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Neptunium-237 is formed in significant amounts in uranium-
fuelled power reactors. This is an important isotope as it is used as
the starting material for the production of 2381’\; vhich is one of the
most suitable heat sources for radioisotopic power sources. Kilogram
quantitijes of 237Np are produced in power reactors making its recovery
a matter of consideredle importance.

The work on the preocess chemistry of neptunium was continued
with a view to establishing the flowsheet conditions for its recovery
during the Purex Process of reprocessing of irrxadiated uranium. It is
known that in the Purex Process, 237Np oan be forced to follow the desired
process stream by a careful choice of the acidity, uranium concentration
in the organic phase and the oxidation state of neptunium. As it is
proposed to recover 23 7Np from the final cycle of uranium purification
it was necessary to establish conditions so that 237Np ocan be coexiract:d
into THP in the first and second cycles along with uranium and plutonlioa.
It wvas reported“’ 2) that in the feed solution of the first cycie of the
Purex Process neptunium exists mainly as Np(V) shich is not extractable by
TEP. Of the several methods suggested to oxidize Np(‘lg to TBP-extractable
Np(VI) the use of nitrous amm(35 and vansaium(v){4? 5
be most suitable. The results of investigations on the following aspects
of neptunium chemistry are described here.

wore considered to

* Fuel Reprocessirg Division.
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a) 'The use of vanadium(V) for the oxidation of Np(V) to
Fp(VI) in the counter-current extrection of neptunium
under the Purex Proocess conditionms.

b) Path of neptunium under partitioning columﬁ conditions with
(1) ferrous sulphamate and (1i) uranium(IV) as the reducing
agents.

¢) Extrastion of Np(IV) by long-chain alkyl amines,

1411 Use of Vanadium(V) for oxidisation of Np(V) to Np(VI)

The mixer-settler unit used in the present studies was described
oarl:ler(6). A1l the inactive solutions were fed to the unit using micro-flow
metering pumps shereas the active feed solution was fed by using a capillary
attached to a constant overflow system. 2381!]: was added to 237]!1) to enabdble
the estimation of neptunium by gamma counting. The oxidation state of
neptunium was adjusted to Np(V) which was subsequently added to a uranium
solution of known: uranium and nitric acid oconcentrations.

The results of a counter current experiment carried out by adding
V(V) to the aqueous feed containing Np(V) are given in Table 1. The results
of the experiment carried out in vhich V(V) was introduced in the second
stage (from the feed stage) mixer in the extraction section are given in Table 2.

The results of these experiments show that by using V(V), added
either in the feed or preferably in thq extraction seotion, neptunium ocan
be coertracted to the extent of about 90%. Although the conditions used by

Panr and Kooh(?) for similar studies we not known, the present results are in
good agreement with.their results.
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TABLE 1
Use of V(V) for the oxidation of Np(V) to Np(VI).

Feeds /HNO, [ = 3 My [7U_] =328 mg/uly /V(V)_] = 9.4 x 10 s
L 238 Np / = 8.5 x 104 ¢/ 50 aec/ml

Sorubs [‘nno,_] -3M
Flow rates (ml/min): Feed = 1.25, scxub = 0.64 solvent = 5.4
238gp activity in the outgoing Concentration of U

ore.) “mi:c/ 50 sao/al :.10 4 ongenic Btooanng/al
14 025 7 1.23 -

15 : 0.17 1.60 -

16 0.17 1.63 _ -

17 0.21 1.50 ‘ : 72

18 " 0.28 160 . 75

19 0.43 1.53 ' 13

Notes % of meptunium extracted into TBP (calculated from the average 238Np
activity in the organio stream)e 80%.
TABLE 2
Use of V(V) for thw oxidation of Np(V)

Peed: /[ ENO, ] - 2My /70U ] = 344 mg/mly /" 238111:_7 - 2,08 x 10° /50 seo/ml
Sorubs 3 M HNO,. . Venadiun(V): = 1,08 x 10~y [nno}] =3 M
Flow rates (m1/min)s Feed = 1.2 scrub = 1.1; solvent = 6.2; V(V) = 0.5

23%p aotivity in the outgoing Concentration of U in

Time streamsso/50 sec/ml x 19'4 :‘;9 °“t$}$ oxganic
(hm -) Aq. . %.
14 | 0.19 4.1 -

5 0.19, 3.73 -

16 0u11 3.80 -

17 0.12 3,92 71

19 0.13 - 4.01 7

Notes % of Np extracted into TBP = 95%.
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Path of neptunjum under partitioning column conditions

Counter-current data on the behaviowr of neptunium present as
n the uranium-loaded organic phase, under partitioning column
ns with U(IV) as the reducing agent are given in Table 3.

TABLE 3
Path of neptunium during partitioning

L¥0, 7 = 0.3y /87 = 65 me/m1 § L” 2w ] = 3.6 x 1

=loaded

solvent) ©/50 seo/ml
sorub  /7U(IV)_] = 7 mg/mly [NA 4’_7 = 0.06M) [huo,] =2 M
o8 Feed (org) = 6.73 Reducing scxub = 0.9
tages =5
HEpaes 238y aotivity in the Cone. of U in the
putgoing Aq. outgoing streams outgoing stream
stream o/50 sec/nl x 10~2 mg / ml
‘q. m» Aq. Org.
2.6 1.20 0.15 6.9 62
- 1.04 0.16 T8 62
2.5 it [ 0.20 ) 63
- 1.07 0.19 B.4 63
2.4 1.4 0.19 7.9 62
fel : 1.21 0.19 8.1 63
2.4 1.24 0.19 9.1 63

of neptunium following the organic stream = 48 = 53%.

sntration of U(IV) and the flow rates used in the present experiment

arable to those proposed to be used in the Tarapur Plant. It is seen

se data that about 50% of neptunium follows the aqueous stream as is

since the reduction nﬁfnp(v) to Np(IV) vy U(IV) is slow. -
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Two oounter-current runs were oerried out using ferrous sulpha-
mate as reducing agent in a similar way. The results of one of these runs
are given in Table 4.

TABLE 4
Path of neptunium during partitioning

Feed (org) Lﬁno}I - 0.31(; L0 ] = 64 mg/mly /” 238Np_7 - 2,08 x 10}
" 6/50 seo/ml

Reducing scrub  /“Fe *'7 = 0.12M; ['HNDBJ - 1M
Flow rates (ml/min) Feed (crg) = 6.7s Reducing sorub = 0.8

No. of stages =5

HNO, cono. in the 238y aotivity in the  CORS+ of U in the
| outgoing Aq. stream ~ outgoing streams
Time . outgoing streams mg/ml
(Hrs.) _ ¢/50 seoc/ml x 1074

Aq. org. Aq, . Org.
15 | - 2.28 0.9 10.6 62
16 2.2 1,90 1.63 6.4 61
11 - 1.86 1.78 6.0 61
18 2.0 1,85 1.78 6.8 62
19 - 1.85  1.84 1.5 61
20’ 2.4 1.83 1.83 7.4 60

% of neptunium following the organic stream = 8T%.

, The yeduction of Np(VI) to Np(IV) by Pe(II) is quite rapid ard most
of the Np(V) thus forined continues to follow urenium in the oxganioc stream.
These results are in good agreement with those reported by Imvis(ﬂ

1.1.3 Co-stability of Kp(IV) and Pu(IV)
In the Purex Process if Np is present as Np(IV) it can be coextraoted
with U(VI) and Pu(IV) and the extracted Np(IV) could be made to follow
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uranjum in the organic stream in the partitiqning step irrespeotive of the
reducing agent used. The co-stability of Np(IV) amd Pu(IV) in  synthetio
solutionswas studied and the results are given in Table 5.

ZABLE 5 |
Co-stability of Np(IV) and Pu(IV)

» o Mixing % ¥p(IV)
Initial composition time remained

(hxs.)
L7 UVI) ] - 33 ng/ml | 2 99.0
[~ Pu(IV)_ 7 = 80 /\xg/ml | | 5 98.6
Lp(IV) ] = 2-3 pg/m 6 98.5
L[ERe, ]  =2M | 48 933
L7o(V1) ] = 50 ng/ml 2 9.9
L7Pa(IV) 7 = 116 pe/ml 4 . %9
L3(V) ] = 5pe/m | 24 96.8
['lmo}] -3M | 54 96 .6
LU(v1)] = 352 mg/m) 2 9 .4
L (V)] =2mg/m 4 92.6
LFp(IV) ] = 135 Ipe/ml 8 85.9
[ano}] -24 M 24 57.7
[~ U(V1) ] = 294 mg/ml 0 99.4
[ Pu(IV) J = 1 mg/ml 2 9543
LTp(IN) ] =61 pe/m 4 90.4
w = 2,1 H .
[Hwo, 7 | $ 85.8

54 .8
< o

Notes All the above experinenta_nro'dbm in the abdesnce of light.
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From these data it is seen that more than 80% Np(1v) remains unoxidized
in the presence of Pu(IV) upto 8 hxs. -

‘To recover eny neptunium which follows plutonium in the partitioning
step it is necessary to adjust it to Np(V) which follows the raffinate in
the plutonium purification cycle. From the oxidation potential deata it
appears that the oxidation of Hp(IV) 4o Np(V) by Pu(IV) is thermodynamically
possible. At room temperature, however, thie oxidation was found to be too.
siow. The same was, therefore, a'ttemp%d at higher temperatures (at 50°0
and 60°C), and it was found that Np(I¥) can be oxidized almost quantitatively
in 2M nitric acid by Pu(IV) at thess temperatures in about 30 mimute.

These data would be usaful in selecting the proper conditions to
optimize the recovery of meptunium without affecting the recovery of plutonium,

1.1.4 Extraction of Np(IV) by tricaprylmethyl ammonium nitrate

long-chain emines axe known to be good extractants for actinides
and are partioularly useful in the reprocessing of high burn-up fuels.
Thile tertiary amines pexmit the extraotion of Pu(IV) only since the
extraction of U{VI) frém aqueous nitric acid is poor, queyternary amines
extract both Pu(IV) and U(VI).(B . In continvation with our earlier studies on
the extraction of Np(IV) by TLA, the work was extended to the extraction of
dp(IV) using tricaprylmethyl ammonium nitrate. |

Experiments were carried out on the extraction of Np(IV) into
"% trioaprylmethyl ammonium nitrate (Aliquat-336, nitrate form) in
Enlvesso~-100. The extraction on Np(IV) from 2M nitric aoid was studied
2% different oonoentragtions of 41iquat-336 ranging from 1 - 30%. The log-log
piot of XKd of Np(IV) vs Aliguat~336 ooncentration was found to be linear
with & slope of about‘1.3. The. value of the slope less than 2 may be the
result of aggregation of the eztractant(g). The dependence of the extraction
of Np(IV) into 10% Aliquat~336 nitrate on aqueous nitric acid and uranium
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concentrations was studied and the data are presented in Table 6 and 7,

reapectively.
TABLE 6

Variation of K, of Np(IV) with nitric acid concentration

Cono. of HNO;, M 1 2 3 4 5 ¢ T 8

Ky

964 1780 1990 1920 1760 1450 1100 685

TARLE 7

Effect of U(VI) conc. on the distribution
coefficient of Np(IV) in 2 M nuoj

Initial Aq_o conc.

of U(VI) 4 10 20 40 60 80
g/ml ‘
Xy 2030 1710 1500 1160 623 435

A maximum around 3-4M nitric acid was observed which is usually common for
all alkyl amine extractions. From the data in table 7 it can be seen that
the K, of Np(IV) decreases with increasing uranium concentration.

The atripping of Np(IV) from 10% Aliquat-336 nitrate was studied
using acetic, formiae, perchlorio, sulphuric anmd hydrochloric acids. It was
found that all-these resgents strip Np(IV) quantitatively. However, from
‘the process point of view, acetic or fommic acid is preferred as these
could be removed eajany, if deairéd. in the process. '
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Transplutonium elements -
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1.2.1 Recovery and purification of americium

plutonium elements was continued. Recovery of 55 mg of .

Developméent ,work an the separa.tion and purificat:lon of trans-
241
Am from solutions

containir% large emounts of rare earths was reported in the last anmual
1

report

. Americrlum[separated from rare earths us ng owex-1 ( x 4, 50 =100

mesh) and using 8 M ammonium thiocyanate as the elememt. The americium so
separated contained small amounts of rare earth impurities. The following
procedure was. adopted successfully for removal of these impurities. Americium
was precipitated as hydroxide and the hydroxide was dissolved in 0.5M HNO_ +
0.1M (M 4)28208 containing trace amounts of silver ions. On heating the 3
solution to 90°C for one hour all americum was oxidised to Am(VI). By adding
conc. HF to the solution all the rare earth impurities wre precipitated as



