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Abstract: 237Np is one of the most important minor actinides present in nuclear spent fuel
both from environmental and application point of view. The routing of neptunium to the
particular stream of PUREX process is necessary for its separation and purification as
237Np is the target nuclide for production of 238Pu. The routing of neptunium to a particular
PUREX stream will also help in better nuclear waste management, which in turn, will
impart less bearing on the environment considering its long half life, alpha emitting
properties and mobile nature. In order to route Neptunium to a particular stream of PUREX
process, it is imperative to understand the distribution of neptunium in various process
streams. Owing to high dose of actual samples, the neptunium distribution was studied
using 239 Np tracer by simulating actual column conditions of PUREX streams in lab
scale. The present study deals with neptunium determination in actual PUREX streams
samples also
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1. Introduction 

237
Np is used as a target material for producing 

238
Pu, which is used as a power source and a heat 

source for space missions. The following characteristics of 
238

Pu make it a unique candidate for 

fueling radioisotope thermoelectric generator (RTG)
1
. 

(i) 238
Pu has high specific power (0.54 W/g) due to emission of alpha particles (Eα = 5.499 

MeV, 71.04 % and 5.456 MeV, 28.25 %) which can be readily converted to electricity
2
.  

(ii) The long half-life of 
238

Pu (about 88 years) makes it suitable for deep space missions where 

the possibility of generation of electricity from sun light doesn’t exist.   

(iii) Low gamma energies (Eγ = 43.49, 99.85, 152.72 KeV)
3
 of 

238
Pu reduces the shielding 

requirement thereby reducing the weight which is the prerequisite for space applications.  

238
Pu has been extensively used worldwide to provide power to spacecrafts and has played 

important role in scientific developments in space exploration.  

1.1 Production of 
238

Pu 

238
Pu can be formed by neutron irradiation of precursor isotope 

237
Np target in a reactor by 

following nuclear reaction   

     (1) 

The following pathways can lead to losses in production of 
238

Pu
4
:   

(i)  

(ii)  

(iii)   

(iv)   

(v)  

In order to minimize losses due to formation of higher isotopes, 
237

Np should be irradiated for 

short time. The plot of formation of different Np and Pu isotopes with irradiation time is given 

in Figure 1.  However, there is considerable formation of fission products due to fission of Np 

and Pu isotopes. The processing of the irradiated target is required to remove fission products 

and left over Neptunium to obtain Plutonium (enriched 
238

Pu). A typical Savannah River Site Pu 
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isotopic composition, for use in RTG, was 81% 
238

Pu, 15% 
239

Pu, 2.9 % 
240

Pu, and small 

amounts of 
241

Pu and 
242

Pu
1
. 

 

Fig 1: Isotope level verses irradiation time for 1g of 
237

Np in neutron flux of 1x10
14

 

n/(cm
2
s)

5
 

1.2 Production of precursor isotope 
237

Np 

Out of 22 isotopes of neptunium, 
237

Np is the only isotope with long half life (2.14 x 10
6
 y) and 

can be produced in significant quantities
1
.  

237
Np is formed in reactor mainly by following two 

reactions. 

      (2) 

   
   

                   
(3) 
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237
Np is present in high level waste in concentration level of few mg/L. Therefore, Np recovery 

from PUREX stream plays a vital role in the production of 
238

Pu.  Considerable efforts have been 

made worldwide to modify PUREX process and route Np to a particular stream 

1.3 Neptunium Recovery in PUREX for Waste Management  

In addition to the use of 
237

Np as precursor isotope for 
238

Pu production, its recovery from spent 

fuel is also important from waste management point of view. Although the neptunium 

concentration in spent nuclear fuel is very low, its concentration increases with time, because of 

the radioactive decay of 
241

Am. Thus, the isotope 
237

Np becomes one of the major contributors to 

the radiation inventory of nuclear waste repositories over long period (thousands of years after) 

due to its long half-life
6
. Neptunium can exist in all oxidation states from +3 to +7 depending on 

the conditions prevailing in the surroundings. The existence of pentavalent Np as MO2
+
, which 

has the lowest ionic potential among all the other oxidation states, makes it least interacting 

actinide with various geological components, thereby making it mobile in environment. At 

present the most accepted conceptual approach for the management of HLW is to vitrify it in the 

glass matrix followed by disposal in deep geological repositories
7
. Since the half lives of minor 

actinides concerned (including neptunium) range between a few hundred to millions of years, the 

presence of these minor actinides is responsible for long term (> 100 y) radiotoxicity of waste 

forms buried in deep geological repositories (figure 2). The surveillance of high active waste for 

such a long period is debatable from economical as well as environmental safety considerations. 

Therefore, most of the advanced reprocessing schemes aim at removal of these minor actinides, 

followed by burning in fast reactor.  
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Fig 2: Partitioning of minor actinides- Impact on waste management
8
 

 

1.4 Present work 

237
Np is produced as by product in the nuclear reactor using uranium and plutonium as fuel.  The 

spent nuclear fuel generated from reactor operation, containing uranium, plutonium, minor 

actinides, and fission products, undergoes reprocessing using PUREX process. In order to tap the 

particular stream of PUREX for Np recovery, the present studies were initiated, jointly by RACD 

and NRB, to determine the concentration of neptunium. Table 1 gives the U, Pu and acid 

concentrations of the samples of different streams of PUREX obtained from NRB. Figure 3 gives 

the schematic diagram of selected streams of PUREX process relevant in the present work. 

With minor actinides  

Without 

minor 

actinides  
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Fig 3: Schematic diagram of selected streams of PUREX process  

Radiometric techniques have been extensively used in identification and determination of 

radionuclide in low concentration range. The Plutonium concentration ( 1 g /L) is almost three 

orders of magnitude more than Neptunium ( few mg /L) in dissolver solution. Table 2 gives the 

nuclear data of Np and Pu isotopes along with their alpha energies. Owing to close proximity of 

their alpha particle energies and high activity of Plutonium, the peak corresponding to 
237

Np 

(4.78 MeV) gets masked by tailing of 
239

Pu peak (Eα= 5.15 MeV) and thus cannot be used for 

direct quantification of neptunium in various streams
1
. Therefore, radiochemical separation of 

Np from Pu and fission products is required. Prior to taking up actual highly radioactive PUREX 

samples, the distribution of Np in various streams of PUREX process was determined using 

239
Np tracer (β,γ emitter). The actual column conditions of different streams were simulated 

while performing solvent extraction in lab scale. After determination of Np distribution in 

various streams of PUREX, the quantitative determinations of Neptunium in actual samples of 

different PUREX streams were carried out.  

 

100% CD1 

111%  

44%  

73%  

0.75% 

CD1 

63% CD1 

64% CD1 
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Table 1: U, Pu and acid concentration in actual samples of PUREX streams  

Sample 

No. 

Sample 

name 

[U] 

(g/L) 

[Pu] 

(mg/L) 

Acid 

(M) 

Gross beta Gross 

Gamma 

1 CD 387.8 1600 3.55 19.97 Ci/L 13.67 Ci/L 

2 HAW 1.01 0.07 2.14 10.09 Ci/L 6.04 Ci/L 

3 HAP 65.69 204.9   2.86 mCi/L 

4 IBXU 64.93 0.38   0.13 mCi/L 

5 IBXP 19.42 1520 1.42  1.31 mCi/L 

6 ICP 49.43 0.045 0.09 0.06 mCi/L  

7 ICPCON1 365.48 0.12 0.77 0.37 mCi/L  

8 2DW 1.18 0.11 0.42 0.09 mCi/L 0.072 mCi/L 

 

Table 2: Nuclear data of Np and Pu isotopes 

Nuclide Half life (y) Alpha energy (MeV) 

237
Np 2.144x10

6 
4.78 

238
Pu 85 5.19 

239
Pu 2.411x10

4
  5.16 

240
Pu 6550 5.15 

Large numbers of reports are available on simulation of Np behavior or determination of Np in 

simulated samples. However, the distribution of Np in actual samples is rarely available 
9, 10

. The 
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present article focuses on determination of Np in different streams of PUREX process and the 

observed distribution is explained in the light of Np redox chemistry. 

2. Experimental 

2.1 Study of distribution of Np in various streams of PUREX process using 
239

Np tracer 

 The 
239

Np tracer was obtained by irradiating natural Uranium (10 mg) as U3O8 in reactor. 

The irradiated target was dissolved in conc. HNO3, then evaporated to dryness and made upto 20 

ml using 3 M HNO3. The solution was subjected to the different separation steps to simulate the 

different stages of PUREX process as described below. 

2.1.1. Procedure for 
239

Np experiments 

1. 0.2 ml of 
237

Np stock (0.462 mg/ml in 3 M HNO3), 8.5 ml of U stock (450 g/l in 3.5 M 

HNO3) and 1 ml of 
239

Np tracer solution was added to make U feed.  0.1 ml of sample, 

labeled CD, was counted in HPGE (Sample 1). 278 keV gamma line of 
239

Np was 

monitored. 

2. 4 ml of the feed was equilibrated for 15 min with 19.6 ml of 30 % TBP in NPH (O/A = 

4.9). Aqueous and organic phases were separated by centrifugation and 0.1 ml of aqueous 

phase labeled as HAW (Sample-2) and 0.5 mL of organic labeled as HAP (Sample-3) 

were counted.  

3. 16.4 ml from HAP was equilibrated with 4 ml of U(IV) ((28 g/l)  in N2H4 (0.2 M) at 0.6 

M acidity )(provided by NRG) (O/A = 4.1). After phase separation 1 mL of  aqueous and 

0.5 ml of organic labeled as 1BXP (SAMPLE-4) and 1BXU (SAMPLE-5) were counted.  

4. 14 ml from 1BXU was equilibrated with 15.45 ml of 0.01 M HNO3 (O/A = 0.906). 0.5 

mL of aqueous and 1 mL of organic labeled as 1CP (SAMPLE-6) and 1CW (SAMPLE-

7) were counted. 

5. 14 ml of 1CP was concentrated to 2.5 ml termed as 1CPECON1. 0.2 ml of sample 

(SAMPLE-8) was counted. 

6. To 2.0 ml of 1CPECON1,U(IV) (provided by NRG) was added such that U(IV) 

concentration in final solution is 4.8 g/land N2H4 is 0.2 M at 1.0 M acidity. ICPCON got 

diluted to 3.58 mL. 0.5 ml of sample labeled as 2DCD (SAMPLE 9) was counted.  

7. 1 ml of 2DCD was equilibrated with 2.3 ml of 30 % TBP (O/A = 2.3). 0.4 mL of aqueous 

(SAMPLE-10), labeled as 2DW, and 1 mL of organic (SAMPLE-11) was counted. 
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The complete experiment following the above SOP was carried out twice (Cycle 1 and Cycle 2). 

2.2   Neptunium analysis in actual samples from various PUREX streams 

Determination of Neptunium by alpha spectrometry demands the separation of Plutonium, so as 

to get clean alpha spectra of Np which can be used for its quantitative estimation.  In the present 

study, removal of bulk Plutonium was carried out by solvent extraction due to its simplicity, 

reliability and rapidity. Actinides exhibit variable oxidation state and this property has been 

extensively used for their separation. Theonyl trifloro acetylacetonate (TTA) is an organic 

chelating agent which extracts different oxidation states of actinides depending on the acidity of 

aqueous phase. The present strategy involves, simultaneous reduction of  Np and Pu to +4 and 

+3 oxidation states respectively, and thereafter selectively extracting Np(IV) to organic phase 

(0.5 M TTA in xylene) followed by its alpha counting. The reduction of Np andPu was achieved 

using ferrous sulphamate and hydroxylamine hydrochloride.  Prior to the addition of reducing 

agent, acidity of all the samples was maintained to 1 M by evaporating them to dryness and 

adding 1 M HNO3.  

In the samples with high Pu content (CD1 and IBXP), one contact with organic phase was 

inadequate to bring down Pu concentration sufficiently. Hence, the organic phase was contacted 

with fresh aqueous scrub containing ferrous sulphamate and hydroxylamine hydrochloride in 1 

M HNO3. The resultant organic phase was equilibrated with 9 M HNO3 to strip all the Np and 

remaining Pu. The stripped aqueous phase was again conditioned to 1 M (HNO3) and subjected 

to solvent extraction after addition of reducing agents.  

For analyzing the organic samples in TBP (IBXU and HAP), the metal ions were stripped first to 

aqueous phase using 0.01 M HNO3. The aqueous phase was conditioned to 1 M HNO3 followed 

by solvent extraction as in aqueous samples. 

 

3. Results and Discussion 

The flow sheet demonstrating Np distribution in PUREX streams is shown in figure 3. In acidic 

condition, which exists in reprocessing plants (PUREX), Np can exist in IV, V and VI oxidation 

states. Though Np(V) is poorly extracted in 30% TBP, Np(IV) and Np(VI) have significant 

extraction
2
. The different extraction behavior (figure 4) of various oxidation states of Np, results 

in distribution of Np in various PUREX streams.  
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Figure 4: Distribution coefficient (D) of Np(IV), Np(V) and Np(VI)
11

 

3.1. Neptunium distribution using tracer studies 

The D (distribution coefficient) values and percentage of Np in different steps, for both the 

cycles is given in table 3. D values obtained for solvent extraction steps in both the cycles are in 

good agreement except for the step corresponding to HA column. The D in first step was found 

to decrease from 0.205 to 0.043. This suggest that, in the first cycle nearly 50 % Np was in 

Np(V) oxidation state and couldn’t be extracted in 30% TBP. However, in the second cycle, 

which is after 48 hr of residence time, 90 % of Np got converted to V oxidation state.   This 

could be explained by slow kinetics of change in oxidation state of neptunium. 

3.2 Neptunium distribution in actual samples 

The results of PUREX sample analysis by solvent extraction, followed by alpha spectrometry are 

given in table 4. The results have also been shown in schematic diagram of PUREX in figure 3. 

A typical alpha spectrum obtained for sample CD1, after removal in Pu is given in figure 5. The 

flow sheet demonstrating Np distribution in PUREX streams is shown in figure 3. 
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Table 3. D values and percentage of Np in different steps 

Sample 

No. 

Sample name Cycle 1 Cycle 2 

  DNp % Np DNp % Np 

1 CD1  100  100 

2 HAW 0.205 53 0.043 91 

3 HAP 54 19 

4 1BXP 0.266 26 0.26 9 

5 1BXU 28 10 

6 1CP  0.05 27 0.053 9.6 

7 1CW 1.25 .4 

8 1CPCON  27  9.6 

9 2DCD  27  9.6 

10 2DW 0.219 18 0.184 6.4 

11 2DP 9 3.2 
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Fig 5:  Alpha spectrum of sample CD1 after plutonium separation 
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Table 4: Results of neptunium analysis by alpha spectrometry 

Sample 

No. 

Sample 

name 

Method N# (dpm/ml) Average 

(dpm/ml) 

CNp (mg/L) % Np 

1 

CD1 

1. TTA extraction 

2. Scrub 

3. Stripping with 9 

M  HNO3 

4. TTA extraction  

3 (i) 7095 

(ii) 6152 

(iii) 7130 

6792±554 4.3±0.35 

100 

2 

HAW 

TTA extraction 2 (i) 462 

(ii) 382 422±56 0.27±0.04 6 

3 

HAP 

1. Stripping with 

0.01 M HNO3 

2. TTA extraction 

2 (i) 1558 

(ii)1804 

1681±174 1.08±0.11 111 

4 

1BXU 

1. Stripping with 

0.01 M HNO3 

2. TTA extraction 

2 (i) 1142 

(ii) 1075 

1108±47 0.71±0.03 73 

5 

1BXP 

1. TTA extraction 

2. Scrub 

3. Stripping with 9 

M  HNO3 

4. TTA extraction 

3 (i) 4251 

(ii) 5270 

(iii) 5294 

4938±595 3.17±0.38 44 
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6 

1CP 

TTA extraction 2 (i)1006 

(ii)1061 1033±39 0.66±0.03 63 

7 

1CPCON 

TTA extraction 2 (i) 5700 

(ii) 6893 6296±843 4.04±0.54 64 

8 

2DW 

TTA extraction 4 (i)705 

(ii)809 

(iii)740 

(iv) 755 752±43 0.48±0.03 

 

# N=Number of determinations 

Various stages of PUREX are (i) Co-decontamination (HA column) (ii) Partitioning (1BX 

column) (iii) Stripping (IC). Neptunium concentration in CD1 column was found out to be 4.3 

mg/L.  

3.2.1 Co-decontamination (HA column) 

The acidity in HA column feed is nearly 3 M HNO3 and under these conditions Np(V) undergoes 

oxidation by HNO3 which is autocatalytic in nature as the NO2
-
 produced in the reaction also 

oxidizes Np(V) to Np(VI). 
12, 13

 

NpO2
+ 

+ ½ NO3
- 
+3/2 H

+ 
== NpO2

2+ 
+ ½ NO2

- 
+1/2 H2O   (4) 

In addition, Np(V) also disproportionate to Np(IV) and Np(VI).  

2NpO2
+
 + 4H

+ 
==Np

4+ 
+ NpO2

2+
 + 2H2O     (5) 

Thus, Np can exist in IV, V and VI in the feed solution (CD1). The proportion of different 

oxidation states in different PUREX streams depends on operation conditions like acidity, 

nitrous acid concentration, residence time, temperature, uranium loading etc.  

a. Role of nitric acid 

The nitric acid concentration has been found to increase the percentage extraction of Np in 

30 % TBP in dodecane. Zhang et al
14

 have shown the increase in Np extraction from 10 % to 

80 % on changing the HNO3 from concentration 2 to 5.5. This change can be explained by 

equation 4, where the Np(V) is getting converted to more extractible form, Np(VI). The 



14 

 

single phase studies using spectrophotmetry has also revealed the enhancement in oxidation 

rate of Np(V) and increased equilibrium concentration of Np(VI)  with  HNO3  

concentration
15

.  

b. Role of nitrous acid and residence time 

The overall effect of HNO2 depends on its concentration. At HNO2 concentration  <  10
-5

 M, 

rate of oxidation of Np(V) is to too low to have any visible effect on Np(V) concentration.  In 

the concentration range 1x10
-5

- 1x10
-3

M, HNO2 acts as calalyst in oxidation of Np(V) by 

nitric acid. This reaction is autocatalytic in nature as HNO2 is also produced in the reaction 

(equation 4). However, at > 1x10
-3

 M, HNO2 drives the oxidation reaction backward and 

leads to reduction of Np(VI) to Np(V)
14

.  

The Np(VI) is extractible in the TBP phase which favors the equilibrium (equation 4) in 

forward direction. The Np speciation in nitric acid medium is dependent on equilibrium 

established between various oxidation states of neptunium and on the rate of forward and 

backward reactions (equation (4) and (5)). Therefore, residence time is also an important 

parameter in determining the distribution of neptunium in PUREX streams. 

c. Uranium loading 

Neptunium extraction increases initially with uranium loading (100 - 200 g/l) from 35 % to 

45 % in TBP phase which can be explained in terms of cation - cation interaction (Uranium –

Neptunium). Further increase in Uranium loading (200 - 290 g/l) drastically decreases the 

Neptunium extraction from 45 % to 2 % which can be attributed to non –availability of free 

TBP in organic phase
14

. 

d. Temperature 

The key reaction, determining the Np speciation, oxidation of Np(V) by nitric acid, (equation 

4) is endothermic (ΔH = 16.5 kJ/mol)  in nature 
16

. In addition, the activation energy of the 

reaction is also positive (50.24 kJ/mol)
 17

. Therefore, the increase in temperature not only 

favors the formation of Np(VI) but also enhances its rate of formation.  

Owing to the role of above mentioned factors, the distribution of Np in various process streams 

varies from plant to plant. For instance, the percentage of Np extracted with U and Pu in THORP 

plant (UK) and UP3 plant (France) was 70 and 82 % respectively. In the sample obtained from 

PHWR Tarapur, 100 % of Neptunium was extracted in 30 % TBP and goes to HAP stream 
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indicating absence of Np(V) in HAW. The reports on HNO2 concentration effect on Np oxidation 

state has shown that HNO2 oxidises Np(V) to Np(VI), if present in concentrations less than 

~1x10
-3 

M. At higher concentrations, Np(VI) is again reduced to Np(V) even in oxidizing 

condition. Thus, the absence of Np(V) in HAW suggests low nitrous acid concentration in HA 

column. Further, the presence of Pu(VI) also play important role as NO2
- 
scavenger.  

PuO2
2+ 

+ NO2
- 
+ 2H

+
 == Pu

4+
 + NO3

- 
+ 2H

+    
  (6) 

Thus, it could be responsible for low concentration of HNO2. 

3.2.2 Partitioning and Stripping (1BX Column) 

In the present samples, nearly 70 % of Np was found in organic phase (BXU) and the rest passes 

to aqueous stream along with Pu. In HAP stream, Np is present mainly as Np(VI). The probable 

reactions in partitioning column are: 

a. Reaction with U(IV): 

The interaction of U(IV) in 0.6 M HNO3 with Np(VI) in partitioning column, reduces it to Np(V) 

and further to Np(IV).     

         (7)  

(8)  

Reduction of Np(VI) to Np(V) by U(IV) is a faster reaction and its rate decreases with increase 

in  nitric acid concentration. The second step, that is, the reduction of Np(V) to Np(IV) by U(IV) 

is slower step and dependence of nitric acid concentration on its rate is complicated. The rate is 

minimum in the range 0.5 – 1 M HNO3 concentration.  

b. Reaction with hydrazine: 

Hydrazine, strong reducing agent, also reduces Np(VI) to Np(V) by following reactions: 

                  (9) 

                                  (10) 

c. Reaction with Pu(III) 

Np(V) can undergo reduction with Pu(III) according to following reaction : 


 HUONpOOHUNpO 4222

2
222

42

2

OHUONpHUNpO 2

2
2

44

2 2242 
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                           (11) 

This reaction becomes dominant compared to reduction by U(IV) and hydrazine at higher 

concentrations of Pu(III) (approx 5 g/l)
18

. In the present sample the total Pu concentration is 

around 1.52 g/l in 1BXP stream. Therefore in present condition, Np(V) reduction by Pu(III) may 

not be the important pathway.  

As a result of above probable reactions, all the three oxidation states of Neptunium are present in 

partitioning and stripping stage. Np(V) which is inextractable in 30 % TBP comes in aqueous 

phase and Np(IV)and Np(VI) remain in organic faction, thereby distributing it in both the 

streams. The organic fraction gets stripped completely in ICP column and finally gets 

concentrated in ICPCON. Thus careful control of nitric acid concentration can route 100% 

neptunium to one particular stream. 

 In 2D column, conditions are similar to partitioning column. Nearly 80% (53 % of total 

Np) of Np goes to organic phase. The small difference in Np extraction (70%) in partitioning 

column and 80% in 2D column could be due to small difference in nitric acid concentrations. 

4. Future  

Several studies have been reported in literature to efficiently control the Np distribution in order 

to route it to a particular stream. Various scenarios have been considered, viz., (i) converting all 

Np to (V) oxidation state so that it remains in HLW, (ii) coextract Np to organic phase in co-

decontamination stage and route it to U stream, (iii) route it to Pu stream (iv) recover Np before 

partitioning of U and Pu. The first approach has been used at plant scale in Savannah River Site 

where higher concentrations of nitrous acid is used to convert Np to V oxidation state
19

. 

However this approach has inherent limitations associated with it. The large concentration of 

nitrous acid could be problematic in partitioning state. In order to avoid Np(V) extraction, higher 

uranium loading is required which enhances the chances of Pu accumulation which is not 

recommended due to safety issues. Second approach, namely, co-extraction of Np along with U 

and Pu, has also been used in Hanford Site where Pu(III) is stripped with ferrous sulphamate and 

Np is routed to U stream. U and Np are stripped back and U is re-extracted leaving Np in 2D 

rafinate
20

. Now a days, most of research towards Np recovery aims at 100% extraction of Np 

along with U and Pu. Few successful attempts have been reported using this approach in lab and 
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pilot plant scale. China Institute of Atomic Energy and National Nuclear Laboratory 

demonstrated 99 % Np extraction at 4.5 M HNO3 at lab scale
15, 21

.  CEA  (ATALANTE facility) 

also carried out hot and cold run for neptunium recovery and showed > 99 % Np extraction at 4.5 

M HNO3
22

.  Some of the successful attempts for neptunium recovery in co- decontamination 

stage are given in Table 5 
23

. 

Table 5 Literature reports on neptunium recovery  

 Lab U (g/L), 

Pu (g/L) 

Np 

[HNO3] 

(M) 

% Np 

recovery 

1 CEA U + Pu =250 4.5 > 99.6 

2. CIAE 220 

2 

40 

4.5 99 

3 JAEA 126 

23 

184 

5.5 > 98.99 

4 NNL 250 

0 

150 

4.5 > 99.9 

 

Another feasible approach which is being explored is the separation of Np from U(VI) and 

Pu(IV) before 1BX column to get purified Np. For this purpose, the selective reduction of 

Np(VI) to Np(V) over Pu(IV) to Pu(III) has been evaluated by many authors using salt free 

reductant like carboxylic acids, aldehydes, hydrazine derivatives etc.
24

. n-butaraldehyde has been 

proposed as a promising candidate for the same purpose
25

. 

Although various routes have been demonstrated worldwide, there is need for optimization and 

development of flow sheet for 
237

Np separation from reprocessing plants in India. In Indian 

reprocessing conditions, almost 100 % neptunium is found to co-extract with Uranium and 

Plutonium in HA column (HAP stream). Therefore, stripping of Neptunium by selective 

reduction could be one of the possibilities for its recovery. However, if one goes for the 

Neptunium recovery from 2DW stream, the conditions of 1BX and 2D columns need to be 

modified to minimize Neptunium losses in these stages.  
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5. Conclusions 

Present work describes the first attempt to determine neptunium in PUREX streams by matrix 

separation by solvent extraction followed by alpha spectrometry. The analysis revealed the 100 

% coextraction of Np to organic phase in co-decontamination stage. However, the neptunium 

was found to get distributed in different streams in subsequent stages. The present work is the 

first step and an important activity which is required for modifying PUREX cycle for Np 

recovery.   
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