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Introduction

Solutions of pentavalent uranium are stable in fluoride melts contained

in gold vessels (1). They are prepared by the reaction

UF6(g) + UFu(d) =2 UF_(4),

5
where (g) and (d) represent the gaseous and dissolved states, respectively, in
fluoride melts composed of LiF—BeF2--ThFh (72-16-12 mole %), the fuel-carrier
salt composition for the Molten-Salt Breeder Reactor (2). The reaction proceeds
rapidly at 550~600°C and UFS(d) is stoichiometrically produced. The reduction

of the pentavalent uranium to tetravalent uranium by hydrogen gas

UFS(d) + 1/2 Hy(g) = UF)(d) + HF(g),

a necessary step in fuel reprocessing for the Molten-Salt Breeder Reactor, was
reported (1) to proceed very slowly, however, and only a small fraction (<1%)

of the hydrogen introduced was utilized.

This letter describes results which show that the hydrogen reduction reac-
tion is rate limited, possibly due to the dissociation of hydrogen molecules to
yield active hydrogen atoms, and reports the application of platinum catalysts

to achieve a 10- to 100-fold increase in the reaction rate.
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334 Heterogeneous Catalysis

Experimental

The experimental procedure, apparatus, chemicals and analytical methods
used have been reported previously in detail (1). Briefly, for these experi-
ments UFS(d) wes produced in molten LiF-BeF,-ThF) (72~16-12 mole %) at 550°C
by the stoichiometric reaction of UF6(g) with UFh(d). The melt was then
sparged with hydrogen or hydrogen-argon gas mixtures at 550°C at 40 or 120 cc/
min. Samples of the melt were taken periodically and analyzed by wet chemical
techniques to determine the U(V) and U{IV) content.

Results and Discussion

The first series of tests at 550°C confirmed the low reaction rate between
dissolved U(V) and gaseous hydrogen in the absence of a catalyst. Also, hy-
drogen utilization was low. The reduction followed zero-order kinetics (Figure
1), yielding a linear plot of moles of UFs(d) reduced vs time. The quantity
of UFs(d) reduced was independent of the uranium concentration, hydrogen par-
tial pressure or gas flow rate (mixing effects). The slope of the line yielded

a rate constant, K, of 0.00135 mole/hr.

ORNL-DWG. 75-2698
0.010 T T T T T T

0.009 [~ e -

DO

0.008 — 1

%

o

8

a
T
o
|

%

rate constant = 00135 moles/hr

MOLES UZ* REDUCED

o
Q
=]
o
T

0.002 ° —

0.001 (- ° GAS FLOW -1

40cc /min <——|—— 120 cc/min

° 1 1 1 1 ) 1

§ 2 3 4 5 6 7
HOURS

FIG. 1

Reduction of dissolved UF5 at 550°C. Test 2, o, initial UF- concentration was
1.78 wt %, reducing gas was pure Ho. Test 5,0, initial UF: concentration was
4.60 wt %, reducing gas was pure H,. Test 6, A, initial UFg concentration was
2.32 wt % and reducing gas was Hz-ir (33-67 mole %).
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The rate~limiting step may be the dissociation of the hydrogen molecule to
active hydrogen atoms, H¥, either on the surface of the gold vessel or dissolved

in the melt. A possible simplified reaction sequence would be

= op*
H2 2H

UF () + H* = UF{:Y (a) + 5F(4)

x—

S5+x
The
and UFSh-; the U(V) must

where the dissolved uranium species are represented as fluoride complexes.
dissolved form of U(IV) has been shown (3) to be UF73_
be similarly complexed, although it has not been studied.

The effect of platinum catalysts, frequently used in petrochemical hydro-
genation processes, was then investigated. An increase of 10- to 100-fold was

achieved in the reaction rate for the reduction of U(V) (Table 1).

TABLE 1

Catalytic Reduction of Dissolved UF_ by Hydrogen at 550°C

5

Initial U
Run  Platinum H, Flow Rate Time —29394—123—%%~ ¥ Reduced  H, Used
No. Catalyst (scem) {hr}) Total U U (%) (%)
8  Black® 0 0 3.92 2.56 0
Lo 0.5 3.86 <,05 100 20
11 Spongeb 0, o . 5.24 4.08
0 1.0c 5.18 4.18 0
0 2.0 5.26 4.1k 0
40 0.25 5.66 0.96 66.8
40 0.5 5.40 0.1k 96.6 31
40 1.0 5.24 <.05 100
12 Alloyd 0, 0 2.18 1.96 0
07 1.0° 2.28  1.64 0
0 2.0° 2.37  1.90 0
40 0.5 241 <.05 100 15

#Granular (1100 mesh, 500 mg).
bGranular (45-65 mesh, 500 mg).
cUnder argon.

dSmall amount of Pt alloyed with or sintered to gold liner.
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The order of the reaction could not be determined with the existing apparatus;
the reaction proceeded almost to completion by the time the first sample was
taken. The possibility that a reaction was occurring between the platinum and

UF5 to yield UFh or that the disproportionation reaction

2UF,(a) = UF)(a) + UF,(g)

was being catalyzed to yleld some UF) was precluded in run No. 11 (Table 1) in
which the U(V) concentration was increased to 4.1L wt % and the solution was
exposed to platinum for 2 hr in the absence of hydrogen. No reduction of U(V)
occurred. Following introduction of the hydrogen, reduction was complete in

about 30 minutes.

The physical form of the catalyst was not critical, either platinum black
or granular platinum sponge was equally effective. In fact, trace amounts of
platinum which alloyed with or sintered to the gold vessel during the first two
experiments was equally active (run No. 12, Table 1). This suggests that it may
be easy to take advantage of the catalytic effect in engineering-scale equipment

by combining platinum with gold components of the apparatus.

The dissociation of the hydrogen molecule is possibly being accelerated on
catalytic sites on the surface of the platinum. It is not known if the reaction
occurs on the catalyst surface, in which case the rate-limiting step might be
diffusion of species to or from the catalytic sites, or if associstion occurs
between the hydrogen atom and some melt constituent to transport active hydrogen
from the catalyst surface into the melt by some solvated species. Platinum was
reported (4) not to catalyze the room temperature reaction between solid UF,
and gaseous H2 unless liquid HF was also present. This suggests the involve-
ment of a solvated form of the active hydrogen atom. Platinum catalysts have
been reported (5) to accelerate the reaction between solid UF), and 0, gas, &
distomic molecule similar to H,. Again dissociation to active atoms could be

2
involved.

Acknowledgment

The authors wish to acknowledge the services of Analytical Chemistry

Division personnel under the supervision of W. R. Laing.



e

. R. BENNETT and L.

. M. TOTH, J. Phys.
. H. LEVY and P. W.

. EKSTROM and G. E.

Heterogeneous Catalysis

References

M. FERRIS, J. Inorg. Nucl. Chem. 36, 1285 (197k).

. E. MCNEESE and M. W. ROSENTHAL, Nucl. News 17, 52 (Sept. 197h).

Chem. 75, 631 (1971).

WILSON, Aust. J. Chem. 26, 2711 (1973).

BATLEY, Inorg. Nucl. Chem. Letters 9, 1157 (1973).

337



