A comparison of t h e  r e s u l t s  obtained with product concentrate from runs 
HCP-7 and 9B (see Tables 6.1 and 6.2) with those obtained i n  earlier runs 
with HCP-5 concentrate ind ica tes  t h a t  the niobium and zirconium decontamination 
f ac to r s  were b e t t e r  by a f ac to r  of 2 or 3 with the  HCP-5 product. Th i s  i s  



undoubtedly ascr ibable  t o  a higher proportion of t h e  more readi ly  adsorbed 
forms of niobium and zirconium i n  the run HCP-5' product. 
i s  offered a t  present f o r  t h e  d i f f e ren t  d i s t r ibu t ion  of chemical. forms of 
t he  f i s s i o n  products i n  these several runs. 

No explanation 

To provide a c l a r i f i e d  feed for  the s i l i c a  gel  column, the  concentrate 
from the  p i l o t  plant  (16 l i ters ,  run HCP-9B) was decanted through a plug of 
g lass  wool. I n  order t o  i s o l a t e  and i d e n t i f y  the  associated 
were d i lu ted  with water and centrifuged. The water d i lu t ion  caused a rapid 
separation of a heavy o i l ,  along with a small amount of pa r t i cu la t e  matter. 
The o i l  was separated and water-washed four  times t o  remove uranium. 
of o i l  on the  g lass  wool f i l t e r  were washed off with acetone and combined 
with the  o i l  recovered by centrifuging. 
the organic phase was shaken With potassium carbonate solut ion.  The carbon- 
ate so lu t ion  was scrubbed several  times with kerosene t o  remove dissolved 
and entrained TBP, and was then analyzed f o r  U and POL. A second carbonate 
wash of the o i l  was e s s e n t i a l l y  color less ,  indicat ing near ly  comple removal 
of uranium by t he  f i rs t  wash. 

the dregs 

Traces 

After evaporation of the acetone, 

The carbonate so lu t ion  contained 0.45 mg of phosphate per  m i l l i l i t e r  
and 7.3 mg of uranium per mi l l i l i t e r ,  a U/PO4 mole r a t i o  of 6.5. 
found here may be e i t h e r  MBP or DBP.) The washed o i l  analyzed 258 mg of 
phosphate per mi l l i l i t e r  and 0.11 mg of uranium per  mi l l i l i t e r .  
phate value corresponds roughly t o  753 TBP. The high U/PO4 r a t i o  i n  the 
carbonate so lu t ion  i s  ind ica t ive  of incomplete s t r ipp ing  of uncomplexed 
uranium. The volume of o i l  a f t e r  carbonate washing was 2.5 m l ;  with an 
estimated maximum l o s s  of 0.5 m l  during the operations, about 3 ml of 75% 
TBP (0.8 g as POL] was present a s  undissolved TBP i n  16 l i t e r s  of concentrate 
(containing about 400 g of uranium per  l i t e r ) .  
PO4 per mil l ion p a r t s  of uranium. 

(The PO4 

This phos- 

This amounts t o  50 p a r t s  of 

The insoluble  so l id  was a l so  recovered from the concentrate. The 
weight recovered was 0.35 g, with an estimated maximum weight of 0.5 g, or 
30 p a r t s  per mil l ion of uranium. Spectrographic analysis  indicated: Fe, 
very strong; Mn, C r ,  T i ,  A I  strong; Ca and N i  moderate; and Si weak. 

Inc identa l  t o  t h i s  work, but a r i s ing  out of the i s o l a t i o n  of f r e e  
TBP as  w e l l  as t r aces  of MBP and/or DBP i n  the product, a sample of  t he  
f i l t e r e d  concentrate was checked f o r  foaming tendency during deni t ra t ion.  
There was found no tendency t o  foam whatsoever. 



Table 6.2 

Vole of 
Eff luent  

(ml) 

s 

1600 

3200 

4700 

Adsorption of Zirconium and Niobium from Uranyl Nitrate  Solution 
on a Two-Section Bed of S i l i c a  Gel 

Z r  

Across Across Across 
Section Section Both 
SG-20 SG- 2 1  Sections 

3 1.5 4 4  

2.5 1.4 3 05 
1.95 1.8 3 *5 

Feed: F i l t e r ed  IEU boildown (1.82 M - uranium, 0.78 - M HNO3) from 
Purex run HCP-9B 

Adsorption bed: 1 cm2 cross-sectional area, f i l l e d  with Davison 
r e f r ige ra t ion  grade s i l i c a  g e l  of mesh -20, &bo; first 
sect ion (SG-20), 20 crn deep; second sect ion (SG-21), 20 cm 
deep 

Across 
Section 
33-21 

Flow rate: 1.0 t o  1.2 ml/min 

Across 
Both 
Sections 

Flowing Stream Decontamination Factors  I 

1.6 

2.0 

2.7 

3.2  

10.7 

7.8 

8.1 

7 95 

Across 
Section 
SG-20 

Nb 

r 
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7 0 PLUTONIUM RECOVERY FROM PlIETALLURGICAL WASTES 

R. Lo Folger, E. B e  Sheldon, S. V. Castner, E .  R. Johns 
'b rrqyl) 

7.1 Slag and Crucible Dissolution 

The Controlled Fluoride process f o r  d i sso lu t ion  of s ag and crucible  

Since t h a t  time dissolut ion s tudies  have proceeded i n  an e f f o r t  
mater ia l  was described i n  d e t a i l  i n  the progress repor t (  1? f o r  the previous 
quarter .  
t o  evaluate the  e f f e c t  of process variables., 

Seven crucible  and s l ag  batches have been processed with an average 
loss of only 0.L3 percent t o  the  s o l i d  residue (see Appendix 3). 
of 10 dissolution'  runs, having dissolving times i n  the  presence of f r e e  
f luor ide  i n  excess of 70 min a t  temperatures above 100°C, shows average 
plutonium recovery of 99.5' percent. 
was var ied between 50 and 60 percent with the n i t r i c  acid excess ( n i t r i c  
acid input  divided by stoichiometric n i t r i c  acid requirement f o r  dissolut ion)  
varying from 2.50 t o  3.25 .  Although the  solvent-extraction feed a c i d i t y  
varied from k.5' t o  6.0 M, there  was no apparent e f f ec t  on the  plutonium 
recovery. 
l u t ion  has eliminated t h e  need f o r  so&um n i t r i t e  t o  reduce iodate .  
iodine i s  v o l a t i l i z e d  from the dissolver,  leaving a res idua l  concentration 
of 0.05 t o  0.16 g of iodine per l i t e r  of solution. 

A t o t a l  

The overal l  n i t r i c  acid concentration 

Use of dilut; HN03 (6 t o  9 M) i n  the  i n i t i a l  s tage of t he  disso- 
The 

I n  the f i l t r a t i o n  procedure, the use of f i l t e r  a id  has g rea t ly  improved 
the f l o w  r a t e  through the  f i l t e r .  A .!io3-in.-diameter f i l t e r  was precoated 
with 10 g of Cel i te  545 followed by 5 g of Hy-Flo Supercel f i l t e r  a id;  2.5 g 
of Hy-Flo Supercel was used per  l i t e r  of so lu t ion  t o  be f i l t e red .  Use of 
porosi ty  F s in te red  s t a i n l e s s  s t e e l  a s  a f i l t e r  medium f o r  so lu t ion  which 
had been refluxed f o r  6 hr  gave an average flow r a t e  of 77 gal/ftZ/hr. 
of F i l t r o s  I'H" a s  the f i l t e r  medium for  a so lu t ion  which had been refluxed 
f o r  6 h r  gave an average flow r a t e  of 64 gal/ft2/hr.  
which had been refluxed only 4 hr ,  a flaw r a t e  of 95 gal/ft*/hr was obtained 
with t h e  F i l t r o s  "H" med5um. 
l i t e r s  of dissolver  solut ion per  run. 

Use 

I n  a run using solut ion 

The above data  were obtained using 1 7  t o  18 

The revised d isso lu t ion  procedure, based on one complete reduction 
crucible  batch, i s  shown i n  Fig.  7.1. 

7 2 Corrosion Studies  

Based on the r e s u l t s  of survey comosion t e s t s ( l )  of various mater ia ls  
considered for  fabr ica t ion  of the metal lurgical  waste dissolut ion equipment, 
type 309Cb s t a i n l e s s  steel appeared most a t t r a c t i v e  e Further  evaluation of 
t h i s  material ,  i . eo ,  du rab i l i t y  tests, t h a t  were car r ied  out t h i s  quar te r  
ind ica te  t h a t  it should be s a t i s f a c t o r y  f o r  t h i s  use i f  properly welded and 
heat-treated -, 
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D i  s so 1 u t i  on 
R e a g e n t s  

1 

1 3  M HNO, 
Vol.  13.  5 l i t e r s  

I F1 uo r i d e  I 

F i g .  7 .  1. R e v i s e d  D i s s o l u t i o n  P r o c e d u r e - - P l u t o n i u m  Recovery  from M e t a l l u r g i c a l  Waste  

S o l i d s  

M g O  9 8 5  g 
SiO, 31.4 g 
CaF, 207 g 
C a I z  117 g 
Ca 42 g 
Pu 3 g  
A 1  5 g  

I I 
I n i t i a l  R e a g e n t s  

0 .04  M 
A1 (NO, ),. 9H,O 

6 M HNO, 
V o l .  4 l i t e r s  H 

0 f f - Ga s 

0. 398 m o l e s  I 
0 . 2 5  m o l e s  H,SiF 

16  m o l e s  HNO, 
NO, NO,, H,O 

I 

30% NaOH 

D i  s s o l  v e r  S o l u t i o n  

1 . 2 2  M Mgtt 

0 . 2 0  M Cat+ 

0. 33 M Ut’‘ 

6 . 0  M H ’ 
9 . 8  M NO3- 

0. 19 M F - 
0 . 1 5  $ / l i t e r  Pu 

0 .82  g / l i  t e r  SiO, 

Co rro si  on P r o d u c t s  

V o l .  20 l i t e r s  
Complexin g 

V a l e n c e  
A d j u s t m e n t  

( a )  0.  5 l i t e r s  0 . 1 2  M 
Fe (NH, SO,) , 

C a u s t i c  S c r u b b e r  

1 . 2  M NaOH 
0.017 M NaIO, 
0 . 0 8 3  M NaI 
0 . 3 7 5  M NaF 
NaNO,, SiO, 
Vol. 4 l i t e r s  

- 1  Waste 

P Hy-Flo S u p e r c e l  
50 g s l u r r i e d  i n  
1 l i t e r  H,O F i l t e r  

10 g C e l i t e  545 
5 g Hy-Flo S u p e r c e l  

P r  eco  a t  
F i l  t r o s  “ H ”  

1 

Backwash S l u r r y  - I I  \ F i l t r a t e  t o  S o l v e n t  E x t r a c t i o n  
t o  Waste 
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In te r face  

1st 5 2nd f 

0.0218 0 m 6 9  
0 .O236 0.0192 

0.0179 o .0153 

0 0 0211 0 ., 0171 

ORNL-14 81 

Liquid 

1st 5 2nd 5 
o .0153 0.0111 
0 0164 0 0087 

0.0137 0.0080 

0.0151 0.0093 . 

1st 5 

Samples of unwelded, welded-unpickled, and welded-pickled type 309Cb 
s t a in l e s s  s t e e l  were subjected t o  the f i n a l  f i v e  f ten 24-hr exposure 
cycles under t h e  conditions previously described.Y1) The r e s u l t s  (see 
Table 7.1) showed t h a t  t h e r e  was l i t t l e  difference i n  the rate of corrosive 
a t tack  between welded and unwelded samples. 
f o r  the second f i v e  cycles than f o r  the  first f i v e ,  and the a t t ack  was 
grea tes t  i n  t h e  vapor phase and l e a s t  i n  the  l i qu id .  

The penetration was l e s s  severe 

2nd 5 

A crack t h a t  appeared i n  one of the welded specimens was apparently 

F i t t i n g  of t h e  samples was very l i g h t ,  t he  maximum being 0.001 
caused by tungsten inclusions that resu l ted  from poor technique i n  he l i a rc  
welding. 
t o  0.002 i n .  
samples . No intergranular  a t tack  was noticed on the welded o r  unwelded 

0.0284 
0.0313 

The dissolver  i t s e l f  showed s igns of f a i l u r e ;  continued use l e d  t o  the  
After 

Their conclusion was that  t h i s  

exnosure of a crack i n  the r ing  weld a t  t he  bottom of the dissolver .  
completion of t h e  t en th  exposure cycle, the d isso lver  was.cut apa r t  and sen t  
t o  the  Metallurgy Division f o r  examination. 
weld had a l so  f a i l e d  because of poor fabr ica t ion  technique. 
the i n t e r i o r  weld a t  t h e  corner of the  pot i s  shown i n  Fig.  7.2.  
evident t h a t  the metal of the s ide  of the pot was not thoroughly fused t o  
the bottom. 

The cav i ty  i n  
It is  

0.0256 
0 -02% 

I n  s p i t e  of the  f a i l u r e  of t he  r i n g  weld, the  p i lo t - sca le  d isso lver  
current ly  i n  use f o r  Los Alamos s lag  and crucibles  has successful ly  with- 
stood 18 dissolvings with no v i s i b l e  cracks o r  leaks.  

Table 7 . 1  

Corrosion of Type 309Cb S ta in l e s s  S tee l  

Samples 

Unwelded 
Welded and 

unpickle d 

Welded and 
pickled 

Average 

Penetration(a1 ( i n  ./year) 

(a) The penetration was calculated from the  r e s u l t s  of (I) the  f irst  f i v e  
24-hr exposure cycles and ( 2 )  the succeeding f i v e  24-hr exposure cycles.  
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8 0 ORNL "MINI" MIXER-SETTLER 

V. A .  Ryan, Lo A .  Byrd, E. R.  Johns 

I n  order t o  demonstrate the usefulness of t he  ORNL mixer-set t ler  as a 
laboratory too l ,  a d i r e c t  stage-by-stage comparison of t h e  mixer-set t ler  
with the laboratory batch countercurrent ex t rac tor  (BCE) was needed. Since 
the uranium ext rac t ion  e f f ic iency  of the  mixer-set t ler  has been previously 
investigated,  it was decided t o  study the s t a g e d s e  removal of f i s s i o n  pro- 
ducts i n  the scrub section. 
varied with the two ex t rac tors ,  but the overal l  decontamination (approxi- 
mately 3000 f o r  gross beta) was near ly  equivalent f o r  t h e  two uni t s .  

The decontamination achieved a t  each s tage 

Iden t i ca l  feeds were prepared f o r  comparison runs, with the  two 
ext rac tors  arranged with the same number of scrub stages.  
used a re  given i n  Table 8.1. 

f o r  analysis  (see Tables8.2 and 8.3) 
and plutonium ext rac t ion  losses  and overa l l  decontamination f ac to r s  (through 
nine scrub stages) f o r  gross beta, ruthenium, zirconium, and r a r e  ear ths ,  
based on uranium (see Table 8 .L) Seven extract ion s tages  were needed t o  
reduce the  uranium loss t o  O.OOs$ i n  the mixer-sett ler;  with the  BCE ex t rac tor ,  
the uranium loss was negl igible  a f t e r  f i v e  stages.  
i n  each extractor  was 0,21 t o  0.23$, representang TOO t o  800 c/m/ml i n  the  
raf f i na t  e 

The conditions 

When s teady s t a t e  was reache % tage and end-stream samples were drawn 
These data were used t o  compute uranium 

The t o t a l  plutonium l o s s  

Stagewise decontamination f ac to r s  based on uranium, f o r  gross beta, 
ruthenium, and zirconium were p lo t ted  against  stage numbers (see Figs.  8.1 
through 8.3), s t a r t i n g  a t  the feed p l a t e  and ending a t  t h e  ninth scrub s tage 
(product takeoff) Rare ear th  decontamination data  were not p lo t ted  s ince 
these contaminants a r e  sharply separated from the products a t  the feed p l a t e .  
The p ro f i l e s  ind ica te  tha t ,  f o r  Purex Flowsheet No. 1 conditions, no apprecia- 
b le  decontamination i s  rea l ized  beyond eight  scrub stages by e i the r  BCE o r  
laboratory mixer-sett ler operation. The scrubbing ef f ic iency  of t he  mixer- 
s e t t l e r  appears t o  be s l i g h t l y  superior t o  tha t  of t he  BGE i n  the f i r s t  few 
stages. 
or  four stages,  and the  overal l  decontamination (about 3000 f o r  gross beta)  
i s  near ly  equivalent f o r  both uni t s .  
ruthenium i n  the mixer-sett ler run i s  not understood and another run i s  
planned 

However, t h i s  deficiency i s  made up by the BCE i n  the  l a s t  th ree  

The apparently e r r a t i c  behavior of 

During the  quarter,  valves capable of t h r o t t l i n g  the aqueous in t e r s t age  
flow i n  the mixer-set t ler  block were fabr ica ted  and i n s t a l l e d  (Fig.  8.4). 
These make i t  possible t o  obtain s table  operation with a l l  stirrers ro ta t ing  
a t  the same speed- 



Table 8.1 

Mixer-Settler and Batch Countercurrent Extractor  Conditions Simulating 
Purex I A  (Flowsheet No. 11 Operation 

Feed (IAF') U 328 g / l i t e r  

HNO3 2.13 M 

NaNO2 0.05 - M 

Pu(IV) 5.87 x 105 c/m/ml 

Gross 8 3.15 x 107 c/m/ml 

Ru B 2.68 x 106 c/m/ml 

Z r  B 9.L5 x 105 c/m/ml 
(3*3 x 106 scin.ct./m/ml) 

TRE 8 2.37 x lo7 c/m/ml 

Solvent (IAX) 

Scrub (US) 

Flow ra t io ,  AF/AS/AX 3/2/10 

30 Vol. % TBP i n  Amsco 123-15 

HNO3, 3.0 M - 

Number of s tages  5 extract ion i n  BCE run, 7 extract ion i n  
mixer-sett ler run; 9 scrub 

Number of aqueous 
throughputs 5 
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Scrub Stage Numbers (end stream) 

4 Countercurrent Extractor 

4- Mixer -Settler 

FIGURE 8.1: Comparison of Mixer-Settler unm Countercurrent 
Extractor. Gross D.E b 
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4 ..'* ~ Table 8.2 j 1 L. 'A','.; 

b (  ' 4  . 
Analytical  Results: Batch Countercurrent Extraction of Synthet ic  Feed Using Purex IA, Flowsheet No. 1; 

Stage and End-Stream 

Description 

Feed stage, 
organic 

Feed stage,  
aqueous 

Second scrub 
stage,  organic 

Fourth scrub 
stage, organic 

Sixth scrub 
stage, organic 

Eighth scrub 
stage,  organic 

Organic end- 
stream 

Aqueous end- 
s>ream 

n 

2.95 x 105 

1.20 x 105 

3.a x 105 

3.19 x 105 

2.98 x 105 

2-63 x 105 

2.29 x 105 

795 

96.0 

19.8 

96.0 

96 .o 

99-2 

97.8 

96.0 

8 x 10-5 

0.22 

3.70 

0.21 

0.21 

0.19 

0 .I9 

0.20 

2.30 

(a )  Determined by s c i n t i l l a t i o n  counting. 

3 m  

1.36 x lOh 

1.80 x lo6 

7 103 

4.5 103 I 

I 2.6 103 

2.1 103 

2.0 103 
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' . * i  C "  R . _. Table 8.3 

Analytical  Results:  Mixer-Settler Extraction of Synthetic Feed Using &ex I A ,  Flowsheet No. 1; 
Stage and End-Stream 

7 

b 

organic 

Second scrub 
stage,  organic 

Fourth scrub 
stage,  organic 

Sixth scrub 
stage,  organic 

stage,  organic 

stream 

Eighth scrub 

Organic end- 

Aqueous end- 
stream 

2.80 x 105 

2.73 x 105 

2.76 x 105 

2.73 x 105 

2.43 x 105 

2.11 x 105 

750 

(g/H U ter] 

96.0 

96.2 

96.0 

96 .O 

84.0 

86.0 

0.0092 

0.21 

0.19 

0.20 

0.20 

0.20 

0.20 

2.10 

(a) Detemined by s c i n t i l l a t i o n  counting. 

(b) Possibly a counting e r ro r .  

5.23 x l& 

9.08 x 103 

6.4 x 103 

I 4.77 x 103 

2.7 x 103 

3.02 103 

--- 

4.1 x l& 

3.97 103 

1-24 103 

1.27 x IO3 

b36 

116O( ?) (b) 

5.63 103 

596 

804 

962 

618 
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Table 8.L 

:. . 

U r a n i u m  and Plutonium Losses and Fiss ion  Product Decontamination Factors  
from Comparative Mixer-Settler and Batch Countercurrent Extractor  Runs SimulatSng Purex IA (Flowsheet No. 1) Ope r a t i o n  

Extract ion l o s s  (%I 
Uranium 

Plutonium 

D e c o n t d n a t i o n  fac tor  

Gross B 

Ru B 

Z r  Y 

T R E B  

Countercurrent Extract ion 

0.00005 

0.225 

(a) Based on uranium; through the scrub section. 

, :* -” . ‘t < 
” ’  . .  

Mixer-Settler 

0.005 

0.212 

3.05 103 

3.12 103 

2.22 103 

--- 
c 

?r-, 
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Appendix 1. TOTAL PHOSPHATE ANALYSIS 0" URANIUM PRODUCT SOLU'ITONS 

The wet digest ion procedure f o r  analyzing uranium solut ions f o r  t o t a l  
phosphate (including TBP, DBP, and MSP] was evaluated by spiking small 
amounts of TBP i n  acetone i n t o  5-ml al iquots  of a uranium solut ion obtained 
by dissolving a sample of metal i n  n i t r i c  acid ( to  obtain a minimum value 
f o r  t he  blank). Each solut ion was made up d i r e c t l y  for  digestion because 
of the inhomogeneity of the solutions.  
by the Special  Analysis Group of the Analytical  Chemistry Division. 
consisted i n  mixing the sample with 5 m l  of concentrated n i t r i c  ac id  + 5 m l  
72% perchloric acid + 5 m l  of 35% hydrogen peroxide, ref luxing f o r  30 min, 
then heating t o  H C l O 4  fumes, the heating being continued, while the residue 
i s  s t i l l  moist, for 20 min. 

Digestion and analysis  were performed 
Digestion 

The r e su l t s ,  given i n  Table Al.1, indicate  consistency a t  85 t o  90% 
of the calculated value. Since,one experiment using orthophosphate gave 
only 90% of the calculated amount of POL, it is  l i k e l y  tha t  the digest ion 
of TBP t o  orthophosphate i s  complete under these conditions. 
MBP are  formed i n  tu rn  by hydrolysis of TBP, t h i s  procedure will also be 
su f f i c i en t  f o r  hydrolysis of these species. 

Since DBP and 

An abbreviated digestion procedure employed by the  Analytical  Control 
Laboratory was a l s o  checked. 
5 m l  of concentrated su l fur ic  acid, 1 m l  of concentrated perchloric acid,  
and heating on a hot p l a t e  i n  an open beaker u n t i l  most of the su l fu r i c  
ac id  has been fumed off .  The three samples had 20 t o  30 vg of PO4 as TBP 
i n  0.5 t o  1 m l  of uranyl n i t r a t e  solution. The analyses were 74, 86, and 
112% of theory, ind ica t ing  probably complete digest ion t o  orthophosphate 
under these conditions, but with variable r e s u l t s  due t o  nonsystematic 
errors. 

This procedure requires  up t o  1 m l  of sample, 

Appendix 2.  ESTIMATION OF IlELATIVE AMOUNTS OF' THE CHEMICALLY DIFFERENT 
SPECIES OF NIOBIUM AND ZIRCONIUM 

If two chemical species of niotsium and zirconium are present,  each with 
a d i f f e ren t  a f f i n i t y  f o r  s i l i c a  gel ,  we can denote by A the  more s t rongly 
adsorbed species and by B the species  less s t rongly adsorbed by s i l i c a  ge l ,  
and by subscr ipts  0, 1, and 2 the concentration i n  the  feed before passage 
through s i l i c a  ge l ,  and after passage through 20 cm and through LO cm of 
s i l i c a  gel .  
adsorbed species i n  the  feed. 
the adsorption, the  adsorption-desorption equilibria will not be important, 
and t h a t  the same f r ac t ion  of e i t h e r  A or  B w i l l  remain unadsorbed a f t e r  
passage through each equal increment of bad depth. 

Let F = %/Ao, the r a t io  of t h e  less t o  the more s t rongly  
We w i l l  assume t h a t ,  near t he  beginning of 

Thus, 
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Table Al.l 

Analysis of Uranyl Nitrate Solutions Containing Known Amounts of Phosphate 

Sample: 5 ml of 400 g of uranium per l i t e r +  TBP in acetone 

Sample No. 

1 

2 

3 

4 

5 
6 

7 

8 

9( 

W& Added 
a s  TBP b g )  

0 

179 

357 

893 

0 

50 

273 

500 

1280 

49 

182 

354 
888 

408 

Less ,Blank 
(u g) 

% of 
Theory 

(a) 400 pg PO4 added as  Na2HPO4 instead of TBP. 

. 
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Using these equations and the r e l a t i o n  between Bo and Ao, t he  following 
can be derived: 

The l e f t  s ide of the  equations a re  given d i r e c t l y  by the  experimentally 
obtained decontamination f ac to r s ,  

These equations cannot be solved without f u r t h e r  information o r  assump- 
t ions .  We see that the K values must be l e s s  than 1, and K 1  will be smaller 
than K2,  s ince A represents the more s t rongly  adsorbed species.  
assumed t h a t  A i s  much more s t rongly adsorbed than By then K 1 < < K 2 ,  and, f o r  
the  data  obtained i n  runs SG-20 and 21,  it can be shown t h a t  F = 0.31. 
obvious t ha t  K2 can approach unity,  but cannot exceed it. 
equal t o  1, F i s  found t o  be equal t o  0.105, and K1 = 0.071. 
K1 represents i t s  maximum;  i f  K1 is  taken as 0.05, F = 0.17, and i f  K1 = 0.01, 
F = 0.29. 
0.105 and 0.31, corresponding t o  the  presence of 10 t o  25% of the  l e s s  s t rongly 
adsorbed form. Since e a r l i e r  experience with run HCP-5 concentrate gave an 
i n i t i a l  decontamination f ac to r  of about 25, it is  l i k e l y t h a t  K1 i s  0.OL o r  
lower, giving more weight i n  t h i s  case t o  a higher value f o r  F. 

If it is 

T t  is 
If  K 2  i s  assumed 

This value f o r  

Thus, with the mechanism assumed, F must l i e  i n  the range between 

This method i s  probably not j u s t i f i e d  f o r  application t o  the zirconium 
data  because of the poorer adsorption by both species. 
assumption i s  made, that i s ,  t h a t  one form is  much more r ead i ly  adsorbed 
than the  other,  the  t o t a l  zirconium a c t i v i t y  i n  the feed  fo r  run SG-20 i s  
near ly  evenly s p l i t  between the two chemical species. 

However, i f  the same 

Appendix 3 .  DISSOLVER RESIDUE ANALYSIS 

A t  the termination of the dissolut ion procedure 20 t o  LO g of so l id  
substance remains. 
through 65 g of diatomaceous ea r th  a s  f i l t e r  a id .  This  gives a t o t a l  weight 
of residue ( a f t e r  air drying on the f i l t e r )  of 85 t o  150 g, par t  of which 
i s  absorbed moisture. To get  an accurate analysis  of t h e  t o t a l  plutonium 
charged t o  the dissolver ,  t h i s  residue must be dissolved completely and the  
resu l t ing  solution analyzed f o r  plutonium. 

This material  i s  removed by f i l t e r i n g  the so lu t ion  

A procedure which combines the v i r tues  of r a p i d i t y  and s impl ic i ty  has 

The first of these dissolves  approximately 99% of the mater ia l .  
been evolved, whereby the residue described above i s  dissolved i n  two t r e a t -  
ments. The 
remaining 1% i s  t o t a l l y  dissolved i n  the second step.  The d isso lver  
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residue and f i l t e r  a id  a re  reverse-flow washed and removed from the f i l t e r  
with 2 t o  3 l i ters of water. 
f i l t e r  and vacuum f i i t e r e d  u n t i l  dry.  
and t ransferred t o  a platinum crucible .  
acid i s  added slowly u n t i l  a l l  s i l i ceous  matter has d isso lved .  
l u t ion  i s  accompanied by vigorous evolution of heat .I 
allowed t o  s e t t l e ,  and the supernatant i s  withdrawn throuph a polythene 
t ransfer  pipet .  The black residuum is evaporated t o  dryness and i s  then 
covered with concentrated su l fur ic  acid.  
and several  drops of a 50-50 mixture of 72% H C l O 4  and 709: HNO3 a re  added 
cautiously. 
residuum dissolves.  
natant hydrofluoric acid solution, and t h e  f i n a l  su l fu r i c  acid so lu t ion  a re  
a l l  analyzed f o r  plutonium. 
su l fu r i c  acid solut ions is charged t o  waste.. 

The residue i s  t ransfer red  to  a s in te red  glass  
The gray so l id  mater ia l  is weighed 

Concentrated (487) hydrofluoric 
(The disso- 

The solut ion i s  

The mixture i s  heated t o  fuming, 

The mixture foams vigorously and tu rns  green i n  co lor  as the 
The f i l t r a t e  from the i n i t i a l  residue s lur ry ,  the super- 

Only the plutonium i n  the hydrofluoric and 

The r e s u l t s  f o r  severa l  dissolut ions a r e  presented i n  Table A3.1 .  
the first run (E-8) some black so l id  was removed and analyzed spectroscop- 
ically. 
0.6% Ni, 0.5% Mn, 0.5% Nb, 0.14% Cu, and traces of S i ,  Na, Ca, Me, Mo, Sn, 
V, and Zn. 
presumed t o  be oxides although there i s  a p o s s i b i l i t y  of carbides.  

From 

Quantitatively, it contained 34% C r ,  8.8% A l ,  8.8% Fe, 3.7% T i ,  

The elements present are There was no Pb, Be, o r  U present. 

The black residuum was mixed with 10 times i t s  weight of Na2C03 and 
fused a t  10oO°C f o r  30 min. 
solved i n  6 - M Ha. 

The fused mixture when cool was r ead i ly  d i s -  

Attempts t o  dissolve the residuum i n  concentrated or 6 M HCI ,  concen- 
t r a t ed  o r  6 M HNO3, aqua regia,  fuming H C l O 4  plus  HNO3, o r  HTl did  not 
succeed, a t  zither room o r  boi l ing temperature. 

. 
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No. 

DG-8 (a)  

Dc-9 

E-10 

DG-11 

DG-12 

DG-13 

wt.  of 
Residue 
(d 

101 .o 

160 

160 

150 

140.0 

88.5 
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Table A3.1 

Plutonium Content of Dissolver Residues 

1.03 x lo6  
2.90 x lo6 

8.62 x 105 

4.43 x 105 

9.25 x 105 

8.07 x 105 

Pu 
(mg) 

4.37 

20.3 

3.68 

1.88 

5.85 

3.77 

@Oj, Solutioi 
Pu 

(c/m/ml) 

2.32 x 105 

3.85 

1.59 x 105 

2.64 x 105 

1.44 x 105 

4.06 x 105 

1.64 

14.2 

0 90 

1.81 

0 56 

1.81 

~~ 

6.01 

34.5 

4.58 

3 -69 

6.41 

5-58 

(a) Approximately 1 m l  of Dc-8 HF solut ion containing black so l id  mater ia l  
i n  s l u r r y  was removed before t h e  treatment with su l fu r i c  acid and other  
reagents was s ta r ted .  


