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ABSTRACT

Extract ion of T h ( i v ) . Np(lY), Ptt ( iv) , O(v t ) , *p(Vl) aid Pu(Vl) by

tatraheptylammonium n i t ra te i n Solveseo-100 has been studied fran n i t r i c ac id

mediumo Attempts were made t o i d e n t i f y the o duplex s p e c i e s i n the organic

phase by studying the dependence of the d i s t r i b u t i o n c o e f f i c i e n t of the

aotinide on emiue concentrat ion and taking the absorption s p e c t r a of the

organic phase containing aot in ide lone . A compound tetraheptylaramonium

trlni tratodioxouranat«(vx) has been iao la ted and character ised*
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The extraction of metal ions by high molecular weight amines has

becaae inoreaaingly Interesting in recent year*. The t er t iary end quaternary

alkylaaines offer several advantagea for their use in the recovery of aotinidea

from irradiated fuel** negatively only a flew data have been reported on the

extraction of act iniae*, eapaoially. bexaralent omi by quaternary aniaea.

Brown e t a l . reported the extraction of Wp(lT) by tetraneptylannoaluBi ni trate

and dWodeoenyl-dlmethyl-aononiiin nitrate (DDil). the extraction at Bi(Z7) and

tr(7l) by trlcaprylmetbyiaanoniun nitrate was atqdled by Koch nbsreas Lopes-

Vonobero and Gehem reported eimilar atu44a« uelng dodeoyldlaethylbencyla-

mnoniuBi n i t r a t e . Baa has atudied the extract lea «f R»(rr) t»lx« aiffevenfe

quaternary anlnea. In continuation of our ear l i er wozk • on the extraction

of t e t ra - and hexavalent aotinidea by TM and Aliou*t-33£» the extraction of

t e t r a - aid hezanralent aotinidea from aquaeue nitrAa aald by tetraheptylaaBionita

nitrate waa etudied, ant the reaulte obtained a n reported i « the preaent

report.

1. EXEBHWHtAL

1.1 MaterUla

TetraheptylamonluK eklorlde obtained frcei Baatman Kodak Co., USA

was used aa eueh after eearartlng i t Into nitrate fern . lhori«H-434 ( 0 I 1 )

waa separated froai an eld «aaple of nuclear pure uraalui by IaP, precipitation

and TTA extraetlflo a* deaorlked e lae«he*e^ 7 \ Tborl«-23O (containing 88^ 2 3 2 Th)

waa obtained trot leetepe BiTiaion, BiXO. Other aetinldea were ebtained and
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purifled as deeorlbed earlier* . All other chemicals used were of AJl. grade.

1.2 Reparation aC Tracers

Neptunium(iv), Np(Vl) and Pu(vi) tracers were prepared and used as

described earlier . A stock solution of Pu(l7) was prepared by extraction

of Hi(lV) from W nitric acid Into 0.5M TTA In xylene followed by stripping

of the extracted plutoniun In 8M nitric acid. Sodium nitrite ( ~0.03M) was

used as a holding reductant tor "Bx(lf) *#lng I t s extrabtlon^y the anine.

1.3 Irooedure

Experiments on the extraction of actinides I,; amine were oarrled out

in the same way as described earlier . O.1M tetraheptylammoniun altrate

(THAN) in Solveeso-100 was used as the organic phase. Initial aqueous concen-

trations of the actinide ions in the experiments were kept approximately as

followst

237Np a 2-3 P&Ml

Fu » 6 /Ug/ml in Ri(Vl) experiments

Pu = 30/ug/ml in Pu(lV) experiments
233XJ m 58 /ug/ml

Th =55 Aig/ml

The dependence cf the distribution coefficient od THAN concentration was

Investigated for eaoh actinide using 1H nitric acid as the aqueous phase and

varying concentration cf THAN in the organic phase.

1.4 Analysis
239 '

. Thorium-234 and Hp present in both the phases at the end of fee

equilibration were determined by gamma ray counting using a well-type Sal( l l )

scintillation counter. The equilibrium concentration of VEh, U and

Plutonium in both the phases was measured by alpha liquid scintillation

oounter^8' 9 *.
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1.5 Iaolatlon of Tetraheptylawnonium Trinltratodioxouranate (Vl)

ibout 25 n l of O.12H rail in bsnsene was- oxntspted with an aqueous

•olutlOB containing about IK uranyl nitrate Is O.tH H*O, containing 5> of eodiun

nitrate. The uranium containing organic phase was kept under •aouua far about

3 hours at 65°C in a rotary eraparator to remove bensene. The compound thus

isolated was a yellow syrupy liquid which was analysed subsequently* Ihe

analysis of C, H and N was done by mlcroanalytlcal aothods while urenlun was

•nalysad by deooapoBing the coapound ualqg a alxture of SOLO, and ^<3O. and

subsequently determining the uranitn by redoz aeihod^ ' after redualqg i t to

by Jane's reduotor.

1.6 ilbsarytlon, Speotra

ibsorptioa speotra of Np(iv), B»(l7)t o(Tl), Vp(Tl) and Ri(Vl)

extracted from 511 HSO_ Into 0.1M mijf were reoorded on Cary-14 recording speotro-

photometer. The absorption spectrum of the uranium TEUUf compound dissolved in

benzene was also reoorded. Infrared spectra of the uranlaa-THAW compound and

i t s solution in benzene ware recorded on Berkin-Bl«ar-237 infrecord spectro-

pbot outer.

1*7 Molscalar Weight Petarminatlon

Vt» aoleeulsr weight of tts iwnlw>. tBHI •oapooai was Oatamined

using Hltaohl Parkin Bloer Tapour pressure oasxpaeter. Hexachloroohyolcbccane

In ohlorofora was und a* ^»e calibrating subetanee.

2 . BBKIKS J » KLSCOSSBS

2-1 yarlatlon of H with Wltrio

The distribution data, obtained for extraction of Th(lT), Hp(lT) and

Pu(lf) at rarying o&fleentratlons of aqueous nitrlo acM^ urm gLrw in Table 1.

Th» «nper Unit «T KHÔ  ooaoentratlon used was Ualtad to 5K as a third phase



formation wae noticed during pre-equilibration of the amine with HNO, having

concentrate on hl^aer than 6M. It Is Been from these data that the extraotion

of al l the tetravalent actinides reaches maximum at 1M HNO- concentration

and this observation is similar to that reported by Brown et a l . for the

extraction of Np(lV) by THAN. It has been reported ' that the extraction

of tetravalent actinides by quaternary amines usually reaches maximum at

2-4M HNO,. It is not clear way in the present case the extraction reachee

maximum at about 1M HNO_. Brown et al. found that the extraction of Np(lV)

by DDAN inoreaees even upto 8M. Apparently, the structure of the quaternary

aralre, used for the extraction, is an important factor which decides the HNO-

ooncentration at which the maximum extraction takes place. More work is

required to be done to know this effeot.

It i s also interest leg to note that whereas the distribution coeffi-

cients of Hp(jv) and Pu(iv) deoreaee with increasing concentration of HNO,

above 1M, the distribution coefficient of Th(iv) remains almost constant. This

extraction behaviour of Kp(iv) and Ra(l7) i s reported* in other amine extra-

otion studies along with the probable explanation for such decrease in their

extraction. The extraotion behaviour of Th(iv) observed in the present

investigation however remains unexplained*

The present values of Kd for the extraotion of Kp(iv) are somewhat

different from those reported under similar conditions by Brown et-al .

This difference may be, at least partly, due to different diluents used in

the two studies. (The distribution coefficients of Vp(lV) and Pu(iv) are vary
(12)high, as seen from Table 1. Marcus and Kerteex ' have reported that aymne-

trical quaternary tminea uaually show higher extraction than unsjometrioal

ones and the present data support this . It seems tha.t.Jhi. quaternary enmoaluB

salt should not neoessarily contain 1-taethyl and 3-long chain aliphatic groups
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to result in high extraction of tetravalent actinides as was reported by

Muller . Inoidently, the extraction of tetravalent actlnldea by THAN

follows the order Pu(iv) > Hp(iv) 7 Th(iv) which' is similar to the order
(2 6)observed for their extraction ' by Aliquat-336.

The distribution coefficient data obtained for the extraction of

hexavalent aetlnides from varying concentrations of aqueous nitric acid' into

0.1M THAN are shewn in Fig.1. It is seen from this figure that the extraction

of hexavalent actinides Increases with the increasing HIJO, oonc. The maxima

oould not be observed since the extraction studies could not be extended beyond

5M HNO, for the reasons mentioned above. The extraction of hexavalent actlnideB

by THAN follows the order Np(Vl) 7 Pu(vi) > U(vi) and i s the same as reported

for their extraction by Aliquat-336r TLA and TOA' 6 ' 1 1 \

2.2 Variation of Kd with Amine Concentration

The distribution coefficient data obtained for the extraction of

tetra- and hexavalent aotinides from 3M nitrio sold Into THAN solution of

varying concentration are shown in Figure* Z and 3« In'the case of tetravalent

actinides the log-log plots of Kd vs THAN concentration (Fig.2) are linear.

The slope for Th(lV) and Pu(l7) lines is about 2.while that for ffp(iv) 1B

about 1.4. It can, therefore, be inferred that the species of tetravalent

actinlde extracted into THAN solution is ^'(C-H^LHTg M(N0_)6(!faIh, Kp or Rx).

For the extraction of hexavalent actinides the log-log plots of Kd vs THAU

concentration (Fig .3) are also linear with a slope of about unity, thereby

indicating that the> species of hexavalent actinides extracted into THAU

solution is (CJl.^). HMO2(KO_)_. This is aimtlar to that reported earlier

in the extraction of hexovaltnt aotinldee into Aliquat-336 .
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Adsorptlon Spectra

The species of the actlnldes extracted into the amine phase is often

identified frcm absorption spectra nf the organic extracts of actinides. The

absorption spectra of Np(iv) and Pu(iv) extracted into 0.1M THAU from 3M nitric

acid are shown in Figure 4* The absorption spectra of Np(Vl) and Pu(VT)

obtained slailarly are shewn in Figure 5. The spectra in Figure 4 for Kp(iv)

and Ptt(ur) show a close similarity v/ith the spectra of ZC?2H5 3

SfcC'Mg respectively'15'. The absorption spectra of Hp(vi) and

Pu(vi) (Figure 5) also compare well with the spectra of (flgL)^ HpĈ (HO ) and

.F PuCL (•(>,)_ respectively^ , It Is therefore reasonable to oonolude

that tetravalent and hexavalent actinide ions are present In the THAH ijtuma tt>

hexanitrato and trlnitrato complex species respectively.

Tetraheptylanmoniun Trinitratodioxouranate

This oompound was analysed chemically and rasalts are given in

Table 2 . The molecular weight of this oosipound was determined using vapour

pressure oemoMter. .Che moleoular weight extrapolated to sero concentration

was found'to b*810 (Figure 6) . Both -these data sboir the formula of the

ccapoasd to be

The absorption spectra of U-THAN compound dissolved In benzene and

U(VT) extracted from nitric acid into THAR dissolved In benzene were recorded

and are •hown in Flgre 7> The two spaotra are similar and compare well with

the spectrum of (CgHg ).HOD̂  (H0_ )^ . It can tiierefore be inferred that

rO,)~ Is the spBciea of uraniun present In THAR solution.

The infrared spectra of THAH wd uranlun-TOAlf oempound aa well «>

their solutions were reoorded and Importaitt bands are listed in Table 3 .

Similar spectra were reported by Koch* for U-Aliquat-336 nitrate compound

and by comparison wxQi the spectrum of Rb ucu(wO_)_t be Inferred that
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U02(K0_)~ ion in U-Aliquat compound possesses similar? structure as in the

crystalline rubidium sal t . The present spectrum was found to be similar to

the spectrun reported by Koch far U-Aliquat-336 nitrate compound, thus indica-

ting that U-THAN compound probably has a similar structure as that of U-Aliquat

nitrate compound.

Authors wish t o express t h e i r s i n c e r e thanks t o D r . M.V. Raraaniah,

Head, Badiocheraistry D i v i s i o n f a r h i s keen i n t e r e s t i n t h i s work. They are

a l s o thankful t o Dr. K.N. Rao and Shri M.J. Panajkar of t h e Chemistry Div iBien
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Table 1

VARIATION OF DISTRIBUTION CGBFPICIBR? OF
TETRAVAIBHT ACTDTIDBS WITH WTSBIC ACID

HIO^

(H)

0.5

0.75

1.0

2 . 0

3 .0

4 .0

5.0

Distribution coefficient (Kd)

Th(nr)
(a) (b)

38.3 48.7

46.3 52.8

50.5 52.3

52.4 50.8

52.3 54.8

55.5 50.8

Mvr)

157

575

1616

1357

1141

1002

843

Pu(iv)

276

4733

5446

5175

-

3722

2990

*Ref. 1, values are approximate as they are
read from the graph.

(a) nsing 234Tb. (b) Using 23°!Hx

-

-

2800

1600

-

750

-

Table 2

AKAL1S2S OP mSRJEMIFtUWmilM TRDIITHATODIOIOaRAHJffB ( V l )

Bsrcent

U 0 H I

C«3o. 27.49 38.80 6.93 6.17

»ounfl 25.9 + 0.4 38.8 + 0.8 6.88 + 0.01 6.49 +

(3) (3) (2) (2)

Figures in bracket •how nunber of determinfttion*



-1I J l . BAUDS (PREQDEHCT IH om~ )

THAT

133O(S)

1465(S)

2860(B)

THAH-O(VIj
compound

730 (S)

935 (S)

1010 (S)

1250 (M)

1525 (B)

THAN
i n benzene

1030 ( s )

1475 (S)

1538 (W)

THAN-D compound in
benzen

1030 (s)

1150 (W)

1475 (S)

1538 (W)

1820 (S)

(S s S h a r p , B = B r o a d , M = Medium, V - Weak)
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F i t . - 1 . VARIATION OF 0I9TRIIUTI0N COEFFICIENT OF
ACTINIOSI WITH AMINI.
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FI6.-4. AMORFTION SKCTRA OF FttOV) tk Np(IV) »N THAN-BENZENE.

Np(IV)-9.9KI0~3M



0.0

450 550 6S0 750 850 950 J050 M50 1250 1350
WAVELENGTH,mp

FI0.-6. ABSORPTION SPECTRA OF Pu(VI) A Np(VI) IN THAN-BENZENE

M NplVI)-4.«7XI0"*M
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e. VARIATION OF THE MOLECULAR WEI9HT OF
TETRAHEPATYLAMMONIUM*TRINITRATO*DIOXO>
URANATE(VI) WITH CONCENTRATION.
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FIG.-7. ABSORPTION SPECTRA OF U(VI)

" 2

500

A-U(VI) IN THAN-BENZENE,M - 2 X I 0 " 2 M

B - TETRAHEPTYLAMMONIUM-TRINITRATODIOXOURANATE (VI)
IN BENZENE, jV] - 8.74 X »0~3M


