


Report Number: ORmL-1782 

Contract No. W-7405, eng 26 
CHEMICAL TECHNOIMfY DIVISION 
Chan&ical Developn$ Section 

4 

R. Ge Prymer 
D. M. Helton 

J. F. Land 
A .  He Kibbey 

U T E  ISSUED: 

e 

JAN 14 1955 

OAK R W E  MATIQNAL LLIBORATORY 
Operated by 

A Division. of 

Post Office Box P 
Ogk Ridge, Tennessee 

CBRBIDE AND CSRBON CmIW CWANY 

UNIOR CARBIDE AmD CARBON CORpQRqTION 

e 

h 



- ii - ORNL-1782 
ChemistryiSeparation Procesees 

for Plutolsium and U r a r i u m  

INTERNAL DISTRIBU'i'ION 

1. C. E. Center 
2. Biology Library 
3. Health Physics Library 

4-5 Central Research Library 
6. Reactor Experimental 

Ehgineering Library 
7-12. Laboratory Records Deparhnent 

13. Laboratory Records, ORNL R.C. 
14. C. E. Larson 
15. L. Bo Emlet (K-25) 
16. J. Po Murray (Y-12) 
17. A. Mo Weinberg 
18. E. H, Taylor 
19. E. Do Shfpley 

20-21. F. L. Culler 
22. F. C. VonderLage 
23. W. H. Jordan 
24. J. A. Swartout 
25. C, Po Keim 
26, J. He FrJre, Jr. 
27. So C. Lind 
28. A, H. Snell 
29, A. Hollaender 
30. M. T, Kelley 
31. K. Z. Morgan 

32. T, A. Lincoln 
33. R. S. Livingston 
34. A. S. Householder 
35. C. So HarriU 
36. C. E. Winters 
37. D. W. Cardwell 
38. E. H. King 
39. W. K. E i s t e r  
40. F. R. Bruce 
41. D. E. Ferguson 
42. H. K, Jackson 
43. H. E. Goeller 
44. D. D, Cowen 
45. R. A. Charpie 
46. J. A. Lane 
47. M. J. Skinner 
48. R. E. Blanco 
49. S. Peterson 
50. G. W e  Parker 
51. J. R. Flanary 
52. A. Hp Kibbey 
53. R. Go Wymer 
54, D. M. Helton 
55. J o  E, Land 

EXTERmAL DISTRIBUTION 

56, American Machine and Foundry Company 

65. Armed Forces Special Weapons Project (Sandia) 
660 Armed Forces Special Weapons Project (Washington) 

67-69. A t d c  Energy Commission, Washington 
70. Babcock and Wilcox Company 

71-73. Brookhaven National Laboratory 
74. Carbide and Carbon Chemicals Company ( C - 3 1  Plant)  

75-77. Carbide and Caybon Chemicals Company (K-25 Plan t )  
78. Chicago Patent Group 
79. Commonwealth Edison Company 
80. Detroit Edison Company 
81. Dow Chemical Company (Roclsy Flats) 

57-64. Argonne National Laboratory 

82-8T0 Du Pont Company, Augusta (1 copy each t o  M. E. Wahl and D. S. Webster) 
88-90. Du Pont COIQW, Wilmington (1 copy each t o  J. E. Cole and 

W. A. Jenkins) 
91. Duquesne Light Company 

I 



\ - iii - 
92, Fo&e'P Wheeler Corporation 
93. General Electric Company (APS) 

94-LOl. General Electric Comp-, Richland 
102. Goodyear Atomic Corporation 

103-104, Hanford Operations Office (1 copy t o  F. W, Woodfield) 
105. Iawa State College 

106-108, Knolls Atoraic Power Laboratory 
109-110, Los A l a m o ~  Scient i f ic  Laboratory 

111. Massachusetts In s t i t u t e  of TechnQlogy (Benedlet 1 
112, Monsanto Chemical Company 
ll3. Mound La?poratozy 
1$4* Raval Research Laboratory 
ll5. Newport News Shipbuilding and Dry 'Dock Corppany 

116-117, Ncp%h American Avfation, Inc, 
u8. Pacific Rorthwest Power Group 
ll9, Patent Branch, Washington 

120-124. Phi l l ips  Petroleum Company (MRTS) ( 1  copy t o  C. 8. Sevenson) 
125-126, Udversi ty  of California Radiation Laboratory, Berkeley 
127-128, Ungversity of California Radiation Laboratoq, Livemore 

131-145. Technical Infoneation Service, Oak RiClge 

129. Vitro Engineering Division 
130. Wes-binghouse Electric Corporation 

146, Division of Research and Medicine, AEC, OR0 

. 



- v -  

COECENTS 

page 

1.0 -TRACT 
2.0 DRRORUCTION 
3 00 DISSOLUTION STUDIES 

3.1 Hature of the Caustic-Bluminum Reaction 
3.2 Kinetics of Dissolution 
3.3 Heat Generation in Column Dissolutions 
3.4 Effect of Carbonate and Pera ide  
3.5 Hydrogen Off-Gas Disposal 

4.1 Pbysical Data on Liquids and Solids 
4.0 LZQUID-SOIJD SEPARATION 

4.2 Fil-bratjon 
4.3 Centrifugation 
4.4 Solution S tab i l i t y  

5.0 DISSOUJTION OF URIIWm SOLIB IN NITRIC ACID 
- 4.5 Fission Product Distr ibut im 

TABlXS 

3-1 Calculated and Experimsntal Caustic Concentrations of 
Product from a l - in&odo Glass Column ContipUaus Dissolver 

3-2 U r a n i u ~  Losses t o  Dissolver Solution 7 x loo3 

4-1 Effect of Centrifugation Time on Uranium Solids Bemcnrgl 
fTnm 3 EQ NaOH-3 & NaA102 a t  35 t o  45% 

4-2 Fission Product Distribution Ratios 

in 
Hydrogen Peroxide -. 0 ~ 

1 
1 
3 
3 
4 
u. 
u. 
u, 
J-4 
15 
19 
19 
20 
23 
25 

8 

13 

21 

24 



- vi - 

Fags . : 

3 ~ 1  Iaboratw Batoh Dissolver Used in Rate Studies 7 
3-2 labora'bory Txickle='Qp Continuaus DissolveF $0 

4 4  Viscosity .of NacB4-N"Bz02 SQluCions as a Function 
of Temperature and NaCR Concentratton 

16 

4-2 Demity of pJaCEl-I?aAlO, Solutions as a Fuqotion of 17 
Tempemtare 

3 



- 1 -  

. 

1.0 ABSTRACT 

Continuous caustic dissolution of uranium-aluminum slugs, 
which would resu l t  i n  considerably lower waste volumss i n  
uranium processing, was shown t o  be feasible. 
were treated with twice the stoichiometric amount of sodium 
hydroxide required f o r  the dissolution, and sol id  uranium 
oxide particles,  more than 5% of which were l e s s  than 0.1 p 
i n  diameter, suspended i n  caustic-aluminate solution were 
formed. The uranium product was separated by centrifugation 
a t  980 G I s  f o r  1 hr with a uraniumloss of 0.05%. 
of the f iss ion products accompanied the uranium i n  the 
separation step,with cesium and iodine the principal con- 
taminants of the caustic-aluminate solution. The separated 
sol id  product was readily dissolved in boiling 6 &j n i t r i c  
acid t o  form a satisdactory feed f o r  a solvent extractton 
process. 

The slugs 

The bulk 

The continuous dissolution r a t e  of SavannahRiver slugs i n  
a 5.5-in.-diam. column with a 28-h-h igh  slug bed and a 6 
sodium bydroxi.de flow ra te  of 1 liter/min was calculated t o  
be about 6 kg of uranium per 24 hr, and was experimentally 
verified 

2.0 INTROUDCTION 

The high aluminum content ( 2 9%) of a l l  currently produced uranium- 
alminum alloy reactor slugs makes possible the dissolution of these slugs 

i n  caustic solutions. 
advantages are t o  be gained by caustic dissolution of uranium-aluminum a l loy  
a s  opposed t o  mercury-nitric acid dissolution.(1) 
the savings in waste storage costs and the reduced equipment and process 
control requirements resul t ing from the mch smaller volumes which may be 

It has been recognized for  some time that  cer ta in  

Chief among these are 

(1) See, f o r  exaQple, nProject Hope,A Chemical Reprocessing Plant for  a 
rrtrclear Power Economy", O R N L - ~ ~ ~  (January 21, 1954). 
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used t o  process a given amount of uranium.(2) The reason f o r  not 
turning t o  caustic dissolution ea r l i e r  is primarily the f ac t  tha t  
too l i t t l e  work had been done t o  adequately define a l l  the problems 
involved, sow of which were thought t o  be rather serious. 

Same development work has been done on caustic dissolving a t  
Hanford Atomic Products Operation,(3) and more recently 

should be emphasized, however, that a t  these s i t e s  a mixed sodium 
Chemical Processing Plant has begun a study of the process. (4 )  It 

hydroxide-sodium ni t ra te  dissolver solution was used, whereas i n  
the work described i n  this report sodium hydroxide alone was used. 
Sodium ni t ra te  reacts with the hydrogen formed i n  the caustic dis- 

solution and so reduces the hazard f romthis  gas i n  the dissolver. 
The formation of hydrogen gas  i n  the closed dissolver system was not 
considered a problem of great magnitude i n  the present study'since 
coqpamble problems have been solved industr ia l ly  i n  numerous instances, 
and enough economies, mainly i n  waste storage, could be achieved 
through omitting the sodium ni t ra te  that  it was deemed advisable t o  

. 
do SO. 

The most serious problem encountered i n  caustic dissolution i s  

tbp separation of the two phases tha t  result; the desired uranium 
product is contained i n  the minor, sol id  phase. Even though the 

(2) A flowsheet f o r  processing a feed containing 60 g of uranium per 
l i t e r  has been proposed by J. R e  Flanary of the Chemical Technology 
Division, ORNL. 

(3) See ffCaustic Disintegration of U-A1 Alloy t o  Produce Low Aluminum 
Feed f o r  Solvent Extractiontl, by R. E. Burns, H. S. Gile, and C. H. 
Holm, HW-31245 (April 1, 1954). 

( 4 )  See l!Idaho Chemical Processing Plant Monthly Progress Reportrf, by 
F. P. Vance (September 16, 1954). 
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processes of solid-liquid separation are highly developed, the separation 
necessary in the case of caustic dissolution is extraordinary since less 
than OJ% of the uranium can be lo s t  t o  the l iquid phase, and most of the 
sol id  par t ic les  have diamsters less than l p o  Other factors which have 
been given l i t t l e  or no attention in  the past and were included i n  t h i s  
study are dissolution rates,  uranium losses result ing from unavoidable 
contaminants i n  the caustic dissolver solution, e.go, sodium carbonate and 
hydrogen peroxide, s t a b i l i t y  of the caustic-aluminate solution, and f i ss ion  
product distribution between the l i qu id  and sol id  phasese 

3 00 DISSOLUTIOEJ STUDIES 

301 &rture of t& C augti  c - m  Rea c t  ioa, 

When uranium-aludnun alloy slugs are dissolved i n  sodium hydroxide, 
the primary reaction is 

with the formation of sol id  uranium oxides a chemically inconsequential 
simultaneous reactiano 
t i c e  a 1.5- t o  2-fold mole excess of sodiumhydroxide is usedo Under 
these conditions the sodium aluminate remains i n  solution for a t  l e a s t  
1QO hr, whioh is long enough t o  permit separation of the insoluble 

The sodium aluminate is metastable, and i n  prac- 

uranium compound frm the aluminum solutiono In the absence of excess 
caustic, especially a t  hightemperatures, the sodium aluminate is con- 
verted t o  insoluble aluminum oxide on standing: 

The presence of alumiruun oxide trihydrate, as gibbsite or  bayerite, in 
the precipitate formed when the sodium aluminate solutions were aged 
was shown by X-ray analysiso Sodium aluminate and other aluminum cam- 
pounds were not detected. 
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I n  the presence of stoichiometric amounts of sodium hydroxide 
the net reaction f o r  caustic dissolution of aluminurnwould be the 
sum of Eqs. 1 and 2: 

2A1 + 6%0 A1203*3H20 + 3% . (3 1 
Although t h i s  might indicate that the sodium hydroxide is only a 
catalyst ,  and that only catalyt ic  amounts would be required f o r  the 
overall  reaction, such is not the case. The formation of sodium 
aluminate, for which a stoichiometric amount of sodium hydroxide is 
needed, is a necessary intermediate s tep i n  the dissolution, and the 
mechanism leading t o  the precipitation of A 1  0 * 3  
pared t o  tha t  of dissolution and may actually approach zero velocity under 
sone conditions. Also, an appreciable concentration of caustic is  needed 
t o  attack the A 1  0 which coats a l l  aluminum and aluminum al loy that has 
been exposed t o  the atmosphere, and t o  remve a very adherent black oxide 
coating which forms on the surface of uranium-alu.tdnum al loy when in- 
sufficient caustic is used. 

0 is very slow corn- 2 3  HZ 

2 3  

3.2 Binet i c s  of Dissolu t ioq 

patoh S tudieg. Data obtained i n  batch studies on caustic dissolution 
of urani,um-aluminum a l loy  slugs were characterist ic of heterogeneous, first- 
order reactions, 
the specific reaction rate  constant f o r  the reaction 2A1 + 2NaOH 4 
2NaA102 + 3H2 was calculated a s  e2.6 x 
dissolutions. T h i s  value is equivalent t o  an aluminum dissolution ra te  

2 of 36 mg/min/cm i n  6 M sodium hydroxide, which is s l igh t ly  greater than 
the optbum ra te  reported f o r  the acid system(5) for  zero aluminum con- 
centration. 

( 5 )  

From the h o r n  s lug areas and dissolver solution volumes, 

2 liter/min/cm fo r  a l l  batch 

Unlike the acid system, i n  which the dissolution ra te  is  
See IrNitric Acid Dissolution of Uranium Aluminum Alloys', by R. E. 
Burns and C. H. Holm, HW-184I.4 (August 12, 1952). 
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optirmlm a t  4*5 
n i t r a t e  concentration, the caustic system has a dissolution ra te  
that is direct ly  proportional t o  the caustic concentration over 
a t  l eas t  as great a range as  3 t o  7,65 

n i t r i c  acid and decreases with increasing aluminum 

sodium bydraxide. 

The kinetic equation f o r  batch caustic dissolution, i f  slug 
surface area and dissolver solution volwns are assumsd constant, is 

In (co/c) = kst/v, 

where co and c are the caustic molar concentrations i n i t i a l l y  and 
a t  time t, respectively; s is the available slug surface area, in 
square centimeters; and v is the dissolver solution volume, &I l i t e r s .  
If e i th s r  s or v is not constant (s is obviously not constant when a 
batch dissolution is carried t o  cmpletion), th is  variable mast be 
introduced in to  the d i f fe ren t ia l  ra te  expression a s  the appropriate 
function of the caustic concentration, An equation of the form 

~n FAG + B ) / ~ J  = mt + constant of integration, 

where A and B are constants t ha t  depend on the area/volwns ra t ios  
and slug shape, is obtained when the dependence of s upon c and co 
is in t roaced  in to  the instantaneous ra te  equation and the integmtion 
perf o m  d 

The velocity of the dissolution reaction ms followed continuously 
by measuring the instantaneous pressure of the hydrogen gas generated 
in the dissolution as  it issued from orif ices  of various sizes. When 
the instantaneous pressures of the evolved gas, as  measured w i t h  a 
manmetric flowmeter, were plotted against time on semilogarithmic 
paper, st ra ight  lines were obtained whose slopes varied direct ly  as  
the r a t i o  of the slug area t o  the dissolver solution volume. Most of 
the dissolutions from which the specific r a t e  constant was determined 
were made with cast  7.5% usanium--92.5% aluminum al loy slugs. However, 



- 6 -  

values of the ra te  constant determined with extruded al loy slugs containing 
5.37% urStniUm were not significantly different 

The type..of apparatus i n  which the batch studies were made is shown 
i n  Fig. 3-1. 
the figure, m s  made of s ta inless  s tee l .  

The dissolver pot, which is enclosed i n  a heating mantle i n  

Column I Studies. From the data obtained i n  dissolution studies made 
in  a l-ip.-diam. continuous t r ick le  type glass  c o l ~  dissolver, the 
specific reaction rate  constant was calculated a s  approximately 9 x loo5 
Liter/min/cm , which is only one-third the value found f o r  the batch 
studies. The difference is most probably at t r ibutable  t o  a "wetting 
factor" of the column. Based on the assumptions tha t  the caustic feed 
ra te  t o  the column and the distribution of s lug area per inch of column 
height are constant, both of which assumptions are just i f iable ,  and that  
there is no channeling of caustic a s  it passes through the column, the 

2 

equation describing the dissolution can be shown t o  be 
* 

' In (co/c) = X k ' S h ,  (6) 

where k' is the adJusted specific reaction ra te  constqnt; I(: is the slug 
bed height in inches; S is  the slug area per un i t  height of bed i n  square 
centimeters per inch; V is the flow r a t e  i n  l i t e r s  per minute; and Co and 
C a re  the caustic molar concentrations i n  the feed and product, respectively. 

After the w l u e  of the  r a t e  constant had been determined, Eq. 6 was 

used t 9  predict the caustic concentration of the produot fo r  different 
feed conditions; the predicted values agree with those obtained i n  ex- 
perimental runs (see Table 3-1). In similar  experimsnts i n  a 2t in .4 .d .  
c o l ~  the value of S was increased 4-fold because the 2-in.4.d. column 

has " times as  much slug surface area per wit height of column a s  the 
I-in.4.d. column, and similar agreement between calculated and experimental . 
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I 

1 1  Q n i n l n c c  c t r  ' 

Fig. 3.1. Laboratory Batch Dissolver Used in Rate Studies. 

- ~~ 
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Table 3-1 

Height of 
Slug Bed 
~ (in,.), , ,. 

7 

u 

Calculate d and EXD er imental Caustic Cancentr ations 02 
duct from ' a 1-inri.d. Glass C olumn con tin- olver 

0.068 
0. 093 
.0.099 
0.067 

' 0.088 
0.100 

0 . 100 
0.160 
0.060 
0 7 xoo 

--mQw 

Feed 

4.1 
4.1 
6 .O 
6 .o 
6.0 
8.0 
8.0 
9 -7 

4.1 
4.1 
9.7 
9.7 

centration &\ 

pro 
Calc td 

2 02 

3 -3 
3 -8 
4.3 
4-4 
5.0 

5 -6 
7.1 

2 02 

2.8 
3 * 4  
5.2 

Ict 
P p ' t l  

2.0 

3.0 
3.7 
4 04 
4.2 
4 07 
5 -7 
7.7 

1.9 
2.7 
4.2 
6 .O 

$ Error 

+10 
+10 
+ 2.7 

- 2.3 
+ 4.8 
+ 6.4 
- 1.8 
- 7.8 
+16 
+ 3.7 
-19 

-13 
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j 
resu l t s  was obtained. 
one-fifth the size of Savannah River slugs, made of 5.37% 'hranium-94.63% 
aluminum alloy were used. 
glass  i n  the reaction zone had no effect  on the dissolution. 

For these experiments miniature exdruded slugs, 

Substitution of s ta inless  s t e e l  pipe f o r  the 

The glws colwnn used i n  the continuous dissolution studies is shown 
i n  Fig. 3-2, where the 1-in.4.d. dissolver section is  shown i n  place. 

Bate, of D issolut ion of Uranium-Aluminum A l l o ~  i n  Caus t i c .  In  a 
contiquous t r ick le  type glass 5.5-in.-i.d. dissolver with a 28-in.ohigh 
slv bed, using 5.37% 'wanium-94.63% aluminum al loy type Savannah River 
slugs (12 in.  long and 1 in. i n  diameter) and 6 sodium hydroxide a t  
a f2ow ra te  of 1 liter/min, 6.34 kg of uranium, a s  the dioxide, would 
be prOduced i n  one 24-hr period of operation. 
a$ follows: 

This rate  is determined 

Substitution of the data i n  Table 3-1 i n  Eq. 6 gives an 
. average value of 0.0045 f o r  the term ktSi-for a 1-in4.d.  column. 

For a 5.5-in.-i.d. column using full-size slugs, the value of ' 

S is increased 5.5-fold, and k'S = 5.5 x 0.0045 = 0.0247. The 
slug bed height necessary t o  give this value of k'S with 6 
sodium hydroxide flowing a t  a ra te  of 1 liter/min is 

Since 1 l i t e r  of 3 
minute, it follows that  3 x 60 x 24 = 4320 moles of sodium 
aluminate is  formed i n  a 24-hr period. The slugs a m  w s u m d  
t o  be 5% uraniumby wei ht; therefore for each mole of sodium 
aluminate produced, (5 B 95) x 27 = 1.42 g of uranium (as the oxide) 
is formed, or ,  i n  a 24-hr period, 1-42 x 4320/1000 = 6.u kg of 
uranium. The product under these conditions would be 3 M i n  
sodium hydroxide and 3 &l i n  sodium aluminate, with the uranium 
oxide present a s  a s lurr ied oxide solid. It is important t o  
note tha t  the s lurr ied oxide product does not become trapped 
i n  the slug bed or  on the retainer plate,  but passes readily 
through the dissolver column and in to  the receiving vesseL(6) 

'(6) ' The quantitktive correctness of the above calcqlation has been confirmed 
by work done by D. L. Foster e t  al . ,  of the Chemical Technology DivisIonJ 
OF@&, using a 5.5-ino-i.d. dissolver columno 

sodium aluminate product is fomned per 



a 

Fig. 3.2. Laboratory Trickle-Type Continuous Dissolver. 

- 
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If the flow ra te  and bed height are both t r ipled,  an estimated 
20.4 kg of uranium would be processed i n  the same 24-hr period. 

U U Q S  oluti&ga& 3 . 3  e 

In the continuous dissolution, considerable heat, estimated from 
heats of formation t o  be 100 kcal per mole of sodium aluminate formed, 
was generated, 
columns heat dissipation w i l l  be a problem. Vaporization of the water 
a s  the-oaustic solution moves down the column w i l l  supply a mechanism 
f o r  the remqval of auch of this heat, the water being condensed ex- 
ternal ly  and returned t o  the top of the column qrhere it would join 
the caustic: feed. If very concentrated caustic feed, e.g., 10 1l sodium 
hydroxide, were employed, it is doubtful tha t  vaporization of water would 
be adequate, o r  even desirable, f o r  heat removal, since loca l  high con- 
centrations of caustic, and hence viscous solutions, would be created. 
Aptually, is batch experiments with 9.5 sodium hydroxide the caustic 
was too viscous t o  give sat isfactory dissolution, and subsequent so l i& 
sepapatioq w8s extpmsly troublesome. 
say, 6 or 7 M sodium hydroxide, should probably be used. The ra te  of 
heat generation w i l l  be lower f o r  a given flow rate ,  and the amoupt of 
water avai lable  t o  remove the heat w i l l  be greater. A t  the same % b e ,  

dissolution ra tes ,  a s  shown previously, would be quite satisfactory.  

It seem reasonable t o  assume tha t  with larger  dissolver 

(I 

Therefore more di lute  caustic feed, 

J 

3.4 w e  c t  of c arbonate and Peroxxu 

Several batch dissolutions of uranium-aluminum alloy wafers were 
made with caustic t o  which sodium carbonate had been added i n  order t o  
ascertain the effect  of carbonate ion on uranium losses t o  the l iquid 
phase upon separation of uranium-bearing solids,  and t o  see i f  the 
a a a l i n i t y  introduoed a s  carbonate affected the ra te  of dissolution. 
Concentrations up t o  1.25 8 Ma CO caused no noticeable uranium loss, 2 3  
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and dissolution rates  were those which would be expected f r m  the caustic 
alone, as  thuugh no sodium carbonate had been present. 

In a ser ies  of batch experiments on the effect  of hydrogen peroxide, 
which might be f o m d  from the water by the radioactivity frm the 
f i ss ioq  products, up t o  $8 of the totaluraniwnwas lo s t  under extreme 
conditions. The canpound V205 was able t o  remve the hydrogen peroxide by 
ap axidation-reduction reaction when it was present in 10-fold excess 
over the hydrogen peroxide addedo Sodium iodide was effective in 
catalyt ic  amounts, provided tha t  the solutions were kept a t  the boiling 
point (see Table 3-2). 

.Hydrogen peroxide was added continuously during dissolutions in caustic 
of various concentrations a t  a r a t e  10 times tha t  a t  which it would be 
fonnsd by the f3 radiation fram a 20-day-irradiated, 2% burned-up, 
30-day-cooled uranium-aluminum al lay  fue l  element of 5037$ original 

. uranium content The hydrogen peroxide additions were unreal is t ical ly  
h r g e  because it. was f e l t  tha t  an effor t  should be made t o  obviate the 
problem i n  its extreme; losses under actual conditions would thus be 
Less than those determined. 
were formed per 100 ev ( ioeOt a and tha t  f3 energy was 
lo$ effective in forming %02. Under these exaggerated conditions, 
8% of the t o t a l  uraniumwas los t  w i t h  3 
l e s s  when mre concentrated caustic was used as dissolvent; fo r  example, 
dissolution in 6 & sodium hydrcaride led t o  only 2% loss. 

It was assumed that three %02 molecules 
value of 3 )  

caustic. The losses were 

The materials which w8re introduced in the hope tha t  they might 
e i ther  catalyze the peroxide decomposition or  remove the hydrogen 
peroxide by a straight-forward oxidation-reduction reaction when present 
in  excess were those capable of possessing more than one equilibrium 
vabnce aUralhe media. Substances t r i e d  were m02, KMnO , Ma2Cr0 V 0 
Pb02, and NaI. Uranium losses when 3 pli NaOH containing 5 x 10 

4’ 2 5’ -2 V205 was used 
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Material Added 

-? 

-2 

m02 

-4 
ma2crO4 

'2 ' 5  

'2'5 

m02 
NaBr 

Concentrat ion &) 

6.0 x 

6.0 10-3 

2.0 10'3 

3.0 x 

5.5 x 

6.0 10~4 

5.5 x lom2 
6.0 10-4 

6.0 10-4 
(kept a t  b.p.) 

Uranium LQss 
(5  of total)  

4.7 

6 .O 

8.1 

4.7 

0.30 

4 - 3  

5 

'7.3 

0.03 
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a s  the dissolvent were neglible. 
catalyt ic  concentrations of NaI, 6 x 
i n  the destruction of %02 i n  the 3 
periments, provided that  the solutions were kept a t  the boiling point. 
With it, uranium losses were reduced from 8% t o  less  than 0.1%. (When 
uranium losses are  of the order of 0.1% of the to ta l ,  poor f i l t r a t i o n  
or  insufficient centrifugation is  very l ike ly  the cause; see Sec 4.0.) 

It was discovered, however, that  
M, were equally efficacious 

NaOH dissolver solution ex- 

305 U d r  open Off - Gas D iswosal 

Since fo r  every mole of aluminum dissolved 1.5 moles of hydrogen 
are liberated (Eq. 3 ) ,  it i s  obvious tha t  hydrogen off-gas disposal poses 
a problem. 
with a i r  t o  below the explosive limit ( 4 5% H2 by volume), and catalyt ic  
recombination with oxygen. 
because of i t s  simplicity and economy. 

Possibi l i t ies  being considered fo r  its disposal are dilution 

Dilution would be preferred i f  practicable 

4-0 LIQUID-SOLID SEPARATION 

The most serious problem i n  caustic dissolution i s  separation of 
the sol id  and l iquid phases. This is  true whether insoluble uranium- 
bearing solids are separated from caustic aluminate wastes, as  is now 
being studied, or insoluble aluminum solids are  separated from dissolved 
uranium product In  laboratory experiments the uranium-bearing sol id  was 
sometimes separated with losses a s  low a s  O.Ol%, although losses of about 
0.04% are more nearly representative of many runs. 
phase-separating process, aluminum concentrations should be kept low and 
temperatures high so  that  viscosit ies are  not excessive 
containing 3 E sodium hydroxide and 3 
handled, and represent a convenient compromise between dissolving rate  
and physical and chemical properties. 

To f ac i l i t a t e  the 

Solutions 
sodium aluminate are easi ly  



4 1 ?hvs i c a l  Data on Liauids and S o l i b  

Viscosities of Dissolver Solutions The viscosi t ies  of solutions 
of various sodium hydroxide and sodium aluminate concentrations were 
measured a t  28 and f loc and plotted (see Fig. 4-1). A temperature 
coordinate on which centigrade temperatures could be plotted directly 
was chosen so that  the calculation of reciprocal absqlute temperatures, 
usually required fo r  plot t ing such data,was unnecessary. 
wortby tha t  the caustic-aluminate solutions are  highly viscous a t  room 
temperature (28OC), but become l e s s  viscous rapidly a s  the boiling point 
is approached, un t i l ,  f inal ly ,  over a very wide solution concentration 
range, a low viscosity i s  approached. 
lyophilic sols, and lends support t o  the idea that  the caustic-aluminate 
solutions are not en t i re ly  true solutions under most conditions of 
caustjc conoentration l ike ly  t o  be encountered i n  a caustic dissolutioq, 
but are  partly sols, containing only a re la t ively small concentration of 
ionized aluminum-containing particles.  
viscosity a s  the boiling points of the various solutions are approached 
a l so  explains, i n  a large measure, why the caustic dissolutions appear 
to -be  first order reactions over such a large range of caustic and 
aluminum concentrations. 
primarily, diffusion-controlled, Since diffusion is  governed by viscosity 
it follows that  maintaining the viscosity nearly constant f ixes  the 
diffusion coefficient and permits other effects ,  i n  this case tha t  of 
the caustic concentration, t o  be f e l t  directly. 

It is  note- 

Such behavior is typical of 

. 

The rapid approach t o  a low 

The reason is that  heterogeneous reactions are ,  

pgnsities of D issolver Solutions. Densities of various possible 
dissolver solutions were measured a t  28 and 87OC and plotted on plain 
coordinate paper (see Fig. 4-2). 
increased. A l inear  plot between only two points was chosen f o r  the density 

The density decreased a s  the temperature 
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graph because,with other systems in which considerable solvation of 
par t ia l ly  ionized materials has occurred, l inear  plots of density 
versus temperature have been obtainedo 

Densits of sol ids  e The density of the uranium-bearing solids was 
determined pyknowtrically for  solids obtained in  four different batch 
dissolvingso 
these solids was anywhere from 0 t o  10% U(IV). 
a re  U020%0, and an average batch dissolution gives a sol id  with a 
uranium cmtent  of 

The average value was 5.0 2 007 g/cc. The uranium in 
In the main, the solids 

about 90% of which is U ( I V )  

The bulk density of the solids is about 1.1 t o  1.2 g/cc, and it 
changes very l i t t l e  when caustic aluminate solution is substituted 
f o r  a i r  in the interpar t ic le  spaceso Bulk density, as  used here, should 
be understood t o  mean the number of grams of polidq per cubic centimeter 
occupied by those sol idso The volume occupied could be measured, f o r  
example, by putting a lmm weight of solids ira. a graduated cylinder, 
shaking t o  s e t t l e  them, and reading the volume directly,  

par t ic le  S ize of Solidso Measurements made on photcrmlcrographs of 
material fram 10 different batch runs indicate tha t  the par t ic le  size of 
the maniu-bearing solids is usually s m l l e r  than Oo05 po It must be 
seme&eredg however, that If only 1% of the par t ic les  are l p  or 
larger, and i f ,  say, 5% are l e s s  than O J p  then 20 times a s  much 
weight of material is abme l p  as  is below 0.1 p o  Therefore, the 
par t ic le  s ize  data are not as  discouraging as they appear a t  first 
sight, but they do indicate that  complete uranium recovery would be 

very diff icul t ,  and tha t  the pmmissible loss of $35 w i l l  probably 
dictate the design of the separation equipmento 

The uranium-bearing solids am indicated by X-ray analysis t o  be 
anorphouso but they have good properties fram the poiat of view of 
handling. They are  completely nongelatinaus and are  easi ly  drained 
dry and washedo i 



4*2 E=iltra t ion 

/ Despite the small size of the pb ' t ic les ,  the uranium-bearing sol ids  
were f i l t e r ed  with average losses of about Q.C&$ of the t o t a l  uranium. 
F i l t ra t ion  losses were about the same whether the f i l t r a t i o n  was through 
fine-pore paper or  sintered s ta inless  s t e e l  of G o r  H porosity. 
cases it is necessary t o  build up a m a t  of precipitate before high re- 
tention is achieved, and t h i s  means tha t  recycling of the first portion 
of f i l t r a t e  is necessary. 

In a l l  

F i l t ra t ion  ra tes  measured a t  40 t o  5OoC through 
' a G-powsity sintered s ta inless  s t e e l  f i l t e r  and 

under a pressure d i f fe ren t ia l  of 60 t o  65 cm H g  are of the order of 
0.2 ml/min/cn2 f o r  solutions 3 
alumbmte. They are about 0.1 ml/min/cm for  solutions 3 i n  sodium 
hydroxide and 3 E% in sodium aluminate a t  27OC. 
resu l t s  i n  a marked increase in  the f i l t r a t i o n  r a t e s  because of the ex- 
ponential decrease of viscosity with increasing temperature. Conversely, 
decreasing temperature has an equally marked adverse effect  on f i l t r a t i o n  

-1mn of f i l t e r  cake 

i n  sodium hydroxide and 3 M i n  sodium 
2 

Increasing the temperature 

rates.  

4.3 Fentrifum %ion 

Uranium losses were 8s low i n  centrifuging a s  i n  f i l t e r i n g  off the 

so l id  phase. 
p a r t l y  because a i r  oxidation of the uranium sol ids  can occur on a dry 
f i l t e r  cake, leading t o  formation of higher oxides, o r  of sodium diuranate 
i n  the presence of residual caustic. The higher oxides, and especiarly 
the diuranate, have somewhat poorer handling properties than uranium 
dioxide, and are more readily solubilized by complex ion formation. 
The presence of an aqueous layer i n  centrifugation excludes a i r  and so 
reduces a i r  oxidation t o  a negligible amount; it a l so  provides a heat 

Centrifugation is the more desirable method of separation, 
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. 

t ransfer  agent f o r  f i ss ion  product heat dissipation. Also, from an 
engineering point of view, centrifugation lends i t s e l f  more readily 
t o  this type of radioactive application. 

Uranium solids removal by centrifugation has been studied a s  a 
function of centrifugation t i m e  (see Table 4-1) i n  a ceQtrifuge capable 
of exerting .dl000 G ' s  a t  the periphery, It may be seen tha t  centr i f -  
ugation t h s  of 20 m i n  o r  more were adequate t o  reduce uranium losses 
t o  less than O.l%, while times of more than 30 min were hardly ju s t i f i ab le  
because of the small additional gains. The centrifugations were perfoimed 
a t  temperatures of 35 t o  45OC on rnaterial from a batch dissolution; the 
solutions were 3 sodium hydroxide-3 sodium a l d n a t e .  It should 
be pointed out tha t  the product par t ic le  s ize  from a column dissolving 
is not necessarily the same as  that  from a batch experiment. Indeed, 
s e t t l i ng  ra tes  of the uranium solids from column runs are several-fold 
greater, indicating e i the r  larger  par t ic le  s ize  o r  be t t e r  agglomeration, 
o r  both, f o r  column-produced material. A t  temperatures near 100°C the 
se t t l i ng  r a t e  of the uranium oxide sol ids  from column runs was of the order 
of several hours.for the bulk of the solids, a s  opposed t o  several days a t  
r~omtempera tu re~  This ra te  is, of course, a direct  fwc t ion  of viscosity 
a s  well as of par t ic le  size.  

4-4 w-wn St a b i l i t y  

In order f o r  the uranium t o  be separated from the aluminum by a 
solid-liquid phase separation, the metastable sodium aluminate must remain 
in  solution until the sol id  uranium-containing phase has been removed. 
It was found that ,  i n  general, a s  the caustic concentration i n  the dis-  

solver solution decreased, the permissible aluminum concentration i n  

the dissolver solution decreased and the permissible aluminum concentrat ion 
fo r  a stable solution, o r  sol, decreased more rapidly. Dissolver solutions 
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Table 4-1 

laboratory batch cqntrifuge operating a t  980 G's a t  the periphery 

Centrifugation Time 
(44.4 

1 * 5  

3 

4*5 

6.0 

10 

20 

30 

40 

50 

60 

Uranium, Lost t o  Supernatant 
($ of t o t a l )  

1.8 

0.083 

0.069 

0.065 

0.055 

0.055 
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3 g in sodium hydroxide and 3 in sodium aluminate were stable indef- 
i n i t e ly  a t  room ternpemtw.m, probably as  supersaturated solutionso A t  
a sodim hydroxide coneentration of 2 &, a sodium a l d n a t e  con- 
centration of coal$1& could be tolerated: f i l t r a t e s  205 & each in 
sodium hydroxide and sodium a l e t e  deposited solids a f t e r  several 
daysf standingo A 6 sodium hydroxide feed t o  a dissolver column 
of proper she, a t  a r a t e  which would permit using up hau the caustic 
streng-th, should therefore give a column product stable enough t o  permit 
any handling operations, including removal t o  storage f a c i l i t i e s o  
Equilibrium phase diagrams fo r  the Na20-q03-%0 system are i n  the 
l i t e r a tu re  (7) &am these data it is obvious that none of the above- 
ment ioned solutions is thermodynamically stable 

. 

Precipitation of p a d  of the a1-u before the uranium-containing 
phase is separated makes quantitative separation rrmch more of a problem 
because the alumimm solids which separate frm caustic-aluminate solu- 
t ions are  diffimlQysolub%e, especially i f  permitted t o  ageo 
conceivable, of c ~ s e ,  that a process i n  which the uranium is leached 
frk the alumhxn solids (gibbsite and bayerite) might be developedo 
Such a process would h v e  the advantages tha t  s t a b i l i t y  of the sodium 
aluminate would Be of no consequence aEd that l e s s  caustic would be 
used s b c e  only s to ich imet r ic  Pather than excess a m t s  would be 
recpfsed for disaoPutiono 
carr ies  d m  sme of the fissian products:, notably zirconium and 
niobium, leaving a l e s s  racEoae.-L;iv'e supernatant and contaminated sol id  I 

t o  be storedo No deve$opnt  work has been carried mt on such a process. 

It is 

In addition, precipitation of the +O3o3%O 
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Very great kporbance is attached t o  the way the f iss ion products 
released into a caustic dissolver solution from iFadia ted  uraniym- 
aluminum. aUoy slugs are distributed between the uranium-bearing solids 
and the caustic-aluminate supernatant. 
products go wholly t o  one phase or t o  the other, the problems of chemical 
processing an4 of q s t e  disposal are greatly simplified. 
is not the case; the s i tuat ion i s ,  nonetheless, quite favorable. The 
bulk Qf the f i ss ion  products is precipitated with the uranium solids, 
leaving cesium, iodine, zirconium,and niobium as the major contaminants 
of the l iquid phase, of which zirconium and niobium are not present t o  
more than several tenths of one percent of t he i r  t o t a l  amoun%s. 

It is apparent that  i f  the f i ss ion  

Such, however, 

I a f o m t i o n  based on a dissolution of part of a Hanford "Jn slug 
irradiated t o  about u$ burnup and cooled, 4 months gives the dis- 

tr ibutions shown in Table 4-2 f o r  the f iss ion products between sol id  
and l iquid phases separated by f i l t r a t i o n *  The r a t i o  given is the 
f r ac t io s  of the radiqactivity of the species in  the . so l id  phase divided 
by the fraction of that  species in the l iquid phase. 
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Table 4-2 

is tr ibut ion Ratios 

Radioactive Species 

Gross f3 

Gross y 

Totai rare ear th  f3 

Pu 

Srac t ioL in  solid ~lz&g 
.? f ract ion i n  l iquid phase 

28 

* Dissolutions of short-term-iqadiated alloy have shown tha t  iodine remains 
with the l iquid phase t o  about the same extent a s  cesium does. 
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5.0 DISSOUJTIOX OF URANIUM SOLIAS I N  NITRIC ACID 

The uranium oxide solids formed in  caustic dissolutions of uranium- 
alumhum a l loy  nust be dissolved in  n i t r i c  acid t o  form a feed for the 
solvent @x!imdiiOn process., The uranium oxides from batch dissolutions 
were shown t o  be readily soluble i n  boiling 6 8 as  well as 3 pd n i t r i c  
acid a t  uranium concentrations from 2 t o  60 g/ l i ter .  T h i s  concentration 
range was chosen because of possible f i ss ion  product radiation damage 
t o  the solvent with uranium concentrations much above 60 g/l i ter ,  and 
because many. of the advantages of caustic dissolution over acid dissolution 
(for exanple, reduced volumss and n i t r i c  acid salt ing) are sacrificed when 
concentrations as  low a s  2 g / l i t e r  are used. ( 8) 

It has been found that  a 5-mle portion of n i t r i c  acid is required 
t o  dissolve 1 mole of uranium as a i d e  solids when the solids are abaut 
7($ uranium (as they generally are),  and when the buUr of this uranium 

the si tuat ion is sawwhat a l tered because of the presence of UA13 in 
variable amountso When UAl is present a sornewhat higher mole r a t i o  of 
n i t r i c  acid t o  uranium is necessary 

V is quadrivalent, as  It is in batch dissolutionso In column dissolutions 

3 

(8) men mercury-catalyzed n i t r i c  acid dissolution of uranium-aluminum 
al loy slugs is usedj the feed t o  the solvent extracticm process is 
nearly saturated wi t& a~uminum n i t r a t e  (- 2 
when it contains approximately 2 g of uranium per l i t e r .  
true because of the high aluminum/uPanium r a t i o  in the slugs. 
Caustic dissolution has as its essent ia l  feature the semval of the 
aluminum from the uranium so tha t  the uranium concentration could be 
equal t o  its s o h b i l i t y ,  but f o r  the f ac t  t ha t  the attendant f i ss ion  
product ac t iv i ty  would prr$ably then be prohibitively high. 

ahminum ni t ra te )  
This is 


