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ABSTRACT 

HW-62086 

Procedures  for  the dissolution of uranium-molybdenum alloy fuels 
to prepare feed solutions for  low-acid (Redox) type solvent extraction 
processing are presented. Uranium-molybdenum alloys can be dissolved 
in boiling ferric nitrate - nitric acid solutions to higher terminal uranium 
concentrations and lower terminal acidities without precipitation of uranyl 
molybdate than in nitric acid alone. Anion res in  exchange studies indicate 
the presence of negatively charged iron-molybdenum complex ions in the 
solutions. The U-Mo alloys also dissolve more  rapidly in f e r r i c  nitrate - 
nitric acid solutions than in nitric acid alone; dissolution rate data are given. 
Curves delineating f r ee  acid, uranium and iron(II1) concentrations within 
which solutions stable towards solids formation can be prepared f rom 
U - 3 w / o  and - 10 w / o  Mo alloys are  presented. 

Stability during prolonged storage of uranium-molybdenum-ferric 
nitrate-nitric acid solutions is discussed. 
plutonium in these solutions and on further neutralization of the solutions 
are presented. Fission product decontamination and product recovery 
obtained in solvent extraction studies similating the Redox process are 

discus sed. 

Data on the oxidation of 
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REPROCESSING OF LOW-ENRICHMENT 
URANIUM-MOLYBDENUM ALLOY FUELS 

i 

I. INTRODUCTION 

Several of the power reactors  currently being designed and constructed 
(1) utilize low enrichment ( < 5  per  cent U 235) uranium in U-MO alloys as f u e l s .  

Special techniques are required in the dissolution of these low enrichment 
U-Mo alloys to obtain feed solutions having relatively high uranium concen- 
tration and which a re  stable toward precipitation at low acidity. 
report  discusses studies done at the Hanford Laboratories on the dissolution 
of such alloy f u e l s  to prepare feed solutions suitable for  processing by the 
Redox process.  Stability of the feed solutions during long term storage and 
recovery and decontamination of uranium and recovery and decontamination 
of uranium and plutonium during Redox processing are also discussed. 

This 

11. SUMMARY AND CONCLUSIONS 

Because of the limited solubility of uranyl molybdate, dissolution 
of U-Mo alloy cores  in nitric acid alone does not appear practical  for  
preparation of low-acid Redox process  feeds. 
concentration attainable without precipitation of solids at a terminal acidity 
of 1 M - HN03 is about 0. 4 molar  for  U - 3 w/o Mo alloy and considerably 
less for  ten pe r  cent alloy. 
required for  stability at lower acidities. 

* 
The maximum uranium 

Even lower uranium concentrations are  

The solubility of uranyl molybdate is increased significantly in the 
presence of iron(II1) nitrate. At 1. 0 - M Fe(N03)3, for  example, stable 
1 M U02(N03)2 - 0. 1 M KNO solutions can be prepared by nitric acid 
dissolution of U - 3 w/o Mo alloy. 
that a negatively charged, iron-molybdenum complex ion is present in such 
solutions. 
solutions can be prepared f rom U - 3 and -10 w / o  Mo alloys at various 
iron(II1) concentrations are  presented. 

3 - - 
Anion exchange res in  studies indicate 

Curves delineating acid and uranium concentrations where stable 

* Note in proof - This statement refers to the case where U - 3 to 10 w / o  
Mo alloy cores  are dissolved in solutions initially about 8 molar  o r  less 
in nitric acid. 
molybdate limits the maximum terminal uranium concentration 

6 Under such conditions the solubility of yellow uranyl 

(continued on page 26) 
c 
d 
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Dissolution ra tes  of U - 3 and -9 w/o Mo alloys in 1 - 5 - M HN03 - 
G. 5 to 1. 0 - M Fe(N03)3 solutions are in the range 0. 7 to 5. 5 g /cm2,  hr .  
Iron(II1) catalyzes the dissolution at low acidities. The off-gas f rom 
HN03 - Fe(N03b3 dissolution of U - Mo alloys is mainly oxides of nitrogen; 
only t races  (0 to 0. 2 volume per  cent) of hydrogen a r e  evolved. 

Solutions obtained by HN03 - Fe(N0  ) dissolution of U - Mo alloys 3 3  
can be stored at room temperature for  long periods of time without significant 
deposition of solids. 
but is decreased as the storage temperature is increased. 

Stability during storage is greater  at higher acidities 

Oxidation of plutonium in U - Mo alloy dissolver solutions to the 
hexavalent state can be accomplished readily by making such solutions 0. 2 - M 

Na2Cr207 and allowing them to stand two weeks at room temperature. 
Alternatively, oxidation can be achieved by heating one to two hours at 
90-95 C af ter  dichromate addition. 

Depending on iron(1II) concentration, U - Mo alloy dissolver solutions 
may be adjusted to -0. 3 to -0 .7  - M HN03 by addition of either sodium hydroxide 
o r  dibasic aluminum nitrate at room temperature. 
constitute acceptable Redox process  feeds, but, because of hydrolysis of 

The resulting solutions 

iron(III1, a r e  more  acidic than normal Redox process  feeds. 
and gamma decontamination factors  obtained in mixer-sett ler runs with 
U - Mo alloy solutions adjusted to about maximum acid deficiency consistent 
wi th  solution stability were about five t imes lower than those f o r  normal 
Redox feeds after one solvent extraction cycle. 
at higher feed acidities. 
solutions under Redox process  conditions. 

G r o s s  beta 

Decontamination decreases  
Molybdenum is not extracted f rom U - Mo alloy 

111. EXPERIMENTAL 

A. Alloy Source and Description 

The majority of the experimental work w a s  conducted with U - 3 w/o 
Mo alloy prepared at Hanford by dilution (with ingot uranium) of a nine per 
cent alloy obtained from Battelle Memorial Institute. 
of the three per  cent alloy were prepared by hot rolling at 800-850 C and 

One-eighth-inch sheets 

cii 
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w a t e r  quenching. 
alloy and also with a ten per cent alloy obtained from the Nuclear Metals 
Division of the National Lead Company. 
unclad and unirradiated. 

A few experiments were performed with the nine per  cent 

In all  cases  alloy specimens were 

B. Decladding Procedures 

Stainless s teel  cladding may be removed satisfactorily f rom U - Mo 
alloy co res  by treatment with boiling 4 - M H2S04 [ Sulfex process] . 
Removal of aluminum cladding with 10 w/o Na0H.- 20 w/o NaN03 is a well 
known procedure and wi l l  suffice for decladding aluminum clad U - Mo alloy 
fuels. 
NaOH - 20 w/o NaN03  and in 4 - M H 2 S 0 4  a r e  0. 15 and 0 . 4  mg/cm h r ,  
respectively. 
H2SO4 has been r e p ~ r t e d ' ~ )  to be about 0. 1 mg/cm , hr.  These data 

indicate that stainless steel  and aluminum cladding can be removed f r o m  
U - Mo alloy fuel elements without significant loss  of core  material .  

(2 )  

Dissolution ra tes  of unirradiated U - 3 w/o Mo alloy in boiling 10 w / o  
2 

The dissolution r a t e  of U - 9 w/o Mo alloy in boiling 4 - M 
2 

C. Dissol.ution of U - Mo Alloys 

- 
? 

A s  previously stated, these studies were directed toward preparation 
of feed solutions satisfactory f o r  subsequent processing by the Redox process.  
It w a s  desired that the dissolver solutions contain as high an uranium concen- 
tration as possible up to one molar,  that the solutions be stable towards 
solids precipitation during long storage periods between dissolution and 
solvent extraction processing, that the solutions be stable at the low 
a ~ i d i t i e s ' ~ '  5, appropriate to Redox processing, and that the solutions be 
compatible with 300 s e r i e s  stainless steel equipment during storage after 
dissolution and during solvent extraction processing. 

1. Dissolution in Nitric Acid 

Flocculent, yellow precipitates believed to be a form of uranyl 
molybdate were obtained when U - 3 and - 10 w/o Mo alloys were dissolved 
in nitric acid. 
approximately the same  in a l l  cases ,  changes in dissolution conditions 
markedly affected the amount of solids produced. 
the solubility of the precipitate to be a function of both terminal acidity 
and terminal molybdenum concentrathn (o r  terminal uranium concentration 

Although the composition of these yellow solids w a s  

Data in Table I indicate 8 

d 



TABLE I 

c 

SOLIDS FORMATION IM HNO, DISSOLUTION OF U - MO ALLOYS 

Conditions: Specimens of U - 3 and 10 w/o M o  alloy completely dissolved at boiling temperature 
in HNO~,solutions. 
temperature. Solids were then isolated, washed, dried two hours at 110 C, weighed 
and analyzed. 

Resulting solutions were allowed to stand 24 hours at room 

4. 3 
5 .3  
6 ,  3 
3. 2 

4. 2 

4 .7  

5. 2 

4. 7 

5 . 7  

0 .94  

0. 98 

1.00 

0.75 

0.74 

0.75 

0.77 

0.67 

0. 64 

0: 24 

1. 18 
2. 29 

0. 50 

i. 29 

1. 84 

2. 44 

1. 86 

2. 99 

8. 76 
8. 01 
3. 07 
8. 87 
7.59  
6. 06 

3. 23 
3. 43 
0. 03 

32. 4 
28. 4 

18. 3 
31. 1 
13. 5 
25. 0 
11. 3 
9.3 
0. 01 

43.9 
37.8 
38. 3 
43. 4 
-- 
38. 4 

43.5 
44. 0 
- -  

33. 6 

26. 5 
29. 7 
31. 1 
-- 

10 3.3 0. 66 0. 46 30. 1 42. 7 41. 3 31. 9 
10 4. 3 0. 67 1. 66 27. 5 65. 8 44. 8 32. 3 

10 5.3 0.69  2. 39 26. 9 64. 8 42. 2 31. 8 

* Calculated as weight per  cent of initial alloy charge. Q) 
w 
0 
03 
Q) 

** Determined af ter  allowing s lur ry  to stand 24 hours a t  room temperature. 
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for  a given alloy composition). The three per cent alloy can be dissol.ved 
to a terminal uranium concentration of about 0. 4 molar without precipitation 
of solids provided terminal acidity is about one molar.  
per  cent alloy to the same uranium concentration or .of  three per cent alloy 
to higher uranium concentrations requires  an even higher terminal acidity 
to avoid solids formation. 

Dissolution of ten 

Nitric acid solutions of U - Mo alloys appear to be slightly more  
stable with respect to solids formation at 25-30 C than at boiling temperature. 
Thus, when dissolver solutions a r e  cooled, some neutralization of f ree  
acidity with either dibasic aluminum nitrate (diban) o r  with sodium hydroxide 
is possible. 
molar are required f o r  stability at 0. 5 - M U 0 2 ( N 0 3 ) 2  for U - 3 w/o Mo 
alloy solutions. 
feeds. 

However, even at 25 C terminal acidities in the range 1 - 2 

These acidities a r e  higher than desired for Redox process  

Precipitation of large amounts of solids in plant-scale processing 
of U - Mo alloy cores  is objectionable for  several  reasons. 
of solids complicates the problem of maintaining adequate nuclear safety in 
processing equipment. Processing time cycles would be greatly lengthened 
by the need to make solid-liquid separations in critically safe centrifuges. 
Additional processing s teps  and equipment would be required to recover 
uranium and plutonium f rom the solid material. 

the uranyl molybdate precipitate is soluble in 0. 5 - M Na2C03 and can be 
metathesized to sodium diuranate and molybdate solutions by treatment 
with sodium hydroxide. 

The presence 

In this latter connection 

2. Dissolution in HN03-Fe(N0d3 Solutions 

a. Dissolution Conditions 

Uranium-molybdenum alloys can be dissolved in boiling HN03- 
Fe(N0  ) 
terminal acidities without solids formation than in nitric acid alone. 
action of iron(1II) nitrate in preventing precipitation of uranyl molybdate 
is illustrated by the data shown in Figures  1 and 2. 

solutions to higher terminal uranium concentrations and lower 3 3  
The 

These data were 
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I I I 

A r e a s  Below the L i n e s  Represent  Conditions 
Under Which Solutions a r e  Stable Toward 
Solids Formation.  

0 0.4 0.8 1.2 1.6 2.0 2 . 4  2 . 8  
Terminal  "03, Fv-I 

FIGURE 2 

Stability Relations for  Dissolution of 
U - 10 w / o  Mo Alloy in H N 0 3 - F e ( N 0 3 ) 3  Solutions 

AEC'GL R ICHLAND.  W A S H .  
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obtained in experiments in which excess U - Mo alloy w a s  dissolved in 
100 ml of boiling HN03-Fe(N03)3 solution until the first t races  of precipitate 
were apparent. 
determined from the weight of unreacted alloy. 
by potentiometric titration with sodium hydroxide after addition of oxalate 
ion to prevent interference from hydrolysis of iron(II1) and uranium(V1). ions. 

Uranium concentrations of the resulting solutions were 
Acidities were determined 

The area below each of the curves in Figures  1 and 2 represents  the 
concentration region where solutions stable with respect to precipitation of 
uranyl molybdate can be prepared. As is the case  for dissolution in nitric 
acid aloqe the solubility of the precipitate at any particular iron(1II) 
concentration is a function of terminal acidity and molybdenum concentration. 
The effect of molybdenum concentration is very apparent when data for  three 
and ten pe r  cent alloys a r e  compared. 
per  cent aUpy at 0. 5 molar iron(III), although out of line with that for  the 
other curves for  this alloy, was  verified in duplicate experiments. 

The slope of the curve for  the three 

Some "gray zone" is associated with each curve. This a r i s e s  f rom 
e r r o r s  in judgment in deciding when solids were present in the boiling 
solutions and from e r r o r s  associated with the determination of f r ee  nitric 
acid concentrations in the presence of large concentrations of hydrolyzable 
iron(1II) and uranium(V1) ions. 
indicate, however, that  the "gray zone".is not large.  

Data presented elsewhere in this report  

The increased solubility of uranyl molybdate in the presence of 
iron(III) is ascribed tentatively to the formation of a soluble iron-molybdenum 
complex ion. Evidence to support this belief is presented in Appendix A. 
Russian workers have also observed that iron(II1) inhibits precipitation of 
uranyl molybdate. These investigators report(6) that the presence of as 
little as 6 g/1 Fe(NO3I3 is sufficient to prevent solids formation when U - 9 

w/o Mo alloy is dissolved in nitric acid to yield solutions containing 5 - M 
HN03 and 0.3-0.5 - M U02(N03)2. 

Technical grade iron(III) nitrate (75 per cent solution) for  use in 

This mater ia l  has  not been 
processing U - Mo alloy cores  can be purchased f rom Allied Chemical 
Corporation in 30-60 ton lots at $9. 04 cwt. 0 
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evaluated in laboratory experiments. Alternatively, satisfactory HNO 3 - 
Fe(NO3l3 dissolvents can be prepared by dissolving 1020 s teel  in nitric 
acid. Data relative to this latter process  are presented in Appendix B. 

b. Dissolution Rates 

Instantaneous dissolution rates of U - 3 and - 9 w/o M o  alloys in 
boiling HN03-Fe(N0 ) 

used to obtain these data w a s  similar to that described by Burns and 
solutions are presented in Figure 3. The technique 3 3  

and by Moore, et al. (8) Under comparable conditions three and 
nine pe r  cent alloys dissolve at about the same rate.  
the three per  cent alloy in the absence of iron(III) nitrate a r e  factors of 5 to 
20 higher than rates of ingot uranium metal at corresponding nitric acid 
concentrations. (8) It is evident also that iron(II1) nitrate catalyzes the 
ni t r ic  acid dissolution of U - Mo alloys, particularly at low acidities. 

Dissolution ra tes  of 

The mechanism whereby dissolution ra tes  a r e  increased in  the 
presence of iron(III) nitrate is not known with certainty. 
iron(II1) itself appears to be a catalyst. Dissolution rates of three per  cent 
alloy in boiling 1. 0 - M Fe(NO3I3 and in  boiling 0. 28 - M HN03, 2. 37 - M 
NaN03 a r e  1. 14 and 0.001 g /cm2,  hr, respectively. These solutions have 
about the same pH (0. 2) and nitrate ion concentration, yet the rate in 1. 0 

- M Fe(NO,), is over 1000 times greater  than that in the NaN03-HN03 
solution. 

At low acidities 

Iron(III) apparently becomes less effective in its action as acidity 
increases,  and increases  in dissolution r a t e s  may be correlated with 
increases  in total nitrate ion concentration.(Figure 4). At nitrate ion 
concentrations greater than about 3 . 5  molar,  rates for  three pe r  cent alloy 
in nitric acid solutions f a l l  on the same curve as those for  both the three 
and nine per  cent alloys in HN03-Fe(N0 ) 

nitrate ion (a region of lower acidity fo r  a constant iron(III) nitrate 
concentration) ra tes  with iron(III) present are grea te r  than those in nitric 
acid alone. 

solutions. Below 3. 5 molar 3 3  
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0 1 2 

U - 3  W ~ O  Mo,  
1 M F e ( N 0 3 ) 3  P -  

U - 3  W / O  Mo,  
O M  F e ( N 0 3 ) 3  

3 4 5 
"03 ,  M 

FIGURE 3 

Instantaneous Dissolution Ra te s  of 
U - Mo Alloys in Boiling H N 0 3 - F e ( N 0  ) Solutions 3 3  

A E C - G E  R I C H L A N D .  WAS11 
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c.  Off-gas Composition 

Samples of gas evolved at various times during complete dissolution 
of three and nine per  cent alloys in boiling HNO3-Fe(NO3I3 solutions were 
collected by displacement of air in U - tubes. The three per  cent alloy w a s  

dissolved in 5 - M HN03-1 - M Fe(NO3J3 to yield a solution of the composition 
1. 0 - M U02(N03)2 - 1. 0 - A4 Fe(N03)3 - 0. 25 - M HN03. 
w a s  dissolved in 2 - M HN03- 1 - M Fe(N03)3 to produce a solution of the 
composition 0. 4 - M U02(N03)2 - 1. 0 - A4 Fe(N03)3 - 0. 25 - M HN03. 
dissolvings samples of gas were collected .7 ,and 47 minutes af ter  dissolution 
started.  
and titration methods two to three days after being collected. 
composition at the time of analysis is given in Table 11. 

The ten per  cent alloy 

In both 

r 

Samples were analyzed by a combination of mass spectrographic 
Gas - 

TABLE LI 

OFF-GAS COMPOSITION DURING DISSOLUTION OF U-MO ALLOYS 
IN HN03-Fe(N0d3 SOLUTIONS 

Volume Per Cent Volume Per Cent 
U 1 3 W / O  MO Alloy U - 10 W / O  MO Alloy 

Component Sample 1 SampLe 2 Sample 1 Sample 2 
NO 61. 6 71. 7 70. 0 72. 0 

31. 2 21. 4 25. 0 21.7 NO2 

N2° 

H2 
H2° 
N2 
O2 

0. 26 0. 36 0. 12 0. 50 
0. 05 0. 19 * 4- 

0. 28 0. 30 * 4- 

5. 13 4. 56 3. 83 5. 09 
0. 55 0.79 0. 19 0. 17 

A 0. 10 0. 10 0. 01 0.01 

- 

-0. 86 0. 69 0. 88 0. 57 c02 

* Not detected 

Because of incomplete displacement by the incoming gas a slight 
amount of air w a s  present in each sample. Neglecting the components of 
air (02, N2, A, and CO ), the off-gas is essentially oxides of nitrogen 2 



- 16- HW-6 2086 

plus t races  of water vapor and hydrogen. 
of the nitrogen oxides as would be expected for the acidity range traversed 
during dissolution. 
limit required for formation of explosive hydrogen- air - nit rogen oxide 
mixtures. (’) An inert atmosphere should not be required for  safe dissolution 
of U - Mo alloys. 

Nitric oxide makes up the bulk 

The amounts of hydrogen evolved a r e  below the lower 

d. Corrosivity of HN03-Fe(N0313 Solutions 

R. Maness (10) has measured the corrosivity of HNO3-Fe(NO3l3 to 
various mater ia ls  of construction including 304-L stainless steel ,  vacuum- 

melted Hastelloy F and Ni-o-nel. 
nitr ic acid solutions containing 1. 0 - M Fe(NOd3 and suggests that dissolution 
of U - Mo alloy cores  in nitric acid solutions containing more than 0. 7 - 
0. 8 M Fe (N0  ) 
nitric acid. 

He finds that corrosion is severe in 

w i l l  require incremental addition of iron(II1) nitrate and/or - 3 3  

e. Stability of U - Mo Alloy Dissolver Solutions During Prolonged 
Storage 

In certain cases  dissolver solutions prepared from U - Mo alloy fuels 
by dissolution in HNO-Fe(N03)3 solutions might be stored for  as long a s  
six months before subsequent processing steps were car r ied  out. 
for desiring that these solutions be stable wi th  respect to precipitation. of 

solids throughout the entire. storage period have been mentioned ear l ie r .  

Reasons 

Stability data as a function of solution composition and storage time 
and temperature for  dissolver solutions prepared f rom three p e r  cent alloy 
a r e  presented in Table 111. 
of alloy specimens in boiling HN03-Fe(N0 solutions. After cooling to 
room temperature the solutions w e r e  centrifuged and any solids present were 
isolated, washed, dried and weighed. 
solutions w e r e  allowed to stand at room temperature and at 50 C. 
were filtered at regular time intervals through medium porosity sintered 
glass  filters to determine solids content. 

Solutions were prepared by complete dissolution 

3 3  

Separate portions of the centrifuged 
Solutions 



TABLE I11 

.. 

c 

STABILITY OF U - 3 W / O  MO ALLOY DISSOLVER SOLUTIONS ON PROLONGED STORAGE 

Conditions: 25 ml portions of solutions of composition indicated stored at 25 C and 50C. 
Solutions filtered at t imes indicated to determine solids content. 

U02(N03) 2 
M 

1. 0 
0 .97  
1. 03 
1. 05 

- 

**:l. 03 
1. 05 
1. 05 
1. 04 

0. 8 3  
0. 83 
0. 8 2  
0. 83  

0. 8 4  
0. 8 3  
0. 83 
0. 83  

F d N 0 3 ) 3  
M 

1. 0 
1 . 0  ~ 

1. 0 
1. 0 

- 

0 . 7 5  
0 . 7 5  
0 . 7 5  
0 . 7 5  

0 . 7 5  
0 . 7 5  
0. 75  
0 .75  

0. 50 
0. 50 
0. 50 
0. 50 

m03 M - 
0. 24, 
0. 38 
0. 62 
0 .95  

0. 44 
0. 84  
1. 22 
1. 68 

0 .30  . 
0. 84  
1. lo. 
1. 34 

0. 80 
1. 03 
1. 60 
1. 75 

Solids on 
Dis solut $0" 

4 0  

0. 028 
0. 046 
0. 00 
0.006 

0. 037 
0. 00 
0.00 
0. 00 

0. 00 
0. 00 
0. 00 
0. 00 

0. 45 
0. 00 
0. 00 
0. 00 

mg Solids Deposited During 
0 - 2  weeks 2-  1 2  weeks 12-  18 weeks 

25 C 50 C 25 C 50 C 25 C 50 C 

4. 7 132. 2 0. 4 89. 0 0 . 0  2. 5 
6 . 7  160. 9 0. 2 48. 4 0 . 0  0. 4 
0. 6 8. 5 0. 3 0. 2 0. 0 0. 6 
2. 9 9. 6 0. 6 0. 8 0. 0 0. 8 

Total mg Solids 
Deposited 

. 18:weeks 
25 C 50 C 

5. 1 224. 7 
6 . 9  169.7 , 
0 . 9  . 9 . 3  
3 . 5  l.1. 2 I 

Total Solids - 
0-  1 weeks 1-3 weeks 3-6 weeks 6 weeks - 

25 C 50 c 2s c 50 C 25 C 50 C 25 c 50 C 
3. 0 88. 8 0. 0 20. 6 0. 0 18. 0 3 .0  127 .4  
2. 4 12. 1 0. 0 5. 7 0 . 0  5 . 7  2. 4 23. 5 
1. 5 2. 8 0. 0 0. 1 0 . 0  0. 0 1. 5 2. 9 
1 . 7  4. 7 0. 0 0. 0 0. 4 0. 5 2. 1 5. 2 

-- - -- -- 

1. 0 14. 2 0. 0 0. 2 0. 0 0 . 0  1. 0 14. 4 
1. 0 0 . 4  0. 0 0. 0 0. 0 0. 0 1. 0 0. 4 
1. 0 1 . 7  0 . 0  0. 4 0 . 0  0 . 0  1. 0 2. 1 
0. 0 2. 4 0. 0 1. 6 0 . 0  0. 0 0 .0  4. 0 

0. 0 9. 1 0 . 0  1. 5 0 . 0  9 7 . 5  0 . 0  108. 1 , 
0. 6 66. 1 0. 0 11. 7 0 . 0  4. 9 0. 6 8 2 . 7  

0. 0 3 . 9  0 . 0  0. 1 0 . 0  0. 0 0. 0 4. 0 Q) 

2 
0. 7 1. 1 0. 0 0. 0 0. 0 0. 2 0 . 7  1. 3 g 

* Calculated a s  weight per  cent initial alloy charge. ** Data from this experiment used in calculations discussed in text, page 18. 
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The stability curves in Figure 1 were used to select dissolution 
conditions for  these experiments. 
produced during dissolution w a s  l e s s  than 0. 05 weight per  cent of the initial 
alloy charge. 

With one exception the amount of solids 

The validity of the stability curves is thus established. 

Uranium-molybdenum alloy dissolver solutions a r e  considerably more 
stable at 25 C than at 50 C on prolonged storage. 
solids deposited at the lower temperature almost all deposited pr ior  to the 
first filtration. 
25 C are thought to represent finely divided mater ia l  present at the 
termination of dissolution and not removed by centrifugation pr ior  to storage. 
Indeed, solutions filtered pr ior  to storage at 25 C contained almost no 
solids after storing one to two weeks. 
storage period, some deposition of solids occurred in most cases  during 
each of the storage periods at 50 C.  

is less stable at higher temperatures. 

Of the total amount of 

The solids deposited during the in i t ia l  storage period at 

Although again greater  in the initial 

Evidently the iron-molybdenum complex 

Data in Table I11 also show stability on prolonged storage to be 
greater at higher dissolver solution acidities. 
be eliminated o r  at least  reduced by storage at acidities g rea t e r  than those 
required for  stability during dissolution. This procedure would not appear 
to be required for  solutions s tored at 25 C, however. 
calculations based on the data for the solution denoted wi th  a double asterik 

i n  Table I11 show that about 0 . 7  pound of solids would be produced during 
dissolution of one ton of U - 3 w / o  Mo alloy. 
would deposit during storage of the resulting dissolver solution at room 
temperature. 
(Table I) the total amount of solids produced would correspond to an uranium 
loss  of only about 0 .04  pe r  cent. 

Thus solids deposition could 

F o r  example, 

An additional pound of solids 

Assuming the solids to contain 42 weight per  cent uranium 

Some evidence w a s  obtained to indicate that stability during storage 
at both 25 and 50 C w a s  increased when solutions were made 0. 2 - M Na2Cr207 
pr ior  to storage. 
also to oxidize plutonium to the hexavalent state,  see  page 22.  

The presence of sodium dichromate during storage se rves  

@ 
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D. Redox Processine of U - Mo Allov Dissolver Solutions 

1. Feed Preparation 

a. Acidity Adjustment 

Depending on dissolution and storage conditions, solutions obtained 
by Fe(N03)3-HN03 dissolution of U -  M o  alloys may be expected to contain 
0. 2 to 1.0 - M "Os. Preparation of desired low-acid Redox process  feeds 
f rom these solutions requires  fur ther  adjustment of acidity. 

In preliminary experiments U - M o  alloy solutions were adjusted to 
various acidities by addition of either sodium hydroxide o r  diban at room 
temperature. Depending on iron(III) concentration, acidities in the range 
-0. 4 to -0. 7 - M €€NOQ could be attained before precipitation of reddish-brawn 
solids occurred. Analysis of the solid material indicated i t  to be iron(1II) 
hydroxide ra ther  than uranyl molybdate o r  sodium diuranate. 

Table IV lists the results of further neutralization studies. Solution 
compositions (except for the absence of molybdenum) were selected as 
typical of those that might be obtained as Redox feeds from U - Mo alloy 
solutions. Solutions were prepared f rom stock solutions of reagent grade 
iron(III) nitrate, sodium dichromate, aluminum nitrate and uranyl nitrate. 
Sodium hydroxide was  added to adjust solutions to desired acidities. 
Solutions w e r e  allowed to stand seven days at room temperature and inspected 

each day f o r  clarity; those which contained no solid mater ia l  after seven 
days were considered stable. 
w e r e  reddish-brown in color and w e r e  presumed to be iron(III) hydroxide. 

In all cases where solids were formed, these 

The acid deficiency to which the solutions l isted in Table IV could be 
adjusted without solids formation w a s  determined primarily by iron(II1) 
concentrations. 
obtained at -0. 6 to -0. 7 - M HN03 irrespective of aluminum, uranium, and 
total nitrate ion concentrations. 
w a s  noted at 0. 5 and 0. 75 - M Fe(N03)3. 

F o r  example, a t  1. 0 - M Fe(N03)3 stable solutions were 

Similar behavior but a t  lower acid deficiencies 
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TABLE IV 

STABILITY OF NEUTRALIZED. SYNTHETIC U-MO ALLOY SOLUTIONS 

(1) Composition 
F e ( NO3 ) 

u0&N03)2 A 1(N03)3 M M 

1. 0 
1. 0 
1. 0 

1. 0 
1.0 
1. 0 

0 .75  
0 .75  
0 .75  

0 .75  
0 .75  
0 .75  

0. 50 
0. 50 
0. 50 

0. 50 
0. 50 
0. 50 

0. 50 
0.. 50 
0. 50 

0. 25 
0. 25 
0. 25 

0. 50 
0. 50 
0. 50 

0. 25 
0. 25 
0. 25 

0. 50 
0. 50 
0. 50 

0. 25 
0. 25 
0. 25 

1. 0 
0. 75 
0. 50 

1. 0 
0 .75  
0. 50 

1. 0 
0 . 7 5  * 

0. 50 

1. 0 
0. 75 
0. 50 

1. 0 
0 .75  
0. 50 

1. 0 
0.75 
0. 50 

6. 50 
5. 75 
5. 00 

5 .75  
5.  00 
4. 25 

6. 00 
5. 25 
4. 50 

5. 25 
4. 50 
3 .75  

5. 50 
4 .75  
4. 00 

4. 75 
4. 00 
3. 25 

Stable (2) . 

“03 M DH (3) 

-0 .6  < O  
-0 .5 < o  
-0. 4 0. 15 

-0 .6  < O  
-0. 5 0. 08 
-0. 3 0. 05 

-0.6 < O  
-0. 5 0. 01 
- 0 . 3 5  0 . 3 0  

-0. 7 0. 05 
-0. 5 0. 30 
-0. 3 0. 38 

-0 .6  < O  
- 0 . 5  0. 30 
-0. 3 0. 35 

-0 .7  0. 20 
-0. 4 0. 20 
-0. 3 0. 55 

Unstable (4) 
H N 0 3  
M D H ‘ ~ )  - 

-0. 7 0. 2 
- 0 . 6  < O  
-0. 5 - -  

-0 .7  <o  
-0. 6 0. 29 
-0. 4 -- 

- 0 . 7  < o  
-0. 6 0. 19 
-0. 46 - -  

0. 20 -0. 8 
-0. 6 - -  
-0. 4 0. 50 

-0. 7 0. 05 
-0. 6 -- 
-0. 4 - -  

-0. 8 0. 30 
-0. 5 
-0. 4 

-- 
-- 

(1) All solutions were 0. 1 - M Na2Cr207 also. 
(2) Solutions were f r ee  f rom solids after standing seven days at 

room temperature. 
(3)  pH measured with Beckman Model H pH Meter with machine 

buffered both at pH 1 and pH 4. 
(4) Solutions contained solids after standing less than seven days 

at room temperature. 

Several additional experiments with U - M o  alloy solutions were made 
to check the stability data listed in Table IV. Agreement w a s  excellent in 
all cases .  It is believed, therefore, that the data given in Table N can 
be used for  predicting the stability of neutralized U - Mo alloy solutions. 
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Stability data in Table IV are a lso  valid for  the case where diban 
rather  than sodium hydroxide is used to neutralize acid. 
to sodium hydroxide in that neutralization of acid and addition of salting 
strength for the extraction operation a r e  accomplished simultaneously. 
Localized precipitation of iron and uranium is also avoided wheii diban is 

used. 

Diban is preferable 

The pH of neutralized, stable U - Mo alloy solutions range from l e s s  
than zero  to about 0. 5 (see Table N). 
feed solutions a r e  made -0. 2 - M HNOQ and have a pH of about 1. 0. 

even though U -  Mo alloy solutions can be made -0. 3 to -0 .7  - M "NO3, hydrolysis 
of iron(II1) makes them more  acidic than normal Redox feeds. 
acidity results in decreased fission product decontamination in subsequent 
solvent extraction ( see  page 24). 

In contrast, normal first cycle Redox 
Hence, 

This higher 

b. Plutonium Oxidation 

Plutonium in U - Mo alloy dissolver solutions w i l l  be present principally 
( > 90 per  cent) as plutonium(IV). 
in which Fe HN03-Fe(N03)3 dissolvents w e r e  spiked with plutonium(1V) pr ior  
to dissolution of U - Mo alloy specimens. The plutonium(IV) w a s  not oxidized 
during the dissolving. 
plutonium(V1) w i l l  be required for  first cycle extraction in the Redox process.  

This w a s  demonstrated in experiments 

Oxidation of plutonium in these solutions to 

Oxidation of plutonium in U - Mo alloy dissolver solutions may be 
achieved conveniently by making such solutions 0. 2 - M Na2Cr207 pr ior  to 
storage in  stainless steel tanks. Data in  Table V for  solutions of various 
compositions derived from both three and ten per  cent alloy indicate 99. 8 to 
99. 9 per  cent oxidation after two weeks storage at room temperature. 

Alternatively, U - Mo alloy solutions may be stored without pr ior  
addition of sodium dichromate. 
pr ior  to processing can be accomplished by making feed solutions 0. 1 to 
0. 2 - M Na2Cr207 and heating two to four hours at temperatures in the range 
95 C to boiling. In a typical experiment a portion of U - 3 w / o  Mo alloy 

In this case,  rapid oxidation of plutonium 

dissolver solution of the composition 0. 95 - M U02(N03)2  - 1. 08 - M 
Fe(NO3I3 - 0. 16 - M HN03 w a s  made 0. 5 g / 1  Pu(1V) and 0. 2 - M Na2Cr207 and 63 
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TABLE V 

OXIDATION OF PLUTONIUM IN U - MO ALLOY DISSOLVER SOLUTIONS 

C ondit ions: 

Alloy 
w / o  Mo 

3 
3 

i 3 
3 
3 
3 

10 
10 

10 
10 

Portions of U - 3 and - 10 w/o Mo alloy dissolver solutions 
made 0. 1 g/1 Pu(IV) and 0 .2  - M Na2Cr207 and allowed to stand 
two weeks at 25 to 29 C. 

Solution Composition 
UO (NO3l2 F e(NO;X3 HN03 

M Per Cent Pu(VI) - M - %I - 
0. 98 0.73 1. 30 99. 8 
0. 97 0.73 1. 00 99.  8 

0.97 
0. 77 

0.73 0. 77 

0. 73 0. 95 
99. 8 
99. 9 

0 .75  0. 71 0. 70 99. 8 
0. 76 0. 72 0. 30 99. 9 

0. 38 
0. 38 
0. 31 
0. 28 

0. 72 1. 86 
0. 72 1. 11 
0.77 0. 65 
0. 7 1  0. 52 

99.9 
99. 9 

99.9 
99. 9 

heated two hours at 95 C. After 30, 60  and 120 minutes 9 8 . 9 ,  9 9 . 9  and 

99. 9 per  cent, respectively, of the plutonium w a s  present as plutonium(V1). 

Acidity during plutonium oxidation at elevated temperatures should 
be kept as low as possible to minimize corrosion of stainless steel process  
equipment. 
than that which might be desired o r  attained at room temperature  for  feeds 
to the solvent extraction battery (See page 20). 
uranyl molybdate may occur when solutions are heated at 95 C .  
minimum acidity possible for  stability during plutonium oxidation appears  
to be determined pr imari ly  by the i ron  to molybdenum mole ratio. 
derived f rom three per  cent alloy in which the Fe/Mo mole rat io  w a s  1 2  

However, acidity during the oxidation s tep should be higher 

If not, precipitation of 
The 

Solutions 
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o r  greater  have been heated at -0. 4 - M HNOQ f o r  two hours at 95 C without 
precipitation of solids. 
Fe/Mo mole ratio w a s  9 o r  higher could be heated at acidities as low as 
-0. 2 M HNO without solids formation. 3 
at 0. 0 - M HNO might be preferred to insure a safety factor.  

by Maness'"? indicate corrosion ra tes  of stainless steel  304 L during 
plutonium oxidation to be acceptably low at this acidity. 

Solutions from ten per  cent alloy in which the 

In plant scale operations oxidations 
Data obtained 

- 

2. Solvent Extraction Behavior 

Continuous countercurrent solvent extraction studies with U - Mo 
alloy dissolver solutions were made witha 12-stage miniature mixer- 
set t ler  of the type described by Alter,  et al. ('') Experiments were designed 

to evaluate effects of feed composition on fission product decontamination, 
uranium and plutonium recovery, and molybdenum extraction. 
with feeds prepared from U - Mp alloy dissolver solutions were compared 
with those fo r  standard Redox process  feeds. 

Results 

Uranium-molybdenum dissolver solutions obtained by complete 
dissolution of alloy specimens in €€NOQ 1 Fe(N0 ) 
to about zero  molar  acid by addition of diban, made 0. 2 g/1 Pu(IV),  and 
spiked with standard Redox process  dissolver solution. 
then made 0. 2 - M Na2Cr207 and heated two hours at 90-95 C to oxidize 
plutonium to the hexavalent state. 
solutions were adjusted to f i n a l  feed acidity by addition of diban. Standard 
Redox process  feeds of the composition suggested by Schneider(12) for  use 
with low-enriched material w e r e  prepared in a similar fashion from reagent 
grade chemicals. 

solutions were neutralized 3 3  

The solutions were 

After cooling to room temperature the 

Solvent extraction runs w e r e  of three hours duration; end s t r eam 
Waste analyses indicated equilibrium w a s  attained after about one hour. 

losses  and decontamination factors  w e r e  calculated from analyses of 
effluent s t r eams  produced in the third hour of operation. 

organic effuents w a s  determined spectroscopically. 
and radiochemical procedures w e r e  used in all other analyses. 
run data a r e  given in Table VI. 

Molybdenum in 
Standard wet chemical 

Detailed 
0 Operating conditions f o r  these runs w e r e  
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as follows: 
Extraction Stages - 7 

Scrub Stages - 5  
Extract - Redox plant undistilled, neutral hexone 
Scrub Composiiton - 1. 3 - M A1(N03)3- 0 .  01 - M Na2Cr207 - 

(-0. 2) - M KN03 
Flow Ratios 

Feed/Scrub/Extractant - 1. O/O. 22/2. 1 

The following conclusions w e r e  drawn from the mixer-sett ler run 
data: 

(a) At about the maximum acid-deficiency consistent with feed stability 
(Runs 4 and 5)  gross  gamma and beta decontamination factors for  
U - Mo alloy solutions were lower than those for standard feeds by 
factors of about s ix  and five, respectively. Radioruthenium 
decontamination limited over - all decontamination at this acidity. 
At higher acidities increased extraction of zirconium and niobium, 
as w e l l  as of ruthenium, resulted in decreased decontamination. 

(b) In most cases  plutonium and uranium recoveries f rom U - Mo alloy 
solutions were comparable to those obtained with standard feeds. 

(c) Molybdenum is not extracted from U - Mo alloy solutions under 
Redox process  conditions. 

Other observations made during these runs and l isted without 
additional comment included the following: 

(a) Operation stability w a s  excellent throughout. Precipitation of solids 
during mixer-sett ler operation or  in feed solutions did not occur 
in any run. Aqueous raffinates f rom feeds - 0 . 3  molar  o r  higher 
in nitric' acid were stable at least 24 hours at room temperature. 

(b) Extraction o r  entrainment of dichromate ion, sometimes observed 
when feed acidity is high, didnot occur in these runs. 

(c) In all cases  oxidation of plutonium in feed solutions w a s  99. 0 - 99. 9 
per  cent complete after two hours heating at 90-95 C. 
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E. Chemical Flowsheet 

A chemical flowsheet for  the preparation of Redox process  feedstock 
f rom U - 3 w/o Mo alloy is shown in Figure 5 .  
up-draft condenser i t  w a s  assumed that 4.3 moles of nitric acid were 
required to dissolve one mole of uranium. 
of course,  with a down-draft condenser. 
uranium and/or terminal acidity would be required also for  dissolution of 
alloys of higher o r  lower molybdenum content. 

F o r  dissolution with an 

Less  nitric acid would be requir d, 
Appropriate adjustments in terminal 
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and L. C. Neil for  their cooperation and assistance in obtaining the 
experimental data. 

(contd. f rom page 4) attainable without precipitation of solids. However, 
resul ts  obtained recently at both ORNL and at the Hanford Laboratories 
have demonstrated that a large fraction of the molybdenum content of U - 
3 to 10 w/o Mo alloys is precipitated as a white solid when such alloys 
are dissolved in concentrated (12- 15 M) nitric acid solutions. This solid 
has  tentatively been identified as hydrated MOO and after washing contains 
less than 0. 1 w/o U. 
resulting from dissolution of U - 3 w/o Mo alloy in concentrated nitric 
acid can be adjusted to 0 to - 0. 2 M HNO without precipitation of uranyl 
molybdate. 
solid-liquid separation step but otherwise appears feasible as a means of 
preparing low-acid Redox feeds by dissolution in nitric acid alone. 

Preliminary results inddate  that the solutions 

This method of reproc2?.ssinaU - Mo alloy cores  requires  a 8 
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2 s  a +  
1 h 

b 
Wate r  Addition 

I ron  Addition 

Fe(N03)3  5M 
Volume 112 ga l .  

Temp.  Boiling 
Boil  for 10 h r s .  

Acid Butt 

Volume 156 gal .  

Heat to  Boiling 

Acid Addition 

Volume 243 ga l .  
100 ga l .  / h r .  

Fe(N0313 5M 
Volume 35 ga l .  
12 ga l .  /hr .  

I Dichromate I 
Addition 

NazC1-207 2.6141 

Fe(N03)3  0.75M 
"03 I.OM 
Volume 978 ga l .  

U 0.92M 
M o  0.071141 
Fe(N03)3 0.69M 
"03 0.92M 
N a p 3 2 0 7  0.20M 
Volume 1060 ga l .  
Temp.  25 C 
T ime  1-6 m o a .  

Clean Out Rinse 

To Waste 
1 H 2 T O  ga l .  I 

Slurry 

I Volume 50 ga l .  I 1 
Centrifugate 

u 0 .89M 
M o  0.069M 
Fe(N03)3  0.67M 
"03 0.89M 
Na2Cr207 0.19141 
Volume 1090 gal 

Solvent 
Extraction Feed  I 

0.74M 
0.058141 

Fe(N03)3  0.56141 1': -0.4% 
N a p 3 2 0 7  0.16% 

0.66M 
Volume 1305 8.1. 

DIBAN Addition 

"03 -7M 
Volume 215 gal. 

I 
(u 
4 
I 

2 
I 
Q, 
p3 
0 a 
Q 

FIGURE 5 

Chemical Flowsheet f o r  Preparation of Redox Process  Feed from U - 3 w / o  Mo Alloy F u e l  
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MOLYBDENUM CHEMISTRY IN F e ( N 0  ) -HN03-UO (NO ) SYSTEMS 33- -2 -32  

1. Qualitative Observations 

Several experiments of a qualitative nature were performed to 
elucidate chemistry involved in the reaction between iron(II1) and molybdate 
ions. 

a. 

b. 

C. 

These included: 

Demonstration that the precipitate obtained when iron(1II) nitrate is 
added to a water solution of ammonium paramolybdate is soluble in 
excess iron(1II) nitrate o r  chloride solution. 

Demonstration that solutions containing as much as 0. 15 molar 
molybdenum could be prepared by dissolution of molybdenum metal 
in boiling 1 - M Fe(NO3I3. 

Demonstration that solutions obtained as in (b) give a blue color with 
a glacial acetic acid solution of benzidine. 
color is characterist ic of molybdenum contained in a heteropoly 
acid(13) and does not occur with acid solutions containing molybdate 
ions. 

These observations led to the hypothesis that a negatively charged 

Formation of the blue 

iron-molybdenum complex ion is formed when molybdenum metal o r  U - Mo 
alloys are dissolved in F e ( N 0  ) 
some 50 y e a r s  ago Rosenheim s 1% and others (15’ 16) prepared compounds 
which Rosenheim formulated as R9[Fe(Mo04)6] where R is potassium or  
ammonium. Baker and co-workers (17’ 18) have recently restudiyd 6 -  

molybdo heteropoly anions containing tervalent aluminum, chormium, iron, 
and cobalt as central  atoms. 
suggest that [X06M06015] 3-  where X06 is an octahedral group containing 
the central  atom is a reasonable formula for  these anions ra ther  than 
[ X+3(Mo0,),] ’- given in older notation. 

- HNOQ -solutions. In this connection, 

Results obtained by these latter workers 
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Anion exchange res in  studies were made to test for  the presence of 
the postulated complex ion. 
Five o r  ten g portions of air-dried,  50-100 mesh, Dowex 1, X-2 (2  per  cent 
c r o s s  linked) anion res in  in the nitrate form were contacted ten minutes at 
room temperature with five to ten ml of solutions prepared by dissolving 
either molybdenum metal o r  U - 3 w / o  Mo alloy in Fe(N03)3 - HN03 
solutions. 
natant liquid removed. The res in  w a s  then batch washed 10 to 1 2  t imes 
with successive 20 ml portions of distilled water until iron(1II) could not 
be detected in the wash liquid (KCNS test). 
five to seven times with successive 10 ml portions of 4 M HNO to elute any 
adsorbed iron and molybdenum. 
of the successive elution solutions were determined spectrophotometrically. 
The o-phenanthroline procedure(19) w a s  used to determine iron. 
thiocyanate-stannous chloride procedure outlined by Sandell'20) was used to 
determine molybdenum. 

The experimental procedure w a s  as follows: 

After equilibration the mixture w a s  centrifuged and the super -  

The res in  was then contacted 

3 - 
Iron and molybdenum concentrations of each 

The 

Duplicate experiments (Runs 2 and 3) were performed with a solution 
obtained by dissolving 0. 7 2  g of molybdenum metal (200 mesh powder, 
99. 8 per  cent pure, f rom Fisher  Scientific Co. ) in 49 ml of boiling 1 M 
Fe(N03)3. 

by the CNS - SnC12 method w a s  0. 146 molar. 
performed with a solution of the composition 0. 16 M HNO 
U02(N03)2 - 1. 05 - M Fe(NO3I3 - 0. 0722 - M Mo (0. 0744 - M Mo calculated) 
prepared by complete dissolution of an  U - 3 w/o M o  alloy specimen in boiling 
1. 0 M Fe(N03)3 - 4. 1 M €€NO solution. 
1. 0 - M Fe(N03)3 w a s  a l so  performed. 
are shown in Table VII. 

- 
The molybdenum concentration of the final solution as determined 

One experiment (Run 4) w a s  
- 0. 95 M - 3 - 

A control experiment (Run 1) with 3 - - 
Analytical data for  these experiments 

In the absence of molybdenum (Run 1) only very small amounts of 
This result is the expected one iron w e r e  retained on the washed resin.  

since one would predict normally only very little, i f  any, adsorption of 

Q 



TABLE VI3 

ANION RESIN EXPERIMENTS WITH Mo Fe(N0 ) -HNO -U02(N03)z SOLUTIONS 3 3- 3- - 
Conditions: . See text. 

Run 1 Run 2 Run 3 Run 4* 
Vol mg - v O l  mg mg Vol  mg mg Vol mg mg 

Solution Description ml Fe Fe Mo ml Fe ml Fe Mo 
Solution before 

71. 5 

Solution after 

First Elution Solution 13. 5 0. 027 13. 4 1. 09 8. 79 13. 1 1. 19 1 0 . 0 1  16 .9  0. 15 5. 81 

Mo - - ml - - - -  

Adsorption - -  --  10. 0 - -  140. 1 0 . 0  -- 140. 1 0 . 0  -- 

Adsorption - -  - -  10. 0 - -  123. 10 .0  -- 119. 1 0 . 0  - -  54. 5 

I Second Elution c3 
Solution 10.0 0 .002 9. 3 0. 3 1  3. 70 9. 4 0. 28 4. 29 10. 2 0. 05 1 . 8 5  7 

Third Elution Solution 9. 2 0. 002 9. 3 0. 14 2. 16 1 0 . 0  0. 10 2. 58 9.  6 0. 03 1. 14 

Fourth Elution Solution 9. 8 0. 002 10. 0 0. 06 1. 33 9. 8 0. 04 1. 35 9. 8 0. 0 1  0. 8 2  

Fifth Elution Solution 9. 6 0. 002 9 . 5  0 . 0 2  0 . 7 1  9 . 9  0 . 0 2  0. 72 9. 8 < O .  03 0. 57 
Sixth Elution Solution - -  - -  - -  - -  -- 10. 1 0. 03 0. 42 10. 0 < O .  03 0. 47 

Seventh Elution 
Solution - -  - -  - -  - -  -- 10. 1 0. 003 0. 23 10. 0 < O .  03 0. 3 2  

Total mg Fe and Mo 
in Elutions 1 - 7 0 -  035 1 . 6 2  16 .69  1. 66 19. 60 0. 24 10. 98 

- Millimoles Fe and Mo 

Mole Ratio Mo/Fe in 

0 .0043 0. 114 

2 
0. 204 in Elutions 1 - 7 -- 0. 029'0 0. 174 0. 0297 

I 

to 
0 
CQ 
cn 

Elutions 1 - 7 - -  6 . 0 0  6. 9 26. 5 Q, 

* 5 g res in  used in  this run; 10 g resin used in all other runs.  
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positively charged iron(III) on an anion resin. Conversely and significantly, 
appreciable amounts of iron w e r e  eluted from the washed r e s in  after contact 
of the res in  with solutions containing both iron and mplybdenum. 
latter result  is considered important evidence for  the existence of the 
hypothesized complex ion. 

This 

The Mo/Fe mole ratio of about six in the composite elution solutions 
in Runs 2 and 3 together with the work of Baker cited ear l ie r  suggest that the 

ionic species adsorbed on the res in  and possibly that existing in solution is 
[FeO6Mo6OI5] -3. The agreement between the resul ts  of Runs 2 and 3 is 
remarkable in view of the low distribution coefficient of the complex to the 
res in  in the presence of so much competing nitrate ion and of the difficulties 
experienced in analyzing for  low concentrations of iron and molybdenum. 

The Mo/Fe mole ratio in Run 4 w a s  considerably higher than that 
found in Runs 2 and 3. 
may be that part  of the molybdenum adsorbed on the res in  w a s  associated with 
uranium in some manner. 
The r e s u l t s  do indicate, however, the presence of a negatively charged, 
iron-molybdenum complex ion in solutions produced by HN03 - Fe(NO3l3 
dissolutions of U - Mo alloys. 

The significance of the higher ratio is not c lear .  It 

Elution solutions were not analyzed for uranium. 
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PREPARATION OF HN03 - Fe(N03)3 DISSOLVENTS BY DISSOLUTION OF 
1020 STEEL IN HMO3 

1. Dissolution Rates of 1020 Steel in Nitric Acid 

Coupons of 1020 steel of the nominal composition 99. 1 2  to 99. 43-w/0 
Fe - 0. 18 to 0. 23 w/o C - 0. 30 to 0. 50 w/o Mn - 0. 04 w/o P - 0. 05 w/o S 
were used to determine instantaneous dissolution ra tes  in boiling HN03 - 
Fe(NO3l3 solutions. 
determining dissolution rates of U - Mo alloys. ( 7 J  8, Results are shown in 
Figure 6.  

The procedure used w a s  s imilar  to that used for  

In the absence of dissolved iron, maximum dissolution rate occurs 
at about 8 - M €€NO3, the s teel  apparently passivates at higher acidities. 
Dissolution rates fall off as the iron(III) concentration builds up. 

2 even at 1. 0 - M Fe(N03)3  the rate in 2 - M HN03 ,is greater  than 2 g / cm hr.  
Complete dissolution of large amounts of 1020 steel thus can be accomplished 
in very  short  time cycles. 
form of control (low dissolution temperature o r  incremental acid addition) 
may be required to limit the off-gas evolution rate. 

However, 

Indeed, the reaction is so vigorous that some 

Investigations to specify an  optimum material of construction for  a 

dissolver vessel  have not been made. 
but less expensive materials probably could be found. 
might be satisfactory a t  low dissolution temperatures. 

Titanium certainly should suffice, 
Plastic lined vessels  

2. Off-Gas Composition 

Samples of the gas  evolved during nitric acid dissolution of 1020 
steel  w e r e  collected for  two different s e t s  of dissolving conditions. 
case a 13 g coupon of 1020 steel w a s  completely dissolved in  boiling 9 - M 
HNO to yield a solution of the composition 1 - M Fe(N03)3  - 5 - M HN03. 
Dissolution was  complete in 15 minutes without application of heat. 
Two samples,  (1) and (2), werecollected. 

In one 

3 

In the other experiment a 
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Instantaneous Dissolution Rates of 1020 Steel 
in Boiling HN03-Fe(N03)3 Solutions 
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12  g coupon w a s  completely dissolved in boiling 10 - M €€NO3 to produce a 
solution of the composition 2. 36 - M Fe(NO3I3 - 0. 95 - lVI HN03. 
required 30 minutes; one sample, (31, of gas  w a s  collected. Neglecting 
the components of air (N2, 02, A, and C02) the off-gas in  both cases  w a s  
essentially oxides of nitrogen (Table VIII). 
w a s  far below that required for  formation of explosive gas mixtures. 

Dissolution 

The amount of hydrogen evolved 
(9) 

TABLE VLU: 

OFF-GAS COMPOSITION FOR DI3SOLUTION 1020 STEEL 
IN "NO,. SOLUTIONS 

Component 
NO 

N02 

N2° 
H2 
N2 
O2 
A 

Volume Per Cent 
Sample 1 . Sample12 Sample 3 

50. 9 47.5 36. 2 
36. 0 36. 0 47.0 

0. 6 0. 4 2. 9 
0. 15 0. 1 0. 1 

11. 8 9. 2 12. 3 
0. 2 0 . 3  0. 3 
0. 1 0. 1 0. 1 
0. 1 0. 7 0. 1 co2 

3. Amlication of 1020 Steel Solutions in  Processine U - Mo Alloy Cores  

a. Dissolution U - Mo Alloy 

A solution of the composition 5. 8 - M HN03 - 1.1 - M Fe(NO3I3 
prepared by dissolution of 1020 steel w a s  used to dissolve a 20 g piece of 
U - 3 w/o Nlo alloy. Complete dissolution to about 0. 9 - M U02(N03)2  - 
1. 0 - M Fe(N03)3 - 0. 19 - M HN03 was achieved readily. 
less than 0. 01 per  cent of the initial alloy weight, of yellow solids w e r e  
produced. 
with dissolvents prepared f rom reagent grade iron(1II) nitrate. 

Only t race amounts, 

In all respects  dissolution behavior w a s  comparable to that 

A 
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b. Redox-Type Batch Extraction Studies 

Diban (4. 17 - M Al, - 7.68 - M HN03) and 3 - M Na2Cr207 were added to 
a portion of the dissolver solution (produced as described above) to give a 
Redox fed solution of the approximate composition 0 . 9  - M U 0 2 ( N 0 3 ) 2  - 1 - M 

Fe(N03)3 - 0. 40 - M A1(N03)3 7 ( -  0. 5) - M €€NOQ -0. 2 - M Na2Cr207. 
of this solution w a s  contacted at room temperature with a double volume 
portion of undistilled, plant. hexone. After phase separation the organic 
phase was again contacted with a f r e sh  portion of the aqueous feed in the same 
volume ratio. 
fifth volume portions of a scrub  solution of the composition 1. 3 - M A1(N03)3 - 
(-0. 2) - MHN03-0.01M - Na2Cr207. Finally, the scrubbed organic solution w a s  
stripped three t imes with one-sixth its volume of 0. 01 - M Na2Cr207. 
were composited. 

A portion 

The organic phase w a s  then contacted twice with f resh  one- 

Strips 

Spectroscopic analysis of the organic phase after the second extraction 
contact, of the aqueous phase from the second scrub contact, and of the 
composite s t r ip  solution showed 20, 20, and 0 par t s  Mo per million par t s  U, 
respectively. These results are in excellent agreement with those obtained 
fo r  extraction of U - Mo alloy dissolver solutions prepared with dissolvents 
made from reagent grade iron(III) nitrate. 
prepared f rom 1020 steel  do not contain constituents which increase extraction 
of molybdenum into hexone. 

They demonstrate that dissolvents 
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