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Diffysion coefficients of Pu(IV) and U(VI) in nitric acid solutions and some actyal solvent
extraction systems like tributylphosphate-kerosine and tri-iso-octylamine-xylene were
determined. Activation energies for the U-diffusion are calculated.

DURING INVESTIGATIONS on the transfer of U and
Pu compounds between water and organic solvents (5),
determinations of the diffusion coefficients were carried
out by means of an improved capillary cell method (3).
The diffusion coefficients were calculated from the equation:
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where ! is the capillary length, ¢ the diffusion time, ¢, the
initial concentration, and ¢ the mean concentration at time
t. Correct results are obtained when Dt/I* > 0,2.

The diffusion of U(VI) and Pu(IV) in HNO;-H.O, 20%
TBP-HNO;-kerosine, and 10% and 20% tri-iso-octylamine
(TIOA)-HNO;-xylene was investigated using the nuclides
U-233 and Pu-239 as tracers.

AQUEOUS NITRIC ACID SOLUTIONS

The HNO;-H:0 solutions contain a mixture of complex
ions like [UO:(NOs).J ~ " with n < 3 and [Pu(NOs).J "
with m < 6. The composition is dependent on the HNO;
concentration (3, 6).

A quantitative interpretation of the results is difficult
because of the lack of any simple theory combining mole-
cular weight and shape with diffusion factors. The Riecke-
law seems to be invalid (2, 11). Moreover, the number
of water molecules participating in the transport is quite
uncertain.

Figure 1 illustrates the change in Dy with increasing
HNO; concentration—i.e., changing composition of the ion
mixture. The initial U-233 concentration of the capillary
solution, (c,), was in all cases 3 X 10™°M. The sudden in-
crease of Dy at Cyno, > TM is probably due to the forma-
tion of an undissociated complex like [HUO(NOs);] or the
anionic complex [UO:(NO:)s] ' in accerdance with results
obtained by extraction measurements and spectra (1, 3, 6).
These complexes are formed at HNOs concentrations >
6M, their size being larger than that of the UO:” ion.

The activation energy is 5.66 = 0.10 kcal./mole and has
been calculated from diffusion measurements at 25°, 40°,
and 60° C. (4M HNO;, 3 x 107°M U).

Hahn (5) related concentration to the uranium diffusion
coeflicient.

The diffusion coefficient of quadrivalent plutonium in
HNO:; solutions (Figure 2) depends strongly on the acidity.
The Dp, values are reproducible, but only if the Pu solu-
tions are less than 24 hours old. This indicates that
hydrolysis reactions occur even at high H™ concentrations.
Hydrolysis increases rapidly at HNO; concentrations
below 1M; colloidal particles are formed and D decreases.
Rising temperatures promote the hydrolysis and make
it impossible to calculate activation energies.
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These results are not, in all cases, consistent with other
experiments (4, 9, 10). Different experimental methods
may be a partial cause.
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Figure 1. Diffusion coefflcients ot U(VI) tracer (3 X 107°M) in
HNO:; solutions at 25° C,

The points represent the mean of three determinatians;
the accuracy varies between 2 and 5%
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Figure 2. Diffusion coefflcients of Pu(IV) tracer (2 X 10 °M) in
HNO: solutions at 25° C.

The points represent the mean of two determinations;
the accuracy varies between 3 and 5%
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ORGANIC SOLVENTS

The diffusion coefficients of U and Pu in some organic
solvent systems, previously equilibrated with aqueous
HNO:; solutions, are listed in Tables I and II. The HNO;
equilibrium concentration of the organic phase is noted
in the second column. The complexes formed-in the organic
phase are well defined:

U0:(NOs)2(TBP), (9)

Pu(NO,).(TBP). (8)
(TIOA H) [UO:(NOy):] (3, 7)
(TIOA H): [Pu(NOy)s] (3, 7)

They are undissociated and considerably larger than
the ionic species in the aqueous phase and possess smaller
diffusion coefficients at a given temperature.

The activation energy for the diffusion of the uranium-
TIOA complex (total U concentration 1 x 10 M) in 10%
and 20% TIOA/xylene is 2.35 = 0.06 kcal./mole and
2.35 + 0.02 keal./mole, respectively.

Table |. Diffusion Coefficients of U in TBP and TIOA

HNO;,, Uranium Temp., Dy- x 10%,

Org. Phase (M] (M}, Total =C. Cm.? Sec.™
20% TBP- 0.002 1x107° 25 3.98 = 0.07
0.033 1%107°° 25 4,17 = 0.06

kerosine 0.290 1x107° 25 4.32 + 0.06
0.033 0.5 25 2,27 +0.05

0.29 0.5 25 1.88 = 0.05

e 1%x107° 25 3.88 + 0.06

10% TIOA- 1x107° 40 4.70 = 0.06
xylene 1x107° 60 5.90 = 0.08
20% TIOA- 1x107° 25 3.056 + 0.08
1x107°° 40 3.71 + 0.08

xylene 1x107° 60 4.61 = 0.09

¢ Mean of three runs.

Table Il. Diffusion of Pu(IV) tracer (10 °M) in TBP and TIOA

Temp., Dp, x 10°

Org. Phase HNO;,, M °C. Cm."Sec.™**
0.002 25 1.86 = 0.05

20% TBP- 0.033 25 1.79 = 0.05
kerosine 0.29 25 1.95 + 0.05
10% TIOA- 0.4 25 0.76 == 0.03
0.4 35 1.56 = 0.05

xylene 0.4 45 2.96 & 0.08
20% TIOA- 0.8 25 0.40 = 0.03
0.8 35 0.79 = 0.04

xylene 0.8 45 1.50 = 0.05

® Mean of two runs.
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Kinetics of the Reaction of Ethylene with Sulfuric Acid
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AMONG THE EXAMPLES of complex chemical re-
actions that have widespread application are the reactions
of olefins with sulfuric acid. The ethylene reactions with
concentrated sulfuric acid actually involve a family of
reactions of which the following are well known:

CzH4 + HQSO4 = CzHaSO4H (1)
C.H,+ C.HSSO.H = (Csz)zSO4 (2)
2C-H.SO.H = (CH;),80. + H.80, (3)
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If ethylene is reacted with dilute sulfuric acid, reactions
other than 1, 2, and 3 occur to some degree and the following
equilibria are set up:

(Csz)zO + H:)SO4 C2H5H804 + C]H—)OH

T4 Tl
C.H;OH H.0
+ +
H.SO, + C:H, = C:H:HSO, C,H;HSO, + C.H, = (C:H;).S0,
+ +
H.O H.SO,
Tl T

C.H.0H + H.S0, 2C,HHSO, (4
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