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ABSTRACT

An analytical procedure is desctibed for the separation of neptunium-239 from faliovt
samples. Neptunium is separated from uranjuni, plutonium and fission products by solven:
extraction method. Np (IV) is extracted from 1 M nitric acid by shaking with equal volumc
of 0-5M thenoyl-tri-fluoro acetone (T.T.A.) solution in xylene and back-extracted with 8 M

nitric acid.
background beta-counting set-up.

Finally, Np is co-precipitated with zirconium maadelate, and counted in a low
The average chemical recovery by this procedure is 82-69

Undet the conditions described, very good sepatation of neptunium is effected from alumi-
nium, iron, fission products, thorium, uranium and plutonium.

1. INTRODUCTION

EPTUNIUM-239 is one of the important

isotopes in the early fallout from th=
nuclear weapon tesis, It is produced by the
interaction of neutrons with the uranium used
in the weapon, by (n, v) reaction, The neutron
capture cross-section for this reaction is fairly
large and therefore the Np23% is present in

lzrge quantities in the fresh fallout. The rapid
determination of Np23? in the presence of
fission products, uranium and plutonium.

requires & quantitative chemical separation from
these elements and generally solvent extrac-
tion methods are advantageous for such analyses.

Magnusson et al.! studied the extraction of
neptunium from hydrochloric acid solution by
thenoyl-tri-filuoro acetone (T.T.A.) and deter-
mined the distribution ccefficients for neptunium
as a function of acidity and valence state.
Moore? demonstrated the  possibility  of
guantitative extraction of Np (IV) with
TT.A. from nitric acid solution. The pro-
cedure deseribed by Moore was tried for the
fallout samples but it did not give consistent
chemical recovery of Np2*?, ~ This was
presumably due to incomplete reduction ot
neptunium to the fourth valence state or duc
to a change in the sampvle matrix. For a com-
plete reduction of neptunium to the fourth
valence state a combination of hydroxylamine
hydrochloride and ferrous sulphamate was found
more suitable, Fallout samples contaln vary -
ing amounts of silica and iron, and as thesc
elements interfere in the extraction of neptu-
nium, one has to take special care during the
chemical analysis.

Present paper gives the analytical procedurc
for the separation of Np23? from {fallout
gamples. The separated neptunium Is com.
pletely free from uranium and fission Prodycis,

2. EXPERIMENTAL

Sample Preparation.— (i) The high altitude
dust samples are collected from the surfaces
of commerclal aircrafts, The various parts of
the aircraft are swiped with cotton wool
soaked in whife petrol. After gamma-spectral
analysis, the samples are leached with a mix-
ture of 3M hydrochloric acid and 0'1 M hydro-
fluoric acid. More than 95% radioactivity gets
leached by this leaching mixture3 The leached
solution is made to a definite volume and
known amecunts of inactive carriers like Sr, Cs.
Zr, Ce and Ru are added to if.

(i) Rain-water samples are evaporated io
dryness and the residue is leached in the same
way as swipe samples,

(itt) Air filter samples are leached directly
with the same leaching mixture as above,

Chemical Procedure and Results.—A suitable
aliquot of the leached solution s taken for the
neptunium analysis with 5mg. of iron carrier.
1-0 gm. of hydroxylamine hydrochloride, boric
acid - nitric acid mixture are added to the
solution. The solution is then warmed and
ammonium hydroxide is added slowly to tho
solution to precipitate hydroxides. The hydro-
xide precipitate is dissolved in dilute nitric
acid and the solution is evaporated io dryness.
(If silicic acid appeared while evaporating, it
should be centrifuged in the presence of hot
concentrated nitric acid to avoid the losses of
neptunium due to adsorption on silicic acid.
Silicic acid alco interferes in the exirzction of
neptunium in the next steps.) The residue is
then dissolved in 15 ml. of 1N nitric acid and
0:25 gm. of hydraxylamine hydrochloride are
added to it. The solution is warmed for ten
minutes and 2ml, of 3 M ferrous sulphamate
are added to it. Affer cooling to room tem-

nerature the solution is transferred to a 50 ml.
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separating funnel. Neptunium is extracted from
this solution by shaking with equal volume of
0:3 M thenoyl-tri-fluore acetone (T.T.A.) in
xylene for ten minutes. The two layers are
allowed to separate and the agueous phase is
transferred to another separating funnel and
neptunium is extracted in the same way. Both
the organic phases are collected together in
another 100 ml. separating funnel and scrubbed
with an cqual volume of 1M nitric acid for
one minute. Neptunium is back-extracted from
the organic phase by shaking it with equal
volume of 8 M nitric acid for four minutes.
The phases are separated. The aqueous phase
is evaporated to dryness and the residue is
taken in 10mil. of 1M HNQO,;. 2ml of ferrous
sulphamszte are added to the solution with
S5mgm, of inactive zirconium carrier. The
solution is kept for five minutes and then neptu-
nium is co-precipitated with zirconium-
mandelate by adding mandelic acid to the
solution is kept for five minutes and then neptu-
20 mm. diameter filtering stick, and the pre-
cipitate 1s mounted on special perspex planchef
for counting in a low background beta-counter.

The procedure is checked by tracer experi-
ments in which known amounts of Np239 tracer
were added to old fallout slamples. These
samples were analysed for neptunium, using
the above procedure to determine the chemical
recovery and also the radiochemical purity of

neptuniitm, Table I gives the percentage
recovery of neptunium. The data in Table I
TABLE I
Recovery of Np23% from fallout samples
d.pm. of d.p.m. of
Nao. Np239 Np2389 % recovery
added recasered
| 750 642 834
2 7.0 623 0.9
3 770 €564 84-9
4 185 151 818
b 185 152 82.2
Av., 82:8

show that there is not much wvariation in the
chemical recovery of neptunium. The average
chemical yield is 82:'6%. PFigures 1 and 2
respectively show the decay curve and gamma-
ray spectrum of neptunium-239, separated
from the fallout debris collected after a recent
Chinese nuclear test (10th Chinese test). The
above figures show that the radiochemical
purity of separated neptunium is excellent,

In some cases where concentrations of Np23¢
in the sample is small and that of Zr% ig high,
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a small quantity of radio-zicronium may follow
the neptunium in the final stripping selution
(t.e., 8M HNO;). This small amount of radio-
zirconium in the final stripping solution can be
removed by performing a five minutes extrac-
tion of stripping solution with equal volume
of -0 M T.T'A, in xylene. Neptunium remains
quantitatively in aqueous phase,
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FIG, 1. pecav curve of nejtunjum-239 separated from
fallout debris collected after the tenth Chinsse Nuclear
l'est.
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Fi1G. 2, Gamma-spectrum of neptanium-239 from the
sample co'lected .fter the tenth Chine.e Nucleir Test.

The co-precipitation of neptunium (1V) with
zirconium mandelate is also studied wucing
Np<3d tracer. Data in Table II show that the
co-precipitation of neptunium with zirconium
mandelate is quantitative. The co-precipitation
of Np (IV) with zirconium mandelate in the
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final step is more convenient for counting the
hetd-activity of Np239,

TasLe II
Co-precipitation of Np23? with Zr-mandelate

—r—1

c.pom. of Np?*® c.p.m, of Np?s®

No. added carricd with Zr-mandelate
1 925 916
2 1063 1060
3 808 810
4 1320 1305
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1. MATERIALS
T is well known that the shells of molluscs

congist of layers of calcium carbonate inter-
spersed with protein layers amd that ihe
calcium carbonate occurs mostly as calcite or
aragonite, and more rarely as vaterite.!l Some
studies have been made on this subject and
are summarised by Jean Bouillon.?2 These,
however, appear to have been made on speci-
mens obtained from the temperate latitudes.
The author is not aware of any reports of
X.ray studies of the nature of the inorganic
component in molluse shells occurring in
Indiasn waters. A study was therefore made of
the X-ray diffraction patterns of a number of
typical specimens obtained from the beaches of
Madras State. The specimens studied are
listed :cerially in Table I giving tbeir class,

TaBLE 1
List of the shells studied with their

identifications
Class—Gastropoda
Sub-class~—Prosobranchia
(A} Order—Megagastropoda
(2) Series—Strombacea
Specimens 1 and 2 Strombidae, SNerom:
bus (A ' (Two different species)
(4) Seriss Cypraeacea
Specimens 8 and 4 Cypracidae, Cypren
(A) V({Two diferent species)

Series=~Cerithjscea
Specimen B—Turritellidae, Zwrritelia

(A)v

(¢)
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TaBLE I—Contd.

(B) Order—Stenoglossa
() Serres—Buccinacea
Specimen 8— Volemidae. Hemifuscus(A)
%p%{:’imen T~—TFasciolariidae, Fusciolaria
A
(C) Order—Archacogastropoda
(¢) Series—Zeugobranchia
Specimen 8—Halotidae, Haliotis (A)
{(5) Series—-Trochacea
Specimen 3—Trochidae, Trochus (A)
(¢} Serie.—Patellacex
Specimen 10—Patellidae, Zatella (C)4/
Cl:ss—ILamellibranchiata
(A) Order—Eulamellibranchiata
Sub-Order—Heterodonta
(2) Series—Veneracea
Specimen 11—Veneridae, Meretrix(A)
Sub-Order~-Schizodonta
(¢) Series—Unionacea
Specimen 12—Ubnionidae, Unioninae.
Lamellidens (A)
Order—Anisomyaria
(a) Series—Pectinacea
Specimen 13-—Pectinidae, Spondilinae,
Spondylus (C}v/
Class~-Cephalopoda
Sub-Clasg—Tetrabranchiata
Order~ Ngatiloidea
Specimen 14—Nautilidas, Mgwtiles (A)V

R j‘ :3; m Calclt&;#fﬁj ;;ragﬂnit&: +/ = Also listed in

sub-clasg (if any), order, family and genus.
A fair number of specimens contained in this
list have also bean studied by Jean Bouillon?
These are indicated by a mark (/) in Table 1.

(B)




