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Spent nuclear fuel is reprocessed commercially by the chemical process to recover U and Pu. Recently, new

salt-free reagents to separate plutonium and neptunium from uranium suitable for use in a single cycle

flowsheet have been developed. Acetohydroxamic acid (CH3CONHOH) has been taken much interest in as a

complexing agent capable of selective stripping of tetravalent actinides from U(VI) when actinides are present

in the solvent stream of the advanced PUREX process. Additionally acetohydroxamic acid will rapidly reduce

Np(VI) to inextractable Np(V) thus allowing the separation of Np from U. In this study, the rate equation for

the reduction of Np(VI) to Np(V) in nitric acid aqueous solution has been determined as:

 with k = 191.2 ± 11.2 M−1s−1 at 25 ± 0.5 oC and [HNO3] = 1.0 M.

Comparison with other reductants available in the literature, acetohydroxamic acid is a strong one for NpO2
2+.
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Introduction

Irradiated spent nuclear fuel is reprocessed commercially

by the chemical process to recover the uranium and

plutonium from the radioactive fission products. However,

spent nuclear fuel contains minor actinides other than the

useful U and Pu. Neptunium is the most prevalent of these

minor actinides.1 In current reprocessing plants Np is

generally regarded as an unwanted component and both the

Pu and particularly the U products have restrictive specifi-

cations for it. Therefore, its effective control in the chemical

process is important for the efficient production of purified

U and Pu products.2

In a nitric acid solution, Np can exist simultaneously in

three stable oxidation states, Np(IV), Np(V) and Np(VI)

(Np4+, NpO2
+, NpO2

2+ ions).3 Np(V) is almost inextractable,4

while Np(IV) and Np(VI) can be readily extracted into a

TBP/n-alkane solution and this can cause problems in

reprocessing, as the Np can pass into more than one product

or waste stream in the Purex process. Such a contamination

makes a significant contribution to the complexity of the

reprocessing plants. Efficient control of Np can also increase

the range of products available from the process by allowing

the recovery or recycle of Np as a minor actinide.5

BNFL is currently undertaking an extensive research and

development work both to enhance the current reprocessing

technology and to develop further Advanced chemical

processes. One major goal is the development of a flowsheet

which will reduce both the cost and environmental impact of

reprocessing in the future.6 Several different methods for Np

routing in the process and several new salt-free reagents to

separate Pu(IV) and Np(IV) from U(VI) have been reported

in the literature, including the development of new salt-free

reagents.7-9

Formohydroxamic acid (FHA) and acetohydroxamic acid

(AHA) are especially suited to the separation of Np(IV)

from U(VI) by selective formation of a hydrophilic complex

with Np(IV). U(VI) extraction in to 30%TBP is unaffected.

Additionally these hydroxamic acids will reduce Np(VI) to

inextractable Np(V), thus allowing for the separation of Np

from U.10-12 The reduction of Np(VI) by formohydroxamic

acid in 2 M HNO3 has been reported by Colston et al.
13 A

rapid reduction, taking less than a few seconds to complete,

was demonstrated. The kinetics, as determined by stopped-

flow spectrophotometry, have been shown to be first order

with respect to [FHA] and [Np(VI)] with a rate constant k =

1019 M−1s−1 at 22 oC and [HNO3] = 2.0 M. However, a rate

constant for the reduction kinetics of Np(VI) by AHA has

not been reported. This paper will determine the rate

constant for the reduction reaction of Np(VI) to Np(V) by

AHA. 

Experimental Section

All the reagents were of an analytical grade (Aldrich and

Merck) and the solutions were prepared with twice distilled

water. 237Np(t1/2 = 2.14 × 106 y) was supplied by AEA

Technology as a 1 mCi ([Np]total = 1.186 M) in a 5 mL

solution volume of a 2 N HNO3 concentration. UV-Vis-NIR

spectrophotometry showed that the purchased Np was

present at Np(V) and Np(VI). Np(V) in this solution can be

oxidized to Np(VI) by K2Cr2O7 and, after increasing the

HNO3 concentration, extracted into 30% TBP/n-dodecane.

If an aqueous stock solution is required, the extracted

Np(VI) can then be stripped back from the solvent phase

into 0.01 M HNO3 and acidity adjusted. Total concentration

of Np was analysed radiometrically, and the concentration of

the different Np oxidation states were determined spectro-

photometrically.

Variation in the absorbance as a function of the time were

recorded in a 1 cm optical cell with a cell stirring module

installed in a model 8453 Hewlett-Packard UV-VIS spectro-
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photometer. During the kinetic experiments the rate of

decrease of the Np(VI) concentration was followed by

monitoring the increase in the concentration of Np(V),

which was determined from the intensity of the absorption

band at 980 nm. 

Results and Discussion

Hydroxamic acids, as hydrophilic complexants for tetra-

valent actinides, are also reducing agents, which are proba-

bly thermodynamically capable of reducing Np(VI).14,15

Especially, the reduction of Np(VI) to Np(V) by FHA and

AHA was found to be rapid and complete. Further reduction

of Np(V) to Np(IV) by FHA and AHA, as indicated by the

onset potentials,10 is not expected since the hydrolysis of

FHA and AHA by nitric acid is likely be much faster than

the reduction of Np(V) to Np(IV) which requires a breaking

of the covalent Np-O bonds in NpO2
+. Colston et al.13

reported the reduction kinetics of Np(VI) to Np(V) by FHA

in a nitric acid solution. Their results indicate that the

reduction of Np(VI) by FHA is particularly fast. The

stoichiometry of the Np(VI)-AHA reaction was not directly

studied but, by an analogy to the stoichiometric equations of

the reaction between Np(VI) and FHA, it is perhaps likely

that nitrogen and acetic acid are the products of an AHA

oxidation. In this case, the stoichiometry of the reduction

routes might be expressed by the following equations:

2NpO2
2+  +  2CH3CONHOH    

2NpO2
+  +  2CH3COOH  +  N2  +  2H+  (1)

The kinetic equation for the reduction of Np(VI) by AHA, as

determined by Colston for the reduction by FHA, are

described by:

(2)

For the case of a constant acidity, therefore, the reduction

rate is a 1st order with respect to both [NpO2
2+] and [AHA].

Therefore we can write,

(3)

As seen in Figure 1, the dependency of log([Np(VI)]/

[Np(VI)]o) on the time is a linear function, which indicates

that the reaction is a first-order with respect to Np(VI). The

first-order rate constant k maintains constant at a variation of

the Np(VI) initial concentration. On the other hand, the

reaction rate linearly increases with an increasing AHA

concentration.

Noting that the amounts of N(VI) and AHA which have

reacted at any time are equal and given by [Np(VI)] =

[Np(VI)]o − [Np(V)], [AHA] = [AHA]o − [Np(V)]. After an

integration and rearrangement of equation (3), the final

result in a number of different forms is

 ×

 (4)

Hence, a plot of the left-hand side (2nd order function)

versus t will give a straight line of slope k through the origin.

Figure 2 shows that the experimental data is consistent with

equation (4). Consequently, the values of k were determined

under various [Np(VI)]o and [AHA]o conditions and are

listed in Table 1. Also, since all the experiments were run at

the same temperature, k has a value of k = 191.2 ± 11.2

M−1s−1 at 25 ± 0.5 oC and [HNO3] = 1.0 M. 

Conclusions
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Figure 1. Plot of [Np(VI)/Np(VI)]o vs. time. (a) at [Np(VI)] = 1.32
× 10−3 M, [HNO3] = 1.0 M, b) at [AHA] = 6.0 × 10−3 M, [HNO3] =
1.0 M, 25 ± 0.5 oC)

Figure 2. The 2nd order function against time for the reduction of
Np(VI) by AHA at 25 ± 0.5 oC. ([Np(VI)]o = 6.5 × 10−4 M and
[AHA]o = 6.0 × 10−3 M)
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acetohydroxamic acid in nitric acid has been determined.

The reduction of Np(VI) by AHA in nitric acid is rapid and

first order with respect to both [Np(VI)] and [AHA]. The

reduction of Np(V) to Np(IV) by AHA in a nitric acid media

was not found.
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Table 1. Rate constants of Np(VI)-AHA reaction at [HNO3] = 1.0
M and 25 ± 0.5 oC

[Np(VI)]o (M) [AHA]o (M) k (M−1s−1)

1.32 × 10−3 2.4 × 10−3 201.8

1.32 × 10−3 4.0 × 10−3 191.2

1.32 × 10−3 6.0 × 10−3 182.4

1.32 × 10−3 1.0 × 10−2 173.3

6.5 × 10−4 6.0 × 10−3 193.0

2.12 × 10−3 6.0 × 10−3 187.2

3.51 × 10−3 6.0 × 10−3 209.3

Average 191.2 ± 11.2


