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ABSTRACT

Extraction of Th(IV), Kp(Iv), Pu(1v), U(vi), ¥p(VI) and Pu(V1) by
totraheptylammonium nitrate in Solvessc-100 has been atudied fram nitric acid
medium. Attempts were made to identify the oamplex species in the argenic
phase by studying the derendence af the distribution cocefficient of the
actinide on amiie oowentration amd taking the absorption spectra of the
organic phase containing esctinide ionw. A compound tetrasheptylammonium

trinitratodiazouranate (VI) has been iaolatsd amd charecterised.



EXTRACTLON CF TETRAVAIENT AND HEXAVAIENT ACTINIDE
IONS BY TETRAHEFTYLAMMONIUM KITRATE

by
Rajendra Swarup and SiK. Patil

The extraction of metal ions by h-igh molecular weight smines has
bec one imrouingiy inteyensting ;l.n Tecqnt years. The tertiary snd quaternary
alkylemines offer several advantuges for their use in the recqvery of actinides
from irraiiated fusle. Relatively only a faw data have been reported on the
extraction of actinides, especially hexavalent omes by quaternary amines.
Brom et al.(') reparted the extraction of Wp(IV) by tetreheptylamonium nitrate
and didodecenyl-dimethyl-snmonium nitrate (DDAM)., The extraction of Pu{IV) and

(2)

U(VI) by tricaprylmsthylsmmoniva nitrate was stulisd by Kooh “ ' wisrees Loper-
Momohero ant Gehen'3) reperted similar stuides using dolsoyldimethylbensyla-
moniun witrate. Bao %) has stulied the sytrectiem of Pa(IV) wing different
quaternary anines. In comtinuation of owr earlier wwk(s-'s) _on the extraction
of tetra- and hexavalent actinides by TIA and Aliguat-336, the extraction of
totra~ gnd hexavalent sotinides from agjuacus nitris acid by tctnl;optylmmim
nitrate was studied, ani the results abtainsd ars reported im the mesent
report.
1. EXFERIMENTAL
1.1 Materials

Tetraheptylammonium chloride chtainsd from Bastman Kodek Co., USA
was used as such after sewverting it into nitrate fomm. Thorium-234 (VX,)
was separsted from an 614 sample of mwlesr pure uvewium by IaF, precipitation
and TTA extraction sa deseribed slaswhere(!), Thorim-230 (containing sef 23°m)
was obtained fras Isebeps Division, BARG, Other sotinides were obtained amd
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purified es described oarl:lor(s). ALl other chemicals used were of AJR. grale.
1,2 Preparation aof Tracers |

Neptuntum(IV), ¥p(VI) and Pu(VI) tracers were propsred and used es
desoribed earlier(s).' A stock sclution uflhx( w ) was prepered by extraction
of Pu(Iv) frae M nitric acid into O.5M TTA in xylene followed by stripping
of the extracted plutontum in 8M nitric soid. -Scdium-nmitrite ( ~0.0%) was
used a8 a halding reductant for Bu( I\Yﬁ),‘d@ir_g’ ‘n-dimréqﬂ‘dnwy"tho amine,
1.3 Procedure

Experiments on the exiraction af actinides b amine were earried out
in the seme way as described earlier(s) « 0.1M tetraheptylammonium aitrate
(THAN) in Solvesso-100 was used as the organic rhase. Initial agueous concen-
trations of the actinide ions in the éxperiments were kept approximately as
followss

A237Np = 2=3 ug/ml

Pu = 6 ag/ml in Pu(VI) experiments

M = 30 ug/ml in Pu(IV) experiments
2335 = 58 pg/ml |
Th = 55ug/ml

The dependence of the distribution coefficient od THAN concentration was
investigated for each actinide using 1M nitric acid as the aqueous phase and
varying concentration of THAN in the organic phase.

1.4 Analysis

Thoriun-234 and 239

¥p mresent in both We phases et the eml of the
equilibration were determined by gamme ray counting using a well-type NaI(T1)
sointillation comter. The equilibrium cacentration o 23%m, 2350 am
plutonium in both the rhases was measured by alpha 1iquid scintillation

oomtor(a' 9).
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1.5 Isolation of Tetrsheptylammonium Trinitratodiaxouranate (VI)
About 25 ml of 0.12M THAN in bomno m omtao,tod with an aqusous

-oluuoa oontaining about 1 uranyl nitrate in 01N m3 ‘containing 5% of solium
nitrate. The uranium containing argenic phase wes kept under veouum far about
3 hcm'l at 65°C in a rotary evapcrator to remove banzene. The compound thus
isolated was a yellow eyrupy }iquid vwhich was analysed subsequsntly. The
anglysis of C, H and ¥ was done by microanalytical .othoda whils uranium was
analysed by deoomposing the compound waing a mixture :t MIO and sto amd
subsequently de termining the uranius by redox methoa (9 after reduwing 1t to
0(Iv) by Jons's reductor.
1.6 sbsarption Spectra

' Absarption spectra of ¥p(Iv), M(1v), U{v1), Wp(vi) amd Pa(vI)
extracted fran b1 mro, into 0.1M THAN were recorded on Cary-14 recording spectro-
photoaneter. The absorption spectrum of the uranium THAN canpound dissolved in
benzens was also fooa‘ded. Infrared specire of the ursnium-THAN compound and
1te solution tn benzens wers recarded on Perkin-Elmer-237 infracard spectro-
-phot csster.
1.7 lalocu_l_g; wt Determination

The moleculsr weight of the Mow was Geteruined

using Hitechi Perkin Blmer vapour pressure oﬂgotor. mumlum
in chlorcform was ussd as the calibrating substamce.

2. BRSUIRS ARD DISCOSSIW
2.1 Veriation of X4 with Nitric loid Cementvetiem

e distribution data, obtained for extrastion of Th(IV), Np(IV) axd
Ru(IV) at varying ocnsentrations of squecus mitric scid; are given in Tsble 1.
The wpper nnt ‘!Ni’-montrntiu used was limitod to 5M - a third phase
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farmation was noticed during pre-equilibration of the amine with HIVO3 having
concentrat!m higher than 6M., It is seen fram these deta that the extreotion
of all the tetravalent actiﬁdes reeches maximum at 1M uuo3 comentrafion

and this observation is similar to that reported by Brown et al.(1) for the
(2,6)

extraction of Kp(IV) by THAN. It has been reported that the extraction

of tetravalent actinides by quaternaery emines usually reaches maximum at

2-4M HNOB. It is not dlear whj in the present case the extraction reaches
maximm at sbout 1M HNQ;. Brown et al.(1) found that the extraction of Kp(IV)
by DDAN increases even upto 8M. Apparently, the structure of the quaternary
anire, used for the extraction, is an importent factor which decides the HNO3
concentration at which the maximm extraction tekes place. More wark is
required to be done to know this effect.

It is also interesting to note that whereas the distribution coeffi-
‘alema of Np(IV) and Pu(IV) éeorease with increesing comcentretion of HNO,
above 1M, the distribution coefficient of Th(IV) remeins almoet constamt. This
extraction betaviouw & Np(IV) and Pa(IV) is repartea’’!) in other enine extre-
otion studies along with the prcbeble explanation far such decrease in their -
extraction. The extraotion behaviour of Th(IV) observed in the present -
investigation however remains wnexplained.

The present values of Ki for the extraction of Np(IV) are scamewhat ¢
different from those reparted under similar conditions by Browr ot.al.(1)
This difference may be, at least partly, due %o different diluents used in
the two studies. The diafribution coefficients of Np(IV) and Pu(1IV) are very
high, as seen fram Table 1, Marcus and Ksrtes(12) have reported that symme~
trical quaternary aminss usually show higher extraction than unsymmetrical
ongs and the meent'data. auppcart this., It eeems that the quaternary amnonium

salt should not necessarily contain 1-methyl and 3-long chain aliphatic groups
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10 result in high extraction of tetravalent actinides as was reported by
llu.ller(11 ) « Incidently, the extraction of tetravalent actinides by THAN
follows the arder Pu(IV) > Np(IvV) 7 Th(IV) which 4is similar to the order

(246) 4y M11quat-335.

cbeerved for their extraction
The distribution cocefficient data obtained for the extraction af
hexevalent actinides from varying concentrations of aqueous nitric acid’ into
. 0s1M THAN are shown in Tig.1. It is seen fraom this figure that the extraction
of hexavalent actinides increases with the increasing HNO3 conc. The maximur
could not be observed since the extraction studies could not be extended beyomd
5M HNO, for the reasons mentioned sbove. The extraction of hexavalent actinides

3
by THAN follows the ordex Np(VI) > Pu(vI) » U(VI) and is the same as reparted

for their extraction by Aliquat-336, TLA and TOA(G'" ).

2.2 Yariation of Kd with Amine Concentration

The distributien coefficient data cbtained for the extraction of
tetra- and hexavalent sotinides from 34 nitrie ecid into THAN colution of
vuﬁng concentration are shown in Figures 2 ad 3.' In" the case of tetravalent
acvinides the log-log plots of Kd vs THAN comcentration (Fig.2) ere linear.
The slope for Th(IV) and Pu(IV) lines is about 2.while that for Np(IV) is
about 1.4. It cen, therefare, be inferred that the species af tetravalent
actinide extracted imto THAN eclution is [(075115)411_72 M(NO3 )g (¥=Th, Np ar Pu).
For the extraction of hexavalent sctinides the log~log plots of Kd vs THANW
concentratic;n (Fig.3) are also linear with a slope of sbout unity, thereby
indicating that the species of hexavalent actinides extracted into THAN
‘soiution is (07515)4 Mo, (WO, )3. This is similar to that reparted earlier

(6,

in the extraction of hexavalent actinides into  Aliquat-336



Asorption Spectra
The apeciee of the actinides extracted inte the unino phase 15 often

1d’antiﬂed fram abau'ption spectre, of the orgenic extracts of actinides. The
absarption spectra of Np(IV) and Pu(IV) extracted into O,1M THAN from M nitric
acid ere shown in Figure 4. The ebsarption spectra of Np(VI) and Pu(VI)
cbtained eimilarly are gshown 4in Figure 5. The spectra in Pigure 4 tfr Fp(Iv)
. end Pa(IV) show & close similerity with the spectre of /{0,H; )57, Fp(RO,), and
L (cB;), X7, sz{no )g respactivaly“ﬂ. The absorption spectra of Np(VI) end
,Pu(u) (Figure 5) elso canpare well with the speotra af (O 55) N Npoz(NO ) and
(czﬂ ) ¥ Puqz(lo ) reapactively( 3). It is therefcre reasonsble to conclude
that tetrgvalent unl hexavalent actinide ions are mresent in the M thase a9
hexanitrato and trinitrato complex species raspectj.vely.
Tetreheptylamuonium Trinitratodioxouranate ‘

This oanpoﬁnd was analysed chemically and results are given in
Taple 2. The molecular weight of this caupound was determined wsing vapour
pressure ccmaneter. 'f.’ho molecular weight extrapoiated t0 sero concentration
was fowd to 'ouho (P:lgtare 6). Both these data showr the formula of the
caapomsd o be ("7"15) muq, (R0, ), L .

The absorption epectra of U-THAN compound dieaolved in benzene and
U"'I) extracted from nitrio ecid into THAN dissolved in benzens were Tecorded
and are shown in Pigre 7. The two epeotra are similar snd compare well with
the spectrum of (c,‘,ns) moz(no ) (13). It can therefare be inferred that
qu(loa) is the speciss of uranium present in THAN solution.

'l'he infrared upuotra of THAN ard uun.‘..m-'mn canpound as well as
their solutions were recorded and impartant bands are listed in Tabls 3.
Sinilar spectia were reparted by xooh(“) for U-Aliquat-336 nitrate oampount

and by comparison with the speotrun of Rb uoz(no )3, be inferred that

)
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U0, (10;) 1on in U-Aliquat compound poseesses similar structure ae in the
orystalline rubidium salt. The present spectrum was found to be similaxr to
the spectrum repcrted by Koch far U-Aliquat-336 nitrate compound, thus indica-
ting that U~THAN compound probably has a similir structure as that of U-Aliquat

nitrate compound.
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Table i

VARIATION (P DISTRIBUTION CQEFFICIENT OF
TETRAVALENT ACTINIDES WITH NITRIC ACID

m, Distribution coefficient (Ka)

) WP ma mv) s
0.5 38.3 48,7 157 276 -
0.75 -~ - 575 4738 -

1.0 46.3 52.8 1616 5446 2800
2.0 50.5 52.3 1357 5175 1600
3.0 52.4 50.8 1141 - -

4.0 52.3 54.8 1002 3722 750
5.0 55.5  50.8 843 2990 -

¥Ref. 1, valuoh are approximate as they are
Tead from the graph.

(a) Using 27*m (b) Using 22%m

Table 2

" ANALYSIS OF TETRAHBETYLAMMONIUM TRINITRATCDIOXOURANATE (VI)

Percent
U c H  §
Calo. 27.49 38.80 6493 6.17
Pound 259+ 0.4 38.8 + 0.8 6.88 + 0,01 6.49 + 0.2
(3) - (3) (@) (2)

Pigures in bracket show number of determinatioms



Table 3

I.R. BANDS (FREQUENCY IN om™ ')

THAF THAR-U(VI) THAN THAN-U compound in
canpound in benzene benzen
1330(s) 730 (8) 1030 (8) 1030 (8)
1465(8) 935 (s) 1475 (s) 150 (W)
2860(B) 1010 (s) 1538 (W) 1475 (S)
1250 (M) 1538 (W)
1525 (B) 1820 (8)

(8 = Sharp, B = Broed, M = Medium, W = Weak)
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