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SUMMARY

The hydrous polymer chemistry of Pu(IV) in aqueous nitric acid

solutions has been a subject of considerable interest for several years.

This interest stems mainly from the fact that most nuclear fuel repro-

cessing schemes based on the Purex process can be hampered by the

occurrence of polymer. As a result, an understanding and control of the

parameters that affect polymer formation during reprocessing are important;.

The polymer formation process is known to occur through hydrolysis

of the Pu 4 + ion in solution, followed by aggregation of the hydrolysis

products:

Pu 4 + + xH2O = [Pu(OH)x]
4-x + xH+ , (1)

H

[Pu(OH)x]
4"x + [(HO)xPu]

4"x =• [(HO)^! Pu Pu(OH)x_1]
2(4"x) . (2)

H

Conditions of low acidity (<1 M HNO3), high Pu(lV) concentration, and high

temperature are conducive to polymer formation. Although the hydrolysis,
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aggregation, aging, and precipitation — the chemical sequence involved in

the polymerization process — have been analyzed by various techniques,

the region of greatest concern in fuel reprocessing is the point at which

polymer first begins to form. For this reason, research studies at Oak

Ridge National Laboratory have been directed at defining this limit more

accurately than previously measured.

An empirical model has been developed which predicts the time to

convert 2% of the Pu(IV) to polymer. This percentage is two times the

detection limit of the spectrophotometrlc system used to gather the data

forming the basis for the model expressed as:

t = [PUT]- 1- 6 [HNOJ]*- 6 (7.66 x io-lS)e12,300/T , (3)

where t is in hours, [Pu<p] and [HNO3] are molar concentrations of the

total plutonium and makeup nitric acid, and T is the temperature in kel-

vin. Since induction periods have been observed prior to the growth of

polymer, conservative estimates of the times to form lesser amounts of

polymer can be achieved by linear extrapolation of the value obtained

from Equation (3). For example, if the above model predicts 1 h to

form 2% polymer for a certain set of conditions, the time to form 0.2%

polymer would be 0.1 n (conservatively estimated since more time would

actually be required due to the induction period).

The model does not, however, taks into account the effects of extra-

neous events such as solution refluxing, where the condensates of low

acidity are raturned to the solution and cause acceleration of the

polymer formation rate. Although such a heterogeneous process cannot be
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meaningfully modeled (since the rate of reflux and method of mixing the

condensate in the solution have such a large effect on the results),

reflux experiments have been performed under given sets of conditions to

demonstrate the potential for increased polymer formation rates. These

results show that even 6 M_ HNO3 solutions containing 0.05 and 0.55 fcl

Pu(IV) formed polymer after 48 and 3 h, respectively, when refluxed at

105°C.

More recent Interests have been with the effect of very high con-

centrations of uranyl nitrate hexahydrate (UNH) on the rate of polymer

formation. Earlier results for [U02 ]/[Pu(IV)] ratios* of 10:1 have shown

that the presence of uranyl ion retards the rate of polymer formation

by approximately 30% at 50°C (_1). The current concern has been with U/Pu

ratios > 500:1 because some reprocessing systems are operated under con-

ditions as extreme as these. The influence of high ratios on the rate of

polymer formation has been studied at temperatures of 50, 75, and 90°C.

These results demonstrate that uranyl ion impedes the formation of

polymer precipitate r.o an ever-increasing degree, depending on the

magnitude of the ratio. The effect is so great that no polymer occurs

(within the 150-h observation period) for solutions with a U/Pu ratio of

500, as compared with polymer formation within 19 min for solutions con-

taining only Pu(IV) at an equivalent (0.002 M) concentration. This effect

2+
is believed to be caused by the attachment of U02 ions to the Pu(IV)

hydrolysis products prior to their extensive aggregation and is similar

2+
to that found in the analogous Th(lV) polymer/U02 situation (2). The

2+
U02 attaches to hydroxyl groups on those Pu(IV) species which ordinarily
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form the bridging bonds to other Pu(IV) species in the polymer network —

thus functioning as a chain-terminating agent in. the polymer formation

mechanism.

In addition, the effects of transferring Pu(IV) solutions from one

container to another by the steam-jet method has been examined to evaluate

the extent to which this approach causes polymer formation. The initiation

of the polymer is similar to that in the reflux experiments — low-acidity

water (here, live steam) contacting the bulk plutonium solution.

Surprisingly, solutions with [HNO3] > 1 11 showed no sign of polymer for-

mation even when the concentration of the Pu(IV) was as high as 0.35 M.

Similar solutions that also contained 1 £1 UNH have been transferred to

evaluate the effect of the added solute, and these results are currently

being evaluated.

In conclusion, the phenomenon of Pu(IV) polymer formation, while

common to most metal ions in aqueous solution, can be avoided or mini-

mized by controlling the conditions (temperature, concentration, and other

solutes) which lead to polymerization. An empirical kinetic model that

predicts the time for polymer formation for a given temperature, [HNO3],

and [PUT] has been developed and is presently serving as a guide in

flowsheet design. The addition of UNH causes retardation of the polymer

formation rate to such an extent that all polymer formation appears to be.

suppressed at a 500:1 ratio.. Laboratory experiments on steam-jet transfers

of pure Pu(IV) solutions show no polymer formation when the [HNO3] is

> 1 M; nevertheless, these results should be viewed somewhat cautiously

because all other experience; (especially previous reflux experiments)

would lead one to anticipate polymer formation following contact with the

live steam.
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