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Summary and highlights

A brief account of the research and development work carried out by the scientific and

technical staff" of the Radiochemistry Division during the year 1993 is given in this progress

report under four sections namely nuclear chemistry, actinide chemistry, spectroscopy and

instrumentation. The research programme in nuclear chemistry covers the areas of nuclear

reactions, nuclear fission, nuclear spectroscopy, nuclear data and application of nuclear probes

for understanding chemical phenomena. Extensive use of the reactor facilities at B.A.R.C.,

Trombay, the Variable Energy Cyclotron at Calcutta and the 14 UD-pelletron heavy ion

accelerator at T.I.F.R., Bombay have been made in these studies. The work programme in

actinide chemistry is centered around the eomplexation of actinides, lanthanides and fission

products with organic reagents such as amides and diamides, CMPO (Octyl (phenyl)-N,N'-

cliisobutyl carbamoyl methyl phosphine oxide), HPMAP (l-phenyl-3-methyl-4-acetyl

pyrazolone-5), crown ethers, B-diketones (3-phenyl- 4-benzoyl- 5-isoxazolone) and

macrocyclic ligands. Studies on the partitioning of minor actinides from high level waste of

purex origin and selective carrier-facilitated transport of actinide ions across liquid membranes

are some of the applied work discussed in this section. In the area of spectroscopy, electron

paramagnetic resonance studies have been conducted to probe phase transitions in actinide and

other compounds and to elucidate the role of radiation-induced radical ions in the

thermoluminescence of actinide-doped compounds. Photoacoustic spectral studies of uranium

compounds have been carried out. In the field of analytical spectroscopy, in addition to

providing routine analytical services for trace metal assay of Pu-based fuel materials, an ICP-

AES method has been developed for the determination of silver after chemical separation from

U matrix. An electrothermal vaporisation unit in conjunction with ICP-AES source has been

successfully tested for the analysis of common metals in uranium matrix. The necessary

software and hardware were incorporated in the direct reading spectrometer to convert it into

a PC based unit.

The instrumentation group provided the necessary support in the areas of design,

fabrication and maintenance of instruments and equipments. As in the previous years, the

Division played an active role in the teaching and training programmes in nuclear chemistry

and radiochemistry and in the supply of user-specified radioactive sources for research and

applications.

The results of the investigations in the different fields are briefly described below:
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Nuclear Chemistry:

From the measurements of high- spin fractions of '32m,g] in 237Np (a29Mev> 0 .

fragment spins were deduced as a function of emission angles and effects of single particle

spin and collective rotations in this odd Z system were deduced. In ^ T h ( ^ f̂  fragment

angular momentum ( JRMS) have been deduced from radiochemically determined independent

isomeric yield ratios of several fission products. Mass asymmetry dependence of fission

product angular distributions was studied in ~ Np (o^o. 44 MeV> ^ t 0 deduce the odd-

nucleon spin contribution <k^> values for ^ ' A m fission at these energies. Formation cross

sections for the fission products were determined in the proton induced fission of ^Am at

17.8 MeV. In continuation of the work on the IAEA-sponsored research programme, absolute

fission yields of 13 fission products in the fast neutron induced fission of Am were

determined for the first time by fission rrack- cum- gamma spectrometric technique. The

fission properties of Re compound nyc-'ms formed by C + Tm and O + "^Ho

reactions were investigated. The varia^w* oi nnisotropy as a function of < l > a v values at

medium excitation energies was examuieo *o get a global approximation of effective moment

of inertia at saddle point for high spin fissioning nuciei.

Complete and incomplete fusun reactions at 63 and 77.5 MeV energies in 12C +
y<3Nb and at 68 MeV energy in ^O -f °^Y were investigated from the analysis of recoil range

distribution of evaporation residues. Study of mass distribution in the heavier fissioning
1Q 9^91Q 9^9

system, J : T -f ZJZTn was carried out with a view to investigating transfer induced fission.

Mass resolved angular distributions m ^ B , 12C and ^ O induced fission of 2 3 2Th were

studied at above barrier energies to see the entrance channel dependence, of fragment

anisotropy versus mass asymmetry It was seen that transfer induced fission is significant for

the 16O + 23~Tt, systems as compared to the other two systems. Excitation functions of

evaporation residues in yF + y^Nb reaction were studied to examine the dependence of ICF

on projectile structure.

Radioactive tellurium, suitable for biomedical generators was produced in the (a,xn)

reactions on a tin target a-j •;eparate*1 :.-i a carrier-free form. The electron capture probability

(pk) values for the ground and first excited state of 159Dy have been determined. A fast-slow

coincidence logic unit with a time resolution of 1 nsec. has been developed. A gamma ray

bust detector was tested for ISRO at the satellite centre, Bangalore. The transuranium

element isotope 25OFm ( t j / 2 = 30 min.) has been synthesized by the 2 3 8U (16O,xn)

reaction. Fast radiochemual separation techniques have been developed using homologues of

the heavy transuranium elements (Z - 104, 105, 106).
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The temperature dependence of s-parameter across Tc and life-time measurements in

normal and superconducting Bi 2122 and Bi 2223 superconductors have been investigated

using positron annihilation (PAS) technique. A high level neutron coincidence unit comprising

of 24 ^ He counters was fabricated and optimised with respect to electronic components for the

assay of small and large amounts of Pu in various chemical matrices including sealed

containers. A passive gamma measurement technique has been evaluated for the assay of U-

bearing wastes generated at U metal plants. Thermal degradation and kinetic studies of CR-39

track detectors carried out using DTA and TG techniques indicated that T-irradiation affects

the decomposition steps but does not modify their mechanisms.

Actinide Chemistry:

The compound TlPutSO^.-W^O was prepared and characterised by chemical and

thermal analysis. The radiolytic degradation of three methyl butyl derivatives of monoamides

were investigated in the 0- 200 M Rad (0 - 2000 KGy) range. Monobutyl octanamide was

found to be more resistant to radiolytic degradation. The extraction behaviour of U(VI),

Pu(IV) and some fission products with T-irradiated dialkyl amides have been studied as a

function of absorbed dose. Eight nitrate complexes of Pu(IV), U(VI), Th(IV) and Nd(III) with

CMP and CMPO were prepared and characterised. Extraction behaviour of U(VI) and Pu(IV)

with some high molecular weight aliphatic amides such as dioctyl octanamide, dioctyl ethyl

hexanamide and diisobutyl ethyl hexanamide, in nitric acid medium were investigated.

Extraction of U and Pu with dihexyl isobutyramide from HNO3 m e c u u m w a s studied to

investigate whether these amides can be used for their separation without valence adjustment;

however no quantitative separation of these ions could be achieved without valence adjustment.

A simple procedure has been developed for quantitative recovery of Pu from oxalate

bearing solutions using a mixture of CMPO and TBP in dodecane. An extraction

chromatographic procedure using CMPO adsorbed on chromosorb-102 (CAC) has been used

for the recovery of Pu from oxalate supernatant. The loading behaviour of Am(III), U(IV) and

Pu(IV) at high concentration of U(V1) was investigated from the extraction chromatographic

column separation of these actinides from synthetic sulphate bearing HLW solutions. Mixer-

settler studies were carried out with synthetic high level waste solutions using CMPO. The

extraction behaviour of U(VI), Am(III), Eu(III), Pu(lV) and Th(IV) from mixtures of TTA

and CMP / CMPO in xylene have been investigated.

Studies on the recovery of Pd from a synthetic PHWR- HLW solution in HNO3

medium showed that triiso butyl phosphine sulphide (TIPS) is the most suitable extractant for

(iii)



palladium. The synergistic solvent extraction of some trivalent lanthanides and Am has been

studied with mixtures of 1-phenyl -3 -methyl- 4-acetyl pyrazolone -5 (HPMAP) and CMPO or

bis (2-ethyl hexyl) sulphoxide (B2EHSO) in xylene. The synergistic extraction of uranyl ion by

HPBI (3- phenyl 4-benzyl 5-isoxaazolone) with neutral oxo-donors such as TBP and DBOA in

xylenc was investigated. Aqueous complexation of Am(III) with 1,10 -diaza 18 crown 6 (L)

and dinonyl napthalene sulphonic acid (DNNS) in the pH range 7-9 has been studied. The

extraction behaviour of HPBI for actinide ions from nitric acid medium has been investigated

in detail.

The use of crown ethers for st rctive extraction of Sr(II) from nitric acid medium was

examined. A novel extraction method for Pd using 18- crown-6 (DC18C6) in presence of 0.02

M KI from HNO3 m^a ^ ^)een developed. The adducts of C^Q with tetrahydrofuran were

prepared and their physico-chemical properties were investigated. Complexation behaviour of

Cm (III) and Cf(III) with diacetate derivatives of kryptofix (K21DA and K22DA) and Ethy-

lene diamine N-N' diacetic acid (EDDA; has been investigated using DNNS in ( C ^ ^ N H *

form.

Carrier-mediated selective transport of Pu(IV) ions through organic liquid membranes

containing TBP as mobile carrier and dodecane as the membrane solvent and also using

trisooctyl amine / solvesso 100 was investigated. Influence of T-irradiation on the extraction

and transport of U(VI) and Pu(IV) nitrates by dicyclo hexano -18- 6 (DC18C6) across an

immobilised liquid membrane was studied. The decontamination of uranium from spent fuel

waste was studied following a modified emulsion- free liquid membrane technique using TBP

as a carrier. The extraction behaviour of U(VI), Pu(IV) and some long-lived fission products

using radiolytically degraded bis(2-ethyl hexyl) sulfoxide in dodecane was examined. The

selective solvent extraction of Pd(II) from aqueous HC1 /HNO3 media into 1,2 dichloro

ethane using thia crowns was investigated. Highly selective transport of Pd(II) over several

long-lived fission products was accomplished through thin sheet liquid membrane employing

BESO (bis-(2- ethyl hexyl) sulphoxide) membrane solvent. A solvent extraction method for the

removal of Pu and Am from medium level active highly alkaline and salted nitrate wastes

stored in 'waste tank form' was developed using versatic acid (2-methyl 2-ethyl heptanoic

acid) as the extractant.

Spectroscopy:

The structural phase transition in C u 2 + doped (NH^ThFg, ( N H ^ T M ^ and

(NH4)4PuFg were investigated using ESR spectra and also through microwave absorption
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studies. Phase transition was observed at 233 K in (NH^PuFg and at 214 K in (NH4)4ThFg.

In (NH^ThF-y, a reversible transition was observed at 523 K.

EPR investigations were carried out in the sub-room temperature phase transitions in

Baj.xCaxTiO3 using F e 3 + ion as a probe. The effect of Ca substitution was to lower the

phase transition temperatures by about 10 K. EPR studies have been carried out on the

potassium oxy-fluoro vanadates, KVO2F2. 5H2O, K2VO2F3.O.5H2O, K3VO2F4 and

K3VOF5 in the 77- 600 K range; whereas the first two compounds did not show any structural

phase transitions, the last two compounds were found to undergo structural phase transitions at

T > 563 K and 543 K respectively. Bulk microwave absorption studies and DSC experiments

confirmed the transition temperatures.

Optical evidence of structural phase transition in NH4Eu(SC>4)2 ^ I ^ O has been

obtained by monitoring the fluorescence emission of Evr+ ions at 77 K and 300 K.

Thermally stimulated luminescence (TSL) and electron paramagnetic resonance studies

on 7-irradiated BaCC^: U samples revealed that the destruction of O2" ion and 0 0 3 ' ion are

responsible for the observed glow peaks around 360 and 440 K and uranate ion acts as the

luminescent centre. TSL and EPR studies on the new class of mixed fluorides, Y|.xGdxBa2F7

showed that die thermal destruction of O" ion was responsible for the observed glow peak

around 410 K. GdJ~r was found to act as the luminescent centre.

The photoacoustic spectra of L r + in UO2, ^ I K S O ^ and UF4 powder were

recorded using the indigenously fabricated PAS spectrometer.

An atomic absorption spectrophotometric method has been developed for the direct

determination of Al, Cu and Mn in thorium without chemical separation. A suitable chamber

for coupling electrothermal vapourisation unit to ICP -AES source for sample introduction was

developed and it was found that common metals like Be, Cd, Cu, Fe, Mn etc., could be

determined in solutions containing 20 mg / ml of uranium. A solvent extraction method using

Cyanex - 471 X (Triisobutyl phosphine sulphide) in xylene / HNO3 was developed for the

separation of Ag from uranium followed by ICP- AES determination.

An ICP-1 IS. method for the determination of Th in aqueous solutions was developed.

The extraction behaviour of Mg along with rare earths from HDEHP -xylene system was

investigated. This method was used for the simultaneous determination of Mg alongwith rare

earths in ThC>2 after chemical separation. A method has been developed for the determination

of Al in blood serum using ETA -AAS spectrometry.

(v)



Instrumentation:

A pilot plant for the preparation of dry gel microspheres of UO2 and (U,Pu)02 through

wet process was installed in the laboratory. A power supply for the carbon rod atomiser was

designed and fabricated to substitute the existing one in the Varian atomic absorption

spectrophotometer. A data processing system for the estimation of Pu using neu'xon well

coincidence counting system has been developed. Software for data acquisition and processing

has been developed in-house.

The R & D efforts during the year resulted in 32 papers published in reputed

international journals, 44 papers presented at various conferences / symposia, 7 technical

reports and 2 Ph.D. theses.

I thank all my colleagues in the Radiochemistry Division for their support in making

available their contributions in time. My special thanks are due to Dr. G.M. Nair fcr going

through the final draft of this report and for giving his valuable suggestions for improving it. I

also thank Dr. V. Natarajan and Dr. S.V. Godbole for their magnificient help in compiling

and editing this report. Thanks are also due to Shri P.A. Satheesh Warriyar for bringing out

the final version of this report.

R.H. IYER
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I. NUCLEAR CHEMISTRY

1. Emission angle dependence of fission fragment spin: effects of single particle

spin and tilting mode.

T.Datta, S.P.Dange, H.Naik and S.B.Manohar

Investigations on fission fragment angular momentum and angular distribution bring

out effects of collective rotational degrees! 1-4]. Tilting rotational mode governs angular

distribution while fragment spin arises due to tilting and statistical excitation of the wriggling,

bending and twisting modes[2,3]. In odd-A fissioning nuclei single particle spin ( SPS )

enhances the tilting mode variance (KQ2)[1,4). The SPS effect on fragment spin remains

poorly understood. In this work, fragment spin were deduced as a function of emission angles

from measurements of the high-spin fraction (HSF) of *3 2 m '8 l in an odd-Z system
237Np(a29Mev>0 to deduce effects of the SPS and collective rotations.

At the 88"-Variable Energy Cyclotron, Calcutta, targets of 2 3 7Np (~ 150 /zg/cm2)

were irradiated with a-particle beam of energy 30+0.3 MeV at integral beam current ~2-

3 /zAh. Fission products were collected on aluminium catcher foils at six emission angles

within 90°>6>10° (angle #=180°) for subsequent off-line gamma spectrometric assay of
132m '&I and 132Te activities. The HSF or independent yield ratio Ym/(Ym+Yg), for 1 3 2I

was determined[5] at each angle(9). Fragment average spin (Jav) at each angle was deduced

using the statistical model based code GROG12J5]. Table-1 shows the HSF-values for 1 3 2I

and corresponding fragment Jav at six ang!es(9(^j^). Error limits are due to precision and

use of multiple gamma-l.nes.

Table-1 shows that in fission of odd-Z (241Am) nuclide, odd-Z fragment^ 3<*I) Ja v

decreases as 9 changes from 90° to =45° and then increases continuously at lower 9(upto

20°). In contrast in even-even 24-2Pu fission at comparable energy, fragment(= 134I) Jav

decreases continuously to a lower limit for 90° > 9 > 20°[5]. Variation of fragment spin with

emission angle(9) is governed by tilting mode as[3,5],

<K2>e= S o ( I ) .{l+0.5)1/2Sini&.{'L-1--L{&1)/1-0{V>1)) (1)
where, B2 = (I+0.5)2Sin29/4KQ2 with a(I) as the compound nucleus spin(I) distribution. Tilting

mode contribution to fragment Jav , dependent on rigid rotation and particularly < K 2 > Q , is

thus angle dependent. This component reduces from a finite value to zero as 9 changes from



90° to 0°. Contributions from statistical modes by contrast, are temperature(T) dependent

but angle-invariant leading to lower limit of fragment Jav[5]. Collective rotational degrees

therefore explain variation of fragment .Lv with 6 in even-even fissioning nucleus. Increase in

odd-Z fragment Jav at lower 9 in odd-Z 2 4 1 Am fission accordingly indicates SPS effect.

In odd-A fissioning nuclei SPS effect, < k 2 > , enhances the KQ2 value [1,4] and

decreases angular anisotropy In first-chance (77%) fission of odd-Z ^ Am the <k 2 > value

was obtained as 10-16 "h2 from angular anisotropy. In an odd-A deformed nucleus having a

rotational axis of symmetry, a single nucleon spin(j) precesses around this axis with a constant

component(k) on it and k > 0 in the ground state. It was assumed accordingly that (a) in
2 4 1 Am the odd-proton spin(j>k) precesses around the rotational symmetry axis with a

constant component of < k > =4'h~on this axis and projection m= as 4-j >m:> - j , on the

space-fixed z-axis (beam axis) and (b) the odd-proton spin(j>k) will be coupled to the

fragment spin, Jc(©), ^ u e t o ^ e c°H e c t iv e modes depending on the emission angles. The

angle dependent average spin, < S > Q, of the fragments will be given as

< S > e = l /7 (27 ra 2 ) J" [ ( j . P ( 9 ) ) J + J 2 ] 1 / 2 . e x p { - [ J ~ J c ( 9 ) ] 2 / 2 a 2 } dJ
—00

(2)
where ,

j
= ( 2 j + l ) / 4 7 r . S | d m k 3 ( 6 ) | 2 ( 3 )

m = - j

dm kJ(9) are the rotational matrices for j = 4 to 5, k=4 and for + 4 > m > - 4 . The collective

spin J^(9) was obtained [3] at various 9 as JQC©)2 = 1T\(&)2 + S S J S 2 •

Fragment spin < S > Q were calculated for ^ 4 I in -4 2Pu and 241Am fissions at the

same excitation energy and input orbital momenta. It was apparent that in odd-Z 241Am

fission fragment <S>@ is guided by < K 2 > Q variation at 90° > 9 > 4 5 ° and the SPS effect,

< j > =j.P(9) for j > k = 4"h", at lower 9 .



Table-1: High-spin fraction (HSF) and average spin (<J> rl) of

fragment 1 3 4I in 237Np(a29MeV
 f) A T E*=22.2 MeV . <I>= 9"n"

e C M " Ym/(Ym+Yg) Jav 4s

88.47 0.82±0.05 11.311.0

72.58 0.72±0.03 8.7±0.8

55.42 0.70±0.04 8.5±0.8

43.90 0.7510.03 9.510.8

35.04 0.84+0.05 12.1+1.0

22.70 0.9210.02 14.9+0.5
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2. Fission fragment angular momentum in thermal neutron fission of

H. Naik, S.P.Dange, R.J. Singh and T. Datta

Studies on fission fragment angular momentum 0rms) in low energy fission of

actinides provide insight into the influence of rotational degrees of freedom, since it arises due

to statistical population of various collective modes such as wriggling, bending and

twistingj 1,2] besides contribution from post-scission Coulombic torque[2] and/or single

particle excitation. Such studies in thermal neutron fission of ^ U [ 3 ] , 2 3 5 ^ ^ 2 3 9 ^ 3 ^
24IPu[4] and 24*Cm[5] as well as in spontaneous fission of 252^^6] s n o w important



observations such as effect of fragment deformation, shell closure proximity, odd-even effect

and inverse correlation of fragment angular momentum with elemental yields[6,7]. In view of

these observations, it is worthwhile to carry out such studies in fissioning system ^^Tr^n^f)

where it was known to exist maximum nucleon pairing effect(40%). In the present work

fia^muu i.-rr,.; have oeea di'Jucf.o from radiwhevnicaii* determine'.! '.ndepenoem. ^omenc yield

ratios(IYR) of 132Sb, 133Te, 1 3 4I , I 3 5Xe and 138Cs in :-29Th( i ^ f ) .

About 10 /xg of yTh in the form of nitrate solution sealed ir> oolypropylene tubes

were irradiated for 1-15 min in the reactor CIRUS using pneumatic carrier facility. From the

irradiated solution various fission products of present interest were radiochemically separated

and analysed gamma spectrometricaliy using 80 cc KPGe detector coupled to a 4K analyser.

The resolution of the detector was 2,0 keV at 1332 keV. The isomeric yield ratios(IYR) of the

fission products '3 2Sb, *33Te, '^f, '3^Xe and '3°Cs were determined from the observed

photopeak areas using usual decay-growth equalionsj4-7] after correcting for precursor

contribution From IYR, fragment J r m s lor each of these fission products were deduced using

spin dependent statistical mo^?! anaiv>is!8| and are plotted in the Fig. 1. The elemental yields

from literature[9j as a function of cl:a.^e(Z) are also plotted in the same figure.

Frorr- Fig 1 it can h seen that J r m s for the odd-Z fragment are higher than the

neighbouring even Z fragment;* due to (a) single-particle effect and/or (b) polarization of even-

Z core by the odd proton leading -.o higher deformation for odd-Z fragments. It is also seen

that the elemental yields and fragment J r m s are inversely correlated. Since the amount of

rotational energy associated with the f-agment angular momentum is rather small, the inverse

correlation seen to be effected by the deformation energy. Thus, for odd-Z or fragments with

high angular momentum the deformation is large and the amount of energy available iu the

intrinsic degrees is less and hence the low yield. From experimental angular momentum and

kinetic energy data| 10j deformation parameter(B) at scission were also deduced using equiv-

alence of Coulomb and nuclear foice:6,7|. The 6-values were seen to be in agreement with the

values obtained by Wilkin- ei al.fl I) based on static scission point model.
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3. Mass asymmetry dependence of angular distribution in 2-*'Np

(«29&44MeV'f): s i n g l e particle effect

T.Datta, S.P.Dange, H.Naik and S.B.Manohar

Fission product angular distribution is correlated with saddle point properties of the

fissioning nucleus according to the Transition State Model (TSM)[1] . Tilting mode variance

(KQ2) governs angular distributions KQ2 depends on shape , excitation energy and pairing gap

at the saddle[l-3]. Average anisotropy is low for odd-A fissioning nuclei[l,3] as KQ2 is

enhanced by the odd-nucleon spin contribution < k 2 > . Present work was carried out on

fission product angular distributions as a function of mass asymmetry in the odd-Z fissioning

systems 2 3 7Np(a29 an(j 44 MeV'^ t 0 deduce the <k 2 > value in 2 4 'Am.

At VECC, targets of 2 3 7Np (thickness 150 /*g/cm2) were irradiated using a-particle

beam of energies 30+0.3 and 45+0.4 MeV at a beam current of 12-16 jiA.h. Fission

products were collected at nine emission angles(0), 90°>G>10° (angle <£=180°), for their

subsequent off-line gamma spectrometric assay[2]. Fission products assayed were " ' Sr,
97Zr, 99Mo, 1 0 3 R U ,

 1 3 1 I , 132Te, 1 3 3 I , 14^La, 1 4 1 ' 1 4 3 Ce in the asymmetric region and
10S 1 ]") I IS 177 198

'"-'Ru, ^Pd, JCd and ' - ' - ' ^ S b in the near-symmetric region. Angular anisotropy,

W(0)/W(90), for each fission product was deduced! 1,2] after CM. corrections using the

angular distribution function W(6),

W(6) = a + b Cos20 (1)

Table-2 shows that average angular anisotropies for the asymmetric mode fission

products is more than that for the symmetric fission products in 2 4 'Am fission at both

energies. In actinides multichance fission(MCF), if present, leads to asymmetric fission with

low KQ2 compared to symmetric first-chance fission with high KQ2. Angular distribution could



also be intrinsically different|2] for the two modes due to their different saddle point shapes

and barrier heights for actinides. MCF effects only enhance this difference. MCF effect is

absent in ^41Am fission as first-chance fission probability is =77% due to high

experimental rfiTn ratio of >3.5.

The W(0)/W(90) values for both the modes in odd-Z 2 4 1Am fission are lower

compared to those[2| for neighbouring even-even ^^Pu fission at similar energies. In odd-A

fissioning nucleus (^ 'Am), projections(k) of the odd nucleon spin on the symmetry axis at

the saddle enhances the tilting mode variance(KQ2) since the ground state spin and k-value are

both non-zero. Griffin[3] estimated the odd-nucleon spin projection, < k 2 > , on the basis of

all the single particle eigenstates near the Fermi level (11 >k 2 >8) . Enhancement of KQ2 due to

<k 2 > is in contrast to entrance channel spin effect that lowers KQ2. The <k 2 > value was

estimated from the difference between experimental and theoretical KQ2 as follows.

Experimental KQ2 values for both the modes were deduced from the corresponding

angular distributions in ^-"Npfc^ & 44 MeV*^ s v s t e m employing equation(l) based on the

TSM|1],

(2J+l)exp{-(J+0.5)JSinJ9/4K0M.JQ{i(J+0.5)
2Sin28/4K0

2)
W ( 0 ) ==£0 ( J ) —— — — •-——••—————-•.—— — —.— — — — — ——— ———————,*..•—_—_———-.——...»————_—.._

erf[(J+0.5)/72K0] (2)
where KQ

J= IeffT/h
2; Ieff"

1=I^1-lj;1 and T=7(E-Bf-Erot)/a (3)

o(J) is the initial spin(J) distribution function. T is above-the-barrier(Bf) temperature and Ieff

is effective moment of inertia; I/, and Ij_are the usual moments of inertia.

Theoretically KQ2 were evaluated for the two modes on the basis of different saddle

configurations or shapes [2,4,5] employing the superconductor model (1,31 as,

IXR.I/ /R.f(T/Tc).A(T/Tc) T
KQa = . - ( 4 )

Ij_R.f(T/Tc)-Iy/R.A(T/Tc) fcJ

where Tc= 4/7.5 and the critical energy Ec= 1.473 aTc2.

The pairing gap parameters(5) and the integrals A(T/Tc) and f(T/Tc) are taken from the

literature [1]. Rigid body moments of inertia I ^ and I ^ for the asymmetric and symmetric

shapes were calculated using the " Funny Hills" shape parameters {c,h;a} [2,5]. For ̂ 41Am

fission, these parameters are (c= 1.70,h=0.027) for the asymmetric mode(a=0.125) and

(c=1.56,h=-0.11) for the symmetric mode(a=0.0). The asymmetric mode configuration
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corresponds to the exit valley, more elongated than the asymmetric saddle point at c= 1.55 and

h=0.00)l2,5]. Therefore, asymmetric mode configuration has lower Ief f and hence lower

Kn2 compared to the more compact symmetric mode configuration.

Table-2 shows theoretical and experimental KQ2 and <k 2 > values for the different

modes for 2 4 1Am fission at both energies. The <k 2 > values for the asymmetric and

symmetric modes in 2 4 1Am fission are =10 and <16 "h2 respectively at both energies

(Ea=29 and 44MeV). The <k 2 > values are close to that provided by Griffin|3]. Since

theoretical estimate of KQ2 is accurate enough as seen for even-even fissioning systems[3],

uncertainty on the <k 2 > would be due to experimental KQ2 values. Uncertainty on

experimental KQ2 is =10-30% due to mass-averaging. Error on <k 2 > is thus <30%, in

accordance with the theoretical estimate|3].
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Table-2: Experimental W(0)/W(90) for the Symmetric and Asymmetric

modes in 237Np(a,f) at Ea= 29 and 44MeV - Values of KQ
2

and odd-proton spin contribution <k2>. (±<k2>«30%).

MODE: Asym. Symm.

Ea=29MeV.

E*=22.9 MeV <J>=9fi

Asym. Symm.

Ea=44MeV.

E* = 3 7.8 MeV <J>=15.4h"

W(0)/W(90)CM 1.2210.09 1.1310.06 1.5110.05 1.35+0.05

Ko
2 (h2):calc 80 112 110 154

KQ
: (h2):expt 90130 128130 120113 170+20

<k2> «10 < 16 «10 < 16



4. Proton induced fission of ^ A m at 17.8 MeV:formation cross section for the

fission products

A.G.C. Nair, S.S. Rattan, A. Ramaswami, R.J. Singh and R.H. Iyer

Extensive experimental data on the fission yields for the thermal neutron induced

fission of actinides is available in the literature| 1]. The yields of the fission products in the

proton induced fission of actinides (Ep = 10 to 16 MeV) have been studied by Ohtsuki et

al.[2] to see the effect of charge and mass of the fissioning nucleus on the mass yield curve.

To extend such study to higher proton energies, the work on the determination of fission yield

in the proton induced fission of ^ A m at 17.8 MeV was carried out. The preliminary data of

our investigations are described here.

The 2 4 3Am obtained through IAEA from TECHSNABEXPORT Russian has a isotopic

purity of 99.998%. Targets of 2 4 3Am ( = 40 /xg/cnr) were prepared by electrodeposition from

isopropyl alcohol medium on 0.3 mil super pure aluminium foil. The target assembly was

similar to as described our earlier work[3]. The target assembly was irradiated with 18 MeV

proton beam at VECC Calcutta for 3 0 - 6 0 min. The particle flux falling on the target was

measured using a current integrator. The gamma ray counting of the fission products was

carried out on a 8% HPGe coupled to a 4096 analyser. The decay of the fission products and
97reaction products of Al was followed as a function of time. The photopeak area of the

gamma rays were used to calculate the cross section for the fission products of ^ A m and
77

reaction products of Al.

The formation cross section of the -4Na in the proton induced reaction of 2 'Al was

determined as 7.51 fxb at 17.9 MeV. Table 3 shows the calculated values of the formation

cross section of the fission products in the proton induced fission of 243Am along with the

earlier reported data[3]. The formation cross section have been found to increase as a function

of excitation energy. The trend of the yield distribution shows an asymmetric distribution with

peaks near mass 105 and 139.
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Table - 3 : Formation cross section for proton induced fission of

Nuclide Half-life Energy Cross section (mb)

in hours in keV 15.6 MeV 17.8 MeV

(Ref.3) Present

87 K r

88Kr
91Sr
92Sr
94y

104Tc

1O5RU
112Ag
129Sb
130J
1 3 5I
138CS
139Ba
142La
146pr

149Nd

1

2

9

2

0

0

4

3

4

.2717

.48

.67

.71

.310

.303

.40

.12

.32

12.36

6

0

1

1

.0

1

.59

.5367

.3867

.5417

.4017

.730

402.0

196.0

1024.3

1383.9

919.0

358.0

724.2

617.4

813.0

418.0

1260.0

1438.0

166.0

641.0

454.0

211.0

3.!

8.

8.

19

9.

7.

17

16

13

5.

53

70

24

.89

52

59

.44

.46

.05

21

5

4

11

11

7

20

33

3

5

3

5

9

26

11

18

9

.09

.34

.68

.90

.71

.22

.12

.81

.60

.62

.28

.02

.93

.94

.17

.45
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5. Absolute fission yield in fast neutron induced fission of

A.K. Pandey, H. Naik, P.C. Kalsi, A.G.C. Nair, R.J. Singh, A. Ramaswamy and

R.H. Iyer

As a part of IAEA co-ordinated research project, fission yields of thirteen fission

products in fast neutron induced fission of ^^Am were determined for the first time using

gamma spectrometric and fission track technique. Experimentally about 70 fig of Am in the

form of nitrate solution was sealed in a polypropylene tube along with lexan track detector.

The tube was wrapped with 0.5 mm thick Cd foil and irradiated for 30 mins in the reactor

APSARA. The irradiated solution containing fission products was analysed gamma

spectrometrically using 80 c.c. HpGe detector coupled to 4K channel analyser. From the photo

peak areas, fission yields of various fission products were calculated using usual decay

equation. The total number of fission used in the calculation was obtained from the track

density of the lexan track detector after its proper chemical treatment. Since single target

assembly was used, the error due to uncertainty in the amount of actinides, variation of

neutron flux etc. can be eliminated. In the gamma ray spectrum since there was a continuous

background from daughter J >Np in the sample it was possible to determine the yields of

products having gamma energies higher than 350.0 keV. These fission products are 89Rb

(15.2 m), 9 2Sr (2.71 h), 9 4Y (18.71 m), 101Mo (14.6 m), 104Tc (18.3 m), 105Ru (4.44 h),
131Sb (23.03 m), 132Te (3.26 d), 134Te (41.8 m), 1 3 5I (6.55 h), 138Cs (32.2 m), 142La

(1.54 h) and *^"Pr ( 24.15 m) Since there is no literature data availablejthe yield values are

compared with evaluated values of the compilation ENDF/BV1 and UKFY2 and are seen to

be in good agreement. The yield data were communicated to IAEA.

6. Fission Properties Of 1 8 1 Re Compound Nucleus Formed By 1 2 C + 1 6 9 T m and
1 6 O + 1 6 5 H o Reactions :

P.C.Kalsi, A.K.Pandey and R.H.Iyer

Earlier work in our laboratory on angular momentum dependent fission barriers in

heavy ion induced fission had clearly shown that there is a close correlation between the
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variation of average angular momentum < l > a v and the fission probability Ff/ Tn with

excitation energy for the ^ C + ^ T m ^ 1 6 o + l ° 5 H o systems leading to the compound

nucleus °*Re. The values cross over at an excitation energy 57.6 MeV and < l > a v 27.5 n.

The experiments were carried out using the BARC-TIFR Pelletron facility to measure the

anisotropies and fission probabilities, particularly, at excitation energies (i) at the cross over

point (57.6 MeV , 27.5 h) as well as (ii) above and (iii) below the cross-over point. The data

were analysed with a view to understanding the correlation between the variation of < 1 > a v

and fission fragment anisotropy with excitation energy for both the '^C+ "^Tm and
1 6 O+ 1 6 5 Ho systems.

The experimental details and method of data interpretation used in the present

experiments are similar to those which are described in our earlier papers [1-3]. The variation

of measured fission fragment anisotropy values Wj^-AVgQ0 as a function of excitation

energy clearly indicate that below the cross over point where the ""Tm+ C system has

higher < l > a v than that for the 1 6 5 Ho+ 1 6 O system, the W i65 o / W 90° a n d fission

probability are also higher in ' " ^ T m + ^ C system. At the cross over point where the

excitation energy as well as < l > a v are same in both the systems, the W j ^ / W g o " and

fission probability values are also identical. The fission probability and w 165"^90° °^

' " 'Re compound nucleus formed by ' " ^ T m + ^ C and '"*Ho+*"O reactions are influenced

by both angular momentum and excitation energy and exhibit properties of true compound

nucleus process without entrance channel effects at the cross over point. Above and below the

cross over point, both the W J ^ - A V Q Q 0 and fission probability follow the expected trend.
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7. Global approximation of effective moment of inertia at saddle point of high

spin fissioning nuclei:

A.K.Pandey, P.C.Kalsi and R.H.Iyer

Since the present experiment provided fission fragment anisotropies over a large range

of < 1 > a v values at medium excitation energies where only single chance fissions are probable

(steep raising fission excitation functions ), it was thought interesting to examine the variation

of anisotropy as a function of < 1 > a v and get some new insights regarding effective moment

of inertia, Jeff and the shape of the nucleus at saddle point. Some of our results [1-3] on

^ i\u+*"O were also included in the analysis to see the effect of fissility parameter X.

From the experimental anisotropies , the KQ2 and Jeff were calculated by using standard

saddle point model (Anisotropy = 1 + < 1 > a v
2 /4KQ, Kg2=JeffT/n"2). Nuclear temperature T

was calculated by the relation T= [ (E*-Ef~Es
R)/A/8]'^ where E*, Ef(E

s
R,and A have the

usual meaning. Ef values were taken from Sierk RFRM model which are found be consistent

with our experimental data , the < 1 > a v was calculated from the optical model using parabolic

approximation. The values of Jgff̂ Jg as a function of < l > a v have shown that Jeff increases

with increase in < l > a v . The Jeff also increases with X and from the results it also appears

that the variation of J e«/J0 with < l > a v for the two different X values , 2 1 3Fr (1 9 7Au+ 16O)

and 181Re (169Tm + 1 2C , 1 6 5Ho+1°O) have similar trends except that the !,«• is more in
JFr for a given < l > a v . I n an attempt to represent the variation of J ^ / J Q as a function of a

single variable which includes the effect of fissility parameter X as well as angular momentum

< 1 > a v , a new parameter

Z = < l > a v / L m a x ( l - X )

was introduced where L m a x represents the angular momentum at which fission barrier

disappears. A least square fitting of Jeff/Jo data of 181Re with Z clearly indicated that the data

can be represented by a single equation of the type

W J 0 = a + b (Z) + c (Z)2 2

Where a = 0.4455 , b= 0.0724 , c = 0.0987. To see the validity of the above equation as a

universal approximation for a wide range of X , some of the published Jefl^Jo data on
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209Bi + 16 o and 2 0 8 p b + 1 6 o w e r e also included [2,3] ( Values of < l > a v and Jeff/Jo were

directly taken from published papers). The above equation appears to be a good

approximation for calculating the angular momentum dependent Jeff for a wide range of X

values, (0.64-0.774) used in the present analysis. Further analysis is being carried out to make

the above equation as a global approximation for calculating angular momentum dependent

Jeff-
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8. Investigations of complete and incomplete fusion in
and l ^ O + ^ Y by recoil range measurements

B.S.Tomar, A.Goswami, A.V.R.Reddy, S.K.Das, P.P.Burte, and S.B.Manohar

The previously measured recoil range distributions (RRD) of evaporation residues in 63

and 77.5 MeV 12C + 9 3Nb and 68 MeV 16O + 89Y were analysed in view of the two

important aspects, namely, (i) whether the incomplete fusion (ICF) reactions are governed by

entrance channel mass asymmetry or the property of the composite nucleus and (ii) angular

momenta involved in these reactions. The details of the experiment and analysis of data

giving the recoil range distributions are given in reference (1). Figures 2 & 3 show the RRDs

for ERs in 63 MeV 12C + 93Nb and 68 MeV 16O + 89Y respectively. The solid lines are

eye guide to the data points. The dashed curves are the predictions of PACE code for the

complete fusion process, while the dash-dot curves are obtained by subtracting the CF curves

from the experimental curves. The main features of these RRDs are: (i) the palladium products

(pxn channels) are solely populated by the deexcitation of the compound nucleus formed by

complete fusion(CF) of projectile and target, (ii) the rhodium products (axn channels) are

formed both by CF as well as ICF processes, (iii) the technetium products (2axn channels) are

formed only by CF in 16O + 89Y and by both CF and ICF in 12C + 93Nb system and (iv)
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9 2 Nb m is found to be formed sole!, by ICF process in 16O + 89Y system.

The cross sections for CF and ICF in the rhodium, technetium and niobium products

obtained by subtracting the RRDs predicted by PACE code from the experimental data are

shown in Table 4. It is seen from the table that the cross section for the ICF process
93Nb(12C,8Be)97Tc increases with the projectile energy. The lower limits of ICF cross

sections were obtained by summing the cross sections for the observed channels and the values

are 138+14mb, 180+12mb for the 12C beam of energy 63 and 77.5 MeV respectively and

86±9mb for the 68 MeV 1 6O.

We generated the RRDs for the incomplete fusion products using the Monte Carlo

simulation code PACE2 with the following assumptions : (i) The intermediate nucleus is

formed by fusion of the part of the projectile with the target with an excitation energy

corresponding to the escape of the ejectile with beam velocity, (ii) The intermediate nucleus is

formed with a triangular angular momentum distribution with the maximum (lm a x) value less

than the critical angular momentum for CF by a factor equal to the mass ratio of the fusing

particle to the projectile.

The PACE2 simulated RRD curves for ICF are shown as dotted curves in the

respective figures. It was found that the ICF components in the RRDs of Rh are in

reasonable agreement with the PACE2 calculations except for the slightly smaller widths of the

PACE2 curves. This shows that ^ R h is indeed formed by ICF process with the projectile

fragment fusing with the target with approximately same energy per nucleon.

The simulated RRD curves for ICF in Tc products in 12C + 93Nb in general agree

within 20% with the deduced ICF curves in terms of the mean range. The major difference

lies in the widths of the RRDs. The widths of the deduced RRDs are much higher than the

corresponding PACE2 curves. This is expected as the intermediate nucleus may not be formed

with a unique recoil velocity, instead there will be a distribution of recoil velocity arising due

to the kinetic energy and angular distribution of the outgoing particle. The RRD for the
2 Nb m in 16O + °9Y could not be reproduced by break up fusion model both in terms of the

mean range and the width. The large difference in the mean ranges may possibly be due to the

contribution from direct alpha transfer process with the outgoing fragment emitted at grazing

angle.

Experimentally measured cross-section, alongwith cross-section for unmeasured stable

isotopes calculated by cascade were summed up to obtain acf. The values thus obtained are

950 ± 27 mb & 1400 ± 37 mb at 63 & 77.5 MeV for 12C + 93Nb fusion reaction and 770

+ 20 mb for ^ O + 89Y reaction. These values were used to obtain estimate of lcr which are
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29 + 1 h, 39±1 h and 30 + 1 h respectively. Total reaction cross-section CTR which is sum of

acf & CTICF were then evaluated as 1088+33, 1580+42 and 856+22 mb for these reactions

which correspond to 1— values of 31 + 1, 42 + 1 & 31 + 1 respectively and are in good

agreement with prescription of Wilczynski (2) indicating that the ICF observed in the present

work is arising due to peripheral collisions.

Thus the break up fusion model can explain the ICF in Rh products in all the three

cases and that in Tc isotopes in ^ C + -̂>Nb at both the beam energies, except for the large

observed widths. The model, however, fails to explain the ICF in 9 2 Nb m in ^ O + ^ Y

reaction. This may possibly be due to the contribution from direct alpha transfer from

projectile to target. The present work also shows that the probability of occurrence of ICF in

different exit channels depends on entrance channel mass asymmetry. The results corroborate

the peripheral nature of ICF process even at the projectile energy regime of 4 to 6 MeV/amu.
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Table- 4: CF and ICFa yields of individual evaporation residues

Nuc.1 ide

99Rh
9 6 T c

95 T cg

94 T cg

9 2Nbn,

CF

117.

7.

5.

—

—

63

3

3

7

-

-

1

MeV

ICF

80.

46.

11.

2C

2

4

3

+93Nb

77.

CF

48.

—

31.

8.

—

9

-

7

2

-

5 MeV

ICF

47.5

63.1

64.8

5.1

16O+

68

CF

70.4

89y

MeV

ICF

76.

—

—

9.

2

—

_

-

9

a The ICF cross section was obtained by subtracting the normalised CF component from the

measured RRD.
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9. Mass distribution in 1 9 F induced fission of 2 3 2 Th

G.K.Gubbi,A.Goswami,B.S.Tomar,P.P.Burte and S.B.Manohar

Our earlier studies(l,2) on 1 2C and 16O induced fission in 2^2Th have shown that the

mass distribution of fission products is very broad and symmetric. Some of the recent studies

on 12C induced fission of U isotopes(3) have shown that transfer induced fission forms a

significant fraction of the total fusion-fission cross sections. In order to investigate this

phenomenon further, a detailed study of mass distribution in a heavier fissioning

system, ̂ F + 2 ^ 2 T h , was carried out.

Thorium targets of 2mg/cm2 thickness covered by 0.0025 cm thick Al catcher foil in

the forward direction, were irradiated by 112 MeV ^ F beam in BARC-TIFR Pelletron

accelerator. Particle current measured was in the range of 15-20nA. The fission product

gamma activities of the target and catcher foil together were measured on an efficiency

calibrated HPGe detector coupled to a PC based 4K MCA. The activity of the short irradiation

(55m) and long irradiation (5h) samples were followed for 3 days and 3 months respectively.

The gamma spectra were analysed by the computer program "SAMPO". The formation cross

sections data obtained for 32 fission products is given in Table 5.

The experimentally measured independent yields were plotted vs (Z/A) of the fission

products as shown in Fig.4. The yields fall into two distinct gaussian distributions as shown in

the plot. This has been attributed to fissions occurring from two different intermediate

systems. The distribution peaking at Z/A=0.411 indicates a fissioning system arising from

complete fusion of the projectile with the target nucleus (v.the average no of neutrons emitted

per fission is about 9).The distribution having maximum at Z/A=0.397 indicates a low energy

fissioning system formed by the fusion of a part of the projectile (probably an alpha particle)

with the target nucleus(v*4). The observed yields are being analysed to get mass distributions

as well as fission cross sections for both complete and incomplete fusion-fission reactions.
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Table-5 : Cumulative(C) and independent(I) formation cross sections of fission products.

NUCLIDE

91Sr
92sr
95zr
97Zr

" M O
101Mo
1O3RU
104Tc

105RU
105Rh
107Rh
112Pd

'13Ag
..^2sb

1 2 4Sb
1 2 6Sb

I/C

C

C

C

c
c
c
c
c
c
c
c
c
c
I

I

I

CROSS SECTION

(mb)

6.26 ±

6.74 ±

9.88 ±

8.49 ±

11.79 ±

13.11 ±

10.94 +

9.86 ±

9.51 ±

15.62 ±

17.81 ±

12.76 ±

17.03 ±

4.33 +

6.31 ±

4.92 +

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

1.

1.

0.

0.

0.

68

75

27

60

59

60

65

35

92

89

33

10

54

43

48

17

NUCLIDE

127Sb
128-j;

130-j-

131Z

132Te

133Z

1 3 4I
136Cs

138CS
139Ba
140Ba
141Ce
141Ba
142La
143Ce
150Pm

I/C

C

I

I

c
c*
c*
c*
I

c*
c
c
c
c*
c
c
I

CROSS SECTION

(mb)

3.73 ± 0.26

6.43 ± 0.71

4.45 ± 0.34

7.43 ± 0.36

2.78 ± 0.20

3.91 ± 0.23

3.98 ± 0.23

3.32 ± 0.27

4.35 ± 0.24

7.88 ± 0.93

3.62 ± 0.35

11.64 ± 0.32

4.03 ± 0.24

4.78 ± 0.81

7.00 ± 0.61

2.22 ± 0.22

*Treated as independent yield in the plot of Fig.4 as the precursor yield is comparatively low.

10. Mass resolved angular distribution in ^ B , 1 2C and 1 6O induced fission of
232 T h

A.Goswami, B.S.Tomar, A.V.R.Reddy and S.B.Manohar

Since the early days of fission studies on angular distribution it is an open problem to
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establish whether there is any correlation between angular and mass distributions.

Measurements of angular anisotropy in proton and alpha induced fission of actinide nuclei

show that there is increasing anisotropy with increasing mass asymmetry [1,2,3]. Similar

experimental studies on aissotropy versus mass asymmetry in heavy ion induced fission are

very limited [4]. An entrance channel dependence of fragment anisotropy versus mass

asymmetry in heavy ion fission can provide further evidence for pre-equilibrium fission [5] in

terms of correlation between Ko and mass asymmetry. With this in view, mass resolved

angular distribution in the fission of 2-*2Th induced by ^ B , 12C and *"O projectiles have

been studied at above barrier energies.

Experiments were performed using the heavy-ion beams from BARC-TIFR 14 UD

pelletron accelerator. The measurements were carried out with "O beam at 92 MeV,96 MeV

and 100 MeV , 12C beam at 84 MeV and 10B beam at 72 MeV on 232Th target. Fission

product anisotropies were measured using recoil catcher technique for collection of fission

fragments, followed by assay of fission product gamma activities. The fission products were

collected on aluminium catcher foils at different angles inside a cylindrical irradiation

chamber. From the observed activity of a given fission product at different angles, its

laboratory angular distribution was arrived at usin ,̂ standard procedure [2]. The laboratory

angular distributions were converted to center of mass co-ordinates by assuming full

momentum transfer of incident ion to the compound nucleus. The observed angular

distributions were least square fitted to the standard expression

W(9)=a + bcos26

and the values of the anisotropies were obtained.

Fig. 5 shows the plot of anisotropy versus fission product mass for 12C+ 2 3 2Th

system at E l a b = 84 MeV and 10B + 232T'n system at E]ah= 72 MeV. For these systems,

angular anisotropy does not appear to depend on ihe mass asymmetry significantly as can be

seen in this figure. The solid lines are drawn through the points to guide the eye.

Fig. 6 shows the plot of anisotropy versus fission product mass for "O+2 3 2Th system

at Eja^= 92, 96 and 100 MeV. As seen in the figure, the increase in the average anisotropy

from 92 to 96 MeV is rather large as compared to its change from 96 to 100 MeV for all the

product masses. It is also seen that there is a sharp variation in anisotropy in the mass region

!20 to 135 at all the three energies. If this variation is ignored, then there seems to be a mass

dependence of anisotropy with the symmetric products tending to have higher anisotropy

compared to asymmetric products as shown by the solid lines drawn through the points.

The mass dependerce of anisotropy shows qualitative change in average trends as one
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goes from light ion to heavy ion induced fission of 2 3 2Th. For p + 2 3 2Th and a + 2 3 2Th

systems anisotropy increases from symmetric division to most probable asymmetric mass

division. The average trends of anisotropy versus mass asymmetry for C + Th and

1 0 B + 232T n ^ m e a s u r e ( j in the present work do not show significant dependence on mass

asymmetry. The data for 1OO + Th system indicates larger anisotropy for symmetric mass

division as compared to asymmetric mass division; more so at the highest energy of 100 MeV.

For ^ B + 2 3 2Th and C+ 2 3 2Th systems, mass asymmetry parameter is greater

than aBQ, the Businaro-Gallone critical asymmetry value [6] whereas for ^ O * 2 3 2Th and

1 6 Q + 238y s v s t e m s a j s i e s s than CXRQ. The observed mass dependence of anisotropy for

1 6 0 + 232Tn i s simjia,- t 0 that for 1°O+ 2 3 8 U within the experimental errors but latter

system shows agreement when average value is compared with statistical model value. The

10 B + 232j h an(1 \2Q+ 232jjj systems show no mass dependence of anisotropy within the

experimental errors. Therefore, it can be stated that no significant change in the nature of mass

dependence of anisotropy is observed when entrance channel mass asymmetry is varied across

Businaro Gallone critical asymmetry point.

The present data show that there is a sharp variation in anisotropy in mass region 120-

130 for 1 6O+ 2 3 2Th system and is absent in 10B+ 2 3 2Th and 1 2C+ 2 3 2Th system. In Fig.

7_,we have plotted die angular anisotropies of ^22 '^2"Sb, *32Te and 130,131,133] a s a

function of their neutron to proton ratio for all the system studied in the present work. A trend

of decreasing anisotropy with increase in N/Z ratio is clearly seen for ^"O+ 232Th system

and this trend is absent in 1 2C+ 232Th and 10B + 232Th systems. This suggests that transfer

fission is significant for the former system and insignificant in the later two systems.
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6. M. Abe, KEK Report 86-26;KEK TH-28(1986)

11. Excitation function? in ^ F + ^ N b reaction

B.S.Tomar, A.Goswanu, G.K.Gubbi, S.K.Das and S.B.Manohar

Our previous raeai»yrements(l,2) on the excitation functions and recoil range

distributions of evaporation residues(ER) in ^ C + ^ N b and ^ O + ^ Y reactions have

clearly shown the occurrence of incomplete fusion in above systems at projectile energies as

low as 4-5 MeV/amu. As the above projectiles are clusters of alpha particles it was thought

worthwhile to investigate the dependence of ICF on projectile structure. With this objective the

excitation functions of ERs in "F + ^ N b were measured by off-line gamma spectrometry.

Thin niobium foils of thickness around 2mg/cm2 backed by 2mg/cm2 thick aluminium foils

were bombarded with the F beam from the Pelletron accelerator at TIFR, Bombay. In each

irradiation, a stack of two target catcher assemblies was used. In all eight such irradiations

were carried out to encompass the beam energy from 54 to 95 MeV. Both short as well as long

irradiations were carried in order to measure the cross sections for short and long lived ERs.

The methodology for assay of gamma activity of ERs and determination of cross sectio is the

same as described in reference 1.

The cross sections for thirteen ERs covering xn, pxn, axn, apxn products as well as

those formed by ICF (e.g. Rh, Ru, Tc products) were measured. The cross sections were

plotted against the projectile energy to obtain the excitation functions. The residues like
1 0 'Rh, 97Ru and 96,95jc c a n n o t be fonTled by deexcitation of the compound nucleus
11 ?( '^Sn). Instead they originate from incomplete fusion of projectile with the target. For

example, the Tc products can be formed by reactions of the type,
19F + 9 3 N b . . . . . > 9 7 T c + 1 5 N

The excited intermediate nucleus, 97Tc, may subsequently deexcite by neutron

emission to give 9 6 > 9 5Tc. It has been observed that such ICF processes depend on the relative

velocity in the entrance channel defined as,

vrel =
where Vc is the coulomb barrier and y. is the reduced mass of the entrance channel. Table 6.

gives the sum of the ICF cross sections of Tc products at various beam energies for different

entrance channels, namely, reaction of 12C(1), 1 9F and 20Ne(3) on 9 3Nb. Also given are the
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corresponding vrei values. It is seen that the ICF cross section is much more in the case of
12C and 2 0Ne projectiles than that in case of 19F at the same v r e l . This indicates that the

alpha cluster structure of 2 C and 2"Ne enhances the breakup probability of these projectiles

into a+ 8 Be and a + ^ O respectively compared to that of 1 9F into a + ^ N . Thus the present

work shows that the alpha cluster structure of the projectile does indeed affect the cross section

for incomplete fusion.

Table - 6: ICF cross-section of Tr products

Entrance

channel

12C + 93Nb

20Ne + 93Nb

19F + 93Nb

Elab.
(MeV)

63

77.5

106

148

73

95

vrel./c

0.06

0.08

0.06

0.08

0.04

0.06

ICF cross section

for Tc products (nib)

57.7

133

70.2

105

9.5

41

c is the velocity of light.
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12. Separation of carrier-free tellurium from bulk amounts of tin

S.K. Das, R. Guin and S.K. Saha

Tellurium radioactivities produced in the (a, xn) reactions on a tin target have been
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separated in a carrier-free form. Carrier-free Te activities find applications in various areas of

research(l,2) such as the study of adsorption properties at trace concentrations. It may be

useful to study the adsorption properties of Te(VI) at trace concentration using carrier free

Te(VI) in order to understand the mechanism of adsorption of Te and also the influence of the
110 110

oxidation state of Te in the adsorption process on various surfaces. Moreover, loTe- Sb

and 132_132j s v s t e m s are known to be useful biomedical generators. Suitable carrier-free

separation methods are useful for the development of such generators.

Irradiated Sn foil was dissolved in Cone. HC1. Using Pd carrier, Pd and Te were

precipitated in metallic form by heating with excess amount of sodium disulphite in presence

of hydrazine sulphate. The precipitate was dissolved and finally taken in 3M HC1. Te(IV) was

completely oxidised to Te(VI) state by heating with NaBiC^. Te(VI) can be separated in

carrier-free form from Pd and other daughter products of radioactive Te by anion exchange

using Dowex 2 x 8 , 200- 400 mesh, 3mm dia. x 400mm long column. The overall

chemical yield was found to be 78 ± 3 %. The major loss (about 18 ± 2 %. ) of Te activities

occurs during the precipitation reaction. The time required to complete the separation was

about one hour. Therefore in principle, short-lived ^ * 'Te activities ( T ^ = 11 h) can also be

isolated in carrier-free form following this method.
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13. Electron capture decay of " v

S.K. Saha, R. Guin and A. Ray

The study of internal-bremsstrahlung (IB) radiation due to the orbital electron capture is

an interesting problem at the interface of nuclear and atomic physics. Precise experimental

measurements of normalised internal bremsstrahlung spectra as well as partial spectra

accompanying capture from specific atomic sub-shells are valuable for providing accurate

isobaric mass differences, supplementary data on subshell capture ratios, spectroscopic

information on branching ratios etc. 9V which undergoes 100% electron capture decays (1) to

the ground state of*" Ti is a suitable nucleus for such measurements.



32

4 9 V has been produced by the bombardment of 8 MeV deuteron obtained from VECC,

Calcutta on natural Ti metal target. Special target chamber was made so that efficient water

cooling can be provided to the target. Beam current of about 4 /xamp. was used. Irradiated

targets were analysed by gamma spectrometry to know the yield of different products. Besides
4 9V, 48V and ^ S c were observed to be produced through the (d, n) and (d,a) reactions on 7

and 4 ° v respectively. 4 ° ' 4 9V Were separated in carrier free form radiochemically(2). ^ S c

(Tj/2 -" 83d) was found io be removed quantitatively. The overall chemical yield was more

than 80%. 48V (T| / 2 = 15 d) is being allowed to decay completely so that clean IB spectrum

oi 'V can be obtained.
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14. The decay of 1 5 9Dy

S.K. Saha, R Guin and S.K Das

Experimental determination of the orbital electron capture (EC) probabilities from

various atomic shells and subshells is of considerable interest. '-*9Dy was produced following

the reaction 1 5 9Tb (p,n)159Dy using 10 MeV proton. The Pk (K-capture probability) value

for the first excited state at 58 KeV has been measured by sum coincidence method using high

purity Ge detectors. The Pk value for the ground state has been determined from the

measurements of absolute intensities of x-rays, 58 KeV gamma ray and the P j ^ value

deduced from the present measurement. Since '*9Dy decays mainly (>99.9%) to the ground

state and 58 keV state, corrections due to the decay to other excited states are negligible, from

our data, we deduced the following results:

P k
5 8 = 0.81 ± 0.07.

P k
G = 0.75 ± 0.06

The Pk value for the 58 KeV state was measured previously (1) by observing

coincidences between k-X rays and the 58 KeV gamma-ray and obtained a value of 0.803

which agree well with our measurements. However for the ground state decay, the p ^ value

differs significantly from the previously reported value of 0.6. We have also calculated the Pk



values for both the states theoretically. The theoretical value for the ground state decay was

found to be 0.80 which lies within the experimental error of our measurement of 0.75 ± 0.06

but differs significantly from the reported value of 0.6.

REFERENCE
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15. Linear momentum transfer in a- induced nuclear reactions

R.Guin, S.K.Saha and S.K.Das

Investigations on linear momentum transfer in a-induced reactions provide important

information on nuclear reaction mechanisms, particularly in terms of equilibrium and pre-

equilibrium processes involved in nuclear reactions. The linear momentum transfer has been

studied in the a-induced reactions on silver target in the energy range of 20-60 MeV. The

study has been extended to other medium heavy nuclides e.g. Rb and In. The main interest

with rubidium target is to see the linear momentum transfer in °^Rb (a,an) °4Rb reaction

channel. In our earlier measurement(l) of m/g ratio, it was observed that some nonequilibrium

process takes place in this reaction even at lower a-energy region. Hence it will be interesting

to verify this from linear momentum transfer. Since rubidium target h not available in metallic

form, vacuum evaporated RbCl targets on aluminum backing foil were used in the experiment.

The indium targets were made by vacuum evaporation of indium metal foil on Al backing. The

thickness of targets was measured by the difference of weights of evaporated targets and the

backing foil. Stack-foils of the targets with aluminum degraders in between were irradiated

with a-beam. For a-beams of energy 40 and 50 MeV, the beam current was measured using

aluminum monitor foil. Since the cross-section of Na activity from Al at 30 MeV of a-

energy is very small, copper was used as monitor foil for the intensity measurement of 30

MeV a-beam. The experimental results are being finalised.
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16. Development of a fast-slow coincidence set-up

S.K. Das, S.K. Saha and R. Guin

A fast-slow coincidence logic unit has been developed with two 1.5" X 1.5" Nal(Tl)

crystals coupled to high gain P.M. tubes which are connected to a fast-slow logic circuit. The

time resolution of this unit was measured with the coincidence of 511-511 KeV cascade of

2^Na. This was found to be 1 nsec. The performance of this setup has been tested with the

measurement of the 81 KeV level of ^ C s . Tn e measured life time has been found to be

within the error limit of the literature data. Life time nsec. levels of several other nuclides viz.
1̂ 9 179
1 J ZTe, ' / zLu and others would be measured by this unit. This measurement is a part of the

nuclear spectroscopic work.

The same setup would also be used for perturbed angular correlation (PAC) studies in

solid state matrices and chemical compounds using different probes e.g. '^In, ''^Lu and
100
i W P d etc. which are produced in the cyclotron. A preliminary run in this regard has been
carried out with * ^ In probe produced in situ from (a, xn) reaction in Cd metal matrix.

17. Testing of GRB detector at ISRO Satellite Centre, Bangalore

S.B. Manohar, B.S. Tomar and P.P. Burte

After the discovery of cosmic gamma ray bursts (GRBs) in 1973 a large amount of data

have been accumulated for identification of the sources of GRBs. However it remains an

unresolved puzzle . In India the first GRB experiment was designed and launched on board the

Indian SROSS-C Satellite on May 20, 1992. The satellite had a lifespan of 55 days during

which in all 53 events triggers were found. The next flight of SROSS-C is expected in year

1994. In this experiment a 76mm X 12mm CsI(Na) detector will be used for detection of

GRBs.

The intrinsic efficiency of this detector as a function of gamma ray energy as well as

the dependence of intrinsic efficiency on the angle of incidence of gamma ray with respect to

detector axis were determined using standard sources of l-"Ba, *'Co, ^ C s , -^Mn and

Am. The detector was mounted on a turn table which could be rotated by 360 degrees,

while the source was mounted on a stationary holder. The source to detector distance was kept
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at 40 cm. The detector was rotated from -90 to +90 degree in steps of 15 degree. The photo

peak areas of the gamma rays were used to calculate the absolute efficiencies using the known

source strengths. The intrinsic efficiencies were obtained by correcting the absolute efficiencies

for the solid angle. It was found that the intrinsic efficiency decreased with increasing angle

for low energy gamma rays and the trend was reversed for the higher energies. Further the

experimental efficiencies were found to be lower than the computed efficiency with the

difference being significant for lower energies indicating that some thickness of the detector

was dead owing to migration of sodium. The dead layer was experimentally determined from
10Qthe measurement of intensity ratio of 22 keV X-ray and 88 keV gamma ray of 1U7Cd and

using the known absorption coefficients for the two gamma rays in Csl. This system is one of

the payloads on board the SROSS-C2 satellite launched on 4th May 1994.

18. Synthesis and detection of trace levels of Fermium-250

A. Ramaswami, G.K. Gubbi, J.N. Mathur, R.J. Singh and M.S.Murali

As part of the program of research on the synthesis and studies on the nuclear and

chemical properties of the man made trans plutonium elements, Fermium - 250 ( half -life:

30min) has been synthesised and detected in heavy-ion-induced reactions. This isotope was

synthesised by the 2 3 8U (16O,Xn) reaction using the BARC/TIFR Pelletron facility at TIFR

Bombay.

Rolled natural uianium metal foil 25mg/cm2 thick was irradiated with 96 MeV * O

ions. The ion current was measured using an electron suppressed faraday cup. The average ion

current was 100 nA. After irradiation the foil was dissolved in 6M HC1 with few drops of

hydrogen peroxide. ^ ' A r a tracer was added to this solution as an internal standard for the

determination of chemical yield and the detector efficiency. Bulk of the uranium was

selectively removed from this solution by extracting U(VI) in tri lauryl- amine. The remaining

traces of uranium were removed by anion exchange separation. Alpha spectrum of the sample

was taken on a silicon surface barrier detector connected to a 4K analyser. Fig 8. shows the

alpha spectrum of the sample one hour after the end of the irradiation. Events corresponding to
2 5 0Fm (E =7.43MeV), and 246Cf(E = 6.75MeV), daughter product of 25OFm and 241Am

(E = 5.49 MeV) is clearly observed. Fig 9. shows the alpha spectrum of the sample two

hours after the end of the irradiation. Events corresponding to 2 ^ F m , 24^Cf and 2 4 1 Am are
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also observed in this spectrum but the decay of the events due to ZJUFm is clearly seen. Fig

10. shows the alpha spectrum ten hours after the end of the irradiation. No event

corresponding to 2 ^ F m is observed because of its complete decay and fresh events due to
2 4 2Cm, the daughter product of 24*>cf are seen. The estimated half life confirmed the

formation of 2 5 0 Fm. We could separate 5Bq of 2 5 0Fm by the 238U(16O,4n) reaction.

19. Chemical Separations for the studies of elements 103, 104 and 105 using ARC A

system

J.V. Kratz, R. Guenther, A.V.R. Reddy*, U. Becker, Institut fuer Kernchemie,

Universitaet Mainz, Mainz, Germany and M. Schaedel, W. Bruechle, G. Schausten, GSI,

U NIL AC, Darmstadt, Germany.

* on deputation.

Studies on production and properties of transactinide elements such as 104, 105, 106

etc. are interesting and challenging [1,2]. Isotopes of these elements are produced by

bombarding exotic target nuclei such as 24°Cm, 24"Bk etc with heavy ion beams by the

following nuclear reactions [3}

^ 2 ^ <r=5nb, T1 / 2=78s

a=6nb, T 1 / 2 = 34s

o-0.3nb, T1 / 2=0.9s

Isotopes of heavy elements have short half lives. They are produced at a very low rate

owing to low cross sections. In view of low production rate and short half lives, efficient and

rapid radiochemical separations are required to separate the heavy elements to study their

nuclear and chemical properties. Prior to chemical separations, a gas jet is used to transport

the reaction products from their production site to chemical site. Investigations on chemical

properties of these elements, therefore, need chemical separations that have to be modified and

adapted to achieve : (1) short separation time, (2) applicability for using with sub-tracer

amounts, (3) the separated products should be in a form that is suitable for measurements and
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(4) amenability for automation at a later stage. Prior to the actual studies on heavy elements,

separation procedures are developed and standardised using homologues of the heavy elements

on the assumption that transactinide elements behave very similar to the respective homologues

though some deviations were predicted by relativistic calculations.

Computer controlled automated separation techniques such as SISAK (Short-lived

Isotopes Studied by the AKufve technique) and ARCA (Automated Rapid Chemistry

Apparatus) are two techniques that are used for separations in the liquid phase. To arrive at

optimum conditions and estimations of yields a series of experiments were carried out using

homologues to use them in the experiments subsequently performed at Berkeley by this group.

For the investigations of chemical and nuclear properties of heavy elements, ARCA*4) proved

to be very useful system for fast repetitive separations of heavy elements from unwanted

react-on products that are produced alongwith heavy element isotopes. Reaction products are

transported continuously from the target chamber by KCl aerosol loaded gas jet from TRIGAA

reactor and deposited on one of the two alternating polyethylene frits of ARCA. After one

minute collection, this frit was moved on top of the mini column containing Aminex. Reaction

products attached to aerosols were dissolved in appropriate aqueous solution, complexed and

extracted into a-HIB (Isobutyric Acid), while the non-extractable species ran through the

waste. Appropriate eluent was used to elute either Nb/Zr(group V) or Er/Y (group III) selec-

tively and the optimum conditions were established. While washing and elution were

performed, second frit was positioned to collect the products in the next one minute during

which next mini column was positioned below this frit. In this way continuously samples were

collected to get good counting statistics. 15 to 17 drops of 0.05 M a-HIB (corresponding to

elution time of 10 sec) were found to be useful to selectively complex and retain groups IV

and III elements on the column while elements ot group V ran through along with elements of

other group which do not interfere in these studies. Later Zr was eluted from the column with

9 to 10 drops (elution time 6 sec) of 0.1 M HC1. This procedure was used to study elements

105 and 104. Following this procedure, one experiment per minute could be carried out

though total time required for loading and elution -ycle is of the order of 40 sec.

In another set of experiments, using 15 to 17 drops of 0.1 M HC1 + 0.1 M HF

selectively Er, Ho and Y were retained while Nb. Zr and other elements ran through the

column. Er, Ho and Y are sequentially eluted with 0.07 M a-HIB after converting the column

from H + form to NH4" form by passing 0.5 M NH4CI for 15 sec. Important positions in a

typical chromatogram are as follows : 10 drops of dead volume; 11 to 16 drops: pure fraction

of Er (55 to 60%); 16 to 20 mixture of Er and Ho, 20 to 39 drops : mainly Ho with small
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contaminations of Er and Ho and the rest pure Y. Er fraction was used to study the possible

EC decay branch of 2^Lr isotope. In the present studies fractions consisting of 3 to 8 drops of

eluted solution were collected and simultaneously measured gamma spectrometrically using

five efficiency calibrated HPGe detectors. Programs RAYGUN and SPANAL were used to

evaluate peak areas which were used to calculate yields. Over 200 experiments were

performed to arrive at optimum conditions.
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20. Separation of Zr and Hf : Preparations for the study of element 104

A.V.R. Reddy and J.V. Kratz *

Institut fuer Kernchemie, Universitaet Mainz, Mainz, Germany.

Zr,Hf and element 104 are members of Group IVB. In order to investigate the

chemical properties of 104 using ARC A, separations of Zr and Hf in different chemical

environments are being investigated. Zr and Hf behave very similarly and it is very difficult

to mutually separate Zr and Hf. Additional lestriction is that acids such as H2SO4 and HCIO4

are not to be used in these separations as the final samples obtained in the experiments

involving element 104 using ARCA^) have to be dried in a short period to prepare weightless

sources for a and fission fragment measurements. HF is not considered in view of its strong

affinity with both Zr and Hf in forming very stable complexes at all concentrations. It leaves

the choice of mineral acids to HC1 and HNO3.

General methodology consists of (i) choosing a method of separation of Zr and Hf from

other elements, particularly from members of Group III, (ii) optimising the conditions so as to

have differential separations of Zr and Hf, (iii) Preparation of exchanger on an inert support

and establish the optimum conditions, (iv) back extraction of Zr and Hf with reasonable resolu-

tion or with two different elution conditions, (v) adaptability of these conditions while using
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sub-tracer amounts of Zr and Hf ( carrier free tracers), (vi) automation of all the steps in

ARCA using HPLC and (vii) actual separation of element 104 alongwith homologues Zr and

Hf and pseudo homologues Th and Pu that are produced by specific nuclear reactions, to

establish ch^.ical properties of element 104.

Zr and Hf were extracted from HC1 into TTA/benzene. Nearly 10 min were required

for attaining equilibrium. Extraction of Zr and Hf werj measured as a function of acid

concentration. Zr could be extracted quantitatively from 7M and above, whereas Hf from 9M

onwards. Addition of neutral extractant TBP enhanced the extent of extraction and speed of

extraction. Zr and Hf were extracted using a synergistic mixture of equimolar HTTA and

TBP (0.1M each) in benzene and percentage of extraction as a function of acid concentration

is given in Fig.ll. At 1 M HC1, around 50% of Zr was extracted and extent of extraction

increased as a function of acidity and reached 100% at 8 M and above. Though nearly 100%

of Hf was extracted at 8M and above, Hf extraction was lower than that of Zr in all the lower

molarities. Inside 30 sec, Zr was extracted quantitatively whereas Hf needed about a min for

attaining equilibrium.

Equimolar mixture of HTTA and TBP on Voltalef to get a 1:1:4 TTLV (TTA and TBP

Loaded on Voltalef) was prepared. 1.0 g of HTTA was dissolved in 1.2ml of TBP and diluted

to 15 ml of methanol. To this 4 g of voltalef was added and a slurry was made. It was slowly

evaporated under fumehood suction with frequent stirring. Batch extractions using TTLV

were satisfactory, though extractions were enhanced. Loading and elution patterns were

standardised using TTLV packed columns. Best elution patterns were obtained using TTLV

(1:1:7), size of the Voltalef is between 64 ^m and 125 ;zm and the column size is 50mm X

3mm. A typical chromatogram obtained for Zr (carrier free) and Hf with carrier is shown in

Fig. 12. This chromatogram is divided into parts A.B,C,D and E. Pan A is the loading and

washing fraction (12M HC1). Part B is the dead volume while using 7M HC1. Part C is the

volume in which 85% of pure Hf is eluted. Part D is the unresolved fraction containing 15%

of Zr and 10% of Hf. Firt E is the fraction containing pure Zr (1M HC1). Experimental work

using micro columns (20mmx2mm) and HPLC are being continued.
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21. Optimisation of yields of a gas jet transport system

R. Guenther, J.V. Kratz, A.V.R. Reddy*, U. Becker

Institut fuer Kernchemie, Universitaet Mainz, Mainz, Germany and M. Schaedel, W.

Bruechle, A. Jaeger and E. Schimpf, GS1, UNILAC, Darmstadt, Germany.

* on deputation.

Gas jet transport system, is one of the fastest means to transport reaction products from

reaction site such as accelerator or nuclear reactor to the chemical site and is extensively used

in the studies of short lived nuclides and heavy element research. KC1 aerosol loaded helium is

often used as carrier gas. In one of the experimental runs at GSI in May 1992 by this group,

gas jet yields were low and inconsistent. In view of this, to arrive at optimum conditions,

systematic investigations on the dependence of transport yield on aerosol size, concentration,

temperature of the oven where aerosols are generated, pressure of carrier gas etc. were

initiated. Initial studies were standardised at TRIG A reactor, Institute Fuer Kernchemie,

Mainz, later tested at UNILAC, GSI, Darmstadt and Pelletron, MPI, Heidelberg. Aerosol

particles were generated by evaporation - condensation mechanism in the oven at different

temperatures between 600°C and 70Q°C and were fed to a Differential Mobility Particle sizing

and Counting system (DMPC) to measure particle size distribution before sending to reaction

chamber. Aerosol particles with a size distribution between 70 to 300 nm were obtained in

the temperature range of 640°C to 680°C. Natural Dy target was bombarded with 135 MeV

beam of 1°O"+ to produce isotope of Hf, Ta and W, homologues of elements 104, 105 and

106 respectively. Reaction products were transported using gas jet with different sizes of

aerosols, which could be adjusted with different helium flow rates and/or oven temperatures,

and were collected on a frit which was monitored using off-line gamma spectrometry. Yields

were determined'*' as a function of various parameters such as helium flow, aerosol size,

particle concentration, beam current etc. Higher beam currents gave poor yields. Further

investigations were carried out at Tandem accelerator, Heidelberg using the reaction products

produced in the reaction 1 8 1Ta(1 2O5 + ,xn)193"xnAu (E=77 MeV). Particle charge

distribution in the reaction chamber was bipolar and was confirmed by measuring change in

yields by applying voltage to the reaction chamber. By placing a charge neutraUser such as

°-*Kr behind the target, transport yields improved by 20%. Optimum conditions for g°°d

transport yields were : 1.4 to 2.0 1/min of helium flow, KC1 oven temperature of 640 C,

capillary of dia 1.5 mm over a distance of 20 m., charge neutraliser behind the target, oval
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shaped inner chamber to set in laminar flow e tc / 2 ' . Variation of transport yields as a function

of beam current, capillary tube length, pressure etc. were investigated. High yields were

observed with low current (30 nA) and they remained constant upto a length of 20 m capillary

tube-length. In Fig. 13; variation of transport yield as a function of beam current is shown.

Although nearly 80% transport yields were obtained with current of 30 to 50 nA, it was

decided to use higher currents in the region of /*A in the heavy element studies in view of

their low cross sections of production although transport yields were in the range of 60-65%

only.
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22. Separation Studies of Zr.Hf, Nb.Ta and M0,W using SISAK for the

investigations of elements 104, 105 and 106.

B. Wierczinski, K. Eberhardt, G. Herrmann, A. Naehler, M. Pense-Maskow, A.V.R.

Reddy*, N. Trautmann, G. Skamemark1, J.Alstadt2, H.W. Gaeggler3 and D. JosP Institut

fuer Kernchemie, Universitaet Mainz, Mainz, Germany.
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2. Dept. of Chemistry, University of Oslo, Norway

3. Radiochemistry, PS1, Villigen, Switzerland.

* on deputation.

SISAIO ' is another useful separation technique that is used to separate the elements

quickly for the investigations of heavy elements^2). It is based on the liquid liquid extractions.

Fast separations were optimised using homologues both at TRIGA reactor and cyclotron, PSI,

Villigen, Switzerland. Salient features and typical results are described in this contribution.

Carrier free La, Zr, Nb and Mo produced in the thermal neutron induced fission of

'•-"Pu and Hf, Ta and W tracers added externally were separated from the unwanted fission

products. Fission products were transported from the target chamber to the degasser unit of

SISAK(') by KC1 aerosols loaded nitrogen carrier gas. In the degasser unit, these aerosols

were dissolved in the appropriate aqueous phase maintained at around 65°C. This was joined

by organic phase in a static mixer. Phase separation is achieved in the H.03 centrifuge in
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which the phases contact times were 40 ms and the speed of the centrifuge is "20000 rpm.

Both organic and aqueous phases were separated inside 0.3 s and were passed through two

capillary tubes before efficiency calibrated HPGe detectors for assaying the activities. Flow

rates of both phases were maintained at about 26 to 30 ml/min. Overall time lag from the svart

of the irradiation to the counting was 3 s which was measured over a series of experiments by

operating TRIGA reactor in the pulse mode.

Separations were aimed to get maximum extraction of group V elements of interest and

to avoid contamination from elements from other groups. It should be noted that these

extractions were non-equilibrium type in which the extraction yield was sacrificed to achieve

fast separation. Based on the off-line batch experiments for group V elements, 1M a-HIB was

chosen as the aqueous phase and different Vol% of TO A (1 to 10 %) in Shellsol T was taken

as the organic phase. At each TOA concentration, effect of pH (1 to 5 ) was studied. Higher

concentration of TOA extracted not only Nb and Mo, but also Zr which was not desirable.

Extraction of Mo was tolerated as its higher homologue, element 106 will not be produced

alongwith the production of element 105 by complete fusion reaction. Extractions at lower pH

had maximum decontamination from La and Zr and therefore are useful. Results suggest that

the optimum conditions to separate element 105 using SISAK are pH 1.2 and 2 vol % TOA in

Shellsol T and typical extractions of Ta, W and Hf are 95%, 88% and< 5% respectively

(Fig. 14)

Off-line laboratory developed liquid-liquid separation systems were tested using SISAK

3 for arriving at optimum conditions to have contamination free, maximum possible extraction

of element of interest, using cyclotron produced Hf, Ta and W isotopes at Paul Scherrer

Institute, Villigen, Switzerland. Experimental set up, transport system, separation conditions

and measurements were similar to those described earlier.

Five thin foils of tantalum were sandwiched with 10 thin foils of hafnium and were

bombarded with 49 MeV alpha particle beam and the energy at the end of last foil was 15

MeV. Beam current was around 1 to 1.5 /zA (panicle). Isotopes 183W(5.3s), 179W(6.7m),
177W(2.25h), 179mHf(18.7s), 182mTa(16m) were produced by («,«'), (a,xn), (a,pxn)

reactions and were continuously transported by KCl aerosol loaded gas jet over a distance of

90 m where SISAK 3 and measuring systems were located. Many parameters such as % of

organic phase, diluent, acid strength or pH etc. were varied and optimum conditions were

determined. Summary of the results are as follows. (1) For element 104 : 10 vol% DBP either

in shellsol T or toluene was found to extract only Hf from 6M HNO3 with 15 vol% H2O2.

(2) For element 105 : 2 vol%TOA in shellsol T or toluene extracted Ta free of Hf from 1M a-
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HIB at pH 1.5. (3) For element 106 : Two systems work effectively, (a) 50g/l TOPO in

shellsol T from 4.5M HC1 and (b)10 vol% Aliquot-336 in toluene from 6M HC1. A plot of the

percentage extraction of Ta, W and Hf into 2 vol% TOA in shellsol T from a-HIB is shown in

Fig. 15. Even while dealing with very small amounts of activity, it confirms the behaviour that

was seen in the case of reactor experiments.

In the studies of heavy elements, organic phase will be monitored on-line by measuring

alpha spectrum of heavy elements and their daughter products by special PMTs using

dimethyl-POPOP as the scintillators together with naphthalene in toluene. Laboratory

simulated measurements showed that toluene based scintillators gave good resolution compared

to other organic diluents that were used in the separations. More emphasis, therefore, was

given to toluene.
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23. Temperature dependence of positron annihilation parameter in Bi-Ca-Sr-Cu-0

superconductors

P.K. Pujari, T. Datta, U. De and B. Ghosh

Positron annihilation spectroscopy (,PAS) is an excellent microscopic probe for

electronic structure of solids specially the ceramic high temperature superconductors. Positron

life-time(T) spectroscopy(LTS) and Doppler broadened annihilation line-shape (DBALS)

parameter (S) show changes at Tc[l] in several superconductors e.g., in Y-Ba-Cu-O,

Tl-Ca-Ba-Cu-O, YBa2Cu4Og, Nd-Ce-Cu-0 and Bi-Ca-Sr-Cu-O. In the present work we

report the temperature dependence of S-parameter across Tc as well as life-time measurements

in normal (300°K) and superconducting (15°K) states on Bi-2:1:2:2 and Bi-2:2:2:3

superconductors. The results in the latter compound is reported for the first time. The ob-

servations are discussed in the light of the expected positron density distribution (PDD) [2]

and a charge-transfer (CT) process between the CuC>2 and BiO planes (3].

Oy (Bi-2:2:2:3) compound prepared by the usual solid state reaction had
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a Tc = 106°K (R=0) and was seen to be single-phased from X-ray diffraction.

Bi2CaSr2Cu20. (Bi-2:1:2:2) compound, prepared likewise, was seen to be single phased with

a Tc = 53°K(R=O). A ^ N a positron source was used. S-parameter measurements were carried

out from 300°K to 15°K using a APD closed cycle helium refrigerator. A fast-fast

coincidence spectrometer with a time resolution of 250 ps was used for LTS measurements at

15 and 300°K . The response function as well as source contribution were corrected for. The

life-time spectra were analysed using POSITRONF1T | l j .

The life-time analysis showed two components, TJ and T2. The average life-time, T,

and bulk life-time, Tg, were calculated using TJ, T2, IJ and I2 as

T= Tj . I j + T2 .I2

Tg = ( Ij/Tj + l2lT2Y
l

Table 7 shows that, room-temperature(300 °K) TJ.; T2 and Tg obtained for Bi-2:1:2:2

are 220 ps(75%), 377 ps(25%) and 245 ps respectively. The T B for Bi-2:2:2:3 is lower(230

ps) compared to the Bi-2:1:2:2 phase(245 ps), consistent with the observation in Tl-series

where the T decreases with increasing number of CuO2 planes. In the superconducting state

(15 °K), the TB values were 4 ps and 7 ps less compared to those at 300 °K for Bi-2:2:2:3 and

Bi-2:1:2:2 samples respectively. The S-parameter evaluated as a function of temperature in Bi-

2:1:2:2 and Bi-2:2:2:3 is seen to decrease at the onset of superconductivity as shown in

Fig. 16. The present observation is consistent with our earlier measurements(4] on Bi-2:1:2:2

and Bi-(2:1:2:2+2:2:2:3) showing an increase in the higher momentum component at the

onset of superconducting transition in these compounds.

There are several possible reasons for temperature dependency of S and T parameters in

high Tc superconductors, such as, changes in local electron density, changes in momentum

distribution of electron due to structural transition, effect of superconducting gap parameter,

changes in electron-positron correlation etc. In Bi-based superconductors a calculation by

Sundar et al[2] shows the maximum of positron density distribution(PDD) in the region

between the Bi-0 layers and the positron density at CuO-? planes is negligible. The Bi-0

planes might be electronically active(5] at the onset of superconductivity. The invo!vement|5|

of Bi-0 layer in the mechanism of high temperature superconductivity is also apparent as,

apart from CuO-> derived bands, the Fermi level is contributed by the Bi-0 derived bands. It is

also known that Bi-0 plane acts like a charge reservoir and a charge-transfer process exists

between CuO? and Bi-0 layers. At the onset of superconductivity, a local electron transfer

from CuO2 to Bi-0 plane results in generation of holes (charge carriers) in the CuO2 plane
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and a concomitant increase in electron density in the Bi-0 plane. This leads to a reduction in T

in the superconducting state as observed. Under the electron-gas approximation, an increase in

electron density would lead to an increase in Fermi cut-off (momentum) reducing the area

under the central low-momentum region of Doppler curve. Therefore, an increase in electron

density would also decrease S-parameter at the onset of superconductivity as seen in this work

(Fig. 16).It is further interesting to note that different temperature dependencies of the S and T

parameters were also seen in YBCO as in the present experiments, indicating a link between

the heat treatment conditions and the PDD.
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Table 7: Results of life-time measurements on
Bi-superconductors.

Sample Tl (ps) r2 (ps) r (ps) T B (ps)

Bi-2:l:2:2 220(75%) 377(25%) 259 245

Bi-2:2:2:3 223(93%) 396(7%) 235 230
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24. Optimisation of a high level neutron coincidence counter

S.P.Dange, T.Datta, D.B. Gurav, D.Paranjpe and J.K. Samuel.

To assay small( few grams) to large amount ( <2 kG) of plutonium in various

chemical matrices, neutron coincidence counting techniques are used. This method is

applicable for plutonium in sealed containment for storage, finished products e.g., fuel

pins/bundles and in operational waste samples. The method is based on coincidence counting

of the time-correlated spontaneous fission neutrons from even-even Pu isotopes, especially

2 4 0 ^ p r o m thg knowledge of the rate of fission neutron emission or ^^Pu amount and the

Pu-isotopic composition, total Pu amount is deduced. Application of the method also involves

appropriate corrections for dead-time, neutron-multiplication apart from accurate efficiency

calibration for total and coincidence neutron counting in a high level neutron coincidence coun-

ter (HLNCC).

A HLNCC unit comprising of 24 ^He counters housed in a moderator/reflector

assembly of HDPE with well dia. 36 cm. and height 50 cm was fabricated. This unit is

equipped with a shift-register based coincidence logic of selectable gate-widths 64 and 128 us

with a coincidence dead time of 2/is. This unit has been optimized with respect to the

electronics components and restandardised. The unit has an overall dead time of 6/zs, gross-

efficiency of 16.8% for total neutrons and coincidence efficiency of 1.5% for coincidence

neutrons from Pu in spite of the wide geometry for acceptance of large-size samples. The unit

has been tested for measurement of large and small quantities of plutonium in different

matrices. It is capable of measuring a few(>4 g) grams of Pu even in fluoride matrix and

lower amount in oxide matrix. The unit is in regular use at present.

25. Assay of uranium in U-bearing waste produced at natural uranium metal fuel
fabrication plants by gamma-ray spectrometry

P.C.Kalsi, A.K.Pandey and R.H.Iyer

A passive gamma measurement technique is investigated for the assay of U-bearing

wastes generated at the Natural Uranium Metal Fuel Fabrication Plants. A 3"X 3 " NaI(Tl)

detector was used in conjunction with a multi-channel Analyzer (MCA). The observed count
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11Q

rate of the 1 MeV x-ray from the ~JO\J in the sample was corrected for sample self-

absorption and for absorption in the walls of the sample container. These correction factors

were determined using one reference standard and from a knowledge of the sample weight,

composition and the geometry of the sample container made of pure aluminium. The amount
9-30

of ^JOU in the samples were measured by comparing the corrected area under the 1 MeV
gamma ray peak of the known reference standard with the corresponding corrected peak areas

of the samples to be measured. To compare the Non-destructive Assay (NDA) results with

another independent method, chemical analysis of all the U-bearing waste samples was also

carried out. The NDA results were found to agree within ± 15% with the chemical analysis

results (Tables 8 and 9). To make the method cost-effective, rapid and useful for plant

operation on a routine basis , all the measurements were repeated using a single channel

analyzer (SCA) also. The NDA results obtained with SCA agree within ± 30% with the

chemical analysis results.

Table-8: NDA of U-bearing waste using NaI(Tl)-MCA

S.No.

1.

2.
3.
4.

5.

6.
7.

8.

9.

10.

11.

Counts/inin.

(CPM)

4502±97
4651±59
4400±139
5416±137
4942±186
4449±165
4086±23
4353±64
4032±123
4844±88
40771130

CPM after
atten.corr.

(R)

5267±113
5442±69
5148±163
63371160
57821218
52051193
4781127
5093175
47171144
56671103
47701152

U found as
in gins, by

NDA*
(W=WSXR/RS)

26.6310.57
27.5110.35
26.0310.82
32.0210.81
29.23+1.10
26.31+0.98
24.1610.14
25.7410.38
23.8510.73
28.6510.52
24.1110.77

u3o8

C.A.

27.18
28.89
27.95
29.50
32.55
31.60
25.40
28.89
24.65
27.48
27.24

Rel. error
w.r.t.C.A.

(%)

-2.0
-4.8
-6.9
+8.5
-10.2
-16. .
-4.9

-10.9
-3.3
+4.3
-11.6

*WS=11.84 g of U3O8 and Rs=23421139 corrected Counts/min.
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Table-9: NDA of synthetic U-bearing waste using NaI(Tl)-MCA

S.No.

1.
2.

3.

4.
5.

6.

U added

(gin.)

2.36
17.85

23.68

29.57
35.59

5.91

CPM

436120
2876+53

39441112

5113183

6091+89

1006151

CPM after
atten.corr.

(R)

510123
3365+63
46151131
5982137
71271104
1177160

U found
in grns.
by NDA
(W=WSXR/RS)

2.5810.12
17.0110.32
23.3310.66
30.24+0.49
36.0310.53
5.9510.30

Diff

. . (%

+9.
-4.
-1.

+2.

+1.
+0.

•

),

3

7

5
3

2

7

*WS=11.84 g of U3O8 and Rs=2342il39 corrected Counts/min.

26. Thermal studies on unirradiated and gamma-irradiated polymer of allyl diglycol
carbonate (CR - 39)

P.C.Kalsi , A.K.Pandey, R.H.Iyer and K.D.Singh*

*F.C.D.

Thermal degradation of unirradiated and gamma irradiated CR-39 in flowing air was

carried out using DTA and TG techniques. About 11 mg. of polymer samples were heated at

the rate of 6 °C/min. upto 600 °C in a ULVAC Thermoanalyser using sintered AI2O3 as

reference material for DTA. TG and DTA curves show four main steps of decomposition of

CR-39 in air. Effects of "°Co r-irradiation on the thermal decomposition of CR-39 are also

investigated. The CR-39 pieces each of size 2 cm2 were cut from a big sheet. These samples

were irradiated with ^ C o r-rays to the dose of 5.93 M Rad at the gamma irradiator. The

preirradiated sample was then taken for the DTA-TG studies. These studies show that 5.93 M

Rad gamma irradiated CR-39 degrades in three steps while 15.5 M Rad gamma irradiated

degrades in two steps. The temperature of start and completion of decomposition of these steps

are also lowered in the irradiated sample.

The kinetics of the different stages of degradation of un-irradiated and gamma

irradiated CR-39 were also evaluated. The results indicate that the activation energies

calculated for the different stages of the degradation are lower in samples irradiated with
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gamma rays. Hence irradiation affects the decomposition steps but does not modify their

mechanisms. This may be due to the i'act that when radiations interact with CR-39, they pro-

duce some damage in the material. The damage caused by the radiation could be due to the

production of radicals which may increase the decomposition rate.

II. ACTINIDE CHEMISTRY

27. Double sulphates of Pu(III) and lanthanides

P.N.Iyer

1.1. Thallium plutonium (III) double sulphate tetrahydrate TlPu(SO4)2. 4 ^ 0 :

TlPu(SO4)2- 4 H 2 ^ w a s prepared and characterised by chemical and thermal analysis.

The IR spectra coupled with x-ray powder diffraction data showed that the compound is

isomorphous to RbLntSC^^- 4 ^ 0 (1) as well as TlLn(SO4)2- 4 ^ 0 reported in the

previous annual report(2). The powder data showed that the compound is monoclinic with a=

6.546 | 3 | , b = 18.990|7J, c =8.735 [51 A° and B = 95.72 |4] having four molecules per unit

cell.

1.2. Thallium lanthanide double sulphate monohydrate:

During the course of characterisation of TlDyCSC^. 41^0 , it was observed that the

compound is unstable with respect to water of crystallisation. Extensive thermal dehydration

studies were carried out on a batch of TlDy(SO4)2- 41^0 stored under ambient laboratory

conditions for several months. These studies showed that the compound looses three molecules

of water of crystallisation over a period of time and forms stable monohydrate phase. X-ray

powder data showed that the compound is structurally different from TlDy(SO4)2- 4 ^ 0 .

Chemical analysis for sulphate,Tl and Dy by standard analytical methods confirmed that the

compound is TlDy(SO4>2. H2O. It could also be prepared from a solution containing TI2SO4

and Dy2(SO4>3. 8H2O in stoichiometric ratio in dilute sulphuric acid medium by slow

evaporation at 60 ± 10° C. X-ray powder data of the compound thus obtained could be

indexed with a monoclinic unit cell of a = 10.256 |6], b = 8.390 |2] c = 10.440 | 3 | A° and

ft •- 120.09°(1). Similar monohydrates could be prepared for Sm to Tb under the above

experimental conditions. These compounds appear to be isomorphous to N^LnCSC^)-}. H2O

(3).
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28. Radiolytic degradation of Unsymmetrical mono-amides

P. B. Ruikar, K. K. Gupta* and M. S. Nagar

* PREFRE, Tarapur

In continuation of the studies on the extent of radiolytic degradation of unsymmetrical

mono-amides, three methylbutyl- derivatives of hexanamide(MBHA), octanamide(MBOA) and

decanamide (MBDA) were investigated in the dose range 0 to 184 Mrads. The decrease in

amide contents were determined using quantitative I.R. Spectroscopic method by monitoring

the decrease in intensity of the carbonyl stretching frequency at 1640 cm" . The results

indicate that MBOA is more resistant to radiolytic degradation. It was observed that the amide

contents decreased to 30.6% (MBHA); 48.0%(MBOA) and 47.6%(MBDA) when irradiated to

184 Mrads.

29. Extraction behaviour of Uranium (VI), Plutonium (IV) and some fission

products with gamma irradiated unsymmetrical and symmetrical dialkyl amides

P. B. Ruikar, K. K. Gupta*, M. S. Nagar and M. S. Subramanian

* PREFRE, Tarapur

The extraction behaviour of U(IV), Pu(IV) and fission products like Zr(IV), ruthenium

and Eu(III) from 3.5 M nitric acid with gamma irradiated dihexyl-(DHHA, DHOA and

DHDA) and methylbutyl- (MBHA, MBOA and MBDA) derivatives of hexanamide,

octanamide and decanamide in n-dodecane has been investigated as a function of absorbed dose

upto 184 Mrads. In this connection the radiation stability of these amides have been

determined.

The effect of gamma dose on distribution ratio (D) of Pu(IV) and U(VI) were

determined by subjecting the 3.5 M HN03 equilibrated 0.5 M DHHA, DHOA, DHDA and

0.5 M MBHA, MBOA and MBDA solutions in dodecane to Co°^ gamma irradiations (upto
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184 Mrads) and then determining the distribution ratios of U (VI) and Pu (IV).

Figures 17 and 18 show that the D values of Pu(lV) increases rapidly beyond a dose of

30 Mrads (for unsymmetrical amides; MBHA, MBOA and MBDA) and 20 Mrads (for

symmetrical amides; DHHA, DHOA and DHDA) probably due to the extraction of synergic

complexes involving an acidic component (carboxylic acid) along with amide. The extraction

of U(VI), on the other hand, decreases continuously due to the decrease in amide concentration

through radiation damage. Europium(III) and ruthenium do not get extracted in the entire dose

range of 0 to 184 Mrads. The slow increase in the extract ~ of Zr(lV) can be attributed to the

formation of soluble neutral complex between Zr(IV) and the 'dcidic component produced

during radiolysis. Similarly, in case of Pu(IV) and Zr(IV) the rapid decrease in extraction was

observed only after 72 Mrads due to emulsification.

Infrared spectral studies have confirmed the final product of radiolysis to be respective

amines and carboxylic acids. Radiolytic degradation were found to follow the order

DHHA(82.0%) > DHOA (52.2%) > DHDA (51.3%) > MBOA (47.9%) > MBDA

(47.6%) > MBHA(30.6%) when irradiated to 184 Mrads. These studies indicate that the

workable dose range for separation processes with these dialkyl amides is < 20 Mrads.
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30. Studies on solid plutonium (IV), U(IV), Th(IV) and Nd(III) nitrate complexes with

CMP and CMPO

P. B. Ruikar, J. N. Mathur, M. S. Nagar and R. H. Iyer

Eight complexes of the type M(NO3)n mx where M = Pu4 + , T h 4 + , UO2
 + + and

Nd3 + , m=2 for Pu 4 + and Nd 3 + and m=l for U C b + + and m=1.5 for T h 4 + and X=
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dihexyl N,N'-diethylcarbamoyl methyl phosphonate(CMP) or octyl(phenyl) N,N'-diisobutyl

carbamoyl methyl phosphine oxide(CMPO) were isolated and purified from benzene medium

using solvent extraction technique. The complexes have been characterised by their m.pt,

carbon, hydrogen, nitrogen and metal contents (Table-10). The I.R. spectra of the complexes

Table - 1 0 : Analytical data of Pu(IY), D(VI), Tb(IV) and Nd(III) nitrato coiplexes of Off and CMPO

S.Ho. Coaplex Nature Hpt/Bpt Analytical details (I) Metal contents

colour I Carbon \ Hydrogen \ Nitrogen Radioietry Graviaetry/Spectro
photonetry

1. U02(H03)2.10CPO Yellow 168,5'C 36.20(35.96) 5.63(5.28) 5.50(5.24} - 31.04(29.70)

2. UO2(NO3)2.1CKP Yellow * 28.73(28.54) 4.75(5.06) 5.41(5,35) - 30.05(30.30)
Syrupy
Liquid

3. Pu(N03)4.2CKPO Dark 130'C 44.38(44.28) 6.46(6.51) 6.35(6.45) 18.85(18.36) 19.62(18.36)
brow
powder

4. Pu(NO3)r2CXP Brown 218.l'C 35.65(35.61) 6.33(6.31) 6.50(6.92) 20.40(19.69) - (19.69)
Pcwder

5. »d(NO3)2.2CMPO Pale 49.9'C 51.17(50.34) 7.49(7.39) 6.10(6.11) - 11.91(12.59)
blue

6. Nd(NO3)2.2CHP Pale * 41.85(40.90) 7,50(7.25) 5.88(6.29) - 13.66(12.96)
blue
Liquid

7. n)(NO3)rlfflPO White 92.2'C 37.99(39.62) 6.37(6.82) 7.42(7.88) - 24.26(26.12)
solid

8. H)(NO3)rlfflP White 66.6'C 26.01(25.63) 4.51(4.54) 8.56(8.30) - 24.89(27.51)
solid

* liquid at room temperature

Figures in parenthesis indicate theoretical values.
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have shown that the P=O band at about 1270 cm shifts to longer wavelength at about

1170 cm"1 when both CMP and CMPO bind with metal nitrates. Also, the C=O band at about

1640 cm shifts to about 1570 cm in both the cases suggesting a strong binding of oxygens

of both C=O and P=O to the metal ions. Among the two complexes, i.e. with CMPO or

CMP the A p = o ( 1 3 0 c01"1) ^ (\ C = O (6 5 c m ^ f o r C M P 0 complexes being higher

than CMP(100 cm"1 and 60 cm"1 respectively) can be correlated to the basicity of these two

neutral donors. The nitrate stretching frequencies for these compounds were characterised at

about ( 4) 1340 cm"1, ( 2 ) 1 0 20 c m l and ( 5) 835 cm"1. The average difference between

were found to be about 320 cm which suggests that the nitrate ions act as bidentate ligands in

these complexes. In Pu(IV) CMP and CMPO complexes nitrate peak is not present and

chances are that NO3 is behaving as monodentate. The absorption spectra of Pu(IV) complexes

dissolved in tertiary butyl benzene shows the shifts of the 477 nm peak to 492 nm while the

660 nm peak splits into two twin peaks i.e. 645 nm and 663 mm. This further confirms the

strong binding of CMP and CMPO with Pu^+ . Thermal characteristics and NMR spectral

investigations are in progress.

REFERENCES

1. J.N. Mathur, M.S. Murali, M.S. Nagar, P.R. Natarajan, L.P. Badheka and A.Banerji,

J. Radioanal. Nucl. Chem. Letters, 175, 415 (1993).

31. Thermal investigation on some mono and diamide complexes of uranyl nitrate

P. B. Ruikar and M. S. Nagar

Seven uranyl dinitrate complexes with N,N'dialkylamides viz.Di-butyl ethylhexyl

amide (DBEHA) , di-isobutyl ethylhexyl amide (DIBEHA) , dibutyl hexanamide (DBHA),

dibutyl octanamide (DBOA), methylbutyl octanomide (MBOA) of the type UO2(NO3)2.2A

and tetra-butyl malonamide(TBMA) and tetraisobutyl malonamide(TIBMA) of the type

l ^ f N O ^ . A which were synthesised and characterised earlier has now been studied for

their thermal characteristics , using ULVAC-DTG Analyser TGD-7000 with a heating rate of

5°C/min. upto 500°C and 10°C/min upto 950°C.



Table - 11: Thermal data for uranyl-nitrato-amide complexes

Desertptioa

2UHUA 2UHOA 2MBOJ 2U1HHH,'. HilM TBfli

1. Molecular weight 848.8

2. Total lots or weight (X) 6b'.50
(66.90)

3. Phase change teiperature (°C) 110

4. X Ur&niui content 28.38
(28.17)

91)4.8 821). 8 904.8

(26.31) (28.99) (28.31)

904.8

68.97 66.58 65.80 68.95

(70.18) (87.11) (70.18) (70.16)

70 50 105 140

26.31 28.71 26.18 26.33

(26.31)

720

33.25

720

80.79 59.32

(62.50) (62.50)

34.49

(33.04) (33.04)

5. 1st step weight loss (X)

(liberation of 2 iiide

•olecules in lonoandei

and 2 in diandes)

53.50 58.89 51.68 56.64 55.58

(53.61)) (56.50) (51.09) (56.45) (56.45)

43.28 42.99
(45.28) (45.28)

6. llnd step weight tost (X)
(libration of 2 N03 group)

7. 1st DecoBposition teip.

Peak Height Teip. (°C)

Mature of Peak

8. llnd decoipositioa teip.

Peak Height Teip. (°C)

Nature of peak

9. Ill decoiposition teip.

Peak Height Teip. (°C)

Nature of peak.

6.5
(7.3)»

225. 290

SK , «E

320

SE

440

HE

9.50
(8.9)»

225. 270

SE , HE

320

Si

460

HE

14.47
(15.11)

225

SE

330

SE

400

HE

12.57X
(13.71)

220, 245

SE , U

330

Si!

—

13.39X
(13.71)

205, 245

SE , WE

330

Si

—

--

16.52
(17.22)

235

SE

345

HE

500

SE

16.33
(17.22)

240

SE

320

RE

500

SE

» coiputed for liberation of one nitrate group ; S.E. - Strong eiotheriic ; V.E. - Veak eiothereic; H.E. - Medius eiotbemc

Hequired values are given in the parentheses

o
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Thermal investigations(Table-ll) reveal a dip around 100°C in DTA trace of mono

amide complexes and around 140° C in di-amide complexes, presumably due to phase change

which can be attributed to the complete removal of hindered C-N bond. The two distinct

plateaus in TGA curves, corresponding to the loss of the amide and nitrate groups respectively

were observed (except in case of DBHA, DBOA complexes). This indicates the release of two

amide moieties and one nitrate group simultaneously. DTA curve shows that the

decomposition reaction proceeds on three exothermic steps at around 225-290°C, 320-350°C

and 400-500° C corresponding to the release of amide and nitrate and finally conversion to

UjOg respectively.

REFERENCES
1. P.B.Ruikar, M.S.Nagar and M.S.Subramanian; Radiochemistry division annual report,

p,75-79 (1991).

32. Extraction of uranium (VI) and plutonium (IV) with some high molecular

weight aliphatic monoamides from nitric acid medium

G.M.Nair, G.R.Mahajan and D.R.Prabhu

The use of long chain aliphatic monoamides and diamides for the extraction of actinides

is being explored in detail in our laboratory^ 1-4). Some of the amides have properties which

help in separating uranium and plutonium without valency adjustment (5). The

monoamides chosen for this study are dioctyloctanamide (DOOA), dioctylethylhexanamide

(DOEHA) and diisobutylethyl hexanamide (DIBEHA). The thermodynamic parameters of the

extraction reactions of the above systems were also determined by carrying out the extraction

experiments at different temperatures. The monoamides were synthesised and characterised in

the laboratory.

The three amides (DOOA,DOEHA and DIBEHA) extract nitric acid upon equilibration

with an aqueous solution of the acid. The quantity of acid extracted was determined as a

function of the amide concentration. The equilibrium constant(Kpj) of the extraction reaction

were determined(6). In each case, 1:1 species was formed with the KH values 0.127, 0.089

and 0.088 respectively for DOOA, DOEHA and DIBEHA. DOOA is the most basic amide

studied.
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The extraction of U(VI) and Pu(IV) with the three amides was measured as a function

of the concentration of HNO3 in the aqueous phase. DOOA is a better extractant for U(VD

than for Pu(IV) upto 5M HNO3 (Fig. 19); at higher acidity the extraction of Pu(IV) is

favoured. With DOEHA, Dy values were higher than Dpu for all concentrations of HNO3

having a maximum around 7M. On the other hand Dpy is constant between 5M and 8M

HNO3 and then increased. The reason for this difference in the behaviour of Dy and Dpy

with the variation of aqueous nitric acid concentration is not clear (Fig.20). The Dy exceeds

Dpy in the case of DIBEHA at all concentrations of HNO3. Owing to the formation of a third

phase at [HNO3] > 3.5M, the experiments were carried out below this value. The lower Dpu

as compared to Dy in the case of DOEHA and DIBEHA may be due to steric hindrance and

size difference between Pu and UO2 ions.

The D M values for U(VI) and Pu(IV) from 2M HNO3 medium were determined as a

function of amide concentration in the organic phase in the range of 0.1 to 0.5M. A log/log

plot of D M against [DOOA] and [DOEHA] yields lines with a slope of 2 for both U(VI) and

Pu(IV). With DIBEHA and Pu(IV) this treatment was not done. A slope of 2 was again

obtained for Dy and [DIBEHA1. Since DIBEHA is a highly branched amide, it was assumed

that Pu(IV) was also extracted to the organic phase as a disolvate. These results are in contrast

with earlier observations in which Pu(IV) was extracted as a trisolvate by the monoamides,

while U(VI) was extracted as the disolvate(l,2).

D M for U(VI) and Pu(IV) from 2M HNO3 was determined between 15 and 45° C with

0.5M solution of DOOA or DOEHA. Similar experiments were not carried out with DIBEHA

because of the very low values of Dpy. With the D M obtained, the equilibrium constants(KM)

for the extraction reactions were calculated after correction for the complexation of the metal

ions in the aqueous phase and the amide-nitric acid species in the organic phase(7).The

reactions are:

U02+aq + 2NO3aq + 2Aorg ^ = ^ UO2(NO3 ) 2 . 2Aorg (1)
Pu4+q + 4NO3aq + 2AQrg ,==- Pu(N03)4.2Aorg (2)

where, "A" stands for the amide molecule.By plotting log KM vs 1/T° K , straight line

graphs were obtained from the slopes of which, the enthalpy change A H was calculated and

the values AG and AS were obtained in the usual way (Table 12). The extraction reaction is

enthalpy favoured and entropy disfavoured in all cases. This observation is similar to that

found in the extraction of U(VI) and Pu(IV) by other monoamides(l).
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Mixtures of the amides were employed for the extraction of U(VI) and Pu(lV) and

separation of the two ions without valency adjustment just by changing the nitric acid

concentration.Though extraction of the two ions could be accomplished at 4M HNO3 with a

mixture of DOOA and DOEHA, no quantitative separation could be achieved without prior

valency adjustment whatever be the acidity.Separation of U(VI) and Pu(IV) is feasible with

DIBEHA for which U(VI) is extracted in preference to Pu(lV) for (HNO3I < 3M. However

loading of the organic phase with U(VI) is less than 10 mg/ml, beyond which a third phase is

formed.Therefore DIBEHA can be used for the separation of U(VI) and Pu(IV) when both the

ions are present in trace concentrations.

Table 12:Thennodynamic parameters of the extraction of U(VI) and

Pu(IV) with DOOA and DOEHA.

System

| U(VI)-DOOA

| Pu(IV)-DOOA

| U(VI)-DOEHA

| Pu(IV)-DOEHA

A G
kJ/mol

-3.73

±0.07

-7.38

±0.15

-0.72

±0.01

-4.60

±0.09

A H
kJ/mol

-17.92

±0.71

-10.10

±1.30

-19.43

±2.80

-32.63

±3.41

1
T A S |
kJ/mol |

-14.19 |

±0.71 1

-2.72 |

±1.31 |

-18.71 |

±2.80 |

-28.03 )

±3.41

REFERENCES
1. D.R.Prabhu, G.R.Mahajan, G.M.Nair, and M.S.Subramanian, Radiochim. Acta, 60

(1993) 109.
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(1993) 83.
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5. N. Condamines, C. Musikas, Solveni Extr. Ion Exch. 10 (1992) 69.
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33. Extraction of uranium (VI) and plutonium (IV) with dihexyl butyramide and

dihexylisobutyramide from nitric acid medium

G.M.Nair, D.R.Prabhu and G.R.Mahajan

The present work was aimed at investigating whether the dihexylbutyramide/

isobutyramide could be used for separation of U(VI) and Pu(lV) without valency adjustment.

The dihexylbutyramide (DHBA) and dihexylisobutyramide (DH1BA) were synthesised

in the laboratory starting from dihexyl amine and butyryl chloride or isobutyryl chloride

following the procedure of Thiollet and Musikas(l). n-dodecane was used as the diluent in all

the experiments.

From the assay of nitric acid in the organic phase after equilibriating different

concentrations of the amide with 2 M HNO3, it was shown that the species extracted were of

1:1 composition. The equilibrium constant(KH) for the extraction reaction was also

calculated in each case and was found to be 0.10 for DHBA and 0.085 for DHIBA.

The DJ^J values were determined as a function of aqueous nitric acid concentration upto

8M. It was seen that the D M values pass through a maximum at around 5M in all cases as

has been observed in similar systems. No third phase formation was noticed for the nitric

acid concentration as high as 10M. The D M values showed the trend of the KH values of the

respective amides. The D M values of U(VI) and Pu(IV) did not show that much variation

between them so as to favour a clear-cut separation of the two metal ions. Some studies were
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also carried out using mixtures of DHBA and DHIBA at different ratios and at different nitric

acid concentrations so as to find the optimum condition for the separation of uranium and

plutonium without valency adjustment. It was observed that at any of the conditions studied,

no quantitative separation of the two ions was found to be feasible without valency adjustment.

By plotting log D M against log [Amide]^.ee (amide concentration corrected for the

presence of the nitric acid species in the organic phase), straight lines with slope of 2 and 3

respectively for U(VI) and Pu(IV) were obtained. This indicated the species formed in the

extraction reactions for U(VI) and Pu(IV) in each of the amide systems are

UO2(NO3)22Aorg and Pu(NC>3)43Aorg respectively, where "A" stands for the amide

molecule.

The D f̂ values of U(VI) and Pu(IV) were :• •;mined as a function of temperature

using 0.5M concentration of each amide in the organic phase and using 2M HNO-j as the

aqueous medium at 15,25,35 and 45°C. From the D ^ values the equilibrium constants (Kj^)

for the extraction reactions were calculated applying corrections for the presence of nitrate

complexes of U(VI) and Pu(lV) in the aqueous phase and amide-nitric acid adduct in the

organic phase.The D^j values and the corresponding Kj^ values are given in Table 13.The

logarithms of K ^ values were plotted against 1/T K. Straight line graphs were obtained in all

cases. From the slopes of these graphs the enthalpy change, A H, associated with each

extraction reaction was calculated. These values were refined by least squares calculation.

The free energy change, A G, at 25 C and the entropy change, A S were calculated using

standard relations and are given in Table 14. The extraction reactions in all cases are

enthalpy favoured and entropy disfavoured as has been found in similar systems earlier

(2).

REFERENCES

1. G.Thiollet and C. Musikas, Solvent Extr.Ion Ex. 7 (1989) 813.

2. D.R. Prabhu, G.R. Mahajan, G.M. Nair and M.S. Subramanian, Radiochem. Acta 60

(1993) 109.
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Table-13: Variation of the D M and the corresponding Kj^ with temperature in the extraction

of U(VI) and Pu(IV) with DHBA and DHIBA.

Temp

i

1

1 15

| 25

1 35

j 45
i

D

1.

0.

0.

1 o.

DHBA

U

26

92

77

51

K

3.

2.

2.

1.

U(VI)

u

99

91

38

57

D

0.

0.

0.

I °-

DHIBA

U

49

39

31

23

K

1.

1.

0.

0.

u

47

17

91

67

D

2

1

1

0

DHBJ

PU

.09

.61

.31

.96

Pu(IV)

Kp,

140.

107.

80

59

I

0

8

.72

.16

0

0

0

0

DHIBA

PU

.77

.53

.45

.32

K]

47

32

25

18

1

Pu 1

.50 |

.70 |

.54 |

.16

Table-14: Thermodynamic parameters for the extraction of U(VI)
and Pu(IV) with DHBA and DHIBA at 25°C (Least squares
values).

1
System

| U(VI)-DHBA

1
1
| U(VI)-DHIBA
1
I
1
| Pu(IV)-DHBA

j Pu(IV)-DHIBA

A G KJ/mol

-2.65±
0.05

0.39±
0.08

-11.59±
0.23

-8.64±
0.17

A H KJ/mol

- 22.72±
2.39

-19.80±
1.27

-21.86±
1.07

-23.89±
1.18

T A S KJ/mol

-20.08±
2.39

-19.41±
1.27

-10.27±
1.10

-15.26±
1.20



34. Recovery of Plutonium from Oxalate bearing solutions using a mixture of CMPO

andTBP

J.N.Mathur, M.S.Murali, G.H.Rizvi and R.H.Iyer

(In collaboration with FRD and BOD)

A simple and efficient procedure has been developed to quantitatively recover Pu from

oxalate bearing solutions using a mixture of octyl (phenyl)-N,N-diisobutylcarbamoyl-

methylphosphine oxide (CMPO) and TBP in dodecane. Pu(IV) (6.9 - 34.6 mg/1) was

quantitatively extracted into 0.2 M CMPO+1.2 M TBP in dodecane at a fixed concentration

of H2C2O4 (0.1M) and HNO3 (3.0M). At such low concentrations of Pu, the D values did

not change but the increase in oxalic acid concentration drastically reduced these values. The

variation in HNO3 concentration with 0.2 M CMPO+1.2 M TBP has shown a dramatic

increase in the D values, being 0.3 at 1.0 M and > 10 at 7.5 M. The extraction was almost

quantitative even at the aqueous to organic ratio of 10:1. Plutonium could be quantitatively

recovered (i) by stripping with 0.5 M acetic acid (ii) by coprecipitating it directly from the

organic phase with 0.3 M oxalic acid + 0.3 M calcium nitrate + sodium nitrite where "92%

of the Pu was found in the precipitate and ~1% in the supernatant. Using this procedure, a

large reduction in volume (a factor of ~50) of the oxalate bearing waste solution has also been

achieved. The slope of 2 for the nitrate ion as well as CMPO variation experiments suggests

the species in the organic phase to be PuC2O4(NO3)2.2CMPO. The absorption spectral study

of Pu(IV) confirmed the above species in the organic phase.

35. Extraction chromatographic separation of Pu from oxalate supernatant using

CMPO

J.N.Mathur, M.S.Murali, G.H.Rizvi, R.H.Iyer

(in collaboration with FRD and BOD)

A solvent extraction method for the recovery of Pu from oxalate supernatant using a

mixture of CMPO and TBP has already been developed by us. To incorporate

simplicity.efficiency and easy handling of Pu solutions by ion-exchange columns, the
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extraction chromatographic procedure using CMPO adsorbed on chromosorb-102 (CAC) has

been deployed for the recovery of Pu from oxalate supernatant. Very high distribution ratio(D)

values of the order of 105 were obtained for Pu(IV) from 3.0 M HNO3 containing 0.1 M

oxalic acid. By varying HNO3 concentration, the D values for Pu increased upto -6.0 M

HNO3 and then it almost remained constant upto -7.5 M HNO3. By increasing the oxalic acid

concentration in the range of 0.10 to 0.30 M at a fixed (3.0 M) HNO3 concentration the D

values were found to decrease. The batchwise loading of Pu from 3.0 M HNO3 containing

0.1 M oxalic acid and between 13.4 to 67.0 mg/1 of Pu on -5 mg of CAC was found to be

>99% irrespective of the Pu concentraton. Encouraged with these results, Pu from such

solutions was loaded on a column (3 mm i.d.) containing -100 mg of CAC. -3.6 mg of Pu

could be loaded on this small column with 0.3% breakthrough. The elution of Pu from the

loaded column was done by 0.5 M acetic acid solution. Further work regarding the use other

eluting agents and precipitation of Pu from such solutions adaptable to the plant is in progress.

36. Extraction chromatographic column separation of minor actinides from synthetic

sulphate bearing HLW

J.N.Mathur, M.V.Balarama Krishna, M.S.Murali and R. H. Iyer

(In collaboration with FRD)

Loading of a CMPO adsorbed chromosorb (CAC) column with sulphate bearing

synthetic HLW solution was carried out. After two contacts with 30% TBP-dodecane, the

uranium content of the HLW was brought down to " 120mg/l from the original concentration

of 25.3 g/1. This solution in 0.35M HNO3 containing "0.17M SO4
2" and all the relevant

actinides, lanthanides and the fission products was loaded on a CAC column containing 1.7g

of CAC. ~80ml of the feed could be passed with 0.3% breakthrough for the gross alpha,

whereas "190 ml solution could be passed through the same column without any leakage of

uranium and plutonium. This gives an idea about the loading behaviour of trivalent Am(and

the rare earths), U(IV) and Pu(IV) at such high concentration of U(VI) (-120 mg/1) in the

sulphate bearing HLW solutions. The actinides were subsequently quantitatively eluted with

various reagents.
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37. Mixer-Settler Studies with synthetic HLW solutions using CMPO

J.N.Mathur, M.S.Murali and R.H.Iyer

(In collaboration with FRD, BOD and P.E.S.D.D.)

Synthetic HLW solution containing sulphate ions, all the fission products, inert

materials, and Pu and Am activities was prepared in 0.35 M nitric acid. First the waste was

given contact with 30% TBP/dodecane in a 4-stage mixer-settler to deplete the uranium

content. The raffinate so obtained was contacted with 0.2 M CMPO + 1.2 M TBP/dodecane

using a six stage mixer-settler. The raffinate now did not contain any alpha activity above the

background level. The stripping of the loaded organic phase was done with 0.04 M HNO3 in

the same mixer-settler which recovered almost all the rare-earths along with Am. Further

stripping of the organic phase with 0.01 M oxalic acid and sodium carbonate recovered the

Pu+ , U O 2 + + and the remaining trivalent actinides. The sodium carbonate wash step also

helped in cleaning the extractant for reuse.

38. Interaction of Actinide and Lanthanide TTA complexes with bifunctional

organophosphorous extractants

J.N.Mathur, M.V.Balarama Krishna, M.S.Murali and R.H.Iyer

The present work deals with the extraction of U O 2 + + , Am3 + , Eu3 + , P u 4 + and

Th 4 + by mixtures of TTA and CMP or CMPO in xylene. In the case of Am 3 + and Eu3 +

extraction experiments where the aqueous phase was chloroacetate buffer, the correction for

complexing of these metal ions with chloroacetate anion(ClAc") was applied by using 8j =

24.0 and 62 = 109.6(reported for Eu3 + - ClAc" complexes at 25°C and 0.1M NaClO4). Also

the organic phase interaction of TTA with CMP or CMPO (Tables 15 and 16) has been applied

to evaluate the free neutral donor concentrations and these concentrations have been utilised

for the calculation of equilibration constant values.
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Table-15: Equilibrium constants of the adducts formed between TTA

and neutral donors in xylene.

Equilibrium logK

HTTA + TBP ;=====^ HTTA.TBP 0.41

HTTA + TOPO 5=====^ HTTA.TOPO 1.24

HTTA + CMP ^=====^ HTTA. CMP 0.76

HTTA + CMPO .- =^ HTTA.CMPO 0.97

Table-16: Equilibrium constants of metal ions in TTA-CMP or CMPO

systems.

Metal ion

Am3+

Eu3+

uc|+

Pu4+

Th4+

logKTTA

-7.55

-6.89

-2.88

6.53

1.16

logK

-0.

0.

3.

9.

7.

CMP

syn

09

22

64

70

21

neutral

logB

7.46

7.11

6.52

3.17

6.05

donor

CMPO

logKsyn

-0.11

0.29

4.51

13.30

8.58

logB

7.44

7.18

7.39

6.77

7.42

The plots of Log D (distribution ratio) vs Log[TTA] gave straight lines with slopes of 2

for U O 2
+ + , 3 for Am 3 + and E u 3 + and 4 for Pu 4 + and Th4 + . The error in the slopes are

of the order n ± 0 . 1 . The extraction equilibrium is represented as:
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KTTA
Mn +

 ( a ) + n HTTA(0) ^ = = = = = = ^ M(TTA)n(o) + n H ^ (1)

Where (a) and (o) represent the aqueous and organic phases respectively. The plots of log (D-

DQ) vs log[CMP| and log|CMPO) respectively at fixed TTA concentrations, where D and Do

are the distribution coefficients from reactions 2 and 1 respectively,gave slopes of nearly 1.0

for all the systems suggesting the extraction equilibrium as

K syn
M n +

( a ) + n HTTA(O) + S ( o ) ^======^ M ( T T A ) n . S ( o ) + n H +
( a ) - - ( 2 )

where S = CMP or CMPO. Synergistic adduct formation in the organic phase may be

described by the reaction

B

M(TTA) n ( Q ) + S ( o ) ^======^ M(TTA) n . S ( o ) (3)

The equilibrium constant values (logB) for reaction 3 were evaluated from the plots of log(D-

Do) vs log[S]. The corrections for D, DQ and [S| were applied as discussed earlier. It was

assumed that the activity coefficients are constant for the above reactions. The errors in the

equilibrium constant values are about ±0.05 log units.

The log B values for AITT "*" and Eû ~*~ with CMPO as the neutral donor are similar to

the respective values for CMP. One would expect that due to higher basicity (nitric acid

uptake, KH being 2.00 for CMPO and 0.43 for CMP), the B values for CMPO synergistic

adducts should be higher than those for CMP. Almost similar fi values for both CMP and

CMPO could possibly be due to the combined effect of basicity(favourable for CMPO) and

steric hindrance(favourable for CMP). Under the experimental conditions with EuJ and

Anr + i.e. at pH 2.7, both CMP and CMPO act as bidentate ligand, i.e. metal ion binding

with both the oxygens of P = O and C = O groups. In the case of UOo+ + , Th and

Pu , the logB values for CMPO adducts are higher than those for CMP adducts. There

seems to be an interesting order in logB (logBCMPo - logB£Mp) with the aqueous phase

acidity i.e. pH 2.70, 0.00; pH 1.70. 0.87; pH 1.00, 1.37 and 1.0M, 3.60. As the acidity

increases, probably these bidentate ligands behave more like monodentate one, and then due

to the higher basicity, the B value for CMPO is higher than that of CMP.
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39. Recovery of fission product palladium from acidic high level waste solutions

G.H.Rizvi, J.N.Mathur, M.S.Murali and R.H.Iyer

The recovery of palladium from a synthetic pressurised heavy water reactor high level

waste (PHWR-HLW) solution has been carried out and the best possible reagent to be used for

the actual HLW solutions has been discussed. In this context the extraction of palladium from

nitric acid solutions has been carried out using CYANEX-471X (triisobutylphosphinesulphide,

TIPS) as the extractant. The metal ion could be quantitatively extracted between 2.0 to 6.0 M

HNO3. The species extracted into the organic phase was found to be Pd(NC>3)2.TIPS. Nitric

acid in the range of 2.0 to 5.0 M had no effect on TIPS for atleast 71 h.

The effect of gamma irradiation of TIPS and ABO (alpha benzoine oxime) on the

extraction of Pd has shown an initial increase and then almost constant value of D. In the case

of DOS(dioctyl sulphide) it drastically decreased initially and then increased and remained

constant while in the case of DOSO (dioctyl sulphoxide) there was practically no effect of

irradiation on the extraction of Pd under the doses studied (upto 50 M rad). The loading of

TIPS and DOS by Pd was much higher as compared to those with ABO and DOSO. Almost

quantitative stripping of Pd was achieved by thiourea from loaded TIPS, DOS or DOSO while

that from ABO phase was much less. The extraction of Pd from the synthetic PHWR-HLW

solution was quantitative in two contacts with TIPS, ABO and DOS whereas that with DOSO

was "90% in three contacts.

From these studies it could be finally concluded that although DOSO was highly

radiation resistant, it cannot be used for the recovery of Pd in the presence of substantial

quantities of U(VI) and Pu(IV) as these metal ions are also extracted. ABO is a good candidate

but it could load only about half the quantity of Pd as compared to TIPS and DOS and also

stripping of Pd from the loaded ABO phase required extra contacts (more than one) with

thiourea. Between the remaining two extractants i.e. DOS and TIPS, only negative point with

DOS is the drastic decrease in D values of Pd between 0 and 10 M rad doses. As such it seems

TIPS is the most suitable extractant for Pd under the present set of conditions aiming for he

recovery of the metal ion from KLW solutions of PUREX origin.
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40. Synergistic solvent extraction of trivalent lanthanides and actinides by mixtures

of l-phenyI-3-methyI-4-acetyl-pyrazolone-5 and neutral oxo-donors

J.N.Mathur, M.S.Murali, M.S.Nagar and R.H.Iyer

(In collaboration with RRL Trivendrum)

The synergistic solvent extraction of trivalent lanthanides such as La, Eu, and Lu and a

trivalent actinide, Am, has been studied with mixtures of l-phenyl-3-methyl-4-acetyl-

pyrazolone-5(HPMAP) and octyl (phenyl)-N,N,-diisobutylcarboylmethyl phoshine

oxide(CMPO) or bis(2-ethylhexyl)sulphoxide(B2EHSO) in xylene. The results indicate that

these trivalent metal ions are extracted as M(PMAP)3 with HPMAP alone or in the presence

of CMPO as (M(PMAP)3.CMPO or in the presence of B2EHSO as M(PMAP)3.B2EHSO and

M(PMAP>32B2EHSO. The synergistic extraction constants of the above species are found to

increase monotonically with decreasing ionic radii of these metal ions. Although addition of an

adduct-forming reagent to the chelate system can bring a decrease in the separation factor, it is

notable that addition of B2EHSO improves the separation of Eu-Lu pair. The thermodynamic

parameters for the extraction of Eu(III) with HPMAP alone as well as with mixtures of one of

the neutral oxodonors CMPO or B2EHSO in xylene have also been calculated at 25°C using

the temperature coefficient method.

41. Aqueous complexation of Am(III) with 1,10- diaza 18 crown 6

V. K. Manchanda and P. K. Mohapatra

It was reported earlier 11J that the decrease in distribution ratio values in the extraction

system involving Am(III) - 1,10 diaza 18 crown 6 (L) -dinonyl naphthalene sulphonic acid

(DNNS) in the pH range 2 to 3 was due to the extraction of the protonated form of the ligand

which resulted in the decreased concentration of DNNS available for metal ion extraction. An

attempt has been made in the present work to carry out experiments at relatively high pH

region (7 to 9) and to calculate the aqueous phase complex formation constant of Am(III) with

L.

It was observed that for a given concentration of L and DNNS, the distribution ratio is

independent of pH in the range 1.9 to 3.1 thus confirming that there is no complexation of
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Am(III) with the ligand in this pH range.
Experiments carried out at pH 7.0 and 8.0 and [DNNS] = 0.01 M showed increase of

D/DQ values with increase of L concentration from lxlO"JM to lxlO"JM and the distribution

data obtained under these conditions was used to arrive at the (1:1) Am(IIl):L complex

formation constant. Table 17 lists the complex formation constant data obtained during the

present work alongwith the relevant data from the literature. As there is no data available in

the literature on the complexation of trivalent actinide ions with nitrogen substituted crown

compounds, those for some of the trivalent lanthanide ions are included for comparison

purpose. It is significant to note that the enhancement in the log K values on going from 18-

crown-6 to kryptofix 22 is much larger for Am(III) ion than for the lanthanide ions.

Table-17: Complex formation constants of trivalent lanthanide and

actinide ions.

[ Log B (1:1 complex)]

Metal

La(

Eu(

Am(

ion

III)

III)

III)

18-crown-6

.,

3.

1

0

29±0

.84±0

.55±0

03 a

.14a

.06

Diaza 18

crown 6

(K22)

6.18b

| 6.05±0.3C

6

5

Cryptand

(K222)

9.4b

•45±0.09

•90±0.09

-

Hexa aza 18 |

crown 6 |

(A618C6) |

9.1 |

10.2

-

Note: data without superscript refer to aqueous medium; a- data obtained in MeOH

medium;b-data obtained in 95% MeOH medium; c- present work.
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42. 3-Phenyl-4-benzoyl-5-isoxazolone : a promising extractant for actinides from

nitric acid medium

R. Veeraraghavan, P.K. Mohapatra and V.K. Manchanda

Though commercially available 6-diketones such as 2-thenoyltrifluoroacetone (HTTA)

and l-phenyl-3-methyl -4-benzoyl -5-pyrazolone (HPMBP) extract Pu(IV) from strong HNO^

medium, they are capable of extracting U(VI) and Am(III) only from pH range solutions. 3-

phenyl-4-benzoyl-5-isoxazolone(HPBI), a beta diketone synthesized in our laboratory, has

been found to extract metal ions including trivalent actinides and lanthanides from solutions of

relatively lower pH [1,2]. This is because of the resonance stabilization of the anion formed by

its deprotonation, resulting in its exceptionally low pKa value of 1.12 compared to those for

HTTA (6.15) and HPMBP (4.10). It was observed that the pH.^ values of Am(III) are 3.9,

2.5, and 1.0 for HTTA, HPMBP and HPBI respectively for an organic phase concentration of

0.05M, clearly indicating that the isoxazolone can be used to extract Am(III) from relatively

stronger acidic solutions.

Though the pHi^ of Am (III) for 0.05 M HPbl is 1.0, no measurable extraction ( D <

10'3) occured at 1 M HNO3. On the otherhand, using a synergistic combination of 0.05 M

ligand with 0.01 M TOPO, whereas HTTA, HPMBP and HPMAP failed to extract any

measurable quantity of Am(III) ( D< 10"•*), there was significant extraction in the presence of

HPBI (D = 7.9). Due to the dipole-dipole interaction between the phosphine oxide and polar

diluents, carbon tetrachloride was preferred over other solvents for the extraction studies in the

presence of TOPO. It was also experimentally verified during the present work that the

distribution ratio in the presence of TOPO ( D s y n ) decreased with the increase of polarity of

the solvent as carbon tetrachloride > xylene > chloroform.

Due to the wide interest in the recovery of actinides from - 3 M HNO3 medium, an

attempt was made to study the effect of TOPO concentration on the distribution ratio at 3 M
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HNO3. The percentage of extraction increases sharply from 7.2% (at ! X 10"2 M TOPO) to

71% (at 2 X10 1 M TOPO). Thereafter it increases gradually upto 75.5% (at 0.5 M TOPO).

For all subsequent work, concentration of TOPO was maintained at 0.2 M in the present work.

Extraction behaviour of Am(III) with (i) 0.2 M TOPO alone (ii) 0.045M HPBI alone

and (iii) a mixture 0.045 HPBI and 0.2 M TOPO as a function of nitric acid concentration is

summarised in Fig.21. It is clear that the enhanced extraction is due to the presence of

synergistic species. The decrease in D s y n values with increase of HNO3 concentration is the

overall effect of several factors including (i) liberation of H + ions during the chelate

formation with PBI (ii) increased interaction of TOPO with HNO3 and (iii) increased nitrate

complexation of Am(III) in aqueous phase.

Quantitative extraction of Pu(IV) and U(VI) could be obtained in the presence of

0.045M HPBI and 0.2 M TOPO over during the entire range of HNO3 concentration (1 - 6

M) studied. On the other hand, no measurable extraction of fission products viz. Sr(II) or

Cs(I) was observed (Fig.22).

The distribution behaviour of U O j + and Anr + at an aqueous acidity of 2M HNO3

under higher loading conditions employing 0.05M PBI and 0.2 M TOPO in CC14 suggested

that D A m decreased from 50.4 (1% uranium loading) to 27.1 (21% uranium loading) but DJJ

remained constant at around 60 under these conditions. Table 18 shows the stripping behaviour

Table 18: Stripping behaviour of actinides from (0.04 M HPBI +

0.2 M TOPO/ CC14) extract.

Strippant % Stripping

Am(III) U(VI)

Hydroxylamine hydrochloride (0.05 M) <0.1 <0.1

in 0.35 M HNO3

Sodium carbonate ( 0 . 5 M ) 0.18 99.2

Ascorbic acid (0.3 M) < 0.1 0.42

Hydroguinone (0.1 M) in 6 M HC1 80.0 0.12

Oxalic acid (0.1 M) + Ammonium < 0.1 < 0.1

oxalate (0.1 M)

HNO3 (10 M) > 99.9 1.24
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F i g . 22 % Ext rac t ion of U(VI), Pu(IV)# Am(II I ) , Cs( l ) and

S r ( I l ) with 0.05 M PBI + 0.2 M TOPO
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of Am(III) and U(VI) with several complexing/reducing agents. Whereas 10 M HNO3 was

found to be quite suitable for Am(III), 0.5 M Na2CC>3 was satisfactory stripping agent for

U(VI). Work on the stripping behaviour of Pu(IV) is in progress.
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43. Separation of strontium from the fission products employing dicyclohexano 18

crown 6

P. K. Mohapatra and V. K. Manchanda

Separation of Sr-90 from actinides and other fission products is vital for the

management of waste solutions produced in reprocessing plants as well as for its radiometric

assay in environmental samples. In this connection work was initiated to explore the use of

crown ethers for the selective extraction of Sr(II) from nitric acid medium. Crystal ionic

radius of Sr is 1.13 A which is compatible with the cavity of an 18 membered macrocyclic

ligand (1.35 + 0.15 A°) compared to that of a 15 membered (cavity radius = 1.0 + 0.12 A°)

or a 21 membered (cavity radius = 1.7 ±0 .13 A°) ligand. Cyclohexano substituents help in

improving the basicity of crown ethers by inductive effect. Present report deals with the

preliminary investigations where dicyclohexano 18 crown 6 (DC18C6) was used for the

extraction of Sr(II) from strong nitric acid medium.

Majority of the methods reported in the literature, for the extraction of Sr(II) dealt with

large organophilic counter anions such as picrate, tetraphenyl borate etc. involving polar

diluents like dichloromethane and chloroform. Due to the toxicity of chlorinated solvents and

their tendency to generate corrosive HC1 upon radiolysis, neither of them is likely to be

acceptable in the process scale. The extraction process involving nitrate as the counter anion is

primarily based on the hydration property of the latter. Increase of water activity in the organic
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phase is facilitated by the choice of suitable diluents like a long chain aliphatic alcohol, ketone

or carboxylic acid. Such a solvent helps in the solvation of ion pair viz. SrL2 + and

lNC>3(H2O)n]~. It was observed that n-octanol has a tendency to pick up nitric acid which

increases with the aqueous acid concentration. This resulted in a deciease in the concentration

of nitric acid at equilibrium and hence required pre-equilibrium to ensure that there is no

change in the acidity during the course of the experiment. Though one minute was sufficient

for the attainment of the extraction equilibrium, bulk of the work in the present study was

carried out at a fixed equilibration time of 30 minutes. It was observed that Dgr is fairly

constant over a temperature range of 15° C to 40° C. For convenience sake the present work

was carried out at 25°C. Dgr increases with [HNO3] concentration upto about 4.5M and

remains constant beyond 6M. It seems that with increasing concentration of aqueous HNO3 the

uptake of acid by the organic phase also increases. This results in increased water activity in

the organic phase due to the H2O molecules associated with nitrate anions. In turn, it helps in

the improved solvation of ion pairs of SrL 2 + (where L=(DC18C6)) and [NO3(H2O)n]". It is

apparent that after the water activity in n-octanol reaches a saturation level, Dgr does not

increase thereafter.

Due to the possibility of competition of hydrogen ion with Sr 2 * for complexation with

DC18C6 at higher acidity it was thought desirable to carry out the extraction experiment in

the presence of 1.2M tetramethyl ammonium nitrate (TMAN) at varying concentrations of

nitric acid. It was observed that there was an increase in D§ r value in the presence of TMAN

upto 2M HNO3 and a reversal in the behaviour was observed at higher nitric acid

concentration (between 2-5 M HNO3).

Figure 23 shows the distribution behaviour as a function of ligand concentration at two

different acidities viz 2.75 and 5.76 M HNO3. It is observed that in all the cases there is an

increase in Dgr value initially and there is a plateau at higher concentrations. This plateau

varies with concentration of HNO3. It is suggested that DCH18C6 forms aggregates at higher

ligand concentration. Due to aggregation, the effective concentration of ligand does not

increase proportionately. It appears that this aggregation is influenced by the acidity.

The separation of Sr from the accompanying fission products is achieved by employing

an aqueous acidity of 6M and an organic phase ligand concentration of 0.3M. It is clear from

table 19 that a very high decontamination is achieved from radionuclides such as '™Pd,
147,149N(J5 141,143Cef 1 5 6 ^ 1 3 4 ^ 101Tc 1 1 5 ^ 103,105Ru> 140,142Uj 1 1 7 I n a n d

137Cs.



1

o

C\i =

00
CD

-C-
M

I I I I I I I I I ' ' I ' ' ' ' ' M

0 . 5 0 . 6
[DCH18C6] Ccr.c
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Table-19 : Distribution data of fission products obtained from a
252Cf source; [DC18C6] = 0.3M; [HNO3] = 6M.

Radionuclide

109-Pd

149-Nd

141-Ce

156-Sm

113-Ag

115-Cd

140-La

85-Sr

117-In

137-Cs

D

< 0.005

< 0.002

< 0.001

< 0.005

0.268

< 0.001

< 0.005

9.491

< 0.005

0.041

Radionuclide

147-Nd

9 9-Mo

139-Ba

143-Ce

101-Tc

105-Ru

103-Ru

140-Ba

142-La

97-Zr

<

<

<

<

<

<

D

:0.002

0.718

2.317

0.001

0.002

0.002

0.005

2.63

0.001

0.162

44. A novel extraction method for palladium using a crown ether

P. K. Mohapatra, R. Veeraraghavan and V. K. Manchanda

Extraction studies involving l u yPd (II) were carried out using crown ethers of varying

cavity size in presence of 0.02M KI. Encouraging extraction results were obtained for 18-

crown-6 rather than with 15-crown-5 or dibenzo 21-crown-7. It was interesting to observe that

there was no extraction in the absence of ligand. Experiments carried out at 18C6

concentration of 0.01M in chloroform suggested increase in D values with the increase in the

concentration of KI. At the aqueous phase KI concentration of 1.0M, a dependency (in the log

D vs log[L] plot) of ~ 1 was observed. On the other hand, at an aqueous phase KI

concentration of 4.0M, a dependency of -2 was noticed. This behaviour could be explained on

the basis of the following extraction mechanism:

at 1.0MKI:



90

Pd 2 +
( o ) + 3KI ( a ) + L ( o ) ^ [KL+] . [Pdl3] ( o ) + 2K+

(a) (1) .

a t 4.0M KI:

Pd 2 +
( o ) + 4KI ( a ) + 2L (O) ^ [KL + ] 2 . [PdI 2 - ] ( o ) + 2K+

(a) (2) .

It was observed that under identical conditions the extractability varies in the order

nitro benzene (25) > chloroform (1.6) > toluene (4 x 10 ) > carbon tetra chloride (5 x

10"-3) > hexane (2 x 10°) which is almost the same order as their dielectric constants. These

studies suggest an ion-pair mechanism in the present system. Quantitative extraction was

observed from HC1 and HNO3 media in the concentration range 1-6 M when 0.01 M of L was

employed as the extractant.

45. Extraction of dioxouranium (VI) from dilute nitric acid medium using 3-phenyl-

4-benzoyl-5-isoxazolone

P. K. Mohapatra, R. Veeraraghavan and V. K. Manchanda

The present work deals with the synergistic extraction of uranyl ion by HPBI in

combination with neutral oxodonors such as TBP and DBOA (di-n-butyl octanamide) with

xylene as the organic diluent at pH 2.0. The dependency of distribution ratio on HPBI

concentration was found to be linear with a slope of 2 in the absence as well as in the presence

of the oxodonors. On the other hand the plots of logD vs the logarithm of synergist

concentration yielded a slope of 1. This data suggested a two-phase extraction equilibrium of

the type:

U 0 2 + ( a ) + 2 H P B I ( O ) + S ( o ) ^ U O 2 ( P B I ) 2 . S ( Q ) + 2 H +
( a ) ( 1 ) .

The logarithm of the extraction constants of UO7 - HPBI- xylene system ( in the

absence of synergist) was determined as 1.2. This value is distinctly larger as compared to the

corresponding values for TTA (log K = - 2.4) and PMBP (log K = -1.1) systems. The overall

extraction constants for the synergistic systems with species UO2(PBI)9.S were found to be

6.6 (S = TBP) and 6.3 ( S= DBOA). These values are larger by about 2 log units from the

corresponding PMBP values, which is explained on the basis of lower pKa value of HPBI.
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Table 20: Thermodynamic parameters for the extraction systems

studied in the present work

Extraction system A G A H /\S

(kCal/deg/mol) (kCal/de/mol) (e.u.)

U0|+ - HPBIa - 1.999 - 4.288 -7.55

U0|+ - HPBIb - 1.695 - 5.358 - 12.09

UO|+ - HPBIC - 1.677 - 5.715 - 13.33

U0|+ - HPBI -TBPa - 9.067 - 7.619 4.78

U0|+ - HPBI -TBP13 - 8.759 - 8.109 2.15

UO|+ - HPBI -TBPC - 8.751 - 7.692 3.49

UO§+ - HPBI - DBOAa - 8.680 - 7.679 3.31

UO|+ - HPBI - DBOAb - 8.391 - 9.015 - 2.06

UO2,+ - HPBI - DBOAC - 8.387 - 8.438 - 0.17

a- no salt added; b-in the presence of 1 M LiCl; c-in presence of

1 M TMACl

The presence of salt {LiCl / TMACl (tetramethyl ammonium chloride)} decreased the

distribution ratio values ( in the absence as well as in the presence of the oxodonor)

significantly. Whereas all extraction systems investigated in the present studies were enthalpy

favoured, small entropy contribution was also observed for the ternary system UO2- HPBI-

TBP/DBOA (Table 20). The higher entropy and lower enthalpy contributions obtained in the
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synergistic systems compared to the non-synergistic sytems is attributed to the displacement of

associated water molecules by the oxodonor. Though a marginal decrease in the enthalpy terms

is observed, in presence of salt, a large decrease in the entropy term is observed in the non-

synergistic system. Similar thermodynamic parameters in case of LiCl as well as TMAC1

suggested that the nature of cation in the inert electrolyte has insignificant role in the extraction

process.

46. Physico-chemical investigations on the adducts of C5Q with tetrahydrofuran

V. K. Manchanda, P. K. Mohapatra, R. Veeraraghavan and R.H.Iyer in collaboration

with IGCAR

Adduct of C^Q with tetrahydrofuran (THF) has been prepared by refluxation in toluene

medium at 110°C for 12 hours. Whereas the original purple coloured solution absorbed at 407

nm (e = 3080) and at 330 nm ( e - 52480), the adduct solution was brown-yellow coloured

with a new shoulder band at 443nm ( e = 2770). There was no notable change in the uv

absorption band at 330 nm. FT-IR spectral studies of the resultant compound (measured at

Chemistry Division) indicates peaks corresponding to fullerene (527 cm"' and 730 cm'^) as

well as to THF (1025 cm"1, 1380 cm"1 and 1460 cm"1). New absorption peaks are also

observed at 800 cm"1, 870 cm"1, 1100 cm"1 and 1265 cm"1. 13C FT-NMR spectra (measured

at Bio-organic Division) show signals corresponding to the fullerene at 143 ppm. Signals

corresponding to THF are observed at 1.4 and 3.5 ppm in the ^H NMR spectrum.

47. Complexation of Ctn(III) and Cf(III) with ionisable macrocyclic ligands

V. K. Manchanda and P. K. Mohapatra

Complexation behaviour of Cm(III) and Cf(lII) with diacetate derivatives of kryptofix

(K21DA and K22DA) and ethylene diamine N-N'- diacetic acid (EDDA) has been investigated

using DNNS in (C^^NH"*" (X) form as liquid cation exchanger. Back extraction technique
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is preferred as it ensured exclusive presence of M(DNNS)nXn_3 species in the organic phase

(where M represents Cm or Cf) in the absence and the presence of the ligand. Micellar

mechanism of extraction is found to operate for (DNNSX)n concentration larger than 10"JM.

It is observed that M(III) interacts weakly with the neutral ligand H2L (present up to pH 3.0)

but very strongly with the anionic ligand. Whereas the extraction in the absence of ligand is

independent of pH, it is found to decrease with increase of pH in the range 3 .8-5 .6 with a

dependency of 2 suggesting the prominence of the equilibrium:

MXn_3(DNNS)n(o) + 3X+(a) + H2L(a) ^ = ^ ML+(a) + (X DNNS)n(o) +

2H+(a)

where M = Cm or Cf. Stoichiometry of the complex species at pH 4.7 was 1:1 for all the

three ligands in the concentration range chosen in the present work. Table 21 lists the aqueous

phase complex formation constants of Cm(III) and Cf(III) with the above mentioned ligands

along with those for Am(III) for comparison purpose.

Complexing ability of the ligands has been found to vary as K22DA > K21DA >

EDDA, suggesting that these divalent actinide ions favour 18 membered ligand K22DA over

15 membered ligand K21DA and their acyclic analogue EDDA. Moreover, the increase in the

log K values with increasing atomic number suggested that ionic interactions are the major

deciding factors.

Table - 21: Complexation constants of the trivalent actinides and
lanthanide ions with ionizable ligands at 25 °C;
ionic strength = 0.1 M.

Metal

Ion

Am(III)

|Cm(III)

Cf(III)

12

13

13

K21DA

Log K

,83±0.

.22±0.

.77±0.

1

03

03

04

13

13

13

K22DA

Log

.33±0

• 37±0

.99±0

Kl

.11

.08

.21

10

11

10

Log K

• 86±0

.11

.613

EDDA

1 1

.06 |

Log K2 |

— 1

7.780 |

7.839 !



48. Carrier-facilitated transport of Plutonium (IV) across tri-butyl phosphate /

dodecane liquid membranes

J.P.Shukla and S.K.Misra *

* FRD

Selective transport of Pu^+ over other long -lived fission product contaminants was

accomplished from aqeous acidic solutions through an organic bulk liquid membrane ( BLM )

and flat - sheet immobilized liquid membrane ( ILM ) containing tributylphosphate ( TBP ) as

the mobile carrier and dodecane as the membrane solvent. Extremely dilute to moderately

concentrated plutonium nitrate solutions ( ca. 10'^ mol dm'^ ) in about 2 mol dm'^ HNO3

generally constituted the source phase. With increasing carrier concentration in the organic

membrane , both the amount of Pu that could be extracted into the membrane and the viscosity

of the organic solution increased. These opposing effects resulted in maximum Pu permeation

with about 30 % TBP in dodecane, while enhanced acidity of the receiving phase adversely

affected the partitioning of the cation into the product side. Of the several aqueous reagents

screened, 0.5 mol dm"-* ascorbic acid was the most efficient strippant. Enrichment factors of

the order of 6 or more were readily achieved by suitably manipulating the feed : strip volume

ratios.

Applicability of both BLM and ILM separation techniques for the processing of quite

dilute ( mg dm'^ ) plutonium nitrate solutions was thus established. The stoichiometry of the

Pu - TBP complex in the liquid membrane system was established to be Pu(NO3)4. 2TBP

which is in accord with that deduced on the basis of liquid - liquid distribution

measurements. The lack of any contamination from even appreciable amounts of possible

fission product contaminants owing to their poor diffusional transport from acidic nitrate

solutions across TBP membranes is a notable feature of this novel separation technique.
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49. Influence of T-irradiation on extraction and cation - transport of uranium (VI)

and plutonium (IV) by dicyclohexano-18-6 (DC18C6) across an immobilised

liquid membrane

J.P.Shukla and Anil Kumar

* PREFRE, Tarapur

Important changes to the extraction behaviour and cation - transport of U (VI) and Pu

(IV) nitrates with gamma - irradiated DC18C6 in toluene was investigated since no definite

information was available on the ionophoric capability of this most popular macrocycle

towards these actinides under the influence of moderate to intense ionizing radiations . Hence,

the effect of radiation damage to DC18C6 for extraction and permeation at excessively higher

doses ( 70 Mrads ) was studied systematically. No deterioration in its performance was noted

particularly at lower doses. Hydrolytic stability of the macrocycle/diluent system in the

presence of HNO3 and radiolytic stability of immobilized liquid membrane using ' Enka '

Accurel flat - sheet polypropylene membrane films as solid support was also assessed.

Percentage permeation of U(VI) and Pu(IV) across an ILM consisting of a 0.2M DC18C6 in

toluene was not affected appreciably up to 46 Mrads and 10 Mrads, respectively. On the other

hand, the U / Pu fluxes were influenced to varying degrees with doses. At 71 Mrads, initial U

flux of 1.2 x 10"' mol / m / s was reduced to 0.5 x 10 mol /m /s whereas initial Pu flux

(1.1 x 10"9 mol/m2.s) drastically dropped to 0.2 x 10'9 mol/m2/s.

50. Decontamination of uranium from reprocessing wastes through TBP - emulsion
free liquid membrane

J.P.Shukla and S.K.Misra* ( * FRD )

Decontamination of radiotoxic uranium from spent fuel wastes especially from

PUREX process effluents was studied following a modified emulsion - free liquid membrane

(EFLM) technique. Medium level acidic waste (MLAW) as the feed and the aq. strippant were

passed through TBP as the carrier in a jet of very fine droplets by mixing these liquids with

compressed air. EFLM retains the main advantages of liquid membranes (LM) such as high
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flux, high selectivity and low consumption of reagents and overcomes various shortcomings of

LM's such as the poor and slow perrneant diffusion rates, high swelling of emulsion liquid

membranes and instability of SLM's. TBP, a commercial extractant was used as a uranium

complexing carrier. Source phase acidity was maintained at 2M HNO3. Among the aqueous

reagents, 1M Na2CC>3 was most, successful as the strippant. Experimental parameters such as

TBP concentration and number of baffle plates deployed in the membrane reactor were also

optimised. No appreciable change in the overall recovery of uranium (VI) was observed while

varying TBP concentration in the range of 10% ( 0.4 M ) to 30 % ( 1.1 M ); Changing the

height of baffle plates from 6 cm to 13 cm ( 5 to 15 number), the recovery of uranium could

be readily enhanced from 47 % to 87 %. The selectivity of uranium transport from commonly

associated fission product contaminants was also examined. With uranium cone, of 2 g / L in

2M HNO3, the recovery exceeded well above 90%, maintaining a flow rate of nearly lL/hr

under the optimum decontamination conditions. No appreciable change was encountered in

conducting cold runs using simulated high - level acidic wastes under varying conditions.

51. Solvent extraction behaviour of uranium (VI) and plutonium(IV) by
radiolytically degraded bis (2-ETHYLHEXYL) sulfoxide

J.P Shukla and C.S.Kedari*

*FRD

The extraction behaviour of U (VI ), Pu (IV) and some usually occurring long - li>«rd

fission producLs like 9°Sr, ^ Z r . 1(^Ru, ^ 7 C s and trivalent rare earths (e.g. 1^2,154Eu)

from aq. nitric acid solutions with gamma irradiated bis( 2-ethylhexyl ) sulfoxide in dodecane

was examined as function of absorbed dose in the range of 2 to 40 Mrad. The distribution ratio

(Dj^) for the extraction of both U (VI) and Pu(IV) decreased gradually upto !8..5 Mrad

whereas it increase^ rapidly above this dose possibly owing to synergic effect 01 ladiolytic

products formed at such higher doses. Initially upto 20 Mrad of absorbed dose, the exuaction

of fission product contaminants was insignificant, while it enhanced considerably with

increasing dose above this level. The equivalent damage with high energy - particles was

significantly greater than that of gamma - radiolysis. To overcome postdegradation effects,

usual solvent clean up procedures like Na2CC>3 treatment and alumina treatment were

standardized. Of the two, the latter seemed to be more effective for regenerating solvent
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extraction dualities of the irradiated solvent. A simple and rapid gas chromatographic

procedure was also developed for the quantification of BESO under varying experimental

conditions.

52. Selective solvent extraction of palladium (II) with thiacrowns from aqueous

nitrate / chloride solutions

J.P.Shukla and S.R.Sawant*

*PREFRE

As a part of our continuing programme to explore the analytical usefulness of

thiacrowns as metal extractants for thiophilic ' soft ' heavy metals, selective reversible

extraction - separation of trace and micro amounts of Pd (II) from aq. HC1 and HNO3 media

into 1,2-dichloroethane (DCE) by two newly introduced polythiaethers, namely

l,10-dithia-18-crown-6 (l,10-DT18C6) and S<3-pentano-36 ( S6-P-36 ) was investigated. From

the study of aq. phase acidity, reagent concentration, period of equilibration, diluent, strippant

and diverse ions, conditions were established for its quantitative extraction and separation from

a host of radionuclides. Benzene, chloroform, cyclhexane, o - dichlorobenzene , DCE,

dodecane, toluene and xylene etc. with differing relative permittivity and other physical

parameters were evaluated as the extracting solvents. The apparent extraction equilibrium

constants, log Kex, into DCE by 1.10-DT18C6 and S6-P-6 with Pd(II) are 1.78 and

5.11,respectively. Recovery of Pd(II) from loaded thiacrown phase was easily accomplished

by using NaSCN, NI-^SCN.thiourea, and sodium thiosulphate as the strippants. The lack of

any interference from even appreciable amounts of contaminants like ^'Cs, *""Ru, 2 - "U and
2^"Pu proved to be one of the outstanding advantage of the method. The extracted complex

for both the thiacrowns was characterized by elemental analyses, IR and UV- Visible spectra,

and its composition was confirmed to be PdA2.T (A =NO3, Cl") from dilute (pH " 2) acid

solutions. The high extraction efficiency for palladium in complex aqueous matrices suggest

potential applications of these macroheterocycles in various fields like solvent extraction and

membrane transport of platinum group metals.
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53. Permeation of plutonium (IV) through supported Hqui<* membranes containing

tri-isooctylamine as a mobile carrier

J. P. Shukla and J. V. Sonawane

* PREFRE, Tarapur

Carrier - facilitated transport of P u 4 + cations against their concentration gradient from

aqueous acidic NO3" solutions through a flat - sheet SLM,impregnated with tri-iso-octylamine

(TIOA) diluted with Solvesso -100 was investigated.The metal permeability increased sharply

with increasing acidity of the feed solution with a maximum taking place at ca. 5 M HNO3

and then it decreased above this acidity. Carrier concentration was noted to influence the

transport appreciably; a 20 % TIOA / Solvesso-100 solution was the optimum. Permeation

slowed down with increasing Pu concentration in the source phase owing to the saturation of

the membrane solvent. Among die various aqueous strippants tested, maximum recovery was

accomplished deploying 0.1 M NH7OH.HCI 4- 0.3 M HNO3. Under similar experimental

conditions , pertraction of fission products was noted to be almost negligible affording the

desired quality of the permeant.

54. Reversed phase partition chromatographic separation of uranium(VI),

plutonium(IV) and americium (III) with bis(2-ethyl hexyl) sulfoxide from acidic

nitrate purex waste solutions

J.P.Shuklaand V.G.Katarni *

* PREFRE, Tarapur

Extraction chromatographic separation of U(VI),Pu(IV) and Am(III) from dil. HNO3

solutions by BESO adsorbed on chromosorb was accomplished. Effects of important variables

such as pH, eluting agents, and flow rate on extraction and elution were examined. Exchange

capacity of the proposed support was determined by the batch equilibration technique. Both the

actinides as well as rare earth cations were taken up appreciably as compared to other fission

product contaminants. Maximum adsorption for both U (VI) and Pu(IV) was observed at

around 3 M HNO3 as their disolvates. Sorbed actinides could be readily eluted using nitric
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acid. When a mixture of these cations in 2 M HNO3 was passed through a column, all except

Am were extracted and thus it could be recovered directly in the effluent. Sligntly adsorbed

Am was easily removed with 2M HNO3 as washing of the column. Subsequently, Pu 4 + could

be stripped with a mixture of 0.5 M NH2OH.HC1 + 2M HNO3. Finally, U was easily eluted

withca. 0.1 M IINO3.

55. Recovery of palladium from nuclear waste solutions by supported liquid

membranes containing bis (2-ethyl hexyl) sulfoxide as a potential carrier

J.P.Shukla and S.R.Sawant*

* PREFRE, Tarapur

Experiments were performed to recover micro quantities of palladium from acidic

medium / low - level radioactive wastes generated from PUREX process containing Pd and

other potential and heat - generating nuclides. Highly selective transport of Pd (II) over several

other long - lived fision product contaminants was accomplished through thin - sheet

supported liquid membrane (SLM ) employing BESO as the mobile carrier and toluene as the

membrane solvent. Effects of important parameters that affect cation flux in liquid

membranes,such as feed acidity, carrier ( BESO ) concentration and type and concentration of

the strippant in the receiving phase were optimized. Enka Accurel polypropylene (PP) films

were employed as the flat - sheet supports for SLM permeation. Extremely dilute palladium

nitrate solutions in about 1 M HNO3 generally constituted the source phase. Among the

several aqueous reagents tested, dilute ammonium thiocyanate (ca.l M ) solution served

efficiently as the strippant. By using SLM system, more than 95 % of palladium could be

transported through 0.2 M BESO / toluene into dilute ammonium thiocyanate strippant in

about 6 - 7 hours. Lowering the acidity from 4 to 0.01 M HNO3 caused an increase in Pd

permeation from 27 to 96 % by 0.2 M BESO / toluene. Maximum permeation coefficient was

computed to be 2.8 x 10 m / sec after about 6 hr of transport which took place from

relatively lower feed acidity of nearly 0.01 M HNO3 with 0.2 M BESO.
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56. A simple solvent extraction process for removal of alpha activity from medium
level active alkaline effluents

J.P.Shukla , Anil Kumar and J.V.Sonawane
* PREFRE, Tarapur

A solvent extraction method for the removal of alpha emitting actinides like Pu and Am
from medium level active highly alkaline and salted nitrate wastes stored in ' waste tank farm '
was developed. Commercially available high molecular weight monocarboxylic acid, namely
Versatic acid ( 2 - methyl 2 - ethyl heptanoic acid ) was used as the extractant. Variables such
as reagent concentration, diluent, aqueous phase acidity, volume ratio, and type and
concentration of strippants etc. were optimised. More than 95 % of a-activity primarily owing
to Pu and Am could be removed from the alkaline wastes ( pH 9 - 11 ) using 20 % Versatic
acid diluted with dodecane in single equal - volume contacts. Aqueous to organic ratios up to
10 could be conveniently tolerated without causing any loss in the extraction efficiency. The
loaded organic phase was easily stripped with common strippants like dilute nitric acid ( ca.
0.5 M ), ascorbic acid, oxalic acid and hydroxylamine hydrochloride and thus the extractant
could be recycled for its reuse. Generally, two equal- volume contacts with the extractant
solution were more than adequate to bring the gross alpha activity well below detection limit
(< 2Bq/ml) .

57. Development of a simple method for the simultaneous determination of
dioxouranium (II) and Gadolinium (III) in reactor coolant water

J.P.Shukla and R.S.Sharma *
* RSMD

A rapid and highly precise extraction - photometric method was developed for the assay
of both U (VI) and Gd (III) when present together in reactor coolant water along with several
other metal contaminants. Application of several commonly available fluorinated dicarbonyl
compounds of the class, B- diketones as well as 6 - ketoesters was probed systematically.
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Among several metallochromic reagents screened, arsenazo III proved to be the most effective

for their estimation in a single aliquot. Selective extraction of U (VI) from dilute aqueous

acidic iolutions (pH 4.1 - 5.2) into chloroform by ethyl psnta fluoropropanoylacetate

(HPPOE), a readily available 8- ketoester and having applications similar to B- diketones and

its direct photometric determination in one operation is note worthy feature of this newly

standardized method. The rapid and simple estimation of even trace amounts of G d 3 + in the

aqueous residues following the same technique are its additional merits. Precision and accuracy

of this absorptiometric method compares well with other sophisticated instrumental advanced

techniques.

58. Radiation effects in liquid phase: study of TBP- HNO3

M.V.lfrishnamurthy and A.T.Sipahunalani*

* Bio-organic Division

In continuation of the previous work on radiation decomposition of TBP -HNO3 system

(1), the gas chromatographic technique was utilised in developing a method for the estimation

of n-butanol and 1-nitro butane using octyl alcohol as reference. T-irradiated samples of pure

TBP, TBP- 3M HNO3 extract and TBP- 5M HNO3 extract were diluted in octyl alcohol

solvent and the gas chromatographic analysis was carried out. Using the calibration charts

obtained for the standard samples (100 ppm to 5000 ppm range), the contents of n-butanol and

1-nitrobutane were estimated. Dose dependence studies are in progress.

REFERENCE

1. Radiochemistry Division annual progress report (1992).
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III. SPECTROSCOPY

59. Structural phase transition studies of Cu2 +doped (NH^ThFg,

and (NH4)4PuF8

M. K. Bhide, M. D. Sastry, U. R. K. Rao*, N. D. Dahale# and N. C. Jayadevan#

* - Applied Chemistry Division, # - Fuel Chemistry Division

Ammonium flurocompounds of the early actinides form an interesting series of

compounds which exhibit changes in molecular dynamics with temperature, resulting in

structural modifications in easily accessible temperature ranges (1,2). Actinide compounds of

the type (Nf l^MFg, where M= Th, U and Pu can be prepared by solid state reaction of

respective oxides with NH4HF2 at room temperature (3). The higher homologues on heating

in air successively lose NH4F units to give lower homologues of the type (NH4)4_xMFg_x,

where x=l-4. Work on the polycrystalline samples of (Nfy^ThFg, (Nfy^ThFy and

(NH4)4PuFg doped with Cu^ (0.3% w/w) is discussed in the present report.

Tetra-ammonium Th and Pu octafluorides were prepared by mixing stoichiometric

amounts (1:4 m/m) as well as by mixing excess (l:16m/m) of NH4HF2 with respective oxide.

The XRD patterns of the compounds prepared matched closely with the reported XRD data

(4,5). Out of the two compounds (NH4)4ThFg was further characterised by TG and DTA. TG

of (NH4)4ThFg in a stream of dry air had shown successive removal of NH4F molecules at

175, 230, 290 and 390°C to give ThF4 at 450°C, which on further heating at 900°C resulted

in ThO-). The intermediate formed at 175° C was identified as (Nh^^ThFy .

The actinide fluorocompounds prepared were sealed in quartz tubes, considering their

toxicity and instability in open air. Electron paramagnetic resonance (EPR) spectra of O r + in

(Nf-^^ThFg, (NH^J^ThF-y and (NI-^^PuFg were recorded at room temperature and the

temperature dependence of Cu-"1" EPR spectrum in respective compound was studied in the

region 77-550K. Room temperature (RT) EPR spectrum of both octafluorides had shown four

line hyperfine structure of Cu^^ with characteristic mj dependent linewidths suggesting a

dynamic coordination for O r 4 " . In (NH4)4PuFg, EPR spectrum of C u 2 + with g i s o =2J17

and AjS0=71.5G was obtained at room temperature as shown in Fig.24. On cooling below

RT, an anisotropic G r + spectrum was observed at 233K in plutonium compound suggesting

a static coordination for Cu~ + . The change observed was a reversible one. Similar changes in



103

DPP H

2 9 9 K

2 44 K

234K

232 K

230 K

214 K

r

2 5 7 5

H (GAUSS)
2+

Fig. 24 : EPR spectra of Cu in

3 6 0 0



104

600

300 200

TEMPERATURE °K

100

Fig. 25 : Microwave absorption of (NH^PuFg as a function

of temperature



105

EPR spectrum of Cu were observed in thorium compound at 214K in the sub-room

temperature region. Further, the microwave absorption studies of the [(NH^PuFg] loaded

cavity had shown reversible changes in the microwave absorption around 233K (Fig.25) and

transition temperature coincided with that observed in EPR measurements. The thorium

compound had also shown similar changes in microwave absorption around 214K. Thus from

the EPR and microwave absorption studies we propose the existence of structural phase

transition in (NH4)4PuFg and (NH4)4ThFg at 233 and 214K respectively. The transition is

attributed to the change of (MFgr molecular dynamics with temperature.

In (NH^ThFy, the dynamic features of the Cu EPR spectrum were absent and

spectrum characteristic of a local orthorhombic symmetry with g j = 2.469, g2= 2.264 and

g3= 2.082 was observed down to 77K. In high temperature region, EPR of O r + showed a

reversible transition to axial symmetry at 524K (Fig. 26), possibly due to a structural phase

transition.
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60. Role of radical ions in the thermally stimulated luminescence of uranium doped
barium carbonate

V.Natarajan, T.K.Seshagiri and A.G.Page

The thermoluminescence properties of naturally occurring carbonate minerals such as
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calcite, dolomite, aragonite etc.,have been well studied [1,2]. The role of carboxy radicals in

the thermally stimulated luminescence (TSL) of Eu and 2 4 1Am doped BaCC>3 have been

already investigated by the authors [3] using electron paramagnetic resonance (EPR) and

thermally stimulated luminescence (TSL) techniques, in the present work, the radical ions

produced in gamma irradiated uranium doped BaCO^ and their role in the TSL of this system

have been identified.

The phosphor was prepared by coprecipitation of BaCC^ along with uranium dopant

from a solution of Ba(NC>3)2 and uranyl nitrate (U- 0.1% by weight) using (NH^CC^. The

resultant mixture was thoroughly mixed, ground and then heated at 1000 K for about 8 hours.

Emission spectroscopic analysis of the samples for trace metallic impurities revealed the

presence of sodium at 25 ppm level. All other impurities were found to be below 10 ppm. The

concentration of uranium was estimated to be 100 ppm in the sample by fission track method.

The sample was gamma irradiated to a dose of 4 KGy at room temperature and the TSL

glow curve was recorded in the 300-600 K range (Fig.27). It contained an intense glow peak

around 360 K and a weak shoulder at 440 K at a heating rate of 1 K s ' ' . Dose dependence

studies of the peak around 440 K shewed that the peak got saturated after a gamma dose of

6KGy. The spectral analysis of the TSL glow for both the peaks carried out using narrow band

interference filters revealed emission around 569,583 and 590 nm characteristic of UOg"" ion

[4,5]. The trap depth for the glow peak at 360 K was determined from 'different heating rate'

method and 'initial rise method'. For the second peak at 440 K, trap depth was determined

(after bleaching the first peak at 360 K) by the first method only due to its low intensity. The

results are given in Table 22.

Table-22: Trap parameters for the glow-peaks

TSL peak Trap depth (eV) , Frequency factor

temp.(K)* DHR IR ' (sec'1)

360 0.50 ± 0.04 0.56 ± 0.03 1.3 X 105

440 0.70 ± 0.05 — 3.3 X 106

DHR-different heating rate method; IR- Initial rise method

* - heating rate = 1 K sec"1
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The unirradiated sample did not show any EPR signal. The EPR spectra of gamma

irradiated sample *.t a dose of 4 KGy and recorded at room temperature and at 77 K is shown

in Fig.28. These spectra showed signals due to CO3 ' {g^ = 2.0152 and g2 =2.0091, g3

=2.0051), COf (gi = 2.0030, g2 = 2.0010 and g3 = 1.9970), O 3 ' (gx=2.0178 and g//

2.0034) and O2~ with a quartet hyperfine structure due to Na + in the form of (Na+-O2~)

complex (with gj = 2.0248, A{ =27.8 G, g2 = 1.9723, A2 = 15.0 G and g3 = 1.9614, A3

= 14.4 G). The complex, (Na+ - O2~) has been reported by the authors in an earlier work on

Eu doped BaCO3 [3]. Thermal stabilities of these radical ions were studied from the

temperature dependence of the EPR spectra of the irradiated sample in the 300-600 K range.

The radical ions, O2" and CO3 ' were found to disappear in the 350-370 K range and 430 -

470 K respectively suggesting their probable role in the TSL glow peaks observed around 360

and 440 K respectively. The radical ion, O3~ was found to disappear around 41 OK. As no TSL

peak has been observed around 400 K, O 3 ' ion does not appear to play any role in the TSL

process. The radical ion, CO2" was found to get partially destroyed in the 380 - 460 K and

thereafter stable upto 600 K.

The'probable mechanism for each of the observed TSL peaks is given below:

On T-irradiation,

C 03 "
2CO3

2~

UO 6
6" 4

Na+ + 02

Peak at

(Na+-O2"

°2~ "
UO 6

7" H

> C03~ + e

>2 C02~ + O2~

" e > UO6
7~

," > (Na+-O2~)

360 K:

•) > N a
+ + o2~

— > O2
2~ + h

u h > UO6
6~* ~ /

(h = hole, e =electron)

Peak at

C03- -

co2" +
uo6

7" -

440 K:

--> CO3
2"" + h

h > C02

J- h > UO6
6~* — ^

+ e

\V—> UO6
6" + hV

,yy\—> UO6
6" + hV~
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61. Electron paramagnetic resonance and thermally stimulated luminescence studies

in gadolinium doped

T.K.Seshagiri, V.Natarajan, R.M.Kadam and A.K.Tyagi*

* Applied Chemistry Division

The alkali and alkaline earth fluorides are known to be good luminescent materials.

Radiation damage produces defect centres which involve valence changes and ionic

displacements in these systems [1]. Electron paramagnetic resonance(EPR) has been used as a

diagnostic tool to identify the defect centres and their role in the thermally stimulated

luminescence (TSL) properties of these materials. In view of this, a new class of ternary

compounds, Yj_xGdxBa2Fy(x=0,0.02,0.04,0.1) were prepared by high temperature solid

state reaction between YF3, GdF3 and BaF2 in vacuum [2] and TSL and EPR studies were

conducted on these samples after r-irradiation. The undoped as well as Gd-doped samples were

r-irradiated to a dose of 3KGy at room temperature and their TSL glow curves were recorded

in the 300-650 K. All of them exhibited a single glow peak around 410 + 2 K at a heating rate

of 2K s (Fig. 29). The intensity of the peak was found to be dependent on Gd concentration

being maximum at x =0.02 and decreasing thereafter due to concentration quenching. The

emission spectroscopic analysis oi the undoped sample revealed that Gd^+ was present in

trace level (10 ppm). All the samples were found to contain Dy^+ at 5 ppm level. The study

of the spectral characteristics of the glow peak showed an intense emission group around 308

nm due to Gd-*+ and also three weak emission groups, around 380 nm, 470nm and 550nm

arising from traces of Dy3 + impurity as confirmed by emission spectrographic analysis. The

trap depth for the glow peak was determined from different heating rate method and initial

rise method. EPR spectra of the samples before and after gamma irradiation showed signal due

to Gd-* at g = 1.993. The EPR spectra of the gamma irradiated YBa2F~ sample showed two
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EPR signals, one with gj = 2.0680, g2 = 2.0380 and g3 = 2.0220 and other signal at g =

2.0003 were observed. The first centre was assigned to O" ion and the second one was

attributed to <>>" ion The origin of these ions is trace amount of oxygen present in the sample.

The temperature dependence of the radical ions was studied by recording the EPR spectra of

the gamma irradiated annealed samples (in the 300- 650 K range) at 77 K. The signal due to

O" was found to disappear irreversibly in samples annealed beyond 400 K ( Fig.30) indicating

its role in the TSL process. These signals could not be distinctly seen in the Gd doped samples

due to the masking by the intense line from Gd^ + . On heating to 420K, the signals due to O'

ion disappeared whereas O2" ion was stable upto 550 K.

The activation energy for the destruction of O" ion was calculated from the thermal

stability of the EPR signal of this ion after annealing at different temperatures using the

equation ln[-ln(l-Al/I)] = constant - E/kT, where I is the intensity of the EPR signal and Al is

the amount of decrease in signal at each temperature. The trap depth(activation energy)

calculated from this data as well as from TSL methods are given in Table 23.

Table-23: Trap parameters

Peak Temp.(K) trap depth (eV) Frequency

* factor

DKR IR EPR (sec"1)

410± 2 0.74 0.80 0.73 7.5 X 107

±0.05 ±0.06 ±0.07

(i) DHR- different heating rate method (ii) IR- initial rise method

* heating rate used - 2K sec'^

It can be seen from the table that the trap depth values from TSL agree well with the

value obtained from EPR data of O" ion. Hence it is clear that oxygen impurity in the form of

O" ion (trapped hole centre) is responsible for the observed glow peak. The probable

mechanism for the TSL peak is as follows:

On gamma irradiation,

O2" + hole — > O"
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77 K ; (b) after annealing at 400 K for 5 min.
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On heating upto 400 K,

O' + e — > O2" + h\f

The electron is released most probably from radiation induced F centres for which no

evidence was found in the present work. But in the earlier studies (3) on oxygen containing

BaFBr as well KC1 (4), on room temperature uv-irradiation, F-centres were found to be

present along with O' ions.)

G d 3 + + hir — > Gd3 + * ~ ^ > Gd3 +

The release of hole from O' ion and the associated energy transfer to Gd3 + ion is

found to be responsible for the observed glow peak.
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62. Role of electron transfer process in the photoacoustic spectra of tetravalent

uranium compounds

A.R.Dhobale, Mithlesh Kumar and A.G.Page

Photoacoustic (PA) spectroscop) is a very convenient technique for obtaining the

absorption spectra of opaque samples. It is particularly useful where excited electronic state

looses its energy via non-radiative relaxation processes. In case of actinides where 5f electrons

are less shielded compared to 4f electrons in lanthanides, the spectroscopic studies also give

valuable information on chemical bonding, oxidation states etc. In this study, the

photoacoustic spectra of U ions have been studied in the presence of different ligands such

as fluorides, sulphates and oxides to elucidate further information on the mode of transfer of

the excitation energy between these ligands and the actinide ion.

The PA spectra of UO2, K^IKSO^ and UF4 powder were recorded using the
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indigenously developed photoacoustic spectrometer [1]. The experiments were carried out

using 250 W tungsten-halogen lamp as an excitation source along with 0.25 M Jarrell-Ash

monochromator. The PA spectra was recorded using 100 mg sample size in the spectral range

350-800 nm region. Freshly prepared UO2 and UF4 samples were procured from Fuel

chemistry Division whereas ^ I K S O ^ sample was prepared through electrolysis of UO2

in 1M H2SO4 acid followed by addition of equivalent amount of K2SO4. The mixture was

then evaporated to dryness. The resulting compound was characterised as K2U(SC>4)3 by XRD

method.

Figure 31 shows the PA spectra of UO2, K2U(SO4)3 and UF4 respectively. PA

spectrum of UO2 shows broad absorption with a peak around 590 nm whereas K^LKSC )̂?

and UF4 samples show multiple absorption bands around 480,540 and 650 nm. The PA

spectrum of UF4 when compared with the reported diffuse reflectance spectrum of UCI4

shows good agreement [2|. The absorption spectra of U ions arise due to weak Laporte

forbidden transitions within the 5P configuration and are quite sensitive to the environment

around the U ion. Hence some shift in the PAS peaks is seen between the two compounds

viz. UF4 and ^ I K S O ^ . In the case of UO2, broad and intense PA signal around 590 nm is

attributed to an allowed 5^-5^ 6d transition. Oxygen produces more ligand field than fluoride

and sulphate, resulting in an increase in interelectronic repulsion and crystal field splittings. As

reported in the literature [3], the broad absorption band can also arise due to electron transfer

process from a molecular oxygen orbital to a partly filled or empty 5f electron state of the

oxidizing central uranium atom. In the present case, it appears that the electron transfer bands

compete with 5 f - 5 r 6 d bands and hence the broad spectral band could be due to combined

effect of both.
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63. EPR Investigation of the sub-room temperature phase transitions in
single crystals

Y.Babu, S.V.Godbole, A.G.Page, M.D.Sastry and B.A.Dasannacharya*

* Solid State and Spectroscopy Group

Perovskite BaTiO3, which is one of the most extensively studied ferroelectric

materials, is known to undergo three phase transitions around 393, 278 and 183 K. There are

reports suggesting that the substitution of similar perovskite materials in BaTiO3 causes

significant changes in its dielectric properties. In particular, Ca substitution in ceramic samples

has been investigated by various workers (1-3] mainly with regard to its effect on the cubic to

tetragonal phase transition around 393 K. On the basis of dielectric studies of ceramic samples

Mitsui and Westphal [2] have reported that Ca substitution in BaTiO3 resulted in considerable

lowering and even suppression of the tetragonal-orthorhombic (T-O) and the orthorhombic-

rhombohedral (O-R) phase transitions occurring in sub-room temperature region. In this work

EPR investigations have been carried out on the sub-room temperature phase transitions in

flux-grown single crystals of Baj:xCaxTiO3 (x=0, 0.03 & 0.05), using F e 3 + ion, present as

an impurity, as a probe.

The crystals were grown at Crystal Growth Centre, Anna University, Madras, by

adding 0, '0 and 20 atom percent of Ca to the melt; however, emission spectrometric

analysis ot ^ latter two crystals have shown the presence of only 3 and 5 atom percent of Ca

respectively. EPR spectra recorded for undoped as well as Ca substituted crystals showed lines

due to Fe impurity centres. The EPR studies have clearly revealed the following: (i) Even

for x = 0, the probe ion, Fe^+ at T r + site, experiences inhomogeneous crystal-field resulting

in broadening of the fine structure transitions; these inhomogeneities increased considerably

with Ca-substitution; (ii) the crystals were not entirely monodomain in nature and evidence for

the presence of 90° domains was seen in EPR

The temperature dependence of the spectra was monitored in the range 10 - 300 K both

for magnetic field parallel to <100> and <110> directions. Both the T-0 and the O-R

transitions were found to occur in all the crystals, resulting in sudden changes in the EPR

spectra at the transitions. Typical EPR spectra revealing these transitions are shown in

Fig.32 (H parallel <110>) for BaQ 95Ca 05TiO3 and Fig.33 (H parallel to <100>) for

BaQ 97Ca 0 3 ^ 0 3 . Further, the spectrometer diode current monitored as a function of

temperature also showed sharp changes at the transition temperatures, following changes in
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dielectric loss. The effect of Ca substitution upto 5 atom percent was only to lower the phase

transition temperatures by 12 K and 8 K respectively, however, the shift in transition

temperature is not as significant as reported in dielectric studies of ceramic samples [2]. This is

possibly due to differences in the methods of preparation of the samples, resulting in

differences in site occupancy of Ca, which in the present case is reported to occupy only Ba

site [4].
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64 EPR studies of some Potassium Oxyfluoro Vanadates

R.M.Kadam, A.G.Page, S.V.Adhyapak* and U.R.K.Rao*

Applied Chemistry Division

The structutral and temperature dependent fluxional behaviour of paramagnetic

vanadium (IV) oxyfluoro anionic units in a number of compounds derived from

(NH4)3VO2F4 and NH4VO2F2 have been examined previously (1,2). In the present work

EPR studies have been carried out in the temperature range 77-573 K on a number of

potassium analogues, viz., KVO2F20.5H2O (A), K2VO2F30.5H2O (B), K3VO2F4 (C) and

K3VOF6 (D) which were prepared by solid state reaction. The room temperature and 77 K

spectra of all these compounds consists of two sets of octets, a parallel and a perpendicular,

characteristic of a rigid V (IV) species with random orientation with an unpaired electron in a

non-bonding dxy orbital showing hyperfine splitting due to ^ V having 1=7/2. The spin

Hamiltonian parameters alongwith transition temperature are listed in Table 24.

The EPR spectra of compound A and B are nearly temperature independent in the range

77 - 573 K. The EPR spectrum of compound A is consistent with a polymeric structure of its

anion with four fluorines around vanadium with all of them shared with neighbouring
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Table-24: Spin Hamiltoni in parameters and phase transition

temperatures

Compound

KVO2F2

0.5H2O

K2VOF3

0.5H20

K3VO2F4

K3VOF6

Temp.

(K)

77

573

77

573

77

300

573

77

300

573

g-tensor

g

1.9309

1.9362

1.9368

1.9330

1.9438

1.9422

<

1

1

1

1

1

1

giso=1-
1.9372

1.9427

Oiso=

1

1

3

.9786

.9724

.9682

.9723

.9697

.9694

9600

.9708

.9727

9671

A(10~4cm~1)

A

181.32

179.25

179.78

178.68

179.56

179.27

A

55.

55.

55.

55.

55.

55.

Aiso = 1 0 4'
179.85

179.30

55.

55.

Aiso=100.

39

87

10

21

24

13

68

17

09

86

Temp of

EPR

563±5

523±5

SPT(K)

DSC

568±5

548±5

vanadium atoms. The EPR spectra of compound C and D showed strong temperature

dependence in the range 77 - 573 K. The axially symmetric spectrum remains unchanged in

the temperature range 77 - 473 K. Above 473 K, an isotropic spectrum started developing at

the expense of the original axially symmetric rigid spectrum and the intensity of the new

spectrum increased progressively upto 550 K. Above 550 K only the isotropic spectrum

consisting of an octet with components showing mj dependent line width was observed. This is

shown in figure 34. The characteristic correlation time, Tc estimated in the high temperature

phase by using expression Tc = 12/rQjf A3/A2 a. (h/g,so 6), where Zi2a = (Au-Aiso)2 + 2(Aj;

A i s 0)2 and was found to be of the order of nearly 2.25 X 10'10 sec and 0.057 x 10'1 0 sec for

compound C and D respectively. In the case of compounds C and D, the changes in EPR

spectrum are reversible on cooling. Thus in this case both isotropic as well as the rigid

spectrum arise out of the same species viz., [VC^F^'/fVOF^] , as the case may be, in two

dynamically different states, one rigid and other fast reorienting, distinguishable in EPR time

scale. EPR experiments presented so far suggest that the compounds C and D undergo a

structural phase transition at which all anions freely reorient in these compounds at T > 563 K
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and 543 K respectively. These transitions were further confirmed by DSC experiments which

gave a sharp endothermic peak at 568+5 K and 548+5 K in compound C and D respectively

(in heating cycle) associated with the first order transition. This is shown in the figure 35. The

bulk microwave absorption studies of these compounds also showed an anomalous behaviour

above the transition temperature. In compounds A and B, the anions are rigid in the

temperature range 77-573 K.
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65. Fluorescence investigation of structural phase transition

in NH4Eu(SO4)2.4H2O

S.V.Godbole, Y.Babu, P.N.Iyer and A.G.Page

Extensive investigations on structural phase transitions (SPTs) in isostructural

ammonium lanthanide double sulphate tetrahydrates have been reported using EPR, IR and

DSC. However, no optical studies have been reported. The fluorescence spectrum of Eu^ +

has been extensively reported in a large number of systems with different crystal field

symmetries. In the present work, optical evidence of SPT in NH4Eu(SO4)2.4H2O (NEST) has

been obtained by monitoring the fluorescence emission of Eu^+ ions at 300 and 77 K. The

fluorescence spectra were photographed in the region 560-630 nm on Kodak II-F plates with a

1 M Czerny-Turner spectrograph, using 360-400 nm excitation from a high pressure mercury

lamp. Spectral data obtained in this region are as follows :

5D 0 -
 7F 0

 5D 0 -
 7

F l
 5D 0 -

 7F 2

300 K 5792.7 5911.7,5925.4 6150.5,6194.2
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77 K 5795.2,5797.6 5910.5,5913.4, 6143.9,6150.5,6157.9,

5920.0,5922.5, 6165.4,6172.4,6183.9,

5925.4,5932.8, 6186.9,6194.2,6198.3

5934.0

The examination of ths fluorescence spectrum at 300 K, suggests that all Eu3 + sites

are equivalent and their site symmetry is C ^ . This is consistent with XRD results wherein it

has been reported that there are four lanthanide sites per unit cell which are coordinated to nine

oxygen ions forming a distorted raonocapped square antiprism ( C ^ ) . At 77 K, two lines are

observed in the region of DQ- FA transition, alongwith increase in the number of components

of the other two transitions. The ^DQ-^FQ transition is not expected to split in ligand fields of

any symmetry, while J D Q - Fj and JDn- 'F2 transitions can further split on lowering of site

symmetry into maximum of 3 and 5 components respectively. The observation of two lines

around 579 nm and more than 3 and 5 components around 593 and 617 nm respectively at 77

K suggests that at this temperature apart from lowering of the symmetry there exists Eu 3 +

ions at two inequivalent crystal field sites. Using EPR technique Mishra et al/1/ have reported

that NEST undergoes two SPTs at 273 K and 166 K. Below 166 K, they have reported a

doubling of the unit cell resulting in the EPR observation of eight magnetically inequivalent

lanthanide sites. The present investigations give clear optical evidence of lowering of

symmetry and existence of two sets of Eu sites of differing crystal field strength in the 77 K

phase.
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66. ETA-A AS determination of Al, Cu. and Mn in thorium matrix

Paru J.Purohit, Neelam Goyal, A.G.Page and R.H.Iyer

The Atomic Absorption Spectrometric methods using Electrothermal mode of
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atomization has been developed for the direct determination of Al, Cu and Mn in thorium

without prior chemical separation. In this regard, high purity thorium oxide was dissolved in

concentrated nitric acid containing a small amount of HF. Contribution arising from non

-specific absorbance arising from the matrix was checked using a hydrogen continuum lamp

and BC-6 background corrector. The effect of matrix and its concentration on the analyte

signal was also investigated in the range 0-100 mg/ml thorium. Reduction in the absorbance

signal for all these analytes in presence of thorium was seen. As the Th concentratin increases

the analyte absorbance signal decreases. High concentrations of the thorium also imparts

physical interference. These studies have revealed 20 mg/ml as the optimum concentration of

thorium. A series of standards was made with graded amount of each of the analytes using 20

mg/ml of thorium concentration. The experimental parameters such as temperature and time

durations for dry, ash and atomize stages were optimized using a mid range concentration

standard and the analytical range for these analytes was determined using these standards.

Effect of matrix accumulation on the analyte absorbance, over successive analyses using the

same atomizer was found to be negligible upto 50 atomization cycles i.e., upto accumulation

of 5 mg of thorium. Using the optimized parameters it was possible to determine Al, Cu and

Mn directly at concentration as low as 0.5, 0.01 and 0.02 /xg/ml respectively, with a 5 /xl

aliquot of the sample containing 100 /xg/ml thorium. Precision of the method and a measure

of the accuracy of analyte determinations were evaluated by analyzing three synthetic

samples. The percentage R.S.D. was better than 8% while accuracy estimates were within the

precision limits.

67. ETV ICP approach in atomic emission spectrometry of trace metal assay of

uranium

Paru J.Purohit, Neelam Goyal, S.K.Thulasidas, A.G.Page

One of the major constraints in reaching better sensitivity in ICP-AES is the poor rate

of the sample introduction which, in turn, is governed by low nebulization efficiency in

pneumatic nebulizers. Attempts to improve nebulization efficiency have resulted in only

marginal rise which is at best 10-15% for an ultrasonic nebulizer. Several advanced methods

of sample introduction into ICP like solid sample introduction as well as the hyphenated

approach are some of the ways for achieving significant improvement in sensitivity [1].
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The Electrothermal Vaporization mode of sample introduction in conjuction with ICP-

AES source is one such hyphenated approach adopted in our laboratory to improve not only

the detection sensitivity but derive other beneuts individually available with the two

techniques. In particular, ETA-AAS requires very small sample size, has greater atomization

efficiency and programmed heating of the sample to control its vaporization, while, ICP has

very high temperature available for excitation, absence of matrix interference and large

dynamic range coupled with simultaneous multielement determination facility of AES

technique.

An electrothermal vaporization unit is designed and fabricated successfully for ETV-

1CP-AES studies improving detection of some metallics and rare earths. The design utilizes

stainless steel chamber as shown in Fig 36. It is made of two halves. The lower half

incorporates the commercially available Varian Techtron AA-6 workhead to be used for

vaporization of solution samples alongwith the provision for water circulation and inlets for

auxiliary and carrier argon supply. The auxiliary argon gas supply prevents the diffusion losses

and generates adequate positive pressure, while, argon carrier gas supply carries the analyte

vapours produced during the vaporization stage into the plasma. The chamber is fitted with

connectors through which electrical supply can be provided to the atomizer. The workhead is

located in the central part of the lower half to which gas, water and electrical connections are

attached.

The upper half has two diagonally opposite windows at the sides and a viewing window

at the top. An arrangement h made for introduction of the sample and to carry the vapours to

plasma. To restrict the analytical volume of the vapours, a small glass dome was placed

exactly over the furnace and was connected to the central tube of the plasma torch.

The nebulizer is replaced by ETV system. The interface between the ETV unit and the

ICP-AES instrument consist of 3 meters long tygon tubing connected directly to the plasma

torch for the efficient vapor transfer. The central tube of the ICP- torch was suitably modified

for direct coupling of the vaporizer. A modified graphite furnace was designed to enable the

easy transport of analyte vapours. 5 n\ sample aliquot is used to generate analyte vapours and

obtain the analytical signal.

The experimental parameters for ETV as well as for ICP have been optimized to

generate intense analytical signal. Experiments were carried out to determine the optimum

temperature and time duration for the drying, ashing and vaporization stages. The other

experimental parameters include auxiliary gas flow, carrier gas flow for sample introduction,

signal integration time and plasma viewing position which is one of the most critical
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Fig. 36 : The design of Electro-thermal vapourisation unit
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parameters in ICP-AES. Using these parameters and a sample aliquot of 5 fil containing 20

mg/ml uranium concentration, common metals like Be, Cd, Cu, Mg, Fe, Mn, Ni, Cr, Co etc.

were vaporised in the ETV chamber and vapours were transported to the Ar plasma for

dissociation and spectral excitation. The preliminary trials of the ETV chamber have proved

the suitability of the unit for analytical technique.
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68. ICP-AES determination of silver after chemical separation from uranium

matrix

Aparna A.Argekar, Madhuri J.Kulkarni and A.G.Page

In nuclear industry, high neutron absorption cross section of Ag necessitates its precise

determination in nuclear fuels and fuel materials. Silver can not be determined along with

other common analytes by carrier distillation technique where AgCl is used as a carrier.

Determination of silver at trace concentration levels in uranium matrix by ICP-AES technique

is not possible due to strong spectral interference of uranium in silver determination. Further,

low tolerance of dissolved solid increases relative detection limit making it difficult to meet the

specification limit of silver in nuclear fuels.

Studies have, therefore, been carried out to develop solvent extraction techniques for

the separation of silver from uranium matrix and its determination by ICP-AES technique.

Extraction of uranium in 30% TBP/xylene is well known and is being used in the

laboratory for separation of uranium from rare earth elements. The same chemical separation

approach was, therefore, examined to include Ag along with other rare earths. The work was

thus extended to study the separation of silver along with REs from uranium. It is known that

silver would not get extracted with TBP in nitric acid medium. This was confirmed

radiometrically by using A g * ^ m tracer and its subsequent counting with Nal(Tl) detector.

Thus, this method can be used for simultaneous separation and determination of silver and REs

at trace level in uranium matrix. The specification limits of REs being very low , large

amount of sample is needed for reconcentration of REs. Due to complex spectrum of uranium,

even trace level of uranium interferes in the determination of rare earths. Therefore complete
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removal of uranium from rare earth solution is essential, which needs 10-12 contacts with

30% TBP. Further, a number of process samples do r.ot require rare earth analysis. A novel

approach has, therefore, been adopted to selectively extract silver into the organic phase.

CYANEX 471X,developed by American Cyanamid Co., in which the active species is Tri-

isobutyl-phosphine Sulfide (TIBPS) has been reported to be used successfully (1-4) in the

extraction of Pd, Hg, Rh, Au and Ag. Though such separation of silver is reported in the

literature, the present work is the first report on extraction of silver from uranium matrix.

CYANEX 47IX has been used as the extractant in xylene in nitric ac<d medium. Silver is then

back extracted into the aqueous phase using 5% NaHSO3 and its determination is carried out

using ICP-AES technique.

A number of experimental parameters such as (1) cyanex concentration (2) nitric acid

molarity (3) contact time (4) silver loading amount and (5) concentration of NaHSC^ were

varied to optimise the conditions for extraction and back extraction of silver in aqueous

medium. It was found that silver could be quantitatively extracted from 2.5 M HNO3 medium

using 0.1% cyanex/xylene system in one contact of one minute. The stripping of silver into

aqueous phase was quantitative with 5% NaHSO ,, in single contact.

Thus, silver can be chemically separated along with REs using TBP extraction of

uranium and if the determination of si" ̂ er alone is required, it can be selectively extracted into

the organic phase using cyanex 47IX extraotant. After backextracting silver into the aqueous

medium , it is analysed using ICP-AES. technique.

REFERENCES
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69. An inductively coupled plasma-atomic emission spectrometric determination of

Th in aqueous solutions

V.C.Adya, N.S.Hon, T.R.Bangia, M.D.Sastry and R.H.Iyer.

Thorium oxide a blanket material for fast reactors needs to be characterised for

trace metals especially rare earths which have high neutron absorption cross section. Rare

earths in thorium matrix are determined after their chemical separation from the major matrix

using di-2-ethyl hexyl phosphoric acid (HDEHP)/xylene/HCl system, when thorium gets

extracted into organic phase leaving all the analyte rare earth elements in the aqueous phase.

However a small amount of thorium may be left in the aqueous phase alongwith rare earths

which may affect their determinations. A method has, therefore, been developed for the

determination of thorium in aqueous solution and the effect of thorium on rare earth determi-

nation has been studied using Inductively Coupled Argon Plasma-Atomic Emission

Spectrometric (ICP-AES) technique.

Thorium stock solution at 2mg/ml concentration was prepared by dissolving ThO2

in 0.1M HF + Conc.HNO3 mixture. Because of linear analytical response of ICP-AES, a two

point standardisation procedure using reagent blank as the low concentration standard and

100 ppm Th as the high concentration standard was carried out using 4019°A channel. A

series of synthetic samples with 0.1, 1 and lOug/ml of Th was analysed using the

standardised method. The recovery results at different concentrations are shown in Table 25.

It is possible to determine thorium in the range of 0.1-100 /zg/ml, with a precision better

than 4 % based on ten replicate analyses of a mid-range concentration sample.

Table-25 : Recovery of synthetic samples for Th

. No.

1.

2.

3.

4.
5.

Amount added

(/jg/ml)

0.01

0.1
1

10
100

Amount estimated
(Mg/ml)

<

0.08
0.78
11

105

% R.S.D.

—

3.6

1.9

0.8
2
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70. Extraction behaviour of HDEHP for Mg in ThO2 matrix and its determination

alongwith rare earths by Atomic Emission Spectrographic technique

V.C.Adya, N.S.Hon, T.R.Bangia, A.G.Page and R.H.Iyer

The use of ThC>2 ^ a b ' ^ e t material in fast breeder test reactor, necessitates the

characterisation of ThO2 for trace metallics by analytical spectroscopic methods. Among these

metallics, Mg is added to thoria powder in the precipitation stage to improve its sinterability at

lower temperature. It is, therefore, essential to know the precise contents of Mg in the blanket

material. Further from neutron economy point of view group of rare earths also need to be

determined at trace concentration levels. To explore the possibility of simultaneous determina-

tion of magnesium and rare earths by Atomic Emission Spectrographic (AES) method, analysis

of which is carried out by two different techniques, the extraction behaviour of HDEHP-

Xylene system for Magnesium alongwith rare earths has been investigated. Thorium being

tetravalent formed extractable species with HDEHP while Mg(divalent) and rare

earths(trivalent) were left in aqueous phase. Interference free Mg lines at 332.99 nm and

333.67 nm in the spectral region for determination of rare earths were used as analytical lines.

Synthetic samples were prepared by adding known aliquots of rare earths and Mg to 5

g ThC>2 solution. Rare earths and Mg left in the aqueous phase after removing Th using

HDEHP/Xylene extraction system were analysed by AES method developed earlier (1) in the

laboratory by the authors. The results of recovery and estimation range are shown in the Table

26.

Magnesium can be determined in the range 1-100 ppm using 5g sample with precision

better than 15% . Thus the present method is suitable for the simultaneous determination of

Mg alongwith rare earths in Th(>2 after chemical separation.

REFERENCE

1. Chemical separation and d.c. arc-atomic emission spectrometric and inductively

coupled argon plasma atomic emission spectrometric method for trace characterisation

of high purity thorium oxide.

T.R.bangia, V.C.Adya, B.A.Dhawale, B.Rajeswari, M.D.Sastry and P.R.Natarajan
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Table 26 : Recovery and Estimation range for different elements

Element

Py

Eu

Er

Gd

Ho

La

Lu

Mg

Sm

Tb

Yb

Y

Anal

line

(nm)

340.

321.

326.

342.

345.

324.

335.

333.

336.

332.

328.

332.

78

28

48

25

6

51

96

67

5

.44

94

,90

Estimation

0.05-1

0.05-1

0.025-1

0.025-1

0.025-1

0.05-1

0.01-1

0.5-PO

0.2-4

0.2-4

0.01-0.4

0.01-0.4

range

(ppm)

0.1-2

0.1-2

0.05-2

0.05-2

0.05-2

0.1-2

0.02-2

1-100

u.4-8

0.4-8

0.02-0.

0.02-0.

Amount

added

(ppra)

0.25

0.25

0.25

0.25

0.25

0.25

0.25

5

1

1

8 0.1

8 0.1

Amount

reed.

(ppm)

0.24

0.22

0.21

0.23

0.19

0.26

0.20

4.4

1.2

0.9

0.1

0.1.1

%

Recovery

96

88

84

92

76

104

80

88

120

90

100

110

71. Chemical separation and emission spectrographic determination of rare earths

in (U,Pu)O2

B.A.Dhawale, B.Rajeswari, T.R.Bangia and M.D.Sastry

Rare earths being neutron absorbers,their presence in nuclear fuel affects the neutron

economy and stringent specification limits for rare earths have therefore, been specified,

necessitating their determination in nuclear fuels at trace concentration levels. A host of

volatile elements are generally analysed by d.c. arc -carrier distillation emission spectrometric

method. Rare earths, being as refractory as uranium and plutonium, they cannot be analysed
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by carrier distillation technique to the desired low limits and hence are analysed after their

separation from the major matrix using suitable extraction system. At present (U-Pu)02

samples are being analysed in the laboratory using TnOA/HCl system (1,2). However, the

presence of HC1 poses severe corrosion problems in the glove box and ducts. Thus an

alternative method using Tri butyl phosphate (TBP)/xylene/HNO3 system was studied and

standardised for the separation of major matrix.

Gamma radioactive tracers of Ce1 4 1 , Eu1 5 2"1 5 4 , Gd153 , Tm1 7 0 and Yb1 6 9 procured

from Isotope Divisin, of B. A. R. C. have been used for optimizing extraction conditions for

extracting Pu/U into organic phase and spectrographic determination of rare earths except Tm

and Pm. Thulium has been used as an internal standard and Pm being radioactive is not

normally present in the sample. The recovery of the analytes using tracer and emission

spectrographic methods was found to be quantitative within experimental errors. Most of the

analytes can be determined in the range 0.004-0.1 ppm using 5 gm sample with a precision

better than 20%.

REFERENCES

1. A.G.I.Dalvietal; Talanta 24, 143(1977).

2. J.E.Rein et al; LA-4622 (1971).

72. Aluminium assay of blood serum of infants - a toxic element

M. K. Bhide, Neelam Goyal and A. G. Page

A method has been developed for the determination of Al in blood serum using atomic

absorption spectrometry with electrothermal atomization (ETA-AAS). The Al level in normal

person is expected to be 10-20 fig/L. Hence, it is not possible to find blood serum free from

Al(l). The sample/standard matrix matching is a difficult proposition(2). Wet digestion of the

blood serum was done using 1:1 mixture of concentrated HNO3 and 60% HCIO4. The residue

obtained after repeated heating with concentrated HNO3, is finally dissolved in 0.1 M HNO3

and is analyzed for Al content using standard addition method. The standardization of

analytical procedure has been carried out using standards prepared with graded proportion of

Al added to the same blood serum serving as blank and processed as mentioned above. The
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analytical wavelength used is 309.2 nm while temperature and time duration for ash and

atomization stages are 1500°C for 100 seconds and 2700°C for 3 seconds respectively. The

precision of determinations is 10% R. S. D. at 15 /xg/L.

REFERENCES

1. Aileen Sedman, Pediatr Nephrol 6, 383-393, (1992).

2. S. W. King et al, Anal. Biochem. 128, 221, (1981).

73. PC - based upgradation of the direct reading spectrometer system

M.L. Jayanth Kumar, S.V. Godbole, S.K. Thulasidas, T.K.S. Giri, B.A. Dhawale and

A.G. Page

The direct reading emission spectrometer was procured in 1981 and since then, it is

being used extensively for the trace metal characterization of nuclear fuel materials. The

spectrometer was modified in 1984 and was adopted for handling of plutonium-based fuel

materials. The facility, in particular, was used for the trace metal characterization of MOX,

FBTR, KAMINI and LEU fuels. The analytical software developed in eighties made use of

RSX-11M operating system on a PDP 11/23 minicomputer.

Recently, the state of the art analytical software developed at Thermo Jarrell-Ash Co.,

U.S.A., has been installed with the help of engineers of their local agents. Further, the data

acquisition and processing is earned out using an IBM-PC compatible system. Suitable

hardware changes such as change of mother board of the spectrometer have also been carried

out to achieve the most precise analytical results. Using this PC-based atomic emission

spectrometer, recalibration for various analytical methods developed so far has been carried

out. The salient features of the new set-up are :

1. Variable signal integration facility for all the analytes including that for internal

standard.

2. Automatic profiling of Hg reference channel.

3. Automatic data acquisition and storage facility with an option for printing the results in

report form.
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1V INSTRUMENTATION

Instrumentation group mainly caters to the maintenance needs of electronic instruments

of both Radiochemistry and Fuel Chemistry divisions. In addition, some development jobs

which are relevent to the R & D activities of these divisions are also undertaken. The

development work carried out during this year are summarised below.

7-1 Hlot plant for sol gel process

S.B.Rajore, S.Venkiteswaran, D.B.Gurav and R.S.Kanoje

A pilot plant for the preparation of dry gel microsphere of desired size of uranium and

uranium plutonium oxide through wet process was installed in the laboratory .The processes

involved are

a) Premixing : where the nitrate solution of the nuclear fuel material is mixed with

gelation agent HMTA at < 5°C.

b) Dispersion : where the premixed solution is dispersed through a fine nozzle at the

desired frequency into a silicon oil column at 90°C to get fine gels.

c) the gel is then washed in carbon tetrachloride and ammonia monitoring its conductivity.

d) the washed gels are dried at 250°C.

Control System:

The pilot plant has 20 pneumatic valves, 7 solenoid valves, 9 pumps, 2 stirrers which

work on 230 V AC and most of them are located inside a glove box. A contol unit was

designed to control these devices.The unit consist of 48 solid state relays which can be

individually switched on/off by a switch assembly consisting of a DPDT switch and a neon

hulk ator lamp pair on front panel for each solid state relay. Power from the solid state relay is

\nkcn to the load through the console. The console has status indicating lamp for each load as

well as a series switch (override) to switch off manually in case of an emergency. The wiring

from control unit to console and from console to loads in the glove box was taken through the

Hlmex connectors.

The peripheral instruments associated with the system are

i) Level controllers
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ii) Pressure indicator unit

iii) Power oscillator

iv) Conductivity meter

v) Silicon oil heating unit

vi) Drying unit

The wiring of these units to glove box through Elmex connector on console were also

made. These unit were tested for their performance.Manual operation from front panel of

control unit was carried out and found to be satisfactory. Development is being done to control

this system through a PC also.

75. Programmable power supply for carbon rod atomiser of the atomic absorption

spectrometer

S. Ahmad and J.B.Mhatre

A power supply for the carbon rod atomiser was designed and fabricated in the division

to substitute the existing one in the Varian Atomic Absorption Spectrophotometer model AA6.

The unit supplies timed and controlled power in sequence to heat the sample in the

carbon rod cavity for the three processes of drying, ashing and atomisation. The block diagram

is given ir Fig.37.

The unit consists of three sequential timers using IC 555 and polycarbonate capacitors

having very low leakage for the above three stages respectively. The duration can be varied

by user from front panel using calibrated potentiometers from 1 to 60 Sees, for the first two

stges and 1 to 10 Sees, for the third stage. The active process is indicated by LED lamps on

the front panel. The power for the heater is also selected by the user by using front panel

potentiometers for the individual processes.

The power range for each stage has been set as follows :

Drying 25 - 300 Watts

Ashing 275 - 1040 Watts

Atomisation 610 - 1200 Watts

The heater control is a BTA12 triac based current regulated power supply having

maximum current capacity of 12 Amps, in the primary side of power transformer. The
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secondary of the transformer is 12 Volts 150 Amps. The power delivered to the load is

controlled by selecting the firing angle of the triac through a programmable unijunction

transistor (PUT) based trigger pulse circuitry.

The unit has been tested for satisfactory working.

76. Development of a data processing system to estimate Pu using high level neutron
coincidence counter

Mohd. Yakub Ali, J.K.Samuel, S.P.Dange and Tarun Datta

A data processing system for the estimation of Pu using the Neutron well coincidence

counting system has been developed. For this purpose a /xP based triple sealer PTS466 has

been used which makes available timer and sealer data on a RS-232c serial port. A Personal

Computer is used for the data processing.

Software for data acquisition and processing has been developed inhouse. The flow

chart diagram is shown in figure 38. The program initializes the serial communication port

RS-232c and establishes link with the triple sealer. Background count rates of the system can

be determined experimentally or the user has the option of supplying the same or use the

default value of 2.8 counts per second. Similarly the gross efficiency and coincidence

efficiency of the system can be either experimentally found using standards Californium

source and Plutonium source respectively or set to their default values. The experimentally

determined efficiencies will be accepted only if tolerance coincidence logic condition of

A=T G is met. An error message will be produced otherwise.

The following routines were added to the data processing program for the estimation

of Pu using the Neutron well coincidence counting system .

a) To calculate standard sources strength on that day after correcting for decay since the

initial date of standardization to deduce the gross efficiency (E) and coincidence efficiency(Ec)

on the basis of the observed total and coincidence count rates respectively.

b) To decide whether to proceed with the counting/ processing or not on the basis of the

gross efficiency on that day being within one sigma level of the corresponding standard value.

The variation indicates possible fault in the system from counters to amplifier. Similarly to

decide whether to proceed with the counting/ processing or not on the basis of the coincidence
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efficiency on that day being within one sigma level of the corresponding standard value. The

variation indicates possible fault in the coincidence unit.

c) After verification of the coincidence logic, detector efficiencies and count rate of

standard samples count rates, Pu amount in a sample is calculated.For this purpose from the

observed total and coincidence count rates are required in which corrections for dead time

effect and neutron multiplication derived on the basis of the given isotopic composition of Pu

are incorporated. This routine also includes a provision for generating the parameter required

for multiplication correction based on either a small representative sample of the batch or

isotopic composition of Pu.

V. SERVICES:

1. The following samples were received from various Divisions of B.A.R.C. and

universities during the year 1̂ 93 for Uieir trace metal assay by atomic absorption / emission

spectroscopy.

Type of sample

uo2, uo3

PuO2
(U-Pu)O2

Miscellaneous

Nps.
128

1*4

3

157

Source
RMD, FCD,ACD

RMD, FCD

AFFF (Tarapur), FCD,

FCD, WMD,AFD,

WMIP, AFFF (Tarapur)

2. Infra red spectra of 128 samples received from various divisions of BARC were

recorded.

(M.S.Nagar and P.B.Ruikar)
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S.No. Nature of samples Division No.

1. ^o:?Pu containing HLW waste
poo

2. " J u containing complexes
3. Pu(IV)-tetranitrato-amide complexes
4. Pu(IV)-Ademine chloro complexes

5. Pu(IV)-tetranitrato complexes of

CMP & CMPO

6. Irradiated dodecane samples

7. Irradiated perspex samples

'8. Optical windows for checking

transparancy in I.R.Region

(4000-200 cm"1)

9. Pt and Pd-organometallic chloro

complexes

10. Uranyl- R diketone complexes

11. Uranyl-thiocyanato-picoline

complexes

12. DBDCMP and other organophos-

phorous compounds

13. Nb and Mn mixed hydroxides

14. Thallium -uranium oxide samples

in KBr pellet form

15. NH4-Pr-U type complexes

16. NH4-(Th,Pr,Nd,Sm)-U-oxalates

and other Th-U compounds

Fuel Reprocessing 3

Radiochemistry 1

Radiochemistry 8

Radiochemistry 2

Radiochemistry 2

Fuel Reprocessing 8

Fuel Chemistry 2

Spectroscopy 7

Chemistry 28

Fuel Chemistry 35

Chemistry 2

Fuel Chemistry 9

Metallurgy 2

Fuel Chemistry

Fuel Chemistry 2

Fuel Chemistry 12



3. Supply of Actinide sources:

Fifty electrodeposited sources of actinides i.e. 229Th, 2 3 0Th, 2 3 2Th, 2 3 2 U, 2 3 3U,
2 3 5 U, 2 3 8 U, 2 3 7 Np, 236Pu, 2 3 9Pu, 2 4 1Am and 252Cf were supplied to different units of

D.A.E., universities, Industries etc., These sources were of different dimensions (0.4cm to

1.5 cm dia.) and were deposited on different backing materials (Al,Ni, Ag, Au and stainless

steel planchettes) as required by the users. The strength of these sources varied from 100 dpm

to 5 /xCi.

(R.J.Singh)

4. Training Programmes:

(i) Lectures on nuclear chemistry, radiochemistry, spectroscopy and instrumentation for

the 36th and 37th batch of training school were given by B.S.Tomar, P.K.Pujari, S.K.Das,

M.L.Jayant Kumar, A.V.R.Reddy, A.Goswami, A.G.Page, S.Venkateswaran and S.B.Rajore.

(ii) S.B.Manohar, T.Datta, B.S.Tomar and P.K.Pujari served as members of the selection

committees for the 37th batch of training school.

(iii) Visiting students from Nagpur University, Pune University and Dayalbagh educational

institute were given guidance in reactor irradiations and activation analysis by P.P.Burte,

A.G.C.Nair, H.Naik, S.P.Dange and S.B.Manohar.

5. Expert assignment /deputations /visits ahroad etc.,

(i) A.V.R.Reddy was deputed to University of Mainz, Germany on a research fellowship

under bilateral scientific technical agreement between India and F.R.G. from Oct. 1992 to

Oct. 1993.

(ii) M.D.Sastry had gone on extraordinary leave to Alabama A & M University as a

visiting scientist for a period of 15 months from August 1992.

(iii) A.G.Page and R.H. Iyer served as IAEA experts at the Ministry of Energy and Mineral

resources (MEMR), Amman, Jordan during December 10-26, 1993 and January 25 to

February 16, 1994 respectively.
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VI. PUBLICATIONS:

A. Journals
1. The interaction of crown ethers with 6-diketonate complexes of f-elements;

J.N. Mathur and G.R. Choppin

Solvent Extr. Ion Exch. U., 1 (1993).

2. Radiation decomposition of tributyl phosphate - nitric acid system : role of nitric acid;

M.V. Krishnamurthy and R. Sampathkumar

J. Radioanal. Nucl. Chem. letters 166, 421 (1993)

3. Dose detemination by ESR in an accident using cotton fabric

R. Venkataramani, S.K.Mehta, M.R.Iyer, V.Natarajan and M.D.Sastry

J. Radioanal. Nucl. Chem. Lett. 175, 17 (1993).

4. K Capture and (L + M +. . )/K ratio in the decay of 2 0 8Po,

S.K. Saha and R. Guin,

Phys. G Nucl. & Part. Phys. 19, 603, 1993.

5. Angular distribution in alpha-induced fission of 2-^Th and 2-^U.

T.Datta, S.P.Dange, H.Naik and S.B.Manohar

Phys. Rev. C-48,(l),(1993).

6. Probing the ordering transformation in the alloy Cu^Zn^Alj-y with positrons.

P.K.Pujari, T.Datta, K.Madangopal and J.Singh.

Phys.Rev. B-47,18(1993).

7. Liquid-Liquid Extraction of Plutonium (IV) by Dicyclohexano- 18-crown - 6 from

Aqueous - Organic Solutions

J.P.Shukla, Anil Kumar and R.K.Singh ;

Radiochim. Acta ; 60,103 (1993).

8. Permeation of Plutonium (IV) Across Thin - Sheet Supported Liquid Membranes Using

Dicyclohexano -18- crown-6 as Mobile Carrier

J.P.Shukla , Anil Kumar and R.K. Singh

Nucl. Sci. Journal ; 30, 1 (1993).

9. Liquid-Liquid extraction of Palladium (II) from nitric acid by Bis (2-ethylhexyl

sulphoxide)

J.P.Shukla , Anil Kumar , S.R. Sawant and N.Varadarajan

Anal. Chim. Acta; 276, 181 (1993).

10. Complexation of Tris-bipyridine Cryptand with Am(III)
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V.K. Manchanda and P.K.Mohapatra

Polyhedron, 12, 1115(1993).

11. Extraction of Plutonium (IV) with l-Phenyl-3-Methyl-4- Benzoyl-Pyrazolone-5 and

Tri-n-octyl phosphine oxide

V.K.Manchanda and P.K.Mohapatra;

Radiochim. Acta ;60,185(1993).

12. Extraction of U(VI) and Pu(IV) with some unsymmetrical monoamides;

D.R. Prabhu, G.R. Mahajan, G.M. Nair and M.S. Subramanian

Radiochim. Acta, 60, 109(1993).

13. Hyperfine interaction in 1 9 9 Hg + and 2 0 1 H g + (6s1) : EPR studies of Hg + n NH4C1

single crystals.

M.L.Jayanth Kumar, S.V.Godbole, A.G.Page and M.D.Sastry

J.Physics : Condensed Matter, 5, 3699 (1993).

14. Decay studies of 197T1 (2.84 H) and 1 9 7 mHg (23.8 H)

N. Chakravarty, S.S. Rattan, R.J.Singh and A. Ramaswami, Radiochimica Acta 61(1),

9-13, (1993).

15. Tetrabutyl malonamide and tetraisobutyl malonamide as extractants for U (VI) and

Pu(IV)

G.M.Nair, D.R.Prabhu, G.R.Mahajan and J.P.Shukla,

Solvent Extraction and Ion Exchange, 11,831-847 (1993).

16. Intercalation of Bi and Tl - oxide superconductors with conjugated ring shaped organic

molecules (X-ray, Raman Scattering, Microwave and Magnetic Studies);

L.S.Grigoryan, Ravikumar, S.K.Malik, R.Vijayaraghavan, K.S.Ajayakumar,

M.D.Sastry, H.D.Bist and S.Sathaiah;

PhysicaC205 (1993)296.

17. Solvent Extraction of Uranium (VI) into Toluene by Dicyclohexano -18 -crown -6 from

Mixed Aqueous Oiganic Solutions Talanta, 40. 1261 (1993)

J.P.Shukla, Anil Kumar and R.K.Singh

18. Some ternary sulphoxide and amide adducts of plutonyl pyrazahonates

P.B.Ruikar, M.S.Nagarand M.S.Subramanian

J.Radioanal and Nucl.Chem. Articles, 170(1), 43 50 (1993).

19. Extraction of uranium, plutonium and some fission products with gamma irradiated

unsymmetrical and branched chain dialkylamides

P.B.Ruikar, M.S.Nagar and M.S.Subramanian
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J.Radioanal. and Nucl.Chem. letters, 176(2), 103-111(1993).

20. Solvent extracted and extraction chromatographically absorbed complexes of

bifunctional extractants with f- elements

J.N.Mathur, M.S.Murali, M.S.Nagar, P.R.Natarajan, L.B.Badheka and A.Banerji

J.Radioanal.and Nucl.Chem. letters, 175 (6), 415-426(1993).

21. Thermally stimulated luminescece and electron paramagnetic resonance studies of
9^7

Np doped alkaline earth sulphates

T.K.Seshagiri, V.Natarjan and M.D.Sastry

Nucl. Tracks and Radia. Meas. 2J, 271 (1993).

22. EPR and microwave absorption studies of a new phase transition in Cu^+ doped

M.K.Bhide and M.D.Sastry

Phase transitions 44, 255 (1993).

23. Extraction chromatographic separation and recovery of plutonium for oxalate

supernatant using CMPO

J.N. Mathur, M.S. Murali, G.H. Rizvi, R.H. Iyer, K.M. Michael, S.C. Kapoor,

A. Ramanujam, L.P. Badheka and A. Banerji

J.Nucl.Sci.Tech., 30 1198 (1993)

24. Partitioning of actinide from high level waste streams from PUREX process using

mixture of CMPO and TBP in dodacene

J.N.Mathur, M.S.Murali, P.R.Natarajan, L.P.Badheka, A.Banerji, A.Ramanujam,

P.S.Dhani, V.Gopalkrishnan, R.K. Dhumwad and M.K.Rao

Waste Management, 13, 317 (1993)

25. 3-Phenyl-4-Benzoyl-5-isooxazolone: A novel extractant for tetravalent Neptunium

P.K.Mahapatra and V.K.Manachanda

Radiochim Acta 61., 69 (1993)

26. Extraction studies of Am(lII) and Eu(III) wth a tris- bipyridyl macrobicyclic ligand

V.K.Manachanda and P.K.Mahapatra

Jl. Incl. Phe. and Mol.Recog. in Chem. 15, 121 (1993)

27. Assay of uranium in crude diuranate cakes and MgF2 slag produced at the natural

uranium conversion plants by gamma ray spectroetry

P.C.Kalsi and R.H.Iyer

J.Radioanal. Nucl. Chem. Articles 170, 17 (1993)

28. Helium ion induced fission excitation function of terbium and ytterbium
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R.H.Iyer, A.K.Pandey, P.C.Kalsi and R.C.Sharma

Phys. Rev. C 48, 87(1993)

29. Measurement of alpha to braching ratios of heavy actinides by sequential etching of

alpha and fission tracks in CR-39

A.K.Pandey, R.C.Sharma, P.C.Kalsi and R.H.Iyer

Nucl. Inst. and Meth. in Phys. Res. B 82, 151 (1993)

30. Mass distribution in 1OO - induced fission of ^^Th

A.Goswami, A.V.R.Reddy, B.S.Tomar, P.P.Burte, S.B.Manohar and Baby John

Radiochem. Acta, 62, 221 (1993)

31. Mass and charge distribution in ^ T h ( a f ) reaction in the projectile energy range 28

to 72 MeV.

A. Chakrabarti, S.K. Saha, T. Mukhopadhaya, A. Bandopadhyay, A. Ray, C.

Bhattacharya, S.K. Basu, Bikash Sinha

Z. Phys. A 345, 401 (1993)

32. Application of portable 241Ara - Be neutron source for the trace analysis of

uranium in different matrices

I.Othman, G.Raja, M.Al-Hushari and R.H.Iyer,

Nucl.Geophys.7, 449 (1993).

B. B.A.R.C. Reports:

1. Determination of nickel in plutonium compounds

P.B. Ruikar and M.S. Nagar

BARC(I)-003(1993)

2. Radiochemistry Division Annual Progress Report : 1991

Ed : V.Natarajan, S.V.Godbole and R.H.Iyer,

BARC/ 1993 /P /001 .

3. A floor monitor with solid state detectors for alpha particle monitoring

Yakub Ali, D.B. Gurav, J.K. Samuel and R.V. Srikar.tiah BARC/1993/1/010

4. Recovery of plutonium from oxalate bearing solutions using a mixture of CMPO and

TBP

J.N.Mathur, M.S.Murali, G.H.Rizvi, R.H.Iyer, K.M.Michael, S.C.Kapoor,

R.K.Dhumwad, L.P.Badheka and A. Banerji ;

Report BARC-013 (1993).
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5. An indigineously developed photacoustic spectrometer for study of Actinide

spectroscopy

A.R.Dhobale and Mithlesh Kumar, A.G.Page and M.D.Sastry

BARC/1993/E/020)

6. Counter current studies on actinide partitioning from sulphate bearing simulated high-

level wastes using CMPO

D.S. Deshingkour, R.R. Chitnis, T.K. Theyyuni, P.K. Wattal, A. Ramanujam,

P.S. Dhami, V. Gopalakrishnan, M.K. Rao, J.N. Mathur, M.S. Murali, R.H. Iyer,

L.P. Badheka and A. Banerji, Report BARC/E-028/1993.

7. Digital control programmer for temperature control

S.B.Rajore and S.Vikram Kumar

BARC/1993/E/017

C. Symposium/Conference Papers

Papers presented at 29th Annual Convention of Chemists held at Rewa during February

24-27, 1993.

1. Preferential extraction of lanthanides in the presence of uranium with 18-crown-6

P.K. Mohapatra and V.K.Manchanda

2. Characterisation of uranium silicide nuclear fuel for rare earths by emission

spectrographic method

B.A.Dhawale, B.Rajeswari, V.C.Afya and T.R.Bangia

3. ETA-AAS method for determination of silver in nulcear grade graphke

P.J.Purohit, Neelam Goyal and A.G.Page (ibid)

4. Photoreduction studies of uranyl ion in perchloric and hydrochloric acids using a XeCl

excimer laser

A.A.Argekar, V.Natarajan, S.V.Godbole and A.G.Page(ibid)

Papers presented at XI conference of Indian Council of Chemists, at Bihar University,

Muzaffarpur, March 12-14, 1993.

5. Direct determination of Ag in U3Si2 nuclear fuel by ETA-AAS

P.J.Purohit, Neelam Goyal, A.G.Page, M.D.Sastry and R.H.Iyer
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6. Trace metal assay of high purity graphite by Atomic Emission Spectrometry

N.K. Porwal, S.K. Thulsidas, S.V. Godbole, A.G. Page and M.D. Sastry (ibid)

7. An Inductively Coupled Plasma - Atomic Emission Spectrometric determination of Th

in aqueous Solutions.

V.C.Adya, N.S.Hon, T.R. Bangia, M.D.Sastry and R.H.IyeT ibid

Paper published in Proc. of National Laser Symposium held at I.I.T., Madras during

Feb 17-19, 1993.

8. " F 3 + Colour Center laser action in LiF crystal: A feasibility study"

S.V.Godbole and A.G.Page.

Paper presented at National symposium on management of radioactive and toxic

wastes IGCAR, Kalpakkam, March (1993)

9. Treatment of high radioactive acid waste solutions of Purex origin using CMPO - An

overview

J.N. Mathur, M.S. Murali, R.H. Iyer, A. Ramanujam, P.S. Dhami, V.

Gopalakrishnan, L.P. Badheka and A. Banerji

10. Removal and recovery of actinides from sulphate bearing high level waste solutions of

purex origin; '

A. Ramanujam, P.S. Dhami, V.Gopalakrishnan, R.K. Dhumwad, J.N. Mathur, M.S.

Murali, R.H. Iyer, L.P. Badheka and A. Banerji, Presented at IVth Annual conference

of Indian Nuclear Society; Industrial and Nuclear Waste Management Seminar,

Tarapur, March 10-11 (1993).

11. Unusual separation behaviour of Am(III) and U(VI) in the presence of neutral

oxadonors

V.K. Manchanda and P.K. Mohapatra

VHIth symposium on separation sciences and technology for energy applications;

Gatlinburg, Tennessee (1993)

Paper presented at the 20th annual conference of Indian Association for Radiation

Protection, Kanpur, Feb. 24-26, 1993.

12. Absorbed dose measurement on dispirin tablets by ESR technique

M.Thanamani, R.Venkataramani,S.K.Mehta, V.Natarajan and A.G.Page
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Papers presented at Saha Centenary International Symposium on Spettroscopy and

Astrophysics Allahabad, Oct., 1993.

13. EPR studies of some potasssium oxyfluro vanadates. . !

S.V.Adhyapak, R.M.Kadam, A.G.Page and U.R.K.Rao

14. Preparation, Characterisation and EPR studies on Laj_ xGdxBa2F7

A.K.Tyagi, U.R.K.Rao, R.M.Iyer, R.M.Kadam and A.G.Page

15. Partitioning of Actinides from acid waste solutions of PUREX origin using CMPO;

J.N. Mathur, M.S. Murali, R.H. Iyer, A. Ramanujam, P.S. Dhami, V.

Gopalkrishnan, L.P. Badheka and A.Banerji Global'93, International Conf. and

Technology exhibition on Future Nuclear Systems;Emerging fuel cycles and Waste

Disposal options, Seattle, Washington, U.S.A. (1993).

16. Separation and Recovery of Pu from oxalate supernatant using CMPO; \

J.N. Ma^ur, M.S. Murali, 3.H. Rkvi, ^.H. Iyer, K.M. Michael, S.C. Kapoor, R.K.

Dhumwad, l-.P. Badheka and A.Banerji,

VIII Symp. of Scon. Sci. and Technol. for energy applications, Gatlinburg, Tennessee,

U.S.A. (1993).

Papers presented at IX* national symposium and workshop on Thermal analysis, Goa

University during Nov. 1993.

17. Thermal investigation on some m o o amide and di amide complexes of hexavatent

Uranium; P.B.Ruikar and M.S.Nagar

18. Preparation and Thermal studies of Arrmonium Actinide (M 4 + ) (M = Th, U)

Octafluo. ide

M.K.Bhkte, A.G.Page, M.D.Sajtry, N.D.Dahale and N.C.Jayadevan

Papers presented at the DAE Symposium on Nuclear Physics, Dec. 27-30, 1993 at

Calicut.

19. Fission Fragment Angular Momentum in Thermal Neutron Fission of ^^Th.

H.Naik, S.P.Dange.R.J.Singh and T.Datta.

20. Proton induced fission of ^ A m at 17.8 MeV: Formation cross section for the fission

products

A.G.C. Nair, Sarbjit Singh Rattan, A. Ramaswami, R.J. Singh and R.H. Iyer.
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21. Angular momentum transfer in incomplete fusion

B.S.Tomar, A.Goswami, Bency John and S.B.Manohar

22. Excitation functions in F + y^Nb reaction

A.Nijasure, B.S.Tomar, A.Goswami, Bency John, G.K.Gubbi, N.Maiti, S.B.Manohar

and S.K.Kataria.

23. Fragment angular distribution in ' " F +^^^Th system

Bency John, A.Nijasure, S.K.Kataria, S.B.Manohar, A.Goswami, B.S.Tomar and

G.K.Gubbi

24. Anisotropy versus mass for ' " F + 2™Bi system at 108 MeV

Bency John, A.Nijasure, S.K.Kataria, A.Goswami, B.S.Tomar and S.B.Manohar.

25. Fission properties of 181Re compound nucleus formed by 12C + l 6 O + 16571Ho

reactions : Some new observations on effective moments of inertia of fissioning nuclei

A.K. Pandey, P.C. Kalsi and R.H. Iyer

26. Studies on the fission properties of Low Z elements by Solid State Nuclear Track

Detectors (SSNTDs); Ph.D. thesis presentation

A.K. Pandey

Papers presented at the DAE Symposium on Solid State Physics Dec. 27-30, 1993,

Bombay

27. Temperature dependence of positron annihilation parameter in CaBaLaCu3O7.x
superconductor.

P.K.Pujari, T.Datta, R.A.Gunasekaran, l.K.Gopalakrishnan and J.V.Yakhmi.

28. EPR investigations of the sub-room temperature phase transitions in Ba]_xCaxTiO-}

single crystals;

Y.Babu, S.V. Godbole, A.G. Page, M.D. Sastry, B.A. Dasannacharya.S. Balakumar,

R.Ilangovan, C.Subramanian and P.Ramasamy.

29. Structural phase transition in NH^Ei^SO^-^^O: An optical investigation;

S.V.Godbole, Y.Babu, P.N.Iyer and A.G.Page.

30. Synthesis and superconductivity in Tl2_xBa-)_vKzCaCu2On;

K.Gangadharan, G.M.Phatak. R.M.Kadam and M.D.Sastry.

Papers presented at SO^Annual Convention of Chemists, Calcutta, Dec. (1993).

31. Extraction of palladium with tri-isobutylphoshine sulphide from nitric acid solutions;

G.H.Rizvi, J.N.Mathur, M.S.Murali and R.H.Iyer;
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32. Complexation of uranyl ion with a tris-bipyridyl cryptand;

V.K. Manchanda and P.K. Mohapatra

33. Quantitative extraction of Americium (III) from nitric acid medium employing 3-

Phenyl-4-Benzoyl-5-Isoxazolone;

R.Veeraraghavan, P.K. Mohapatra and V.K. Manchanda

Papers presented in 12"1 Indian Council of Chemists, Kakatiya University, Warangal,

Dec. (1993).

34. Aqueous complexation of Am(III) with 1,10 Diaza-18-crown-6;

P.K. Mohapatra and V.K. Manchanda ;

35. Synergistic extraction of Am(III) by the mixture of thenoyl-trifluoroacetone and dialkyl

monoamides;

R.Veeraraghavan and M.S. Subrainaniam

36. Interaction of CMPO with TTA complexes of f-elements

M.V Balarama Krishna, M.S.Muarll, J.N.Matliur and R.H.Iyer

37. Cyanex-272: An alternative to Tri-n-Butyl Phosphate in Chemical Separation and

Atomic Emission Spectrographic Determination of lanthanides in Uranium

B.A.Dhawale, B.Rajeswari, T.R. Bangia, A.G. Page and J.N. Mathur.

38. Extraction behaviour of HDEHP for Mg in ThO? and its determination alongwith rare

earths by Atomic Emission Spectrographic technique,

V.C. Adya, N.S. Hon, T.R. Bangia, A.G. Page and R.H. Iyer.

39. Electron paramagnetic resonance studies of structural phase transitions in

(NH4)2SbF5 : Mn 2 + single crystals;

R.M.Kadam, Y.Babu, A.G.Page and M.D.Sastry;

National. Symposium on Crystallography, IIT Madras, December, 15-17, 1993.

40. Partitioning of actinides from acid waste solutions of purex process by solvent

extraction and extraction chromatography;

A. Ramanujam, P.S. Dhami, V. Gopalakrishnan, J.N. Mathur, M.S. Murali and

R.H. IYER, IAEA Technical committee meeting on"Safety and Environmental aspects

of Partitioning and transmutation of Actinides and Fission products." IAEA Vienna,

Nov. 29 - Dec. 2 (1993).

41. Carrier -Mediated Selective Transport of Plutonium (IV) Cations Through Liquid

Membranes Containing Bu (2-ethyl-hexyl) sulfoxide as a Mobile Carrier Proc. Int.

Solvent Extr. Conf.,( ISEC 93 ), University of York, England, Sep 9 - 15 ( 1993 )
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J.P.Shukla and S.K.Misra

42. Comparative Evaluation of Acid Values ( KH ) of the Indigenous Solvent Tri-iso-

amyl phosphate ( TAP ) , Tri (2-ethylhexyl ) phosphate (TEHP ) and Tri-n-

butylphosphate Proc. Indian Science Cogress, Goa, Jan. 3 -6 ( 1993 )

S.H.Hasan, D.C.Rupainwar and J.P.Shukla

43. Selection of Polymer Solid Supports for Supported Liquid Membrane Applications

Nat. Conf. on Recent Trends in Membrane Sci. & Technol., Bombay, Jan. 21 - 22

(1993).

Anil Kumar, R.K.Singh, J.P.Shukla, D.D.Bajpai and M.K.Rao

44. An Evaluation of Track - Etch Membranes as Novel Supports for Cation Transport

Across Supported Liquid Membranes Nat. Symp. Solid State Nuclear Track Detectors,

Aligarh Oct. 27 - 29 ( 1993 )

J.P.Shukla, S.K.Misra, A.K.Pandey, P.C.Kalsi and R.H.Iyer

D: INVITED TALKS

1. Liquid Membrane Pertraruon : Theory and Practice, Seminar Lecture by Dr.

J.P.Shukla; Dept. of Appl. Chem., Institute of Tech., B.H.U.,Varanasi, April

16,1993.

2. Application of Liquid Membranes to Ionic Separations, Seminar Lecture by

Dr.J.P.Shukla;Dept. of App. Chem..Institute of Tech., B.H.U.,Varanasi, April 17,

1993

3. Reversed - Phase Column Partition Chromatography: A Novel Technique for Inorganic

Separations

Invited Talk at 30th Annual Convention of Chemists, Bose Institute, Calcutta, Dec. 22-

24 (1993)

J.P.Shukla

4. Recent Advances in Membrane Separation Processes

Invited Talk at Annual Conf., Indian Council of Chemists,

Kakatiya Univ. Warangal, Dec. 28-30( 1993 )

J.P.Shukla
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E: Ph.D. Theses:

1. Smt. Neelam Goyal was awarded Ph.D. degree by the University of Bombay for her

thesis entitled "Electrothermal Atomization in Analytical Spectrometry".
0 -4-

2. Thesis entitled, 'Electron Paramagnetic Resonance Studies of Cu doped actinide,

compounds' has been submitted to the University of Bombay for the award of Ph.D.,

degree in Chemistry by Shri M.K.Bhide, in Feb., 1993.
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