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PREPARATION OF SODIUM URANIUM(IV) FLYUORIDE
FROM-.@AQUEOUS URANYL NITRATE BY IRONIl) REDUCTION

I. INTRODUCTION

° Anhydrous uranium tetrafluoride is presently prepared from aqueous
uranyl nitrate by a three-step process which involves (1) evaporation and
denitrification, (2) reduction of uranium trioxide to uranium dioxide, and
(3) fluorination with hydrogen flveride at elevated temperature. Because
of the temperature and the presence of water vaper, the fluorination step
is subject to serious corrosion problems.

The uranium tetrafluoride so produced can either be reduced to

9.
massive uranium metal by magnesium or converted to the hexafluoride with
elemental fluorine.

The objective of this research wasto investigate possible compet-~
itive methods of directly preparing, from uranyl nitrate solution, a uranium
salt which could he subsequently reduced to the massive metal or fluorinated
to uranium hexafluoride. Emphasis u?as placed on minimizing the number
of operational steps and simplifiying the process so as to reduce operational
maintenance and manpgger needs to a minimum.

The reduction of uranyl nitrate by iron(lI) and the concurrent
®
precipitation of uranium(IV) fluoride salts has been reported by

1,2)

w. B. To!ley( '/, but a detailed study of the precipitation conditions was

(1) Tolley, W. B., Precigitation of Uranium Ammonium Fluoride from UNH
Seolutione as Intermediate in the Preparation ol Uranium Tetralluoride,

» rebruary t, 2 ecret).

(2) 'l‘olleyf W. B., A Process for the Pregaration of Uraniumgwg Fluorides
from Aqueous Uranyl Nitrate, - . September 19,
. (Unclagsiledy.
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not made. In six runs, Tolley was able to prepare uranium fluoride salts
in which the iron contamination ranged from 0.19 per cent to 0. 84 per cent
and averaged 0. 33 per cent. The minimization or elimination of this iron
contamination seemed both feasible and desirable.

11, SUMMARY AND CONCLUSIONS

.

Anhydrous sodium uranium(IV) fluoride car:be prepared firom aqueous
uranyl nitrate solutions by the use of iron(lI) chloride in the presence of
excess iiuoride ion, The sodium uranium(IV) fluoride (NaUFs), contaminated
with iron, can be purified by a process which includes the conversion of
the fluoride salt to uranium(IV) hydroxide, dissolution of the hydroxide in
sul?ric acid, and reprecipitation of iron-free NaUFs. The entire process
can be carried out at room temperature in plastic lined tanks.

Iron contamination of the NaUFs obtained by the concurrent reduction
of urany! nitrate and precipitation with hydrofluoric acid ranged from 2160
to 4500 ppm of uranium for nine experimental runs.and averaged 3200 ppm of
uranium. In four reprecipitation runs using NaU}“5 contaminated by iron
to the extent of 3600 ppm of uranium and one run using NaUF5 containing
4500 ppm as starting feed, the iron contamination of the reprecipitated salts
ranged from 7.5 to 135 ppm of uranium and averaged 100; the average iron
decontamination factor was 40.

Decontamination fram a groun of non-radioactive metallic ions
commonly found in piant streams was found to be very good. However,

beta and gamma decontamination factors obtained by the process were only
3 and 11, respectively.

Since iron(ﬁ) is not a strong reducing agent, it is necessary to add
approximately three moles of hydroftuoric acid per mole of iron in excess
of the five molé® of hydrofluoric acid per mole of uranium necessary to

precipitate the NaUFssalt. The excess fluoride strongly complexes iron(ill)

and shifts the reduction potential of the iron{ll) - iron(11l) couple to a more
tavorable value.

covemugiilh.
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The process as described in this report is not economically
competitive at the present time because of the large excess of hydrofluoric
acid necessary for the complete reduction of uranyl nitrate by iron(I).

The process woul i
Y. ’d

»UCTiIC acl

I, DISCUSSION

The process for the chemical preparation of sodium uranium(IV)
fluoride described in this report involves four distinct steps. They are as
fcllows:

1. The reduction of uranyl nitrate by iron(Il) in the presence of
hydrofluoric acid and the simultaneous precipitation of the reduced
uranium as the sodium uranium(IV) fiuoride double salt.

2. The solid state metathetical conversion of sodium uranium(IV)
fluoride to uranium(IV) hydroxide by aqueous sbdium hydroxide.

3. Dissolution of uranium(IV) hydroxide in sulfuric acid.

4. The reprecipitation of sodium uranium(IV) fluoride by the concurrent
addition of aqueous uranium(IV) sulfate and hydrofluoric acid to a
sodium chloride solution.

If the product obtained from step 1 is of adeguate purity for subsequent
processing, i,e., reduction to metaj or conversion 10 uranium hexafiuoride,
the remaining three steps would be superfluous.

A. Reduction and Precipitation

The procedure for the preparation of insoluble sodium uranium(IV)
fluoride involves the slow addition of an aqueous iron(ll) chloride-hydro-
fluoric acid solution to a well stirred aqueous uranyl nitrate solution con-
taining sodium chloride or sulfate. Experiments have been conducted using
solutton concentrations ranging from 0.2 to 0. 6 molar in uranyl nitrate.
Although the exact uranium concentration is not critical, the ratio of the

concentrations of fluoride, sodium and iron(ll) to uranium is very impertant.

DECLASSIFIED
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The effect of hydrofluoric acid concentration on the completeness of
reduction was studied in a series of eight experiments. The iron(ll}, sodium
and uranium concentrations were kept constant. The iron(II) was 15 per cent
in excess of the amount required to reduce all of the vranium; sodium was
three times the uranium concentration; and the h ydrofluoric acid
was varied from 5 to i4 moles per mole of uranium. In each experiment,
1200 ml of solution, containing 2.3 moles of iron(Il) chloride and various
amounts of hydrofluoric acid, was added at a rate of 500 ml per hour to two
liters of a stirred solution containing one mole of uranyl nitrate and three
moles of sodium chloride. The resulting slurry was stirred overnight to
ensure a maximum reduction of the uranyl nitrate. The precipitate was
then allowed to settle, the aqueous supernate decanted off, and the precipitate
washed three times by decantation using 600 m! of 0. 2 molar sodium fluoride
each time. In each case the per cent reduction was determined from the

uranium analysis of the supernate and wash solutions. The results are
shown in Table 1.

. TABLE 1
THE EFFECT OF EXCESS HYDROFLUORIC ACID UPON THE
REDUCTION OF URANYL NITRATE BY IRON(II) CHLORIDE

Mole Ratic % cf U in % of U in
_HE/ U Supernate _Wash % U Reduced
36 2.7 61
22 3.2 75
4.2 0. 60 @95
10 0.50 0.08 99
11 0.15 0.10 99.75
12 0.06 0.06 99.88
13 0.02 0.8 99. 92
14 0.01 0.05 99. 94 £
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These results indicate tnat 140 to 160 per cent excess hydrofluoric acid must
be uced to ensure comnlete reduction and consequent recovery of uranium.
The excess hydrofluoric acid is needed to complex the iron(Ill) ion and shift

the potential of the Fe(Il) - Fe(lll) couple to a more favorable value,. ®

A series of experiments was conducted to determine what effect
changes in uranium feed concentration would have upon the amount of iron
occluded by the product ancd upoi the tap density of the product. Both sodium
chloride and sodium sulfate were used as sodium ion sources. In each
experiment, the molar ratios of sodium, fluoride and iron{Il) to uranyl
were maintained at 3:1, 14.2:1, and 2. 3:1 respectively. The informgtion
obtained from these experiments is presented in Table II. It will be noted
that the tap density and iron content of the product are but little affected by
replacement of sodium chloride with sodium sulfate. However, an increase
iri the uranium concentration of the feed solution (and a corresponding increase
in the iron concentration) resuited in a slight increase in the amount of iron
occluded in the final product. That the sodium uranium(iV) fluoride product
is NaUFs, within the limits of analysis, is shown in Table III.

X%
TABLE 11

THE EFFECT OF THE URANIUM CONCENTRATION
UPON IRON CONTAMINATION OF NaUFj
Product Tap

Source of Uranium Conc. Moles of U  Density % Iron in
Run No. Na in Feed (molar) Involved gms/cc Product
11-11 NagSQy 0.24 0.12 1.0 0.16
12-1 NaCl 0.24 0.48 1.6 0.14
12-V NacCl 0.24 0.12 1.2 0.16
12-VI  NaCl 0.24 0.12 1.0 0.19
12-VII NaCl 0.24 0.12 1.1 0.19
2-1 NacCl 0.50 1.0 1.4 0.24
2-11 Na2S04 0.50 1.0 1.6 0.30
2-111 NaCl 0.59 1.0 1.3 0.24
2-1v NagSO4 0.58 1.0 1.5 0.30
L ]
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All of the reduction-precipitation runs were conducted at room
temperature. No kinetic studies were made, but visual observation indicated
that reduction was 95 - 98 per cent complete in 30 minutes and reached
completion in one to two hours when the hydrofluoric acid to uranium ratio
was 13 or 14 to one. In these experiments, the product salt was washed
three times by decantation using 400 to 600 ml of a dilute sodium chloride-
hydrofluoric acid wash solation (0.1 to 0. 2 molar in each) each time, and
then dried at 110 C for 16 hours. The salts had excellent physical properties.

TABLE III

COMPOSITION OF 30DIUM U%ANIUM(I\) FLUORIDE
PRODUCT FROM TYPICAL REDUCTION-PRECIPITATION RUNS

Run No. % U % Na % F F/U Na/U
11-11 68 7.3 26 4.8 1.11
. 12-1 67 6.9 26 499 1.08
12-V 67 7.3 26 4.9 1.13
12-V1 €9 7.4 26 4.7 1.11
12-VII 70 7.3. 25 4.5 .08
2-1 70 7.0 26 4.7 1.04
2-11 70 6.9 26 4.7 1.02
2-111 ] 70 7.0 26 R 1.04
2-1V 68 7.1 25 4.6 1.08

+B- Metatheticgbpreparation of Uranium(IV) Hydroxide

Sodium uranium(IV) fluoride, prepared as described in the previous
‘®ection, can be easily and quickly converted to insoluble uranium(IV)

hydroxide by slurring it in a sodiumy hydroxide solution for 20 to 30 minutes.
Only a small excess of sodium hydroxide is necessary.

Excellent results have been achieved using sodium hydroxide con-
@
centrations rapging from 1 to 5 molar. The hydroxide precipitate prepared
in this manner is quite crystalline and settles rapidly. A single decantation

R

=

¥
B
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:al.

wash with 0.1 molai sodiutn hydroxide is sufficient to remove the filuoride
ion and render the precipitate soluble in sulfuric acid. In a working process,
the hydrozide mother liquor and wasH solutions would be recycied to the

reduction - precipitation step to conserve fluoride,

C. Digselution of Uranium{IV) Hydroxide

Uranium(lV}) hydroxide, which has been washed free of fluoride, can
be easi@ and quickly dissolved in sulfuric acid. Acid concentrations ranging
from {* 6 to 2. 2 molar have been used. '&he less concentrated solutions
require two to thre® hours to complete the dissolution. In the more con-
centrated solutionsg enough reaction heat is liberated to increase the
reaction temperature from room tempegature to 50 - 60 C, and the disso®u-

tion is complete in about tef Wigutes. .
.

Some reoxidation takes place durimg'$his step and gesults in a
diminished y:eld i@ #he repvecipitation of the diouble fluor:de. $a #ight runs,
the uranium gontent of the superwate after ppecipitation of alb of the
uranium(I¥} as WalF 5 ranged frem 1.9 to 4. 9 ped cent and averaged 3. 2
pe@ cent. Fhis informatioy is summarized i Tabie 1¥. Moderate heating
during dissolution did not imerease the exim!‘.gt\ oxidation. A two to three
per cent oxidatiom of the urapiuge would mot be serious since recycling the
uranyl fluoride supenage to the ivo#i reduction - precipitation step (as a
hydrofluoric acid economy maeasure) would result in its recovery.

)

o TABLE, ®
URANIUM OXIDATION DURING DISSOLUTION
@ .
Temperature Grams of Wranium Per Cent of
Bun No. ‘ (o4 involved iy Run Uranium Oxidized
7L “25 93 3.4
Jol] 25 29 4.9
1@ 5 - 60 166 1.9
343 40 - 50 60 3.4
3-1I 40 -~ 50 60 3.3
3-111 40 - 50 60 2.5
3-1v 40 - 50 60 3.2
3-V 40 - 50 ® 80 2.8
'.".t.
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D. Reprec.mtation of NaUF5

The physica. properiies any, ® a aimited exient, the iron
decontamination depend upon the conditions under which the fluoride salt
is reprecipitaied. The so/.um ion concentration must be sufficiently high
in the immmediate gegion of the formation of the NaUﬁ‘5 particles to prevent
the formation of Rydrous i'F4 Best results have been obtained under
condftions such that *I12 sodium ion concemratxon is @igh, while both the
uranium and fluor:de ion cgncentrations arn low This can be accompl shed
By adding eranium(IV) sulfate gobtained from the sulfusidc acid dissolution
of the hydroxide} and dilute hydrofluorie acid from two : eparate sources,
and at a molar raitio of 1:5, to @ well stirved sodium eMloride or sodium
sulfate solution. Stight modifications of this general procedure © such as
adding part or all of the sodium alorig with the urandium@V) sulfate sdbution -
huve been examined, but the product obtained is Yess desirab.2. I the
reprecipitatior is carried out at 70 - 80 C, the soditn uranium (IV§ fluoride
is precipitated as large® crystals than when the preeipitation is done 4§
nooln tempepature. ©OF course, the larger erystals pesult in a product of

lower tap density. PData drom some typical experimemts are giver in
Table ¥ on the foltowing page.

Undep the conditions descgibed abowe, the groduct which is @bfagned
is § densc crystalline salt which settles yapidly anf§ eam be washed &y
dpr'nntafmn it desised. The mother biquoP drom the ®recipitation contains
!he 10 to 18 per cent excess Quoridke added to ensupe a complete precipitation
and the reoxidized utanium produce® in the sulfurjc acid dissolutiof step.

In a plamt process, ffiis solutiom weuld Be wecycled ¥ fhe initiak Pofhigon -
PPecipitation svep,
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E. Process Decontamination

The process has bee(‘r'l‘ examined from the standpoint of decontamina-
tion o{ various non-radioactive metallic 1ons. 1n one run, Cu,@r, Co, Ni,
Mn, S%. Al, and Mg were each added toan aqueous uranyl nitrate solution
to the extent of 1000 ppm of uranium. The uranium was then reduced and
precipitated as NaUFs. The product was spectrographically freq:’from Cr,
®) OCO' Ni, Mn, Mg, and Cu; but clontained 150 ppm Sn and 20 ppm Al. The tin
© and aluminum were completely removedby the reprecipitation process.

Several runs have been conducted using Purex 2DF solution as the
starting feed matexialy Beta and gamma decontamination factors of 3 and
1l were obtained forCthe comg&te procegso It was found that the addition ©
Q of%trace of ethylenediaminetetraacetic acid to the uranium(IV) sulfate
solution prior to reprecipitation improved the gamma decontamination by a
factor of two bé? did not affect the beta decontasinatiora

o]
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