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PRELIMINARY REPORT

*This report was prepared only for use within General Electric Company in the
course of work under Atomic Energy Commission Contract W-31-109-Eng-52. Any
views or apinions axpressed in the report are those of the authors only.”

LEGAL NOTICE

This report was preparad as an account of Government sponsored work. Naither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

8. Assumes any liabilities with respact to the use of, or for damages resulting from the use of
any information, apparatus, methad, or process disclosed in this report,

As used in the above, "person acting on behalf of the Commission” includes any employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access fo, any infc. nation pursuant to his employment or contract with the Commission.
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ELECTRODIALYTIC CONVERSION OF URANYL NITRATE TO URANIC FLUORIDE SALTS

I. INTRODUCTION

Anhydrous uranium tetrafluoride is used as an intermediate in present
industrial processes for the preparation of both uranium hexafluoride and
uranium metal. Several recent investigations (4,5) have demonstrated that
alkali metal and ammontum uranium(IV) double fluorides of the general formula
MUFB may also be used as intermei‘ates. An electrodialytic process for the
preparation of such uranic flucride sgalis from aqueous uranyl nitrate - the
usual end product in uranium separations processes - was proposed by Carson
and co-workers in 1954 {(.,2). BEssential features of the process, as presently
conceived, together with pertinent developmental data and & chemical flow-
sheet are briefly discussed in this paper.

II. PROCESS CONCEPT

Two major electrochemical steps are performed simultaneously in the
electrodialytic yrocess; urenyl and nitrate ions of the feed solution are

separated from each other, and uranyl ions are reduced at a mercury cathode

to the tetravalent state., Success of the reduction step is contingent on

the previous separation since nitrate i>is are capable of oxidiz ng uranim(IV)

ions.

The electrodialytic process is shown in simple schematic form in Figure
1. The basic element of the prccess is an electrolytic cell which is
divided into three compartments by an anion permeable membrane and & cation
per .eable membrane. Uranyl nitrate is introduced into the center (feed)
compartment which is bounded by the two membranes. When a potential is
applied, uranyl ions are transported through the cation membrane into the

cathode chamber which contains the appropriate alkali metal {(or ssmonium)

ion ani fluoride ion. Simultaneously, nitrate ions migrate through the
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anion memtrane to form nitric acil in the anode chamber. Water 1s also trans-
ported from the feed compartment with both ions. For reasors discussed later,
nverall curre:nt efficiencies in the desired range, 80-100 per cent, cannot be
obtalned feasibly with an acid anolyte. In practice base is continuously
added t0 the anode compartment, and the cell is operated with an alkaline
anolyte.

In the cathode chamber uranium(VI) is reduced to the tetravalent state
and precipitated as a uranic double fluoride. In continuous operation solid
product is removed from the catholyte external to the cell. The catholyte is
continuously concentrated to remove water introduced during cell operation ang
is then recycled except for a swall fraction sent to waste. Hydrofluoric acid
and alkali metal (or ammonium) ions are continuously added to the recycled
catholyte.

The overall cell reaction is given in equation {1). Bouation (2)
represents the anode reaction and equation (3) the cathode reaction.

C0y(NO3)p + 4 HF + NE,F ——>NE,UFs + H,0 + 2 HNO3 +1/2 0, (1)
B0 - 2e” —> 2 E' +1/2 0, (2)
VO, +b EF + NEF + 2 e” ——) NE,UF5 + 2 Hy0 (3)

Although the equations are written for the production of EHhUFs, the sodium
and potassium salts are prepared in a similar fashion. Greater emphasis has
been placed on production of the ammonium salt since it can be readily decom-
posed to UF, (1) and ultimately converted to either metcl or UFg. The

sodlum and potassium salts are suitable intermediates for preparation of

metal out do not appear particularly useful for preparation of UFB.
III. PROCESS DESCRIPTION

1. Membrare Properties

Ton exchange membranes for use in the process should desirably exhibit
high electrolytic conductivity, high peruselectivity, low hydraulic
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permeability, and a long useful life. A satisfactory combination of these
properties is found in Permutit 3142 catiorn, Permutit 3148 anion (Permutit
Company, New fork) ani in Nepton AR 11l anion (Ionics Incorporated, Cambridge,
Massachusetts ) membranes. The electrical resistance of these membranes under
typical process conditions is in the range five to kO ohms/cme. These membranes
are also chemically stable in process solutions and appear to retain their
electrical properties upon prolonged cell operation at ~emperatures as high as
60 C.

The membrane property of greatest significence to overall process perform-
ance 1s permselectivity - the property of the membrane to permit passage., under
a potential gradient, of anions to the exclusion of cations, or the reverse.
Cations leaking from the anolyte compartment across the anion membrane into
trte feed compartment compete with uranium for current. The net result of such
leakage is a decrease in the current efficiency for uranium transport. The
same principles apply to leakage of anions from the catholyte to the feed com-
partment; experience shows, however, that the leakage rate of fluoride ion
through the cation membrane under typical operating condit‘ons is too small to
be significant with respect to cell current efficiency.

Current efficlency decreases in the range three to 50 ‘er ent have been
observed as the result of leakage of cations through the anion membrane. The
rate of such leakage 1s known to be a function of anolyte composition and con-
centration, cell temperature, and membrane current densizy. In general, the
lenkage rete of a particular cation increases with increasing concentration
ard wmembrane current density and decreases with increasing cell temperature.
The effect of elevated cell temperature in decreasing leakege rates is one of

the lmportant considerations in establishing a cell operating temperature of
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The relative leakage rates of ammonium, sodium, a-d calcium ions from
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alkaline nitrate anolytes (pH 8-9) and hydrogen ion from a nitric acid

anolyte and the corresponding decreases in uranium trangport efficiency are
ghown in Figure 2. These data vere obtained with Permutit 3148 anion mem-
brane; comparable rates were obtained with Nepton AR 111 and Nalfilm 2
(National Aluminate Company, Chicago, Illinois) anion membranes. At comwparable
concentrations, leakage rates for hydrogen ion are about ten times higher

than those for sodium, calcium, and ammonium ions. You will note that even

at 0.01 M HNO, {a concentration undesirably lov from conductivity and

anolyte flow considerations) about an 1l per cent loss in current efficiency
is experienced. Attainment of a feasible cell current efficiency at a
practical anclyte cation cancentration ( g 0.1 5) thusg requires operation with
an alkaline anclyte.

The increased leakage of cutions through the anion membrane associated
with an increased membrane current density must be considered in establishing
an operating current density. Other factors which rust be borme in wmind
are the adverse effects of increased current density on membrane uset'ul life
and the decrease in current efficiency for uranium reduction at increased
cathode current densities. Current densities above two amps /in “ have been
observed, in some instances, to cause excessive membrane deterforr.tion. A
uniform membrane current density limited to one amp /in 2 is consicared a
aatistactofy compromige tq effect maximum utilization of svailable wembrane

area without undue damage and the realization of & suitable overall cell

current efficiency.
2. Cell Operating Conditions
a. Anolyte Compartment

The anclyte is maintained above pHE 7 by continuous eddizion of base.

T
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FIGURE 2

LEAKAGE RATES OF CATIONS THRCUGH ANTON MEMBRANE
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Choice of the base is dictated by the product desired. Ammonia must be used
for the production of pure NHhUFS and, similarly, sodfium hydroxide for the
production of NaUFB. Thie restriction is a consequence of leakage of
anolyte cations through the anion membrene. In addition to leakage rates
of cations through the anion membrane, electrical conductivity and anolyte
effluent volumes must be considered in selecting a satisfactory anolyte
concentration. Anolyte cation concentrations in the range 0.1 to 0.5 molar
are satisfactory.

Pletinum is the most satisfactory anode material yet tested. Anodie
dissolution rates for platinum average 0.05 mg/ampere-hour over a wide range
of probable operating conditions in the anolyte compartment. Recent results
indicate that stainless steels 304L and 347 may also tc satisfactory anode
materials in an alkaline medium .

b. Feed Compartment

In the present concept of the process., a feed influent containing only

uranyl nitrate and nitric acid as the major constituents has been assumed. In
particular, the feed 1s assumed to have been decontaminated from fission
products.

Operation of the feed compartment is most conveniently discussed ia
terns of factors which affect transport of uranium and of water. Three
primary variable. o7 importance with respect to the current efficliency for
transport of uranium are (a) the fre. nuoalv ratio in the influent feed,
(b) feed compartment operating temperature, and (c) leakage 6: cations
through the snion membrane. The effects of the latter variable have been
discussed earller. The effects of feed acidity and temperature are shown
in Figure 3. You will note that current efficiency for uranium transport is
increased slightly at 60 C, another reason for operating the cell at this

temperature. Current efficiency decreases with an increase in feed acidity.

DECLASSIFED e




Percent Current Efficiency For Uranium Transport

_ DECLASSIFIED

100 ]

30 T

¥

FIGURE 3

-

EFFECT OF FEED ACIDITY AND TEMPERATURE

ON CURRENT EFFICIENCY FOR URANIUM TRANSPORT

Conditions:
Feed influent - 2 M uranyl nitrate

Feed compartment - 1.5 M uranyl nitrate
Permutit 3142 and 3143 wembranes
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The acidity range shown in Figure 3 is that expected for praorable feeds for
the process.

Water is transported from the feed by electiroosmotic transfer and as
hydration water of the mobile ions. The amount of water transferred with
the uranyl ion increases from about two to four ml/g U as the feed compart-
ment uranium concentration decreases from 1.5 molar to 0.1 molar. The
amount of water trangported with the nitrate icn is about ten per cent that
transported through the cation membrane.

L) terms of feed compartment operation, 1t is possible to select
operating conditions under which all the uranium and water added are trans-
ferred. However, such operation requires precise adjustment of influent
uranium concentration and flow rateg; it appears more practicel to operate
with a small effluent from the feed compartment. Operation with a feed com-
rartment uranium concentration of 1.5 molar to decrease cell resistance and
with a feed offluent corrssponding (o one per cent of the influent uranium is
presently envisioned. This feed effluent may be recycled to some previous
point in the uranium separations process or processed in a separate facility

for recovery of the uranium.
c¢. Catholyte Compartment

In the catholyte compartment uranium transported from the feed compart-
ment is reduced at & mercury cathode. Mercury has proven to be the only
suitable cathode material at which high reduction efficiencies can be ob-
tained at practical cathode current densities. Continuous renewal of the
mercury surface by stirring or by flow is essential to achieve high reduction
efficiencies.

Current efficiency for uranium reduction is primarily a function of
uranium concentration and cathode current density as illustrated in Flgure b.

Highest current efficiencies are obtained at high uranium concentrations and
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VARIATIES IN CURRENT EFFICIENCY
FOR URANIUM REDUCTION
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low cathode current densities. It 1is evident that cathode current density
must be restricted to about two a.mps/in2 to obtain greater than 80 per cent
efficiency. Operation st £0 C in the presence of a slight ex-ess of fluoride
and wetal {or ammonium) ions over stoichiometric requirements also in-
creases reduction efficiencies.
d. Product Recovery.
Process steps associated with product recovery and external catholyte

reatment have not yet been studied in detajl. A tentative procedure is as
follows: Product is removed as a catholyte slurry and collected by filtration,
settling, or centrifugation. The product is then washed and dried. A small
volume ©f the catholyte and wash liguids are sent to waste while the bulk is
concentrated to remove water introduced through the cation membrane and in
the product washing step. After cooling to the desired temperature, the
catholyte 1s then recirculated to the catholyte compartment. In continuous
operation hydrofiuoric acid and the appropriate alkali metal (or ammonium)
ion are added to the catholyte to maintein constant composition.

In this external catholyte treatment, the small amount of uranium which
can be sent to weste econoumlcally necessitates a relatively low catholyte
bleed rate. As a consequence, ionic impurities (fission and stainless steel
corrosion products) transferred from the feed compartment will build wp in
the catholyte to a concentration which could adversely affect the decontami-
nation potential of the process. An alternative procedure would be to
remove catholyte equivalent to the volume of water introduced during cell
operation. Additional processing steps to recover uranium from the bleed

would be required but these may be compensated for by 2. increased decon-

taminst ion potential.
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e. Cell Design Considerations

An important feature of cell design is a satisfactory arrangement of
mewbranes and liquid mercury cathode. The choice of geometrical configura-
tion i8 largely determined by the desirability of operating with winimum
povwer requirements at a uniform wembrane current density of o.e amp/ina.
Attainment of uniform membrane current density requires a parallel arrangement
of membranes and electrodes. With vertical membranes a parallel arrangement
can be approximated by constructing the cathode as a serles of stacked
trenches, parallel te, and equidistant from the cation membrane. A laboratory

model of a cell incorporating this cathode design is shown in Figure 5. The

degree of uniformity of membrane curreant density in such a cell is determined
by the vertical distance between successive trenches.

The materials of construction of cell components must be resistant to
at ack by any of the individual compartment solutions or by mixtures of these
at temperatures at least as high as 60 C. 1lucite, used in labormtory cells,
appears to be suitable for construction of the cell body.

Provisions must be made in cell design for agitation of the mercury
surface in each trench. In the laboratory model each trench was fitted with
e paddle stirrer operated by a gear train external to the cell. Provision
for aglitation in each of the cell compartments to insure uniformity of solution
*hmpositlon alsc appears desirable. Means wust also Le provided to either
dissipate heat generated in each cell compartment or to supply heat, depend-
ing on the specified operating conditione.
f. Chemical Flowsheet

A simplified flowsheet for the preparation of the ammonium salt 1s

shown in Figure 6. For the conditions shown overall current efficlencies
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in the range 85 to 90 per cent are otrtained. The concentration of ammonium
nitrate shown in the feed compartment is that obtained at equilibrium as
the result cf leakage of ammonium ion f£rom the anolyte. Although not
indicated, traces of fluoride ion will be present in bocth the feed and
anolyte compartments as the result of leakage of {luoride ion from the
catholyte.
IV. SUMMARY

Ar, electrodialytic process for the preparation of slkali metal and
amooniu urenium(IV) double fluorides frow agueous uranyl nitrate has been
investi.gated. Development studies have demon=*rated the feasibility of the
process and indicate thaet it has potentlal for becoming economically com-
petitive, in certain a.plications, with present methods of converting uranyl
nitrate to uranlium tetrafluoride. |
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