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CHAPTER 1

CGhhaRAL IuwTRUDUCTICN



GENERAL INTRODUCTICN

Tone chemistry of actinide elements attracted tae
attention of chemists and physicists after the dlscovery of
nuclear fission by Hahn and Strasswan in 1939. The metals
thorium, uranium and plutonium are speclally iluportant in
tee field of nuclear technology and wodern inorganic caeulstiry
because these elements prowise a vast source of energy walch
could successfully be utilised for the beneflt of mankind.
Altbougl uranium fed reactors are useful, it leads to explore
the possibility of other fissile material. Subsequently the
chemistry of thorium along with uranium gained momentum for
its usefulness in breeder reactors. Thorium is three times
more abundant than uranium. In India the supply of uraniunm
is very limited but thorium is found as very rich deposits
in the forw of rare-earths tuorium orthopuospiate. The
radioactive umineral contaioing wranium, thorium end rare-
earths are processed and utilised for extraction. Tnerefore,
it has been thougut worthwolle to develop some new analytical
procedures for toe separation of waniuw, thorium and rare-
earths in order to improve upon the previous data as well as
to find out some sultable metnods for their separation so
that such study mipgbt be successfully utilised in the nuclesr
tecunology. The element protactinium could not be incorporatec
in this study because Of the non-availability of the element

or its compounds.

A very large amount of data is available in the form



of researcn papers, reviews and books wuich describe a
pumber of analytical techniyues for the separation of
actinides and lanthanides. Out of these analyticel pro-
cedures, ion-exccsnge curomatography, thin luyer
chromatography, solvent extractlion and Leterogeneous
exchange reactions on solid surfaces have been selected

for the present study.

It has been found out frow the survey of literature
that Zeokarb 225 and 216 uave been investigated along with
Le Acedite FF ion~exchange resine. It has also been found
out that cation exchange resins in bydrochioric acid and
organic solvent medla bave been used for specific separation
problems. The data obtained by various workers cannot be
correlated properly. Therefore, the adsorption behaviour
of a number of lons bés been studied. These ions include
some actinldes and lantusnides besides some other metal ions
which are used in the conmstruction of the reactors as well
as they are present in fission products. Auwberlite IRA-4L00
anion exchange resin has been selected for the present study
and a complete plicture of adsorption characteristics and
separation possibllities of lons of scme twenty elements in
mixed solvents mwedla have bean studied. For this purpose
a number of organic solvents Lave been mixed in mydrocnloric
acid in varying proportlons. Similarly anion exchange
behaviour of several elements in nitric acid organic solvents
media has been studied to obtain a muck more complete picture

of the adsorption characteristics and separaticn possibiliitios



of elements in mixed solvent systew.

Two other procedures uave been developed for tue
peparation of uranium, toorium and platinun over Awberlite
IRA=400. 1In one of these procedurees primene Ji-T was used
as a solvent extractent for the separation of thoriuam.
Uraniuu and platinum were separated over tue resin coluune.
Tiese three metai lons were separated over tuhe resin bed

using different complexing and eluting agents.

Tie paper curomatographby has been used serlously
to the problems of inorganic separations only comparatively
recently. It appears to nave wide spread utility in
inorganic field. The metkods developed in paper caromato-
graphy are time consuming. Since 1958 thin layer curouwato-
grephy nhas developed rapidly and it has its advantgge in
the fact toat these separations can be easiiy performed in
1 to 2 hours. Further a clean separation of lons is possible
over the platese. In this method tne adsorption layer and
the eolvent can be cnanged, therefore tihls technique is
better tuan the paper cnromatography. Paper clromatography
has been used for the separation of number of ions using
both normal and reversed puase techniques. Various solvents
and mixture of solvents nave been used for the paper
curomatographic separatlion of thoriun and uranium ions
from other metal ioms. The paper chromatographic separation
are of considerable importance in the radic-chemistry,

because a number of ions using both normal and reversed



phase teciniques were separated. The identical information
in tne area of thin layer curomatograpby is insufficient
altuougin thdls metuod is rapid and its separation capacity
is higler than tne paper cuaromatography. Therefore, the
pregent work was undertaken to improve upon some of the
separations aculeved on paper chromatographye Further an
attempt has been wade to find out an glvternative system of
solvents for better separations of some actinices and
lantnanides including sowe other metal ionm. iHowever
protactinium could not be used due to the reason stated in

the preceding paragrapa.

A number of amlnes and phosphines have been used for
extraction separately. Tri-n-butyl phosphate has been
studled very extensively than sny other organopiocespaorous
extractant. A numbsr of physicochemical properties, l.e.,
dipole moment, nonvelatility, bigh bolling point and density
make it a ureful extractante. A number of elements have been
extracted under different conditions. TBP forms a number
of complexes with water in different stoicolometric ratio.
it also forms a8 number of wmolecular comploxes witn metal
nitrates. The trivalent metalas form trisolvates witn TBP
and the lantngnides form anpydrous trisolvaies. Tetraval.at
metals are extracted as disolvatesof T3P In addition to
tbis other solvates have also besen cetected. The hexavalent
actinides are extracted as disolvates. It is generally

agreed that nitric acld and TBP form a number of complexes.



Therefore tri-butyl phosphate along witn hydroculoric acid
pas been used for the separation of uraniuw and thoriuw.

The systew studiec is uranyl percihilorate in presence of
perchloric acid, socium perculorate and hydrochloric acid.
The sulphoxides as extractants asre yuite recent andg

aliphatic sulpnoxides have been used for toe estimation of
mineral acids snd urapiuc salts. Dimetnyl sulpnoxides -
aqueous bydrochloric acid kave been used in lon-exchange
chromatography and di-n-pentyl sulphoxides was used as a
solvent extractant. Therefore diphenyl sulpuoxide unas been
selected for the extraction of thorium under varying conditions.
The specles formed could not be investigated due to breakdown

in the IR recording apactrophoﬁﬁeter.

The adsorption phenomenoo has played au enormous role
in the radloclLemical analysis. Thls process is always
associated with the precipitation techuiques. Isotopes
can be peparated by excnanging tvem at a solid surface.

The rate of the exchange between the solid pnase and aqueous
phase depends not only on the rate of the adsorbing atoms at
the interface but alsc on recrystallisation and gelf
diffusion procesa. 7Tbis leads to a neterogeneous isotopic

distribution in the sclid phase.

When a nascent OF a previously prepared precipitate
is mixed with a radicactive element present in the form of
cation or anion contalnlng identical ions or ions isoworpnous

to them, exchange takee place. The distribution of these



radioactive ions in the precipltate is heterogenous.

In radlochemistry toe tracer is rapidly adsorbed
either by exchanging with the counter ions or lattice ions
on the surface of crystal. Therefors, heterogeneous
exchange reaction and co-precipitation techoi.ues nave been
used for & fast radiochemical separation. fiere the excuange
is very rapid, but the complietion of the procese takes some
time. Numerous heterogeneous exchange reactions imvolving
the separation of own or related ions by repld exchange
reactions on tihe surface lgyer of the precipitate are
described. A number of isotopes nave been separatec ragpidly.
Since the separation of thorium and uranium on lead sulpuide
and bismutn sulpnide was recently reported in the literature,
tberefore antimony tri-sulpuide and tin (IV) sulpnlde were
gselected for the separation of uranium ano tihoriuw over them
using Th?3% as well as Sb'%'® as 4 tracer. It glves a good

separation of uraniun and thorium over tie precipitate.

The relevant sclentific literature reliating to taese
four analytical technijues 1s given separately at the end

of different cunapters to avold duplication and repetition.
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CHAPTER 2

ION-EXCHANGE CHRCQMATOGRAPHY



INTRODUCTICN::
In 1850 Thompson1 and wayz reported that cultivated

s0il can exchange asmmonium ions for calcium and magnesium
ions. This phenomenon was first called base exchange and

it was explalned by Henneberg and Stoamann? in 1853, They
succeeded in confirming the reversibility and equivelence of
such lon-exchange processes. In 1870 lLemberg showed that
several naturally occurring mineral specially the zeolites
have the property to exchange ions. These and similar other
observatione remained the subject of basic research for
about fifty years untll Gans* in 1905 gynthesized inorganic
ion exchangers, among whiclh sodium perutite found practical

application in water treatment.

adams and Holmes” discovered in 1935 that ion exchanging
propertlies were noticed with synthetic resins. This was
really a turning event in the history of ion exchangers
because considerable developmental work wss started since
1936 and a number of synthetic ion-excibange resins with the
desired properties were prepared in the laboratory. In 1945
d'Alelio6 incorporated sulpoonic acid group into a crossed
linked polystyrene resin and this replaced tine polycondensa-
tion products by polymerlsation productse These resins were
further improved and lon exchangers with specific ion
exchanging properties vwere gynthesiszed. The research in
this fleld gained momentun after 1945 woen & number of
publications on ion-exchange reached to about elght bundred

per year. Thereafter the main attention was concentrated



over synthetlc resins exchangers.

Ion-exchange canromatography was very extensively applied
to separation problems in nuclear technology. Such properties
as lonic size, difference in the acidity or basicity and
conversion of the ions into complex species were successfully
applied to analytical problems like separation of interfering
ions of opposite caarge, determination of total salt concen~-
tration, isolation of tracer constituent and separation of
ions from non-electrolytes. Ion-exchénge Caromatography bas
been very widely used in the nuclear technology for the
separation of actinides and lanthanides. A nunler of roviews
on the ion exchanging properties of actinides have appeared’=11,
The separation of thoriuw from ione like uranium, actinium,
plutonium, platinum and palladium was done using various
ion-exchange resins. Thorium is strongly sdsorbed on cation
excnange resins and ie not eluted to a significant extent
with nitric acid or hydrociunloric acid‘z. Thls property unas
been utilized for the separation of thoriuw from a number of
metal ions. Several bighly acidic hydrogen form resins were
used for the separation of thorium. The most useful ione
exchange resins for this sepsration are: Dowex-so":"”*,
Amberlite IR-100'°, Amberlite 1-120'0, ku.217018 . 419
and Zeokarb-225°0"23, De-Acedite~FFit.

Several eluting agents have been used for the separation
of thorium ions, prominent smong thew being oxalic acid,

buffered citric or liactic acids, fluoride ions, céarbonate
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ions, oxalate ions, sulphate ions, sodium blsulphate and
amzonium thliocymate. Lorkisch and coworkers®® nave thoroughly
studied the separation of a number of wetael ions uslug nitric
acid or bycrochloric acid in pure organic solvents and mixtures
of solvents. A number of scattersd data were available on

the effect of organic solvent on strongly acidic cation
exchangers as well as with wixed organic solvents. A compara-
tive account of adsorption data of a number of ions on Dowex=5U
in hydrochloric acid asnd nitric acid media are given. Tuoriuw(IV),
protactinium and uranium({VI) have been separated using imberlite
IRA-400 resin by eluting with hydrochloric acid. Thorium(iV)
was separated with 9k bydrochloric acig, protactinium{V) with
1.0b hydrocnloric acid/HF and uranium(VI) with O.1M nydrocunloric
scid. Frow & survey of the literature it bas been found out
that cation exchange resins in hydrochloric acid and organic
media has recelved attention only for specific seperation
problems. The data obtained by various workers cannot Le
correlated properly. Therefore the adsorption behsviour of a
number of ions has been studled. These ions include s number

of lanthanides and actinides.

Frow the literature surveyed, it is seen that cation
exchange resin in HCl organic media has received attention
only with respect to the soiution of specific separation
problews, and has been used to study the adsorption behaviour
of several metal ion in only one solvent or of only one or
small group of elements in several different organic solvents.

The data obtained by verious worker cannot be correlsted



properly, therefore Amberlite IRA-40C has been selected
because Zeokarb~-216 and Zeokarb-225 and Le Acedite FF has
meanwhile been investigated. A complete plcture of adsorption
characteristics and separation possibilities of some twenty
elements in organic solvent media havebeen studied. Similarly
anion exchaenge behaviour of several elements in nitrie acid,
organic solvent moedia bas been studied in order to obtain &
mucn more complete picture of the adsorption characteristics
and separation possibilities of elements im organic solvent

medlas

Awberlite IRA-400:
Amberlite IRA-400 is gelular strongly basic ion-exchange

resin. Its basicity is derived from quateranary ammonium
functionality. The porous gelular resin bead structure of
this resin is based on a styrene-divinylbenzene copolyuer,
unquestionably the strongest polymer matrix available to this
type of product synthesis. It exnlbits the highest basicity
available in ion-excbange resin. It offers maximumn teuperature
stability and good resistance to loss of strong base capacity
due to oxidation. Its Ccross-linking is durable. It nas no
pH limitation. It is supplied in the chloride form and may
be used directly for many application or 1t may be converted
to the bydroxice fors with solution of sodium hydroxide (4;0).
Because of the tendency for ion-exchange resin to adsorb
bacteria from the solution care must be taken to store
Amberlite IRA-LOO in the absence of materlals which might

nourlsh bacterial growti and to clean the resin bed completely

12



prior to each start up to assure that bacterla are mct present.
likewise precautions must be taken during use to avoid

contamination of the resin with poisonous salts.

Principles and Expsrimental Procedure:!

Ion exchangers are solid and =ultably insclubllised
bhigh molecular weight polyelsctrolytes which can excoange
their mobile ions for ions of equal charge from the surrounding
medium. The resulting ion exchange is reversible and
stolchlometric with the displacement of one ionlc species
by another on tihe exchangers. lIon exciuangers look like hLigh
molecular weight acids and bases with a nigh molecular cation.
It can exchange its hydrogen or hydroxyl ions for equally
charged lons and are thus converted into high molecular weight
salts. If such a solld acid is neutralized with a base into
the salt, however, the cations bound to the polyelectrolytes
can again be displaced by other cations. This process is
known as cation excuange and the polyelectrolyte is the cation
exchanger. In the other case a so0lid base is obtained which
ie capable of Oh~ ions~exchange and can be neutraligzed with
an acid and the anion which was bound first can again be
displaced by another anlon. This process 1s known as anion

exchange, and the polyelectrolyte is called anion exchanger.

An lon-exchanger 1s made of wacro~molecules which
form three dimensional network with a large number of attached
lonisable groups. The bigh molecular welght skeleton made
of different building blocks is known as the matrix to wihich
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the so-called functional groups are firmly and chemically
bound. Thnese are koown as fixed lons. The exchangeable
ions in a betercopolar bond are called the counter ions. In
contrast, co-iong are all those ionic species which can be
present in 8n exchanger, but have the same charge as the
fixed ions, i1.6., the functional group without its counter-
ion. The cmonofunctional exchangers contain only one type
of functional group, but tue poly-functional ion exchangers

contain different types of functional groups.

The synthetic resin lon excuangers are divided into
three groups known as cation exchanger, anion exchanger and
amphoteric ion exchanger. It is prepared by polymerisation
and polycondensation process. The most important starting
material is styrene which 1s crossed-linked with itself and
with divinylbenzene into a polymeric network. Divinylbenzene,
acrylic acld end methacrylic acid are used for the preparation
of weakly acld cation exchanger. In polycondensation resins
the matrix is usually constructed of phenol and formaldehyde.
Tue entire matrix depends upon the cross-linking. Tie following
functional groups have been incorporated in cation exchangers
-803, ~Cu(™, -07, P0§'. -PO5H7, -A5032', ~SoU§ and in anion
exchangers

¥ 2 y R +
=iy, = hig, BN, ~hH4

C)..&(c:xj);. wS” , =P7, < -Gk

The functional groups confirs the property of ion -



excLange to the matrix. Lepending on the acidity and basicity
of the functional groups, a dlstinction s drawn between a
strong and weak acid ud between a strong and weak base 1o~
exchanger. GLation exchanger can also contaln two different
functional groups with tbe same charge such as sulpLonic

acld and carboxyl group and then they are known &s poly=-
functional. In addition to cation and anion exchangers,
amproteric excuanger exists contalning both acid and base
groupse Ths condensation produwets of amines and poenols
contain both very weakly acid phenollc Ui-groups and basic
amino groups. Bi-polar excuange resines have slso been produced
by introduction of aclcd and basle groups 1uto the same

skeleton of styrene-~divinyibenazene copolymere.

Three tocholiyues are used for the practical application
of tue ion-excuauge: (1) batch operation, (2) column process

and {3) continuous process.

Bateh Uperation:
It is the simplest lou-axchange processs. The ion

exchanger is brought into contact with the ediectrolytic
solution in any desired vessel until an excaange equilibriun
has been established between the counter ione of the excuanger
and the ions of equal charge of the electrolyte., Aifter the
equllibriunw has been attalned, the ion exchanger {s filtered.
If additional lons are to be exchanged {row the electrolyte
sodution by tne exchanger, frest ion exchsnger must be added

and the filtration must be performed agaln after the atilainment



of equilibrium. After the filtration, the filtrates are
analysed chemically or radlochemically. This method is
recommended in those cases where adsorptiom is favowrable,
time factor is prohibitive and where gas 1s evolved during

the operation process.

Column procesg:

The column process 1s the most important and most
frequently used laboratory technique. Tue ion exchauger is
packed in & glass column and all necessary operations are
carried out in this bed. Fundamentally two techniques can
be distinguished in this case., The one is tbe descending
flow process and tie other is ascending flow process. 1In
the first case, the liquid moves up through the exchanger
beds The solutionfkept in an over head reservoir and the
counter ions of the solution are exchanged over the resin.
After a short time the exchanger in the upper part of the
column is completely loaded with the counter ions from the
solution. Additional ione flow unhindered tarough this part
of the bed and reached the exchange zones farther down and
exchange at the ion exchanger. If this process is continued,
the exchange zone in the column continue to migrate until it
reached the lower end and the overall process has come to the
point where both lons are simultaneously eluted from the
column. The breakthrough capacity of a column is the concen-
tration of the exchangeable ilons in the solution which flows
without any exchanges It depends upon the particle =zise of

16



the resin, tue shape of the column, the flow rate, the
temperature and the composition of the solution. During
{low through the column the ions which are to be exchanged
continuously contact fresh lon-exchanger, s¢0 that the
equilibrium 1s increasingly sibifted in the desired directian
compared to the batch technlque, ion-exchange in this process

becomes & complete and siusple process.

In the next step, the column is rinsed with de-ionised
water in order to displace the solution, which 1s left¢ over
in tbe column. This also eliminates acids and non-electrolytes
which tend to be reversibly adsorbed in ti® column. Finally
the ione are sluted frow the resin bede This process consiste
of removal or separation of adsorbed ions {rom the ion-
exchange resin. The elution depends upon the particle size
of the resin, the eluent concentration, the flow rate and the
tewmperature. Finally, L4 values are calculated from the

formula given by Samuelson‘6:

*
r

Kg = = x =
g £

woere, Ly = distribution coe{ficient

Mr = willimoles of K® in the resin phase
Ms = millimoles of M' in the extsrnal solution
w = voluwe of the external solution

= anount of ion excuanger in grams.

tontinuous process:

The continuous lon-exchange processes are normally



resarved for industrial applicatipn. In this process tue
exchanger and liquid usually nove in counter-current coluans.
In tuls process a large part of upper lon excuange bed reuains
in tbe column without utilising during the run walle the

lower part performs the ion-exchange. Therefore the exbausted
part of an lon-exchange column should be continuously removed
and regeneration performed immediately., Tbils is the
characteristic feature of continuous or fluld bed process.

A number of technical difficulties are encountered.

Laboratory ilon-exchange column:

In principle the ratio of diameter to height shoulid
be 1:10 =1:20., A siwple lon-exchange column is home made.
It conslsts of & simple glass tube provided with a bored
stopper on both ends. The upper end of the column is provided
with an ordinary dropping funnel as a reservoir. The lower
stopper 1s equipped with a glase tube attached to a tip of
a capillary as a dropping attachment with ground Joint. The
pinch cock permite the regulation of the dropping rate.
Cotton balls, cellulose, synthetic fibre or glass fibre balls
are inserted at the lower end of ion exchanger bede. To
prevent plugging of the discharge tube by the ion-excrénge
particles, charging the lon exchanger into a column can be
eanily done with some practice., The exchanger presented
in any form is treated with diptilled water in & beakere.
The resulting swelling must be carried out uncer sll circug-

stances to prevent rupture of the colummn or too close a

18
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packing due to swelling in the column. Two hours are
usually sufficient for swelling. The exchanger is subse-
quently poured into the column with care taat rapid

charging leads to 2 uniform packing of the different sized
exchange particles and the exchanger ia always covered with
water to prevent tbe inclusion of air bubbles. Excess water
is continucusly suctioned from the column and the air has
entered between the particles, 1t usually suffices to add
water and awirl the ion excuanger bed by tipping the column.
Finally s cottan bgll is inssrted on the top rim of the ion
excranger bed and the column is washed a few times with
distilled watere. Durlng regeneration, the excasnger is
tranaformed into ite original forme. If the ion woica Las been
exchanged in the first run is to be recovered, it is eluted
from the exchanger with a suitable liquid and collected in
the eluate. Three parameters serve to describe the dynamic
and cnemical process taking place in excuange column, 1.8.,
flow rate, pressure drop and breaktarough capacity. The
presaure drop depends on the particle size of ion exchanger.
The exchange of one specles of counter ion for snotner in an
lon~excuange column fin8lly reaches a point where breakt.rough

ocCuUrse

Solutiong:
Solution containing five mg metal ione/ml were prepared
using minimum amount 0f acld in conductivity water. The

strength of the EDTA solutions were 0,05k and 0.01k. Various



indicators were used for the estimation of wetal loms,
These are!

1. Pyrocatechol violet

2, Xylenol orange

3. Hamotoxylin

Lo triochroms black T

f« Solochrome black T

6. PAR

(ne g dried resin was weighed in a conlcal flask and
20 ml solution mixture containing 1 ml metal ion solutionm,
1 ml hydrochloric acid, 18 ml alcohols (methanol, ethanol,
iso-propanol or n-propanol), acetic acid or tetraanydrofuran
with water were mixed with the resin. In tue other set of
experiments hydrochloric acld was replaced by nitric acid.
The resin and the solution mixture were kept in the well
stoppered flask and were shaken for two hours and were
snalysed for setal ions present., Soms time the complexing
agent did not give the colour in the presence of tetra-
hydrofuran and acetic acid. In this case the procedure was
modified and the solution was transferrsd L0 an evaporating
dish and evaporated slowly to dryness. It was redissolved
and titrated with EDTA solution. All metal ions were
snalysed with standard aylution of EDTA, usiug proper
1ndicaturuz7’23. but UO;‘ ions were estimated by PAR29. The
result of these observations are given in the Tables 1-12
and are plotted in Figures 1~12., Similer plots for thorium
bave bveen given by Bunney,Ballou, Pascual and Fotiao.
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In anothsr set of experiments platinum, uranium
and thorium were separated over Amberlite IRA-400 using
pricene JM=T. Primene JN~T is a liquid primary amine which
has been shown to be effective for the removal of thorium
froc dilute sulpburic acid solutions. Amberlite IRA=4(0U is
a strongly basic type anion exchange resin and is used in
a pumber of uranium wills for the adsorption of uraniuw frow
sulphurie acid leach liquors. Tuerefore these facts tempted
to use primene Ji»T and Amberlite IRA~400 together for the

separation of these taree motals.

The adsorption of wetal ions (from sulphate solution)
on the resin was studied. pH was wmaintalned near 1.8 using
sodiun bydroxide solution. A 10, solution of prizene JMN-T
was dissolved either 1n kerosene or xylene and was mixed
with sulpbate solution contalning metals in separstory
funnel. After half an hour thorium was transferred as
anionic sulphate complex to the arganic phase. The uranium
and platinum remalned in the aqueous phasee The agueous
phase was tben drained frow the seperatory funneli, then it
is passed through a small column copntaining Amberlite IRA-4UO,
This column adsorbs uraniuw as gnionic sulphate complex,
woile the plgtinum pacsed through the column. Uraniuw was
removed frou the resin bed by tartaric acid or citric acid

or it was wasned with water.

In another set Of experiments LN hydroculoric acid

was taken for the preparstion of solution. Tue adsorption of



metal lons on Amberlite 1RA-4U0 was studieds The solution
was peseed through a column of resin. The chloride complexes
of platinup and uraniuc were adsorbed over the resln bed and
vhoriuxm ions passed cut of it., Uranium was eluted from the
column of Amberlite IRA-40C by washing witbh water. Subse-
quently platinum was removed with a 3N nitric acid.

Platinum was estimated by stannous chloride method?!.
A 5 ml 0,01% platinum solution was taken and 5 ml concentrated
HC1l and 10 ml of 1M stannous chloride in 3¢5 M nCl was mixed.
The volume was made up to 50 ml. The transmittaunce was
measured at 403 mu. The auount taken in the mixture and the
volume separated through the resin column agreed within
99. 5k

<
UOE ione and Th* ions were estimated using a Geli.
counter. The samples were counted using the fixed geowmetry.

The background counts were repeatedly takeu and the average

Y
“

and Th*h ions and eluted or extracted sawples were counted

was calculatede Slmilsrly samples containing standard U

for thne same period and the aversge counts were d eterminec.
The difference of average counts and the background counts

gave the gross counts. The data are given in Table 13 and 14.



TABLE 1: Distribution coefficientsof metal ions on
Amberlite IRA-400 in hydrocnloric acid
medium and aqueous methanol.

Sl. % Methanol

No. Metal ion 90 80 60 40 20 O

3 Vo3 2107 3100 5103 102 5107 510°
2 ' 1, 1.0 0.8 0.6  Oub 0.4
3 Fe*3 510> >103 >100  »107  »103 >10°
L a*? 28.1 39.1 94,0 186.0 220.0  240.2
5 2n’?  735.0 780.0 826.0 872.0 910.0  940.0
6 Cd+2 18.6 24,2 32.8 38.5 L2.3 48.0
7 Ba'® 3.2 L6 49 3.9 52 3.8
8 Pb*% 8.2 8.6 9,2 6ol 7.2 6.6
9 it 0.8 0.7 0.8 0.6 1.2 2.1
10 Mo' © 2103 5100 103 w1070 5103 >10°
11 sr'” 2244 25.5 18.9 16,2 12.8 1.2
12. La’’ 92,0 96.0 98.0 100.0 105.1  110.0
13 NG’ 5.2 88,0 90,0 92.7 96.0 102,0
14 co’ 87.0 91.0 94.0 99.5 104.0  109.4
15 7 0% 5100 »107 107 3103 510°
16 pd’* 80.0 42.0 38,2 38.2 38.2  38.2
17 Dy" 89.0 93.3 950 93,0 98,0  98.0

18 > 91.6 92.0 96.0 93.2  92.0 89.0




TABLE 2: Distribution coefficientsof metai ionson

Amberlite IRA~40C in hydrochloric acid medium
and aqueous ethanol.

oo
-

No. Hetal fon 0 s 20 0
9 uo*§ 102 0P S0 100 100 100
2 To*h 31 3.8 beR 3 2.6 VN
3  Fe*’ 02 9102 s »10° 100 a0
y o om* 16,0 32,6 81,0 162.0  181.0 24040
5 Zn*? 642.2 671.6 710.0 760.0  815.3  940.0
6 ca*? 16,2 19,5 26,5  30s2 38,4 4be2
7 ga?® 1.8 2.6 3.4 4sC bo3 346
8 Po*2 9.8 10,2 9.2 5.6 6.3 6.6
9 BL*3 1.0 1,2 0u? 0.6 101 2.0
10 Ho*b 5100 5100 5107 916?100 »1ld
11 sr'f 18,6 16,8 18.5 15,3 4l 14e2
12 La*’ 110,0  122.0  929,0  120.0 125.0 110.¢
13 Ng”? 88,0  93.0 96,3 105,06 110.0  102.0
1  ce’? 89,0  93.0 96,0 103.1  105.0 109.4
15 r L >103 >~‘I03 >1 03 >-‘IO3 '7103 ‘;-103
16 pa*% 80.0  40.1  40.1  40.1 38,0  38.2
17 pye*3 86,0 86,0 9.0 99,0  94.2  98.0
18 yp*3 87.2 99,0 86,0 6840 92,0  89.0




TABLE~3: Distribution coe{fficientsof metal ions oo
Amberlite IRA-4CO in bydrochloric acid medium
and syueous ipo-propanold

29

% 180 -propanol

Sl.No. Fetal ion~ 90 80 &0 7o <0 0
1 vy 2100 5100 160 5100 o100 5107
2 n*® 5,0 5.2 5.0 40 348 06
3 se*? >103 >103 *7103 7103 >103 7103
4 ar*? 11,0 28,0 89,0 12842  148.,0 240,0
5 70" 715.0  775.0  790.0 8160  850,0 94040
6 ca*? 11.5 1he6  19.8 2Bk 400 4.0
7 pa’~ 0.8 Te1 1.8 2.8 3ol 3.8
8 Pb*? 6.5 7.6 7.9 841 6e2 646
9 pa*? 1 1 1 1 142 249
10 Mo”0 2103 5100 2100 5100 %107 5107
11 sr*? 184 16,9 1B4h 15,9 15,2 142
12 127’ 104,0  110.0  118,0 124,0 108.0 11040
13 na*3 91,2 950  97.0 02,4  108.0 10241
54 Ce'” 91.0  94.0  97.4 101.0  103.0 109.4
15 2 5100 310 5103 »100 5100 510
16 pd*4 102, 62,0 41,0 41.0 41,0 38,2
17 py*3 8640  89.0  90.0 90,0 98,2  97.9
18 w3 88,3 88,0  87.1 87.0 92,0  89.0




TABLE 4: Distribution coeffioclents of metal ions on

Amberlite IRA-4LOU in hydrochloric acid
medium and aqueocus n-propanol.

26

Sle. n-propanol
No. F@tal ion W 80 o0 LU 2V ]
: uog2 00 5100 5107 ~10 5100 10
2w 2.5 2.8 3.2 3.6 2.0  Oub
3 Fe’? s10° 5100 »10° 100 100 107
L p’? 2040 45,0 98,2  180.0 212,06  240.2
s  zn'? 685.U 71007 73040 WSO  785.0  94Ue0
6 ca*? 13,5 16,2 19.6 28,0 43,0  48.0
Ba*® 1.4 Re2 243 3.2 3l 3.8
8 Pb*% 6.8 8.8 8.5 5.8 6.6 646
9 BL*3 1.0 1.5 0.9 Ce8 1eds 2.3
10 Yo *6 200 5100 5100 103 510 5100
1 sp** 16,5 1702 17.8  16.0 Vo8 42
12 1a*3 105.0  114,0 120,0 112.0 103.,0 110.0
13 Na*3 93.0 96,0 99,0 103.1 106.0 102.0
1,  ce®’ 93,2 96,0 99,0 1040 06,0  30G.4
15 gprh 100 5100 5100 2100 si0? a0
16 Pa*< 64:0 42,0 42,0 42,0 1.0  38.2
17 py*? 8800 92,0 94,5  98.0 100.0 98,0
18 Yp*3 84Le0  B8.0 B840 88,0 91,0  89.C




4§
-1

ole 51 Sisiributien SoRCFIORoL SOEED LORE Chasae
and aqueous tetrabydrofuran.
gﬁ: Metal ion % Tetranydrofuran
0 50 60 40 20 T

1 Ut >0 307 5103 100 s10° 5103
2 Th*% 6.d 5ol 5,0 342 1.8 Ouly
3 Fe*3 5107 7103 >-103 '7103 7103 7103
i a’? 26,0 38,7 75,0  156.2  210.0 24042
5 Zn*? 610.0 666,0 716.6 768.0  9U0.2 940,
6 ca*® 12 1608 26,0 32.6 400 4840
7 Ba*% 0.9 101 1,6 1.6 241 3.8
8 Pb*? 8.8 8.6 8ol 640 640 646
9 513 Tol Tok 1ol 1ol Vol 2.1
16 ¥o*0 5100 5103 s103 51070 51030 5903
T sr*? 12,4 130 13.5 1345 1442 142
12 La*3 100.2  100.2  104,0 106.0 108,0 110.1
13 Nd*3 81.0 850 89,0 92,0 96,0 102,0
14, Ce*? 83.2 67,0 89.0 9440 99.1  109.4
15 Zr*h 510 5103 5103 5103 5103 5903
16 Pd+2 80.0 7.2 69,0  38.2 38.2 38.2
17 Dy +3 81.0 8440 88,0 91.0 93.1 98,0
18 ib*? 83.3 96.0  88.3 86.0 88,0 89.0




TABLE 63 Distribution coefficlentsof metal ions on

]

Amberlite IRA-400 in nydrochloric acid wedium
and aqueous acetic acid.

28

Sl. 7. Acetic acid
No. Lletal ion Yo 80 oL L0 <V 0
3 uo;2 9103 103 5102 5107 5107 1’
2 't 28 2.0 1.0 GC.b 0 UeS
3 re*? 102 3102 103 10 s103 »103
" a*’ 22,0 32,0 70,0  148e0 19640  240.2
5 Zn*? 620,0 660.2 6920  TU5.0  880.0  940.0
6 ca*® 1402 16,8  16.2 221 32,6 4840
7 Ba*? 1.0 1.6 242 Re7 3.0 3.8
8 Pb** 9.0 9.6  10.0 9.6 7e8 646
9 ps*? 1.0 1.0 1.4 108 240 2.1
1w we’ 5107 103 5100 s100 5102 5102
11 se*é et 16,8 15,5 178 15,2 1442
12 1a'’ 98.0 965 10045 104e0 10840 1100
3 na”? 92,0 96,0 98,0 100.0 102.0  102.0
1,  ce*? 87.0 91,2 94,0 97,0  100.0 109.0
15 AR >4u3 >103 >107 >103 -10° 103
16 Ppa*? 381 38,1 38.1  38.1 38,1 38,0
17 py*? 87.0 89,0 90,0 90,0 98,0  98.0
18 Ib*3 89.0 96.0 99.0  100,0 [ TRR 89.0




TABLE 7: Distribution coefficientsof metal ioms on

Awmberlite IRA-4L00 in nitric acid medium

and agqueous msthanol.

29

3:1,: i/stal ion YU 80 L Iggtanlw 20 o)
1 uos? 900 00 100 100 5100 100
2w o2 505 5.9  bube 742 740
3 Fe'3 w100 100 »10° »16? 10 5107
Y i 38,0 29,2 82,0  165.0  198,0  Z44.0
5 n’? 724,0  520.,0 520,0 280.0 280.,0 300.0
6 cd*® 110.0 12402 118.7 1000 74,0  85.0
7 Ba’< 6.5 72 8e5 9.C 10,2 12,5
8 P 35,5 45,0 60,0 72,5 90,0  106.5
9 Bl 145 2.8 2.0 1.6 1.4 1.9
10 Mo* 6 100 =160 5100 5160 100 5103
11 sP% 30,0 3605  40.2  45.5 49,0  55.0
12 La" 100 10 100 107 00 0
13 nd? »>100 5107 »102 »10° S0 s163
14 cé? 920.0 920.0  920.0 9402  940,2 £10.0
15 zeth 910.0  915.5 920.0 920.0 9350 E15.0
16 pd? 125.0  125,0  110.0  90.0 0.0 75,0
17 Dy 3 840.0  860.0 875.0 880.4 880.4 81040
18 52 842.0  865.5 875.0 885.0 892.0 812.0




TABLE 8: Distribution coefficientsof metal ians on
Amberlite IRA=-4L00 in nitric acid wediuw and

aqueous ethanol.

Sl. % Etbanol
No. letal ion b Y] o0 LU 20 ¢
1 uo;2 5100 100 100 s16° >0 »10°
2 o' 3¢5  Leb 548 649 649 7.0
3 Fo*> 5100 100 5100 100 s10® s10d
4 AL? 820 4840 71,0 W80 210,V 2hke0
5 Zn*? 75,6  600.0 40,0 400.0 300,60  300.0
6 cd*? 105.0 105.0  110.0 116.1 100.0 85,0
7 Ba*? 545 6.5 748 848 9.5 12,5
8 P 4500 B1.0 36,0 4842 92,0 10645
9 p1*3 2.5 2,2 2.6 240 2.0 1.9
10 Mot 103 510 S0 5100 S0 S103
19 sr*? 500 50,0  S54e0 60,0 55,2 55,2
12 1a*3 100 >10° 100 S 510 w3
13 Ng*3 100 >10° 5100 5100 5107 103
14 ce"? 9100  925.4  930,0 935.0 940.3  810.0
15 4 2 900,0  915.C  922.0 930.0 935.5 815.0
16 Pd* % 140.2  116,0  116.0  85.0 70,0  75.0
17 Dy*3 860.0 860.0 850,0 8€90.0 900.0 80,0
18 Wl 835.0  845.0 870.0 900.0 909.,1 812.0




TA3ZLE 93 Distribution coefficlentscof metal lons on
Amberlite IRA-400 in nitric acid medium and
aqueous 1so~-propanol.
Sl. . Iso-propanol
No. Vetal ion 30 80 60 4y 20 C
1 00;2 5103 >103 5103 >10° 5103 >103
2 Th*Y 2,0 2 o 2.9 37 5.0 648
3 Fo*> 102 510 5100 5103 163 5903
4 a*? 65.0  50e0 7002  114e0 3740 2040
5 Zn 2 710,0  680.0  540.,0 540.0 400,0  300,0
6 cd'f 80,0 B0.0 80,0  80.0  80.0  85.0
7 Ba *® 16.8  15.0 15,0 el 1342 125
" B1.0 61,0  73.0  90.0  100.2  106.5
9 Bi*d 440 1.5 1e8 2.0 2.4 1.9
10 Mo *6 5100 5102 5167 5100 S103 -90d
11 Sr*? 35,0 38,0  M1.0  45.0  50.2 55,0
12 La*3 5100 5102 5102 5100 5103 S903
13 Nag *3 >10° 7103 >102 5103 >10° >10°
1 Ce*J 810.0  915.0 915.0 9150 925,0 810.0
15 Zr ¥4 890.0  900.0  915.0 940U  960,0 515.0
16 Pa *¢ 123.0 1140 942  88.0 90,0  75.00
17 Dy *3 860.0  875.5 880.0 B8B0.U 690.0 810.0
18 b *3 85500 860,0 870.0 870.,0 880.0 812.0
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TABLE 10: Distribution coefficientsof metal ionson
— Amberlite IRA-400 in nitric acid and
agqueous n-propanol.
Sl. % n-propanol
No.. ¥Metal ion YU 80 oU LO 20 ¥)
1 vo3? 5103 >0 >103 >103 5163 103
2 Th*h Tols 75 7.5 7l Tl 7.0
,3 Fe”? >103 7»1(.13 >103 )103 >10° >16°
" a3 P0s0  80.0  B0aO 16040 20040  24dye0
5 Zn*? 700,00 680.0 64140 600,06 390.0  300,0
6 ca*? 95,6 105.1  112,0 105.0 95,0  85.0
7 Ba*? 8.2 748 8,3 10,7 13,0 12,5
g  Pp** 600  53.0  6C.0 890  100.0 1065
9 m”’ 1.0 1.8 3.0 2.5 2,0 1.9
10 Mo*b 5103 5107 5102 5103 5103 »103
11 sr'* 32,0 30,0 28,0 400 55,0  55.0
12 La*? 7103 >103 5103 5103 5103 »103
13 Ng*? 107 »10° 5100 5100 1 107
1  ce*’ 930:0  935.0  935.0 490.0  940,0 81040
15 zr th 890  90L.0  905,0 915.0 947,0 815.0
16  pa*? 162,0  153.0  111,0 940 6.0  75.0
17 Dy +3 T45.0  800,0  8L0.0 840.0 80,0 €10.0
18 Yb*? 810.,0  B25.,0 845.0 85,0 900,0 £12.0
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TABLE 113 Diptribution coefficlents of metal ions on
Amberlite IRA-4,00 in nitric acid medium
and aqueous tetrahydrofuran.

sl. .»_Tetrapydrofuran
No. Netal ion 90 8o oU 40 20 ¢
1 uo;2 s100 100 s100 v10d s107 il
2 Th*Y 840 &40 8o1 9.0 940 740
3 ve *3 103 »103 13 >0 5103 5903
4 a3 B0s0 904G 105.0 150.0  200.0  24lye
s  za'® 720,0 68040  490.0 44040  400.0 30040
6 ca *? 12061 125,0  126.0 100.0 90,0 85,0
7 Ba *4 6.0 8e5 10,9 120 12,0  12.5
8 Pb*? 60,0 76,0  91.2 8040 110.0 10645
9 Bt *? 2,0 2,0 2.0 1.5 1.5 1.9
10 Mo *6 103 »103 5103 103 >1073 >103
11 sr*? 35.0 35.0 30.2 36,0 55.0 55,0
12 1a™3 160 5167 102 5100 5103 >3
13 ne* »100 5103 5103 103 5103 5403
1w ce*’ 900.C  900.0  920.0 920.5 940.0 81040
15 zp*h 90,0  910.0  925.0 925.0 945.0 8150
16  pa*® 1W8:0  125.0  117.0  97.0 86,0 7540
17 py *? 87040 900.0 920.0 9400  920.C 810,
18 1p*3 83562  840s0  84,5.0 45040 5800  8124C
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TAZLE 12: Distribution coefficients of metal ions on

Aoberlite IRA=-400 in pnitric acid medium

and aqueous acetlic acid.
’.

34

Sl. 7, Acetic acid
No. Netal ion % Y] 40 <0 o
3 uch? >103  »03 103 >103 5103 103
2 T4 5.2 5.7 6.0 6.8 6.8 740
3 Fe'~ 51070 »10°  »10° >0 »100 5163
L AL? 20,0  E0e0  145.0  165:5  195.0  24ke0
5 zn ** 7400 54040 300,0 4000  350.0  300.0
6 cd’? 80,0  80.0  80.4 810 B840 85,0
7 3a*”? 10,5 11,0 11,5  13.0 12,5 1247
8 Pb ** 70:0 88,0 9040 95.0  95.0  106e5
9 B 1.0 1.7 1.9 23 24, 2.0
10 Mo’ ® »1¢3 103 5103 >0 w3 »103
1 sr*® 20,0 20,0 35,0  53.0 53,0 55,0
12 La™ 5160 10 5100 3163 5100 o963
13 N> 103 512 5100 >0 S92 103
15 cJ’3 910.C  910.0 960,0 980 960.0 81040
15 zrth 880.0  900.0 920.6 920.6 935.0 815.0
16 Pd*z 1700 1640 11240 88,0 7540 7540
17 Dy 87640  B875.0 900,0 900.0 875.0 81040
18 Y 8200  850,0 560.0 860.0 880.0 812.0
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TARBLE 13: Radiometric estimation of UOE2 and Th*h using
Primene Ji-T and Amberlite IRA-4O0 resin.

Average Average
background total Gross Percent
Condition counts/minute counts, minute counts/minute activity
1 ml UCY? V. 146 104 =
solution
ok
1mlTh L0 180 140 -
solution
Th*Y activity 40 179 139 9942
in Primene J¥-T
2
UG, activity 41 143 102 96 40
eluted

TABLE 14: Radiometric estimation of UO':.2 and Th’k on
Auberlite 1IRA~4LGO, &

Average Average
background total Gross Percent
Condibio; count.s/minute counts, minute counts minute activity
*
1 ml U0, b 152 111 -
solution
+L
1 ml Th L0 178 138 -~
solution
Th*® activity b2 178 136 985
passed out
+»2 . -
UO,“ activity hz 152 110 99.0

oluted
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DISCUSSION
HYDROCHLORIC ACID FEDIUM:

In iethanod:

It appears frow the Table 1 that UOéz, Fe*”, Zn*z,
4

&
lio' and Zr

can be separated frow all other ions used in
the experiment. Th’b, Bi?° and Ba*? can also be separated
from sll other ions. From the Figure 1 it appears that

uoy?, o't

lenthanides ions like La'>, Nd*3, ce”?, Dy*? and Yb’3. (mly

and all other ions can be separatved irom the

jon that interferes with tne rare-earti is Al+3 at 60
metkanolic concentration. Thus thls data can be utilised
in tioe separation of UO§2, Th'h and rare-eartios where three
different Kd values give three distinct adsorption capacity

on the resin.

In Etnanol:

It appears f{rom the Table 2 and Figure 2 that 0052.

6 b can be separated from all other ionse. Thfh

Fe*B, Mo  y Zr’
can be separated from the rare-earths and U0§2 ions but
there are interferences by Ba*? snd B1*° at different
concentrations of ethanol. Lantianum can also be separated
from Nd*}, Dy*’ and Ib*’- Aluminum ion interferes with a

number of ions 1.0., La*3, 00*3, Rd‘a. Dy’B, Ib'B, Pd*z, Sr*z

2
and Cd*“, Tuis systel can be used for separation of UOEZ,
<
La*3, Th** and Pb’“ frow each other as well as from the

lantbanides Na*°, ce*?, Dy*3 and yb*3.

In Iso-Propanol:

Figure 3 shows that UOEZ, Fa*j, Zn’z, Mo’6 and Zrth can

(I



be separated from all other ions. Pb’z can also be separated
from all other iomns. The number of interferences by different
ions increase in tiis case. Al'j and Pd'z interfere with

the rare-eartn ions ueed in the experilment, also Al’J. Pd';,
cr*? and Cd’2 interfere with each other at different
concentrations. However, in the absence of a3 and Pd*z,
actinlde and lanthanide ions used in this experlwent can be

separated from eack other.

1n n~Propanol:
2 .
It appears from Table 4 and Fig.l4L that uo’z » Fe 3,

+6

Zn’z, zr*® and ¥o0*® can be separated from all other ions.

Pb*° and Ba*2

can be separated frow each otaer as well as
from other ionsg except Th*h which sbows interference. Al*3
also interferes with the rare-eartn ions. In addition to
these interferaences Pd*z, 31'3, Cd'z and Sr"2 are interfering
with each other. If h1'3 is sbsent, the rare-garth ions

can be separated from 0052 and Thd' ions. IiHowsver, the Kd
valuas of rare-earth ions are so near to each otuer tiat a

clesn separation from each otisr is not poscible.

In Tetrahydrofurant

Figure § shows that 0052, 90’3. Zn'z, Mo*6

and 204

can be separated from all other ions. Tnf“, Pb'z can be
separated from all otner ions except Ba’z and Bi*3 wanich are
interfering. Interference by Al*J, PA*%, ¢d*? end sr*? is alsgo

obgerved where one Or Other of these ione snow interference
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among them. The Kd values of rare-earta lons are so nearer
to each other that it is not possible to separate them. Al’3

interferes with the rare-ecarth lons.

In Acetlc Acid:

It is evident frou the Table 6 that U03<, Fe'2 , 2n*? mM0*
and zr™™® can be separated from all other ions. ax*3 is inter-
fering with the rare-eartb ions. Tue interferences are observed
with Al*J. Pd+2 and Sr*%. Similarly B.\a*2 and Bi*3 show
interference witi thorium. The rare-earth lons have so close
values that they are clustering around in a narrow Kd regione
0052, Th** and the rare~earths cen be separated from each

other provided 51’3 and 83'% gre not present there,

NITRIC ACID MEDIUM:

In Kethanol:

It i3 observed from the Table 7 that 00;2, Zn*z, Fo*j,
La*a. Nd*B and No*® can be separated from all other ionss
Bit3, TL'® end Ba’® can be separated from each other as well
as from otber ions. Similarly Zn*2 can be separated from
all other ionss There is an interference obaerved {Fig.7)
with Pp*°, ca*z, Pa*2, sr*? ang A1*3, but these tons do not
interfere with other ions. The rare-eartnjions like 00?3.
DY’B. ¥b*3 ag well as zr*h nave 90 close hd valuss that they
are clustering arounde However, they can be separated from

other ions.

In Ethanol:
It is evident fro the Table 8 that U3, Fe*3, 7n*?,
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3
A

and Nde can be separated from all otLer ions.

by"” and ™7

otber. Zn' <, Ba -, Th'®

¥o**, La’
ce'a’ Zr* bave Kd values quite near to each
and BL*’ can also be separated from
all other ions. Interferences are observed between Pd'z, Pb’z,
Sr‘z and M.’3 (Fig.8). Thus a number of ions can be separated

from each other.

In Iso-propanol:

0052, Fe*>?, Zn*%, Mo*®, La*3 and Nd*> can be separsted

from gll other ions. It is clear from Figure 9 that Zr*k,
00’3, Dy’J and Yb*? have Kd values nearer to each other, but
‘, Tu** and

Bi*’ can be geparated from each other as well as frow other ions,

they c an be separated from all other ions. Zn"z, Ba'

+3 +2 +2 +2
AL", Pb™%, Cd" " and Pd ions show interference with each other.

In n~propanol:
2

It appears from Table 10 that IJO’2 R Fe’B, Zn*z, Mo‘6,

La+J and N‘:l'3 can be ecparated from all other ions, B&*j.
Th’“, Ba*z. Sr'2 and Zn'2 can be gsepsrated from other ions

8s well as from each other. Figure 10 shows interference smong
Pa*2, ca*2, Al*? and Pb'?. At the lower concentration there
is more difference in the Kd values of Sr*<, Th’h, Ba'2 and
Bi+3. Rare-earth ions except La’3 and I«Jd*3 are clustering

around and it 1s not possible to separate tbem from each other.

In Tetrahbydrofuran:
In this case the same set of ions namely UO’%. Fo'3,

Zn*z, 1a*3 and Nd*? can ve separated from all other ions.

2 2
zn’*, sr'”, Th"’ and Bi*? can be separated fromw each other
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as well as other ions, however, Ba’z interferes with the

b at nigher concentrations. Al*), Pd'z. Cd'z

saparation of Th'
and Pd"2 show interference with each otisr (Fig.t1). Upto
204 concentration of tetrabydrofuran, Kd values of Zn’%, Pd™ ",

*2

Cd’z, 31*3. Pb™ ", Sr’z, Tu'“, 8a " and Bi*? are different

from each othere.

In Acetic Acld:

2 3 +2 +6 +3

ULZ ’ Fe’ s Zn 4, O, lLa and N(i*3 can be separated

2 L *l;

1
froz all other lons. Zn'z, sr' , Ba , Tu and 1"’ can also

be separated from each other as well as from other ions. Pd’z,

*2 and Al+3 show interference (Fig.12) wityu each other

ca*?, Pb
at nigher concentration . J 60’3, Zr*a, Dy’B, and YBJ uave
Kd values quite nesarer to each other up to 30U» acetic acid.

*2 +2 *2 +2 +3 *2 *2 vl *3
Zn » Pd ’ Pb Y Cd » Al ’ or ’ Ba » Th and Bi oaBve

quite distinct Kd values.

Table 13 gives the radio-metric estimation of uranium
and thorium. A method hes been developed for the sepgration
of uranyl, thorium and platinum iona. Thorium ions are
separated by solvent extraction using primene Jii-T. The
activities in the standard as well as the extracted sample
are the gsme (99.2%)s Uranyl ions have been eluted froum
the resin bywater or tartsric geid or citric acid. The uranium
activity eluted from the column is 93/« Similsrly platinum
was estimated colorimetrically, The eluted sample gave almost
the same amount of platinum as was present in the original

mixture.



In the table 14 some data for the separation of 00;2 ’
Th*™ and platinum ions are given. When a wdxture containing
all these ions is passed turough a column of Amberlite IRA=4H00
the chloride complexes of plstinum and wanium were adeorbed
over tbe resin bed and Th'“ ions pasaed out of it. It appears
frou the Table 14 that 98.5% Tn'% activity came down. Uranium
was eluted from the column by wasbing with water and 99,
activity came down. Even if about 1% activity of Th*4 ig
subtracteé from this,98> of uranyl icns were definitely eluted
from the column. Platinus is rewoved with 3N nitric acid and
colorimetrically the eluted portion gave same absorbance as

the standard sawmple used in the mixture of iounse.

bk BT )
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INTRODUCTION:

The resolution of solute mixtures on & medium (support)
or on a solid surface by selective fixation and liberatiom
with the aid of a fluid streaming in a definite direction is
called cbromatography. Another definition is given by Gorcen,
lartin and Synge‘, according to whom it is the technical
procedure of analyslis by percolation of {luids, with aid of
whico the mixture is introduced iuto a porous rigid wmaterial,
wbich brings about the separation of the constituents, irres-
pective of the nature of physico-chemical cianges tuat may
take place. Strain2 defines curomatograpby as an analytical
technique for resclution of the solution in which sepgration
is brought about by tie differential migration in a porous

medium and the migration is caused by the flow of the solvent,

The paper chromatography was the first step in tne
development of chromatography. In paper curomstography filter
paper 1s used as an inert support of the aqueous stationary

phaao3 in whbich the lonsg or molecules move with the solvent

46

chiefly due to the caplllary actlon in the filter paper medium.

The movement of the solute in the filter paper igs due to their
diffusibilities which is generally differeant for different
substances. This tecbblyue nas been widely applied for the
separation of the mixtures of organic compounds and to0 soue
extent for inorganic coupounds too. In paper chromatography
the filver paper serves as a porous medium for the migratiocn
of the solute, 1.8., the process of the partition takes place

on the filter paper. In this cése the medium acts es a
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stationary poase through wuich the mobile puase passes and
the solute migrates in the different portions of the wedium.
Tue stationary phase consiats of weter-cellulose complexb

and adsorption takes place on ite. The mobile phase travels
over the filter paper setting an equilibriuw between tne
water content of the cowplex and the mobile solvent. The
partition of equilibrium depends upon the affinity towards
the water-cellulose complex and tue extent of miscibility with
water asnd obviously the affinity for water increases when
tbe solute is less captured by the cowplex. The solute mole-
cules also baving nydrophillic cusracter either compete for
position in water-cellulose cowplex or get attached to the
woater molecules already present in the complexs The distri-
bution of the solute between the water-cellulose complex and
the mobile phase depends upon the ease with which it enters
either into the complex or moves along witis the asoclvents.

As this distribution differs from molecules to molecules and
ions to ions, it is possible to separate them with tie aid
of filter paper and this 1s the basic principle on which the

paper curomatographby is based.

The second major development in this field was the
introduction of gas chromwatographys. Liater on the technical
simplicity of paper chromatography and the speed of gas
chromatography were combined together and this led to the
development of the thin-layer curonatography (TLC). Ismailov

and Suralber? in 1938 reported that certain substances could
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be separated on thin layers of adsorbents on glage plates.
The use of the thin layer of unbound adsorbent in predicting
the best solvents for column curomatograpby was made by
Crcua6 in 1941, williams’/ took two horizontal glase plates
and the plate at tue top had a small pole to introduca the
sample and tbe developers In 1949 leinuerd and Hall™ used
atarcn as a binding agemnt to hold the layer in proper place.
In a number of publicationsbetwean 1951-1957 krichner, i.iller
and couorker39 investigated several adsorbents and binding

10 nd studled the

agents. They also designec equipment
separation of terpenoids. These workers used very narrow
plates with silicic acld-starcn layer, Reitsemall yged

E analysed food dyes

bigger plates and Mottier and Pot.t.erat1
over alumina and they separated amino aclds by tuls technique.
The work of other workers in this fleld before 1956 ig
reviewed by Lemole'?, The slow development in tuis tecanlque
took place because the equipment and cnemicals were not
easily avallable. Stabl1“ prepared standard size glass

plates and standard adsorbent (silica gel - plaster of paris)
and he named the technique tidn layer chromatography. The
technique developed very rapidly and sgain the work up to

1
1960 is reviewed by Lemole %

Silica gel, alumina, Kieselguhr and celluloge are the
most commonly used sdsorbents in the thin layer chromatograpuy.
Cther common substances used in this technique are polyamide

powders, modified cellulose, caloium sulphate, polyetuylene,



magnesol, aoydroxyl - apatite, sepnadex, zlnc carbonate and
various mixtures of these. Waldi, Sconackerz and munter16
gave a comparative accounf?ﬁost widely used adsorbents and

it was found that silica gel has the highest capacity to
geparate largest quantity of the mixture. Silica gel is
acidic in nature and it can act in botou adsorption and
partition chromatograpiuy depending upon the solvents systems.

Silica gel G contains a binder where G stands for gypsum.

The minimum thicknese of the adsorbents is about
0.15 AL honegger17 reported that the best results could
be obtained between 1 to 3 mm of the thickness of the
adsorbents. DBetter results were obtained by Ritter and
moyer18 using ¥ mm thick layers. The thin layers prepared
on glass plates were classified into three categories
popularly known as the Kirchner type, the Staul type and
the spray type. In the Kircuner type apparatus the reser-
voir is kept stationary end a thin {ilm is deposited over
a glass plate walch slowly pamses under it. In Stanl type
the epreading gadget keeps the plate stationary amnd the
reservoir containing the slurry is moved slowly. The
advantage of this type of apparatus is that the layer of
the desired thickness can e prepared. In the spray type

device tue final thickness is unknowns

In the preparation of plates far thin layer chromato-
graphy the slurry 1s spread over the plate. The plates are
activated by heating at the temperature 100-110°C for



different periods of time. The time varies between one to
several hours. Samples are applied to thin layers and the
plates are placed in a solvent mixture. The migration
caused by the metal ion 1s measured in terms of Rf values
wolch were first introduced by kartin and Syng019. Yatopema-
tically tone Rf value is expressed &s the ratio of the rate
of the movement of the solute and the rate of the movement

of the solvents.

Rate of the wmovement of the solute
f Rate of the movement of the solvent

Vartin and Synge related the Rf values with the partition
coefficient between the two phases by ewploylng the coancept
of theoretical plates. williams7 has dealt Rf values consie
dering all theoretical aspects in a purely methematical way.
A new term Ry has also been introduced by Bate, Smith and
weatallzo which is notibing but (log &r - 1) and it is
proportional to the free energy of a moving molecule from

one phase to the other.

Although the foundation of TLC as an analytical
technique was lald down as early as 1938 but its developument
took place in the early 1950's, Upto 1958 it was used in
the separation of organlc substances. Since 1958 this wethod
has been applied to pumerous problems in analytical chemistry,
A nunmber of reviews in English?1, Franchzz, German<34%
and Spaniah?6 are avallable, A number of text-books are

algo available on tbis subject. The following books are of
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wost value, which contain more or less detailed description
of a number of separations as well as a thorough coverage of

experimentai methods and theory:

1. Thin Film Chromatography by E.V. Truter, Clever-hume,
lond, 1963.

2, Thin layer Curomatography by James N. Bobbitt,
Reinhold Publishing Corporation, New York, 1964.

3. Laboratory Hand Book of Chromatographic Methods by
O, Mikes translation editor R.A. Cualmers, Chapter L,

D. Van. Nostrand Company Ltd., londom, 1966,

In this method the adsorption layer and tne solvent
can be cuanged and therefore this technique is better than
the paper chromatography. A mixture of several substances
can be separated more rapldly and in smaller time in
comparison to the paper cnromatography. Therefore this
technique 1s more useful. Paper ciromatography has been
used for tbe separation of a number of ions using both
normal and reversed phase technigues., Various solvents and
mixtures of solvents have Leen uged for ti® paper cpromato-

graphic separation of Th+h

and 0052 from otner metal ions.
Acetyl acetone, aceto acetic ester and antipyrine with
n-butanol containing 1.5 M nitric acid bave been used by
Pollard27 for the separation of twenty four metal ions.
Uranium, thorium and rare-earth were separated by butanol

HC1 mixtures<®., Other solvents used were: awyl alcohole
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formic acid, ethyl acetate - acetlic acid, cyclohexanol -
bydrocnloric acid, etbyl ether - acld mixtures. HaLofer

and Hecnt29 uged n-butanol - 1.5 nitric acid for uranium
separations. Thorium ions were separasted from uranium ions
with different solvent mixtures of methanol, pyridine toluene,
n-butanol-dioxane, cnloroform-toluenojb. Uraniun was
separated from a number of metals using acetone-acetic acid
water and acetone-HClewater mixtur0331. For the separation
of uranium, methyl ethyl ketone, acetyl acetone, acetic acid
nixtures were takonBz. Formic acld-alcohold system was chosen
for separation of tin and antimony from numerous metal ions
by Qureshi and KhanBB. Two dimensional paper chromatography
was uged for the separation of uranium in presence of
thorium ueing ethyl alcounol~-HCl-water and tetrahydrofuran-

HN 03 -wate rak .

The paper chromatographic separations are of consi-
derable importance in the field of radioclLemistry because
a nunber of lons using both normal and reversed puase
techniquas were separated. The identical informstions in
the area of thin layer cliromatography is insufficient
although this method 1s rapid and its separaticn capacity
is higher than the paper chromatograpby. Therefore the
present work was undertaken with an objective to improve
upon some of the separatlons achieved omn paper chromgto-
graphy. Furtber an atteupt has been made to find out an
alternative system 0f solvents for better separation of somes
actinides and lanthanldes.



EXPERIMENTAL

All chemicals used in the present investigation were
of AeRe. grade. Silica gel G Stanl (tMerck) was treated with
6 M HCl and tue supernatant liquid was decented and the
ailica gel was sgain washed with acid and finally three tines
with distilled water. It was finglly wastied with 250 mi
of ethanol and 250 ml of benzene and was drled in an oven at
120°C. Glass plates {20 x 20 cm) were wasued with detergent
and wiped with cotton soaked witb nexane and dried before
use. Silice pel G was mixed with double the amount of
conductivity water and the slurry was prepareds The plates
were placed on the polythene base of the Stanl type apparatus
and the slurry was spread over the glass plates. The thickneas
of layer were 3 mm throughout the course of investigatione
Plates were kept stationary for at least twenty minutes and
then layers were activated by heating at 100-110°C for one hour

in an ovene.

All mctal ions used were 0,7 N in nitrate form prepared
frow rare-earth oxides whlch were obtained from Jonnason
Mathew and Company except cerllw. ( 114 Dnitrate. The samples
wore applied to the bound layer by touching the tip of a
filled caplllary to the adsorbents layers The diameter of
the apot did not exceed U.5 cam and it was kKept as small as
possible. The mamples were gpotted about cne inch from the
end of the plate so that the golveant level will be at least

one cm below the centre of the spote



Various organic couplexing agents were used with the
solvent system but they were found unsultable though they
could be used for few metal ions other than tonorium and

uraniuwn., These couplexing agents are -

(1, Benzal acetone

{2) Benzopuenone

(3) salicylalcehyde

{4) Acetyl acetone

(5) Primary amines

{6) 8-hydroxy yuinoline
(7) Diwmetbyl glyoxime

o4

A few solvents used sbove witih coumplexing asgents are: pyridine,

dioxane, mesityl oxide, methanol, ethanol, n-propancl,
igo-propanol and n-butanol, iso-butanol, tert.-butancl,
cyclohexane, benzene,toluene,crioroform, carbontetrachloride,

ethyl ether, ethyl acetate and cyclohexanol.

The development was performed continuously in an
ascending manner ob near vertical plates in an alr-tight
container saturated with solvent vapour. The time of
development was about three hours for the entire experiuent.

Results were reproduclble under similar conditions at the

same temperatures.

The visualization of developed chromatogram was
carried out in several, ways. A 5% solution of potaasium

ferrocyanide produced brown colouration for uranyl ions and
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blue colouration for ferrous ions. For aluminium and silver
ions, S-hydroxy yuilnoline (amwonical sclution) was used as
a visualizer. Other metal ions were detected using 15
alcoholic solution of Alizarin Red $ and finally developed
in an atmosphere of ammonia. Hemotoxylin (0.2/> ethanolic

solution) was used ss a visuallzer for all other ions except

uranyl ions and ferrous ions.

The solvent systems used in Tables 1-4 consist of
80 ml dioxane, 20 ml acld of concentration, O.1H, O.5N, 1.5
and 2.5N (HC1l, HpS0,, HNO3 and CyH,(;) and 2 g m~nitrobenzoic
acide A number of experiments were performed to ascertain
tbe amount of menitrobenzoic acid. It was found that 2 g of
m-nitrobenzoic acid was sufficient. Therefore 2 g of this
compound was taken for all the experiments. The composition

of the solvent systems in the Table 5 is given below:

: 60 mI t.-butancl+30 ml ethanol+30 ml loisHi Uy
t 50 ml t.-butanol+Li0 ml etusnol+30 ml 2N HNO,
Lo ml te~-butancl+50 ml ethanols30 ml HiHNC,
¢ 30 ml te-butanocl+60 ml ethsnol+30 ml OWZNHKO,

as

o QO w =

The systems in the Tables 6,7, and 6 were the samve
except nitric acid was replaced by hydrochloric acid,
sulphuric acid and acetlc acid. In the Table 9, 9% ml
ethanol and 10 ml LNHNU3 was taken., In the Table 10, nitric
acld was replaced by hydrochloric acide In the Tables 11,

90 ml iso~butanol and 10 ml LNHNC3 and in the Table 12, 90 ml
iso-butanol and 10 ml LK HC) were tekens The Rf valuos are
recorded in the Tables 1-12,



TABLE 1: Rr values of metal ions with dioxane solvent in
nitric acid medium at room temperature.

Sl. Nitric_scid
No. Festal ions o1 . 1.5k 2e5N
3 Foii 0,59  0.55 Qb 0445
2 vo, 0.99  0.94 0,88 0,82
3 ALY3 Ouk7 0,39 0433  0.30
4 'Y 091  0.76  0.70  0.46
5 or’? - - - -
6 zpth 0.66 0,56  Oubly 0ol
7 ca’? - - a .
8 La*? 0.65  0.57  Oublh  0.38
9 ce*? 0,66  0.57  Oubly  0.42
10 pr' 0.66  0.56  Oub3  Oubt
11 Na*? Ge7t 0461 0452 Ouisd
12 5”3 069  0.56  Oub9  Oobt
i Eu’’ 0.99  0.88 0,70  0.42
14 cd*3 0.68 0,57 O.46  Oub3
15 £r'” 0.61  0.53 0.4  Oub
16 1p"? 0u57 049 040 029
17 '’ 0.66  0.52  0u43  Oul
18 y"3 0.6,  0.s56  Ouk5  Oubsd

56



TABLE 2: Rf values of metsl ions with dioxane solvent in
hydrochloric acid at room temperature.

%é: letal ions m‘%%
1 Fe'> 0.98  0.86  0.81 0,80
2 voy”? 0.92  0.86  0.79  0.79
3 a1*3 0.39 034  ©u31  0.26
A Th*% 0.29 0,31  0.36  0u.42
5 or®? 0.38  0.32  0.30 .21
3 zr*Y 0,30 0,26 0.21 0,20
- ca'® 0.31  0.23 0.2 0,20
8 1a*? 0.25 0.29 0,32 0,31
9 ce*? 0.2 04286  0.31 0,37

10 prt? 0e37  0.34h 0430 0,29

1 Na*? 0.38  0.31  0.R7 0429

12 sw*d 0e26 0428 0430 0.2

'3 Eu*? 0.31  0.3L  0.36  0.31

14 ca*? 0,31  0.36  0.39 Ok

15 Ert? 0,33 0.25  0.31  0.39

16 "3 Go3h,  0.36 0,38 0439

17 1*? 0.26 0,29  0.31  0.24

18 Y3 0e35 0,38 0,39  Guk

o7



TABLE 3: R values of metal lons with dioxane solvent in

sulphuric acid at room temperature.

Sle Sulphuric acid
No. Jetal ions TS TN Zo3N
] Fozz Oy  0o52  Cul8  0s19
2 Uo, 0,86  0.80  0.8h  0.86
3 m*l 0.5, 0.56  G.59  0.b4
4 Th' 0.64  0.68  0.71  0.22
5 Cr‘s - - B -
6 2t 0u9  0.53  0.56  0.43
, ca*? ) ) ) )
8 12"’ 0,86  0.81  0.79 0,74
9 ce”? Oud  Go51  0eb1  0u79
10 pr*3 0u49  0.52  0.64  0.78
11 na*? 0u46  Ou48 0,53 0,76
12 sw*3 Okl  Oubt 0,56 0,78
3 Eu'’ Ou9 0,52 CuSh 039
% Ga*? OuSl  0.58  0u66 0479
15 Er*? Ok 0u49  OuSh 058
16 1" Oubl,  Oebb 0ok  ©u31
17 u*? Oubls  Oobb 0.9 0,28
18 y*3 Ou6  Oul9  0.52  0.36
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TABLE 4! Rf values of metal ions with dioxane solvent in
acetic acid medium at room temperature.

Nos istal lons TR
g Fo'’ 0,99 0.9  0.95  0.78
2 uugz 0.69  0.7%h  0.82  0.80
3 al*3 0.95  0.94  0.92  0.89
L Th*4 Okl Ouble  Cob6  0ul7?
5 cr*? - - - -

6 ze™® 0.66  0.69 0.1  0.70
7 ca'? Ce39  0.29 0.2,  0.23
8 La*d Oubt  O.40 0,38  0.37
9 ce”’ 0.39 0.6 0.5  0u40

10 pr*3 0.39  Ou4t  0.46  0.52

11 na*> Ol Oul7  0.52  0.42

12 sa*? Ouh2 0,39  0.38 .36

13 Eu*3 0.39 0.37 0,39 0.39

1% ca*’ 0.36 0.3 040  0.38

15 Ert” 0,42 0.5  0u856  Ueld

16 Irb*3 Oulyly 046 0.51 e b0

17 Lu*3 0,29  0.31 0,30  0.24

1w Y’ 0.6 Ge52  0oS8  Ou46
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TABLE §: Rf values of metal ions with ter.-Butanol-Etuanol-nNO;

at room temperature

BT, A 2R T U.2h
No. lotal ions A B C D
1 o 0.9  0.84  0.80  0.78
2 Th*h 0.98 0.66  0.84  0.82
3 1a*3 0.6 0.9  0.92  G.86
4 o’ 3 0.97 0.86  0.95 0,9
5 Zr*h 0,96 0.92  G.9,  0.84
6 Nd*3 0.93 0.9  0.90  0.86
7 L3 0.9  0.95 0.93  0.92
8 3 0,99  0.96  0.93  0.9%
9 ca*3 0.97 0.9  0.96 0,88
10 Er®’ 0,95  0.91  0.83  0.93
. ce’? 0.91 089  0.66 0.8
12 pr’? 0.88 0,79  0.86  0.86
43 n1*% 0,91  0.86 0,83  0.88
14 co*? 0.95 0.8 0489 082
15 Ma*? 0493  0.84 0,93  0.87
16 or*’ 0,89  0.87 0486 0.8k
17 Fo’> 0087  O.81  0.86  0.91
18 a1*3 0.88  ©0.89 0,97  0.81
19 ag*! 0.95 0.86  Go88 0,93
20 Pb*4 0,866 0.85 0,87  0.89
21 p*? 0.95 GeB9  0.92  0.89
22 ca” 0,92 0.9 0,91  0.83
23 ou’” 0u94 0487 0483 0,87
21, Hg*# 0,93 0,97 0.88  0.96
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TABLE 6: Rf values of meta)] ions with t.-Butanol-Etnanole«uCl

at room temperature.

37T, | A 2l 18 Uelll
Noe ietal lons A B G D
1 UGy 0eB6  0.86 0.8k  Lad2
2 To** 0.87  0e80 0,93  G.88
3 La*’ 0,97 0e89  0.92 0.9
4 Sm*3 0.86  0.83 0.9  0.88
5 ze*h 0,90 0486 0489  0.91
6 ua*? 083 0479 0486  0.85
7 '’ Ge86  Co79  0.89  0.62
8 1?3 0.89 0483  0.90  0.87
9 Ga*” 0689  0e86 0.7  0a76
10 Er*3 0.88 0493  0.82 0480
11 00*3 0.76 C.86 0.82 0.72
12 pr’3 0.79  0.82  0.83 Uo7l
' Ny*? 0.88 0479  0.87  0.43
" co™? Ce91  0.86 0479  0.87
15 ' 0.87  0.77 0,82 0.d0
' or”’ 0.82 082  0.81 0.8
17 Fa*3 0.79  0.80  0.78 0476
18 a1*? 0.60 0475 0.89 0.9
19 ag*! 0.8, ©.80 0.86 679
20 pb** GeBS  0a83 0476 0475
21 p1*3 0.89  0u91 0,92  0.84
22 ca*? Cell6 081  0u8C 080
23 cu’® 0e83 0,82 0480  0.80
24 Hg**® 0u85 0481  0u8h  0.82
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TABLE 7: Rf values of metal ions with t.-Butanol-Ethenol-HpS0Q,

at room temperature.

?{é : [etal ions .‘&’H ;N (1:“ 062_N_
3 ok 0,70 091 G888 049
2 o' 0.72  0.85  0.83 0492
3 1a? 089  0.88  0.87  Gad9
4 m’” 0,81 0485  0.87 0,88
5 2t 0.93  0.9%  0.95 0.9
6 Na'> 0.86  Ge91 0,90 .91
? 1 0.87 0,91  0.92 0.9
8 " Ge93  0e88  0.92 0499
9 ca”’ 089  0.86  0.86  0e88

10 Er’o 0.62  0.81 0,80 0.8

11 ce*? 0e79  UeB1 0483 082

12 pr'? .88  0.92 0,91 0490

13 The GeBh 0,86 0,87 0.86

1% Go*? 0,89  0.88 0,87 0483

' e 0,90  0.82 0.8,  0e82

16 er'? 0,91 091 0,91 0.9

17 Fe*’ Go8C 0486  0.85  Co8S5

18 A’ 0.82  0.8h  0.85 0486
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TABLE &8: K values of metal ions with te.-Butanol-Etnanol-acetic Acid

at room temperature

gg: l.etal ions kﬂ gu éN oéf?
1 uey® 0.56  0.68  0.79 0,69
2 TR 0,18  0.13 0,17 0o 10
3 La’’ 0,79  Us76 0482 0u61
b sm*> 0,52 0,62 0415 0410
5 zrtY 040  OuSb Otz  0e52
6 hd*3 Ookl  0e36 045  0e35
7 i’ 0e92 0.8,  0.83 0,79
8 u*2 0,88  0.68 0.9,  0.82
9 Ga*? 0.73 0,79  0u42  0.66
10 £r*” Gu76 07 0.51  0.76
19 ce’” 0.28  0u60 0,62 0439
12 e’ 0s25 0.52 0456  Ouk0




TABLE 9: Rf values of metal lons with Ethanol-ﬂNOg

at room temperature.

}Sli: ¥otal ions H!’:?@
1 Fe*? Ce73
2 uoy? .92
3 a1*’ Coly
L Th*Y 0.62
5 cr*? .25
6 zr¥h 0.16
7 1a”’ 0466
8 sm*? 0.66

"9 Ce*’ 0e66

10 Na*? 0.70

11 Er® 0.68

12 y*3 0.68

13 Gd*3 0.70

14 pr*? 0.66

15 1) 0,68

16 LufB 0«70

17 Bu 0.62

18 Ca*z 0,58
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TABLE 10: Rf values of metal ions with Ethanol-hECl

at room temperature,

ﬁé: }Metal ionsg ﬁgl
1 Fe*3 .89
2 vos® 0.82
3 AlY3 0e75
L Th*4 X
5 C;'x"3 -
6 Zrth 0.39
7 La*’ 0ol
8 Sln"3 Obib
9 ce*? VY
10 Na*? 0,55
11 I&Zx"3 0e55
12 "’ 0. 51
13 ad*’ 0451
14 pr? 0,51
15 Yb*? Oo 50
16 1u’? A
17 Eu’’ 0s32
18 Ca’z Vel




TABLE %11: Rf valueg of metsl ions witb Iso-butanol-ﬁN03

at room temperature,

Si: letal ions ﬁ§g3
1 1’-‘»"3 C.81
2 uos® U.92
3 1’;1’3 Uetsd
L 'Y 079
5 cr*? 0.76
6 2t Coli
2 ia*’ 070
8 Smx’3 0.68
9 ce®? 070

10 ua*? 067

11 ex’? 072

12 * .70

13 Ga*? Ge71

14 pr*? Ge72

15 vo*? 069

16 1"’ 0.72

17 Eu*’ Gt

18 ca*®

C.29
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TABLE 12: Rf values of metal ions wito Iso-butancleHCl

at rooa temperature,

ii: Vetal ions ﬁgl
3 pe* 062
2 uoy? 032
3 a1l Ce80
4 ot 012
5 cr*? 60
6 zr*h 0429
7 1a*’ 0ol
8 Sm*3 0e14
9 ce"? 0.13

10 Na*> Gat

11 Er’? 0,15

12 Y*B Cat3

13 ca”’ 013

1% b Get13

15 Yb*3 Outly

16 Lu*a Ou13

17 En:z Oet1

18 Ca -

\l
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DISCUSSION:
A perusal of the data recorded in the Table 1 ghowse

that 0052 and Th’“ ions can be separated from the lanthunides
using 2.5N nitric acid with dioxane at room temperatures.

These iona can also be separated {rom Fo*a, Al’j, Zr*h at

thls concentration. howsver the rare-gartus lons have Rf

values quite simlilar or near to each other. Uranyl and Tb*“

ions can also be separated from the lanthanldes at Q45N HNU3,

But the separation of Fe') is not better than that used with

2 ¢ 5N HNOBo The separation of the rare-eartas suows identical
characteristics discussed with 2,50 HRG3+. A comparison of

vie Rf values with U.5N and Z2.50 nitric acid showe tuat a

better separation of uranyl and thorium ions can be achleved

by using O. 5N nitric acld and dioxane wixture. The observations
recorded in tne Table Z snow that uranyl and Th’“ ions can be
separated from all other rare-earths using O.1N #HCl concentration.
It has been observed that uranyl ilons separation can be achieveg
with all other concentration of hydrochloric acid but sowme
interferences have baen observed in the separation of Th*%

ions, where sows rare-esrths have identical Rf values. The
separation of uranyl ions and thoriunm ions can also be done

from Fo’3, Al’3, Cr's. arth and Ca’z. The Rf values of the
lanthanides obtained in thig experiment are eitier ldentical
or are clustering together. The data presented in the

Table 3 show that uranyl icns and Th*d ions can be separated
from lanthanides, F0*3: AL*3 and zrth using eitoer 1.5N or
245N sulphuric acid and dioxane« If 1.5h sulphuric acid ig
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used, @ number of rare-earths can also be séparated althougn
exceptions have to be made for thogs having Rf values identical
with eaca othere It appesrs froum the Table 4 that separation
of uranyl and taorium ions from lantuenides, Fo'? and A1*3

is posaible using either Q.58 or 2«5l acetic acide The better
separation 1s achieved using 0.5 acetic acid where the

lenthanides can also be separated from each other.

An examination of the Table 5 ghows tuat wranyl and
Th'“ ions can be aseparated frow ianti.anides and some otper
metad fons listed there. The sclvent system for thig
separation is a mixture of t.-butanol, ethanol and 1 nitric
acide Thils separation is also possible witn O.2N nitric acid
but cobalt ions have identical :if values to thorium ions.
The selectivity of these twenty four ions is based upon the
fact that all of these ions are present in fission-products
of uranium and thoriun and their separation always poses a
coallenge in the radlo-chemistry. ilthough the separation
is not better than those discussed with reference to the
Tables 1«4, but thlis system 1is definitely of analytical
interest becauge twenty-two lone can be separsted from
thoriun and uraniws. In this case the rare-earths ions ashow
the similar nature as Observed with the cases discumsed
carlier. It is concluded from the Rf values recorded in the
Table 6 that the solvent asystem te~butanocl-ethanol-1N KC1 cean
be used for the eeparation of urenyl and thorium ione from
other twanty-one icona 1ncludiag rare-eartis ions. Here H£v2

lons interface in the separation witih the uranyl iong. In



tuls solvent system 4li, 2 and 0.2N uydrochloric acid does
not serve any useful analytical purposs. A number of rare-
eartbs lons can aleo be separated in this case but some of
tnem cannot be separated because they bave same Rf valuese.

It can be found out from the Table 7 that uranyl and Th'%
ions can be separated from sixteen other metal ions including
lanthanides using t.-butanol-ethanol-4N sulpburic gcid. 4all
other concentrations of sulphuric geld do not give useful

separations It can be seen from the Table 3 that uranyl and
Th*b ions can be separated from ten otuer lanthanides using
t.-butanol-etaanol and scetic acid (1N, 2N or 4N) but in tiis
case s number of ions do not develop falrly well and therefore
their Rf values are pot recorded in the Table 8. Acetic acid
poses tie limitation as an analytical solvent systew for the
separation of some ectinides and lanthanides because the

nunber of such ions bave been reduced to 50k,

A perusal of Tables9 and 10 shows that ethanol and
LN HNOB or b hCl can be used in the separation of 0052 froum
To*® and other ions including sowe lanthaenides. fHowever the
separation of Th’h ions is not possible with some lanthenides,
The solvent aystem iso-butanocl-4N HNO; (Table 11) can be used
for the separation of 0052 and Th’“ ions from sixteen othner
fons including some lanthanides. If in this solvent system
pitric acid ie replaced by hydrochloric ecid of identical
strongth sseparations are possible but the Rf values are =so

nearer to each otker that it is not of much practical use.
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The temperature has en effect on the Rf valuese Some
experiments were performed at nlgher tewperature and it was
observed that Rf values decrease with the lncrease of

temperatures. Hence all the experiments were perforued at

room temperature.
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L:TRODUC TION
Tri-butyl phospbate, TBP, has been studied much more

extensively tuan any ol tue other organophospuorous
extractants and, indeed, probably more than any other

extractant. Its dielectric constant is about 8‘ and

electrolytes are essentially unionised in pure TBP or in
dilute solutions of TBP?, There is an evidence that
electrolytes may ilonise in bydrated TBP or in concentratec

solutions of TBPB’*. This compound is non-volatile at the

room temperature and rewains liquid between -80°C - 289°¢°
It is very bighly viscous and its solubility in water is
0.4 gm per litre at the room temperature. Its density is
quite close to that of water. Therefore it is diluted by
heptane, benzene, kerosene, carbontetracunloride and n-

The best diluting agents for TBP are aromatic

6-12
and aliphatic hydrocarbons .

decrease with an increase in the teuperature

butyl ethers
The distribution coefficients
13-21

TBP forms & monobydrate with water?ﬁiluto solutions

of TBP in organic solvents. If the concentration of T5P

is greater than 0.1 other species may be present such as
Héuzrap. IR spectra of the systen TEP-water nas been
interpreted as indicating weak hydrogen bonding between the
phosphoryl groups and water wolecules” <7<, Whitney end
Diamondzk reported that TBP.H,0 is present upto U.1),while
Bullock and Tuck25 found the system to be quite complicated.

They suggest the formation of (TBP)z.Hzo, (TBP)B.zﬁao, and



(TBP)n’1.nhzb. Clander and Benedict26 view tae dissolving
of water in TBP as a mass transfer pProcess invelving ng
complexation. Tne elements wonich are well éxtracted include
gold(III), uraniuw(IV & VI), neptunium (IV & VI}, tuoriuwa
sirconium, hafniwu, cerius (IV) and otuers depending upon
the conditions useds Iscluori and Watanabaz? Las given
distribution coefficients for extraction of metal nitrates
of a number of ions by hundred per cent TiP. Souws of the se
metal nitrates extracted are: L1H03.2TBP2ﬁ, Nauo3.3T3P29,
Cu(N03)2.3TBp.uzojo. All the lanthanides forum anhydrous
Similarly Ce(III}, iron (III) also fora

triSOIVatesJ1.

trisolvatess Tetravalent wetals probablyextract ag
disolvates of TSP, although other solvates have been reported.

Peppard32 found tonst solvation number of thorium, girconiug
and scandium varies with nitric acld concentrstion, The
hexavalent actinides extracts as disolvates. The foruation
of UG,{NO3)yeRTBP Las been confirmed by many workers3’=39,
salt effects, solvents effects, temperature sffects and
competing anion effects for the extraction of uraniug by

THBP has also been studled. When TBP ig saturated with

uranium (VI) nitrate, the composition of the complex remaing
the same. In presence of a high concentration of nitric
scid and TBP the formation of ﬁuoz(uoj)B_aTBPhO was detected.
Infre red spectra bave been interpreted as ingicating that
lithium, magmesium, nickel(II), iron(III), and coromium(VI)

nitrates are hydrated in TBP while thorium and uranium {Vv1)

2
nitrates are anhydrous .

Y 4
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A complex of the composition ANC3.TBP with nitric
acid and TBP is formed and it is annydroushi'so. The amount
of nitric acid extracted is greater than taat expected from
tbhe above complex. COn thls basis sdditional complexes suci
as 2HN03.T3P, 33&03.'1‘13?, Mm(}r‘I‘BP and 2&&03.&"31’.1:20,
BHNQB.TBP.Hzo are reported51. In the species nNO3.TBP, the
nitric acid molecule is bonded to the phosphoryl oxygen for

species sucn as jthJ.TJP. There 1is disagreenent as to
whether two additional anitric acid molecules are bonded to
the oxygen in the alkoxy groups or to the nitrate oxygen,
The TBP in an organic diluent extracts nitriec acid, the
water content of the organic phase decreases until the acid
concentration in the orgamnic phase equale to that of THP.
Toe excess awount of nitric acid extracted in TBP increases
the water content of the organic phase. Tuls 1s due to the
formacion of 1:1 complex and then aydration of that complex

and of the nitric acid extracted in excess of 1:1 couplex.

Since tne extraction of uranyl anltrate and attric
acid was done extensively by TdP, it was plammed to extract
uranyl perenloraste and tooriuuw tetraculoride in TBP. The
extraction of actinides was done with phnospline oxides and
substituted phosphime oxideg puosphinates, puosphonates and
As none of these compounds were avaliable,

phosphatese.
uranyl perchlorate and thorium teotraculoride were used for

aolvent extraction.

Sulphoxidea, like tne phosphine oxides, were also used



88 solvent extractants since 1955« Tune reaction of complex
formation by sulpuoxides witn organic substauces was reported
by Sterlalkova“=., Adlpnatic sulphoxides are used for

estimation of mineral acids end uranium salts by solvent

extraction technijues. Di-n-pentyl sulphoxiaes have alsc

« Al
been used as extractants for thorium”-»~%, Cation-exchange

benaviour of several wmetal ions in dinetiyl sulpuoxides~aqueous

hydroculoric aclid medla has been stualed by Birge5f and anion

6
exchange benaviour by Pnipps5 o« Studles with cations in

dimetbyl sulpnoxide by ion-exchange are reported by lanener®?,
It was decided Lo lnvestigate sowe of the solvent extraction

properties of an aryl suipuoxides« Dipuenyl sulphoxide was

salected for this purpose and this work reports somwe results

EXPERL#PE WTAL AND DISCUSSION

Extraction of uranium and thorium with TSP:
Uranyl percnlorate was prepared by the method suggested

by Sunsonss, In this metiod one mole of UC; ls digsolved

in 2 moles of perchloric acid and the following reaction takes

place:
U03 + 2Hbl°}. - 002(01010 ,2 + HZU

The concentration of uranyl perchlorate solution prepared

in this manner wqs determined by a gravimwetric metibod. Tae

uranyl perchlorate was dried and burnt to UJ“B' Tne neating

of uranyl perchlorate can be done safely. Tae followlng

79



solutions were taken for tue investigation:

1. Uranyl percilorate (Co5i.)

2. Sodium perchlorate (4k)

3. Toorium tetrachloride (C.01i)

4. Tri-n-butyl pnospnate, TBP, 30~ in carbon tétracuioride
5. Perchloric acid (0.3%)

6. hydroculoric acld, C.1¥ to 4,

A mixture containing 5 ml uranyl perchlorate, 5 m1
thoriun tetraculoride, 1 ml sodiuwm perciulorate, 5 gl
percnloric acid and 5 ml of bydrocanloric geid of varying
concentrations was taken and 4 ml water was mixed with
25 ml of 304 TBP golution in a separating funnels. 7Tue funnel
was stoppered and shaken well in a mechanicgl shaker. Tge
time interval for the mixing varied frow 5 minutes to 1 nour

and e,uilibriun was attained 1o one hour. The two layers

were separated for the analyeis. Uraniun ang taoriuw were
extracted in the TBP solution. Tuorium was Yemoved from

the organic phase using 10/} sodiun per-iodate solution., It
requires three washing containing 3 ¥ HCL to remove thorius,
Thorium was estimated by thoron as g complexing agentsg.
Uraniun was determined in the aqueous phiase by PAR6O. Uraniun
in the organic phase was determined by first etripping with
the solution of sodium carbonate followed by the use of
sodium peroxide. Thorium in the aqueous phase was determinad
using thoron. The solutions were diluted before estimation

so that the amount of thorium wae about & zicro-gram/ml ang



uranium was 6 micro-gu/ml. The distribution coefficients
were determined for uraniww and thorium lons, and are glven

in Table 1.

TABLE 1! Extractlon of urasnium asnd thorium from aydroculorie
acid solution by TEP in carbon tetracoloride

Folarity of .C. Listribution Coefficiente
(%) U(vI) Ta( IV)
C.1 110 6.0
Oe2 124 6e §
Oe5 140 71
Ge7 160 A
1.0 170 7s8
1.5 192 8.0
2.0 206 Beb
2,5 220 849
3.0 260 95
el 262 95

It appears from the Table 1 that the distribution
coefficient increases with the increase of concentration,
of HCl, but finaily at 3N bydroctiloric acid ¢oncentration,
it attains a steady value. Therefore, tals concentration

of acid was selected for the polvent extraction.

In asnother set of experiments the azouwnt of sodiun
perchlorate was increased stepwise upto 5 ml and the amount

of water was decreased simultsneously ang extraction wag

§1
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carrded out keeping other constituents the sanme except 1l

at 3ce Toe results of these weasurement s are glven in

Table 2.

ladle 2: nffect of sodium perchlorate on tue extraction
of wreniuw and thorium,

Sodlum percalorate addad Listribution coefficients
in m}. UOIT
1.0 260 95
240 280 1Ca 4
3.0 <82 10,5
b0 234 10.5
540 285 10.6

it appears frow the Table 2 that distridbution
coefficlents attain a steady~-state at 2 ml of sodiun
perchlorate. Hence 2 ml of sodiun perenlorate was

selected for the extraction of thorium and uranium,

In another experiments perculorig acid was varied

from 1 to 8 anc the distribution coefficieats are given in

Tﬂblﬂ 30

TABLE 31 Effect of perchloric acld on the axtraction of
— uraniuw and thorium,

Parcoloric acid Listribution coelciclentn
,.0 230 8.8
2.0 236 9.0
3.0 245 95
) 265 1Ge0
6.0 284 10,5

8,0 2% 10.6




It appears from tne Table 3 that 5 ml of percuioric

acid is sufficient to extract uranium and thorium.

it 1 concluded from tne observations tuat optiwym

conditions for tne extraction of uranium and thorium are

as follows:

1« Uranya4 perciiiorate 5 wk (Gasi)
2. Perchloric acid > wd (O43M)
Je Sodlium percnlorate < ml (4HeCM)
4o Hydrochnloric acid 5 al (34)
5« Thorium tetrachloride 5 ml (,015,)
6. Uater 3wl

pxtraction of thorium with DPS(Q:

Five ml {0,04) toorium tetracnloride aqueous solution
5 wl (0.0C8u) dipuenyi sulpuoxide irn ecarbopn tetracoloride and
2 ml nycrochlaric acid of varying concentrations between
020 - 2M were mixed together in g separating funnel ang the
equilibrium was attalned in 15 minutes. The lower lagyer
containing extracted thoriu. was separsted ang the amount of
thorium left over was estimated as gn oxalate?’ The
colorimetric estimation of thorium se¢ thoron was not found
useful in tnls investigation because the concentration wag
very high and therefore it was easy to estimite tuopiug as
an oxalate. This ne®hod has also its limitation because
toorium oxalate dissolves in hydroculoric acld at a higher

concentration. Therefore the conceatration of iiCl was Kept



near M. Tue results are given in tie Table AN

1ABLE 4: xtraction of thoriun from tydrochloric acid solutlion
vy LPSC 4in carbon tetracnloride.

Molaritg of acid Distribution coefficiants
Oe4 0.165
C.6 0.208
O. 0.255
1.0 C.288
1.2 04260
14 G.238
1.6 0,232
2.0 G.225

The values given in the Table 4 are plotted using
distribution coefficient and acid concentration. It appears

from the figurelthat maximum extraction can teke place at

1% HCl.

The concentration of DPSO was changed between 0,02 ) &
O«2M . 5 ¥l of DPSU, 5 ml O.04H tuorium tetrachloride and
2 ml 1K HCl were mixed togetier and the efficiency of extrace
tion was studied. The results are given in the Table 5,

A graph is plotted between the distribution coefficient
and concentration of DPSU (Fip.2)e It appears that maximum
extraction of LPSU takes place at 0Q.06M.
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TABLE &: Effect of LPSO concentration on extraction of
tohorium in hydrochloric acid solution.

iolaritykof LPSO Distribution coefficient
0,02 0e145
0.04 0,160
0.06 C.178
0.08 0.R88
0.10 0,165
0,12 0,162
0.15 0.159
0.20 G174

Blank experiments were also performed to find out the
amount of hydrochloric acid belng extracted by D+S0. The
results are given in Table 6, and a grapb is plotted in

Fig.3 between the acid concentration and amount of HC1l extracted.

TABLE 63 Extraction of bydrochloric acid with LPSU,

Molarity o}
hydroohiogic acid
M

mg of nCl extracted

Py 1.5
Osly 3.8
0.6 6l
0.8 846
1.0 11.0
1.2 13.3

1.4 15.7




It gives a straight line. It is concluded taat almoat
a sxall amount of nydrochioric acid is extracted. The af fect
of cudoride icns on tne extractica of thorium was also atudied,
Two ml ¥ HCLl, 5 ml Q.04 thoriuaw tetracihloride and § i Celok;
LESU and & ml 1K~50 sodium chloride were mixed ogether. The

results are given in the Table 7.

TABLE 7: &tffect of culoride ion concentration oll the
extraction of thoriuw by LPSC,

¥olarity of NaCl Dlstribution coefficient
(i)

1.0 0.215
2.0 C.190
3.5 0.260
lo0 0.285
be5 04280
540 Ue276

Toe data are plotted in Flge4. It shows that maxiwum

extraction takes place when the concentration of smodium

enioride 1s 4M.

From these observations it is concluded tyae the

condition for the extraction of thorium with DP5G gre as

followst
2 ml ¥ HCl
& ml 0,04 thorium tetrachloride
5 ml 0,08: dlphenyl sulpnoxide
2 ml LI soclum chloride.

Si43dd944444
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CHAPTER 2

EETER OGENEQUS EXCHANGE REACTI CiNS




INTRODUC TION
The precipitation techniques are one of the most

commonly used classical method of amalytical chemistry.
Radioisotopes present in traces are separated using either
a carrier or exchanging them at a solid surface. A solid
phase in contact with an aqueous phase adsorbs atoms at the
interface. OCnce such a heterogeneous exchange takes place
on the surface, it is followed by recrystallisation and
self diffusion process in the interior of the solid phase.
In s heterogensous exchange reactions where solld-fluid
exchange is involved, diffuslion process is slow and the

distribution of lsotope becomes heterogeneous.

Two kinds of adsorption process, namely, primary and
secondary adsorption take place at the boundary between the
solid snd the solution. The primary adasorption is associated
with the formation of a monomolecular layer at the surface of
the crystal lattice. The secondary adaorption takes place
at the boundary between the sonomelacular layer and the
solution. When a nascent or previously prepared precipitate
is mixed with &8 radiocactive element present in the form of
a cation or anion containing ldentical ions or ions isomor-
phous %o them, primary adsorption takes place. All the ions
naving @ charge of opposite sign to that of the oharge of the
mopomolecular layer take part in the seoondary exchangse
It depends t0 a very large extent on the valenoy

adsorptione.

of the ions. The secondary exchange adsorption depends on

the charge of the surface of the precipltate, on the solubllity
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of the adsorbed compound of the radio-element end the

magnitude of the surface area of the precipitate,

In connection with the determination of the motal
contaminant first of all ziac ang mercury in hYdPOSGnating
analysia by destructive activation analysis arouged the idea
of a syatematic study of the prossibllities of the separation
and determination of traces of metal ions by heterogeneous
isotopic exchange or speaking mors cautiocusly by retention
on mwetal sulphides precipitates. The process of adsorption
of tracers on a precipitate and subsequent interactions are
called heterogeneous exchange reactions. In the beterogeneous
axchange process tbe radicactive isotopes and non-isotopic
carriers may be removed by incorporstion of the tracer into
the crystal lattice of tue precipitate and by adasorption on
the surface. The process has been divided into four groups
by Habn'e These are: (i) isomorpaoua replacement, (ii) ad-
sorption, (iii) anomalous mixed crystal formation, (iv) inter-
nal adasorption. If the tracer i1s incorporated by isomorphoups
replacement, the Berthelot-Nernst distribution law can be
applied, provided the distribution is homogenecus, The

homogeneous distribution coefficlent (L) is given by hendersen

and Kracekz by the following expression:

aracer - [j{iTacer
‘Carrior)solid ”‘Carr!or)s°1ng10n

If the tracer is distributed in the precipitste in 4 betero-
geneous manner, logarithmic distribution law of Loerner and

Hoskins® is applicable. Iet x and y be tue amount of tracer



and carrier, then since the amounts dx and dy of tracer and

carrier deposited in a given crystal layer are proportional

to their respective concentrations,

dx _ ) la=x)/V
dy (b=y)/V

where V 1s the volume of the wmother liquor, X is g constant

characteristic of the system and is called tue logarithmic

distribution coefficient. Integration gives:

1 _—‘—-nl —9—
08 Tox 1og b=y
Total tracer Total carrier
or log\Tracer 1o solution) - klos‘Carrior in soluticn

If the value of L or A 4is greater than unity, the

precipitate 1is present with a lerge amount of tracer metal.

The tracer la carried more efficlently, the greater is the

value of ¥ mdé . e+ The numerical values of D and \ should

easentially b8 the same and characteristic conastanty for a

tation systede
ciently on a solid surface oven though

given precipi Copreciplitation via adsorption

cen take plece ef {1
the tracer and currier lounps are sufficiently siwlilar» The

efficiaency of the progess depends up
presence of cppoeitely charged lattice ions,

on the surface arecs of the

precipitace,
y of the coi.pound or complex formod by the tracer

inrolubllit
ion witih oppositely charged lattice iom and prolonged standing

of the precipitate in contact with the tracer.

The formation of a asnomaslous mixed crystal formation



or internal adsorption takes place when a tracer is copre-

cipitated with carrier, taough the carrier compounds do not

form isomorphous mixed crystalse In thls process the tracer

ig incorporated into the crystal lattice of the precipitate.

cer is adsorbed on tae eurface of a growing crystal,

subsequently formed layer resulting in tupe

When tra
it is stopped by
jnterpal adsorptione This process is characterised by the

variation in the values of the distribution coefficient

obtained under similar conditions and separation by carrying

in the pregence of an excess of tbe lattice~lion, whose charge

is of the saume sign as the tracer or by the presence of other

highly cparged ions of the same signe. A distinction 1s drawn

between anomalous mixed orystal formation and internal

adsorption by radlo autographs. In the former process a

uous distribution of the tracer and in the latter pro-

contin
tinuity in the diatribution of tracer in tne

cess discon
crystal 1s observed.
moval of tracer by coprecipitation is

Although the re
fraction of tracer, which can

gufficient in 8 gigable
from the solution by deposi

1e rapidly adsorbed either by ©X
b lattice ion on tue swface of the crystal,

quite
tion on preclipitates,

be removed
changing with the

the tracer
counter lon or wit
Fajan®, tiabn?, Panet
n ion &n an aqueous
r has a large surface

y charged lattice

h and ooworkors6 formulated the rules,

that 8 solution 1is rapldly adsorbed if

the latte

erea and the ion combine with

the oppositel jon to form a compound that

D

(-~r
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1s diesolved or dissociateq with very great difficulty,

In a well formed crystals there is no diffusion of ions
and therefore exchange at toe surface 1s rapid but in the
iaterior it is slow. If soume lons are present in the
solution that can fit into the crystal lattice and are not
isotopic with the lattice ion for the position in the BUl'=
face and will thus be adsorbed slowly. They will be incor-
porated as tne cryetallisation process proceedse. Tpig
isomosphous replacement process is influenced by high
concentration of the lattice ions of the same Charge gs

A large surface srea, a long contact time, g

the tracer.
high temperature and a high acid concentration iga necessary

for 1t.

Various procecures have been developed to isoclate
quactitatively chemically angd radiochemicaily Pure taorium
and vranium. These @methods are based on adsorption and
coprecipitation which is now comronly calleg Letercgenous
excoange reaction. A freshly formed op 8ged precipitate ig
capable to exchange ions on its surface, the 8Xchange is
affected by the charge of the precipitace, charge on the
ions of tne precipitate, the solubility of the compound
formed from the exchanged ions, temperature order of the
addition of reagents, speed of precipitate formation and
the digestion process, -‘apild radiochemical separations have
been achleved by heterogempus exchange reactiop and

coprecipitation technijue, Thie technique has been



especlally useful in the separation of fission proauct of
uranium and thorfum. 4 very well known exaupie is tpe sepa-
retion of '9%%7e fron 102,67 where the foruer 1as the daugiter
of the latter. For several years it was believed that the
igotopic exchange between ions ip aqueocus solutions and iong
in the precipitate occurs very Quicily but later on the pro-
cess becomes slow and it takes long time to complete, Tne
rapid exchenge of ions is supposed to take place between the

ions in the solution and ions at the gurface layer of the
used a number of insoluble

d-

solid. Kolthoff and coworkers
lead salts to investigate a large seriass of excnange reactions,

They have demonstrated that recrystallisation is important
with freshly prepared precipitate. The solution-golid excnange
nas been successfully investigated for metallic selenium and

poly selenide ions in alkaline solution313 end solid siiver

culphide ions in aqueous solutions. Excuange between Ag” lons

and freebly prepared AgbBr was complete in 24 minutes
excnange in AgCl/Cl and AgBr/Br nas also been demonstrated?!f,
The fast excnange with balides was utilised in the removal

15.
« Fagt

of traces of radio~active silver from solutions by treatment

with precipltated ASCl1?. A number of radiocuemical

proceduro.sw"z1 have been described where neterogeneous

isotopic processes have been used for separation. It has also
been demonstrated that not only the surface layer tukes part
in the adsorption but inner layer may also take part in tuig

The thorium isotope, UXq,has been succeasfully

processe
removed from the solution or uranyl nitrate hexabydrate by

98



shaking with charcoal??, aumber of inroluple compounda

ol tuwordum anc their use for the rewoval of the trace awount
of tnorium from solutions bhave been reported. Barium gyl
phate has been used as & carrier to géparate tetravalent
actinides and trivalent lanthunides for ths ter- ang
hexavalent states. TLe separation of thoriun from uranium,
rare earths, and some otuer elements has been Successfully

done on lead iodate and bismuth iodate precipitat3323, The

heterogeneous reactions described above walcl involyve

saparation of own and related ions by rapid éXxchange reaction

on the surface layer of precipitate provide very rapid and
clean separation. Precipitation reactions in radiochemistry
are of special interest in preperative analytical chewistry.

The separation seeme tO be rapld where tane ionic reactiong

are of the same order as a tracer itself,

Heterogenesous lsotoplc excnange witn precipitate hLas
beer. more extensively used for quantitative separation or
determinstions In the course of activation analysis only
lately, the isotoplc exchange of solid silver sulphide wity
its ions in solution has been studied by Pescnangki?% by
maans of 1'UAg and J:‘S- The isotopic exXchange between
radio-silver and siliver ualide has first been recommanded
for quantitative determination by Langar, Sunderzan and
Yeinke<7. They allowed to react the solution containing
radioactive silver ion with AgCl precipitated on a piatinum
wire. Ral, liethaway and Nahlzé nave thoroughly atudied tha

114

conditions under which 1“038. 909?. Sn ions are quantitge

99
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tively retained from agueous solutions on BasSy, , sriUsy and
Sn(IV) or Sn(il; sulphide precipitates, according to tmeir

assumptions by 1sotopic exchange. hama, Gucai, Cnuma,

atanabe end Kuroda27 utilised the excaange reaction of Sp

between the precipltated sulphate and salt solutiocn for

separating carrier free 9oSr and My, Quresti, Shahid and

uasanyza ugsed isotopic exchange with Srsob or oOxalate for the

radiocnemical separation of antimony. In tie course of the

determination of Sn in Ni, Csajkaz9 adsorbed tue radionuclide

125m8n on the dioxide precipitate sfter dlssolving the

activated sample., Girardi, Pletras and SabbionoJb studied

the retention of different radio ions on twelve precipitates
of ionic cuaracter mginly oxides and phosphates and on ion
exchange resins with special regard to radlochemical possi~

bilities of separatione. Gimesi, Danyai, Csajka and

31 uged a nuaber of radionuclides namely 203

Szabadhazy Hg

65Zn iona wnica were retained over LgS and ZnS respec~

and
tively and thus kg'' and Zn”" ions were separated rapidly

and determinad in the presence of a number of interfering

lons.
radlioisotopes using nmetal-

These are: 21031 by CuS

81353, *7Ca by CdS and

Very littie work has been

Separation of a number of

lic sulphides nas been reportved.
“‘300 and 9521' by Bi2S53, 6"Cu by
210p, by Cus and 227)¢ by B1253.
reported for the separation on the precipitates of sulpnidea.

Only coprecipitation in sn alkaline medium has been studied

with alkall insoluble sulphides. There are two ways in which
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coprecipitation with sulpuides takes place, firstly one of
the sulphide is acidic and otner is basic and secondly ele

ments form sparingly soluble sulpuides.

4 perusal of the Jliteraturs preseated Lere demonstratesg
tuat some of the fission products from uranium and thorium

can be successfully separated from uraniuc or thorium og

precipitates containing a metal lon. Insoluble precipicates

of these metals specially sulpnldes promise a rapid separa-
Ssince lead and bismuti sulpuides have already been

tion.
utilized in the separationjz, it was thought wortawhile to

use other sulphides for tiis investigation. Separation of

uranium, thorium and tin over a precipitate of Sn{IV) sulpaide
and that of uranium, thorium and antomony over the precipitate
of Sby5; have been carried out. These investigations ranged

frow the tracer concentration to the macro amount of thorium

and uraniuzs

EXPERLNENTAL:
2380 ja a long lived parent of (4nv+2) disintegration

23bTy in 1t. Flg. 1 gives tue decay

series and 1t grows
23“Tb glves UX, and about Q«4% dacays to produce

acheme.
UZe Ths lg_particlss emitted by this isotope are very soft
and they csnnot pe cetected efflciently. However, its

daughter protactinium gives nhard betas whicn have been used
234Th, Tre half 1ife of

for measuring the activity of
the daughter element ls Vvery suort in comparisen

protactinium.

2
alf life of the parent 3"I’a. Therefore a period of

to the L
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three wall lives of the daughter 1s allowed tC establigh

& cteady~state. The quantity of protactinium in secular

equilibriua is coantrolled by the amount of thorium presant

The rate of the decay for <341y follows tue first order lgw

divg :
- 3t -l

h‘l uN, Q

where iy is the number of parent atoms at a time t and z.o
1

is equad to initisl nunmber of parent atous. Tae daughter ig

formed at the rate at whicu the parent decays (A1N1J and

itpelf dacays at the rate A2 Ay . Thus,

dlip
— m ANy = AN
dt 11 272

dﬂz o ")\1 t
+ K N - A N :
9c 272 11
Using staadard methods of differential ejuation it

can be solved to give a solution for N, as a function of time

Ty
2 A1 00t | gmA2 ), 8 o 2
- 1
2 .‘2-/1'

The last teruy gi"ﬁ the contribution at &ny tine fron daugatOr

atom present init

containe only parent at

g lived tuan the daughter (A4«
after a cortaln timo and the ratio of disintegration

jally and drops out wien initial sample
oms. For the ¢case where parent is
Az). a steady-state is

lon

reached
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r ,
ate of parent and daugnter becomeg a constant

N = 11 0 - t

and bacause i, = 57 g~ 1t
] y © the above equation &pproximateg to

X2 ¢
. B —
1 "12',\1

or Ky 4 nﬁzﬁr%)

for the case where LYROPIET takes tne forn

Thls equation indicates that at steady-state condition
the rate of disappearance of daughter gtonm is equal to the
rate of the disappearance of parent atom. Tge dife of 2380
is very long, the decay chaln ip specially blockeg for thge

fsotope saorter than those of geological megnitude,

Extrgction of 23#29

23hbth 19 geparsted from 234

U using tae tecnnique of
complex formation and solvent extractione 4 10% aqueous
solution of uranyl nitrate hexanydrate was treated with
freanly prepared saturated solution of amzoniug carbonate

until the yellow coloured precipitate, which fs firat formed,
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redissolved. The final pH of tue solution was adjusted
between & to 8,5 by adding either ammonium carbdonate or
nitric acid as required. The solution was transferred to
a separating funnel and 2 ml of 6% freshly prepared squeous
cupferron and 10 ml of chloroforu were addeds The mixture
was shaken to extract thorium complex imto iower layer of

chloroform. Tbis was runoff into container and tie extraction

procedure was repeated 3 to 4 times. The combined chloroform

extract was washed with 20 ml of distilled water and 1 m] of
cupferron reasgent at pH between 8.0 « 8.5 adjusted as before,

The solution was transferred to a separating funnel and tbe

lower layer was runoff into a contasiner. To the chloroform

extract 10 ml JMHNO3 combined with few ml of saturated bromine
was added, which deconpossd the UX, cupferrate. This allowed

extraction of all orgenic material and bromine into chleorofornm
lgyer. Tbe aqueous phase was washed twice with chloroform ang

was evaporated. The reactions involved are given below:

o2 -2
UG" # CO3 —— UL5CC;

-k

-2

LCgH5=N(NO)O.NH, + To¥ —— [ cets-H 0] o Thodbiiy

BbTht

2
Identification of
2347p 1e0lated from 22°y by the atove procedure wac

identified by measuring its half life and the maxinux range
of M-particles which were found to be absorbed on aluniniunm
absorbers of increasing thickness positioned above the source,



The count rates were recorded for eacn thickness for para-
lysis time and background for every isolated 23“Th sample,
The graph bLetween count rate and absorber thickness was
plotted and by Feather's analyseis the value of maximuy
range was found out in the usual manner. Featuer's analyger
is given in Fig.2 and anotber graph plotted bLetween range
fraction R and thickness (mg/cmz) 1s given in Fig.3. Tie
range estimated by Featuer's analysis is 1215 mg/cp?, The

waxioun SBe-range is calculated from the equation -

Egax = 14658 + 0,245
= 1.85 x 1,215 + 0.245

Tous the maximum energy for J-radiation calculateg

by Featner's analysis is 2.49275 Mev. Tue actual energy

is 2.51 Hev. lence the percentage error is only 0.8% and

is quite agreeable in radiochemical analysis and it fully

characterizes the isotope 23“Tu.

Greiger inuller Counter:

lodel DS325 Oeive counter wanufactwed by 5,4.R.C.

was used for the countinge It has a high speed relizble

scaler, combining stability of operation and saort resolving
time along with scaler and operates in the voltage region of

900-1400 volts. Platesu was observed in tihe region 1250 to

1350 volts and for ald counting 1300 volits was selected,

107
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PYreparstion of precipitate bed of Sn{IV) sulpnide :

A stock solution or U.025 i containing SuClh.shzo
was taken in 0.6 #iCl. Tue solution was Leated to 6000
and walntsined at tuls tewperature for 2.5 hours during
which time gaseous nydrogen sulpulde was passed tirougn it
wity stirring. Then uheatlng was stopped and tue gas intro-
duction continued for a furt.er period of ualf anm nour. Tue
slurry was stored far four days in stoppered flasks, tuen
filtered on a G-4 sintered glass filter and precipitate was
washed with 0.6 MiCl saturated witu H,5 and then with carbon
disulpoide and benaene to dissolve sulpuur possibly precipi-

trated. Then it was dried at 190°C for on hour.

Preparation of anticony sulpuide bed:

A stock sclution of 0,025 H Shg(SO&)B wag prepared in
Varying amounts of sauples were witadrawn and
The

Ge6 MiCl.
about 1 ml 5- solution of thloacetamide was mixed.
mixture was kept in a beiling water bath and complete preci-
pitation was enaured. The gradual evolution of hpS tarougu

thLe reaction

. o ’ *
CHB-E-HhQ*zﬁQO'———— CHBCCO onzs'bn‘

S
gives cerystalline sulphide precipitate, whicl settled down
Tae precipitate appears yuite homogencous

agsily on standing.
e to the slow evolution of HpyS inelde tae solution. A

du
aper was placed on the perforated glass snaet of the

filter p
s funnel and a known amount of the precipitate

sintered glas
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was placed on tae filter paper and the filitration was carried

out under suction. Tue precipitate was transferred in sucn

a wgy that 1t settled down uniforamly and no cracks were ob-

served. It was washed with CS, and benzene to remove sulphur,

To determine tha amount of the metal retained over the

precipitate the activity of the precipitate was measured after
the exchange and it was compared to that of the standard. Care
is taken that thickness of precipitated layer aaculd be small

so toat error in counting due to self absorption may be avolded.

A number of sauples contalning 0.5 ml dB“Tb were dried
over aluminium planciets and were counted for the staendard.

The same amount of the tracer sclution was dropped over the

precipitates containing varying amounts of SbaSq and SnS,

while suction was being applied. The contact time between the

precipitate and ef{fluent was of the order of gbout 2 seconds.,

the effluents were collected, dried and counted. The preci-
pitates were dried, mounted on aluziniun planchets and counteg,
Solutions of wranyl nitrate hexahydrate and taorium

nitrate each 0,01 ¥ were prepared. 2.5 @l of eacu were with-

drawn separately apd dropped over tne praclipitate uuving tue

maximur tbiockness recorded in Tabios
thorium in the effluent were @stimated spectro-

3 and 4. Tuwo amount of

uraniuo and
photometrically, using PAR and tuoron ae complexin, ageuts.

Solid ammonlum cartonate was added to complex the
uraniux. Toorium was precipitated as uydroxide by adding



auzmoniun bydroxide aund was dissolved in not aqua~-regia,
The pn was maintained at 0.5 and (U-Arsono-puenyleizg )2
napbtnol 3:6 disulphonic acid (thoron) wae used as a colaori-

metric reagent. Model 139 UV apectropiiotowster (aitacni

Perkin-Elmer) was usec at the waveleagtu 550 am.

A serlaes of solutions containing uranium ang PAR,
(4-{2-pyridyl-azol-resorcin) was adjusted at pH 11 by addition

of NaOH and colorimetric determination was carried out at

550 Nile

Tue data recorded in tne Tables 3 and 4 siow tuat the

maximum retention of activity of 23Ty on dlfferent precipi-

tate beds ils about 99». Tanerefore this thickneass waa cuosen

for furtner studies. In order to find out the effect of

large awount Of thorium and uranyl ion on adsorption, solution
of thorium nitrate and uranyl nitrste were poured over. Tue
precipitate and offluent were estimated from the standard
curves;aﬁa the results are given in Table 5. It appears

from the Table 5 tuat the entire uranyl nitrste or thorium

nitrate 1s retained over tuhe precipitvate. To observe tne

effact of isotopic carrier thorium, 2.5 ml (C.01k) tuorium

nitrate was taken and its activity was determinaed. later on

23k, (Uu5 ml) tracer and the mixture was

it was mixed with
poured over the precipitated bed. The rate of paasing out

of the solution mixture tirougn taes praocipltute was U.5 ml

Tpe activity in the precipitate and offluant

per alnute.
Tue notivity of thorium nitrate was subtracted

waa determined.
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and toe resulte are given in tae Table 6.

It nas been found out earliep that UNd is Completely
retained over tne precipitated bed, However 3 sodution of
uranyl nitrate bexanydrate contalning 50 mg/ml i Q.6 NHCL

saturated with HyS was used in the usual lianner and the beg

of the precipitate containing UNH was wasned with 0.6 HHC1

containing h,S and tue activity was determined. Tge results

are given in the Table 7,

Since tiese results are not consistent, it wWas coought

+2
necessary to separate Uq; ions from Sh. 7The precipitate

of szs3 containing UC%Z ions was dissoived in 5 md of 1 RNuC1

end boilec over a water bath to expel HyS.
diluted with HCl 80 that 1ts strength became 0U.6 X,

Tone solution wgg

S was

bubbled {or 2 minutes and tue slurry was boiled over a water

bath until ic settled down. Tae precipitate was centrifuged

and tue liquid was collectec. TIue precipitate was washed

witn 15 ml (0.6 NidCl) containing H,S. The bulk was boiled for

5 minutes over a water batu and the precipitate was centri.

fuged ang toe liquid was collected. All collected liquids

v&
were evaporsted and counted for the activity of qu waich

agreed within 1. from the original value.

For the separatiou of thorium and Sb283 same pProcedure

was adopted and it was found that 23“Th is separated.

For this purpose the precipitate of 3b283 was prepared
by dissolving 20 ga of SbClB, 20 gm of tartaric acid and
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and toe results are given in the Table 6.

It nas been found out earlier that UN:d is ¢ompletely

retained over tne precipltated bed. iowever a solution of

uranyl nitrate hexanydrate containing 50 mg/ml in 0,6 Mol
saturated wita HpS was used in the usual wmanner and the bed

of the precipitate containing UNH was wasned with U.6 kGl

containing n,35 and the activity was determined. Tue results

are given in the Table 7.

Since these results are not consiscent, it was vaought

v2
necessary tc separate UU, 1lons from Shb. The precipitate

of SbySq contalining quz ions was dissoived in 5 wi of 1 NhC1

and boiled over a water bath to expel H;S. Tiue solution was

diluted with HCL so that its strengib bechme 06 N ©,S was

bubbled for 2 minutes and tue alurry wae boliled over a water

Lath until it settled down. Tae preclpitate was centrifuged

and tuee liguid was collectec.
with 15 ml (0.6 NHCL) contalning sto Tbe bulk was boiled for
a water batu and the precipitate was centri-

All collected liquida

The precipitate was wasbted

5 minutes over

fugea and tae liquid was ¢
were evaporated and c¢ounted for the activity of Ugb which

ollectod.

agreed witain 1. from the original value.

peparation of tbhorium and 8b283 same procedure

ior the
was found tnat 23I"l‘h is separated.

was adopted and 1%

For this purpose the precipitate of Sb233 was prepared

by dissolving 20 gm of SkCly, X A of vartaric aoid and



200 ml of conc. HCl and it was digsolved in one litre of

distilled water. The solution was heated Jjust to boil ang
its temperature was maintained at 60-75°C for 2.5 hours

during which time gaseous H,S was passed through it with

stirring. Then again 800 ml of distilled water was addeq.
The temperature was maintained by heating and HaS was passed

The beating was stopped and Hy8

for half an hour at 60°C.
Tne slurrpy

wag passed for a further period of half an hour.
The precipitate

was kept such for a day and then filtered.

was washed wilth enough distilled water and then dried at 100°C
for 3 hours. The precipitate was grinded in an agate mortar
5 ml of active solution im 4% HCl was

and then collected.
passed through a sultably pretreated precipitate by suction,

then 70 ml 4% HC1l solution was passed. The filtrate was made
up to 20 ml in a volumetric flask and the activity of a 10 ml

aliquot was measured.
120n:b on Sb253 precipitate in

Isotopic excudngs of
ualed and tue rosulte are given in Teble &.

47 ACl was sb
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TABLE 1:
Background counts = 200/4 mts.; Operating voltage = 1300 V

Vo, doscroeria mgfe i meer o ackgrous "
’ 0-0 9859 s6s9
2 2.7 9626 9626
3 Sels 9330 9130
b 13,5 9299 9099
5 27.0 8712 8512
6 40+5 7870 7670
7 845 6625 6425
8 219.0 3229 3029
9 243 .0 2365 <665

10 324.0 1741 1541

11 43240 978 778

12 540 .0 584 384

13 709.0 346 146

100

14 864.U 300
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TABLE
R g A o M N
pitated as SnSp
1 9 18.4 80.9
2 2 2643 734
3 4 3 6541
4 6 59.0 41.0
5 8 72,2 2744
6 10 81.8 1841
7 12 8549 1441
8 14 90,2 9.6
9 16 Plpo2 5.6
99.1 0.8

10 18
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TABLE &3

51. Agount of sz‘Sb',.);‘ ,.x 231"'1'[; acuvity % 23"-1-” acuVity
No.  (0,025K) in ml on the precipitate in the effluent

precipitsted as

szs3
1 1 2ly+8 o2
2 2 40.0 59.8
3 L The 5 25,1
4 6 85.9 1419
5 8 93.5 6.2
6 10 96.6 3ed

12 9945 0.5




TABLE 5: Colocrimetric estimation of UNH and Tiid

119

Precipitated Reagent  Absorbance

Amount in ppu

bed for effluent
SbyS4 UN 1.7 16,30
G. b JO *
Sb,S5 THH " 5450
23,

Table 6: Effect of igsotopic carrier on

% activity on the

% activity in the

te
Prectgéta precipitate effluent
13,
sus, 86.1 3.8
13.9
by, 86,0 3

TABLE 7° UOz" over Sndp

% washed down v

0 LR

4, unadsorbed Uoh.. 2
65050 21,60
55,80 3290
6740 30.20

2640

65,00
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TABLE 8: Isotopic exchange o b on szs3 precipitate in

by> HCl.
5l. Welgat of 5b,y53 & activiey
Ho. precipitate in mg retained
1 1CG0 0.0
2 200 93.0
3 300 95.0
4 400 9540

5 500 93,0
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DISCUSSICN:
2 1
aul and coworkers 6,33 found that 135n(IV) in 0.6

HC1 containing 35 g UOE2 ions and 10 mg In(NOT)B/ml coulq

-
be separated even in the presence of 10'6 % tin carrier,
Indium wes separated frou the precipitate by washing with
Oebis HC1 saturated with HySe Therefore tin and thorium were

separated and also thoriuc was separated from anticony and
2
qu ions over Sb283.

Carrier free < %T. was taken and the excaange over tue

precipitate was deteruined. A plot of the concentration of

toorium fons versus activity over tihe precipitate is linear
in nature but it decreases gradually (Fig.6 and 7). The time

of the contact between tis solution and the precipitate is

of tne order of not more than 5 seconds. it can be concluded

-

2
that at the initlal stages "~ 'Ta is retained by the process

of adsorption in the presence of thorium ions, an exchange
between tne active and inactive tnorlum ions is observed.

This demonstrates that isotopic exchange mecusnism is operating

here.
£ ti tvity of 2%Tu retained over
Further plots of tioe activity o eta
the precipitate snd tho activity in the effluent (Fig.8 and 9)

gave & linear relationship in the begilnning indicating that

beterogeneous distribution of thorium is taking place over
It has already been pointed out tnat the

the precipitate.
rate of exchange decreasés gradually. This eshows that afver
xchange over the surface the inhomogeneous

the rapid e

117
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distribuvion of isotopes takes place and diffusion procese

replaces the ceterogensous excnange. The latter part of tue
curves in Fig.8 and 9 confirm that the excusnge is taking

place at a slower rate.

ddddetites
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ION~EXCHANGE CHROMATOGRAPHY
amberlite IRA-400 exchange resin has been selected

and some twenty elements in g mixture of gydroculoric acid
or nitric acid -« and organic solvent medis nave been studied.

A couwplete picture of adsorption characteristics and

separation possibillities of elements in different organic

solvents and aclds were found out.

Une gm of dried resin was taken and 1 ml hydrochloric
acid, 186 ml methanol, ethanol, isopropanol, n-propancl, acetic
acid or tetrauycrofursn and 5 mg wetal lons/ml were wixed.

In the other set of experiments bydrochlaric acid was replaced

by nitric acid. Equilibrium was attainecd in two hours and

ions were estimated by EDTA, using indicator such as pyro-

catechol violet, xylenol orange, hamotoxylin, eriociurome

black T, solocbrome black T and PAR. Kd values were deter-

mined and the following results were obtained.

Hydrochiorie Apld jiedium:

in tethanol:
ve2, re*’, 20°%, oS and zr’
all,other ions &sed in the experiment. Th*b’ Bi*’ and Ba
ve?, 1u°* ang

can aleo be separated fros all other ions.
lanthanide ions like

b can be separated from
*2

all other ions can be separated froo the
La’3 Hd+3, 09*3 Dy'j and Yb’J. Al’a is toe only ion tuat
¥ ’
; oncentration.
interferes with the rare-earths at 60; metuanolic ¢

In Ethanel: N
uos® Fb'a, ¥0*6 and 2r*® can ve separated from
2 !
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can be separated from rare~eartus and Uuiz
&t different

otbher ions. Tuo'%
ions but there are interferences by Ba‘z and Bi*’

concentratvions of etaanol. .1a’” can also be separateac from

ud'3, Dy'ja and Yb*2, 41*3 interferes with a nunber of iong
. 3
ice, La®2, co*3, wd*’, by, Yv*3, Pa"3, 5r*2 wnd ca?, Ty,

systex can be used for the separation of 0052 o La*3, porh

-2 ;
and Pb ~ from eacn otrer as well as from the lantuanides hq’J’

ce®”, Dy*? and Yb*3,

In Isopropanol:
2 v
uc; , Fe*3, zn*2, tio © and zr’
all otber lons. Pb'“ can algo be separated from othar ions.

&
can be separated from

The nuuber of interferences by different ions increase in

this case. Fp*2 and AI’B interfere with the rare-earti ions,

iowever, in the sbsence of Al’B and Pd*z, actinides and

lanthanide lons canbe separated from eaca otuer

+h caun be separated frouw

Inn -AJI‘OFREOl .
2 Ho'6 and Zr

UO’g’ Fe’J- za’<, !
all other ions. Pb’z, and 81’3 can be eeparated from esch
other as well as from other lons except Th'h which soows

A1’3 also interferes witi the rare-gartas.

2 a1%3, ca*? and sr?

interferences
In addition to these interferences Pd
th each other. If Al” ir agbgent, rare-

N

are interfering wi -
and Th .

+2
earths ion can pe meparated f{rom Ucz

In Tetranydrorurant
+h can be separated from

+
Ub»Z. r-.’J. n

2. H°06 and Ty
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vl +2
all other ionss Th , Pb can be geparated from gll otyer

ions, except Ba'z and 81'3

ference by Al’s, Pd’z, ca*?

interferes with the rare-earths ions. The Kd values of rare-

which are interfering. later-~

and Sr’? 1s also observed. A1’3
earthes are 80 nearier Lo each other that it is not possible
to separate them from each other.

In Acetic Acid:
2. ;ec)‘ Zn'z, ko’6 and Zr’“ cah be separated from

uo’
all other lons. Al ° interferes with the rare-eartus. Ba’z,
and Ji+3 suow interference wityh thorium lons. The rare-eartn
ions bave so close Kd values tuat they are clustering around
in a narrow Kd region. The 1lnterferences are observed with

Al*?, pa*® and sr'?.

jitric Acig hedium

in Methanol:
- .2 2

3 3 3
”“2 , 4o Fe'’, La’ » Na*" and Mo°6 can be separated

from all otaar ionse. Pn'), Th’“ and Ba'z can be separated
from each other as well as from other ionse Siuilarly Zn*?

can be separated from all other ions. Toere 1s an intere

-2 2
ference with Pb , ca’ N Pd'z,Sr'z and Al'j- The rareearths

3

ions 1like Co'J. Dy =, Yb"3 as well as Zr’k nave s0 close Kd

values that they are clustering around.

In Lthanol:

2 6 and Md"3 c¢can be separated from

L 4
» "a A

UL*é, re*’, zn'

2
all other fons. ce*°, zr'®, Dy’3 and ¥Yb*? nhave Kd valuss

'3

&



{ulte nearer to each other. 2n®?, Ba*4, Tu'® ang pi*3 can

also be separated from other ions. Pd’z, Pb*z, Sr* and

AJL‘3 suow interferences,

in Isopropanol:

v2 . +2 .
Vo™, Fe™, Zn’", mo’é, La®3 and Ha*? can be separated

from all ovher ions. Zr’“, Ce’j, Dy‘B and Ib’3 nave Kd vulueg

nearzer Lo each other but they can be separated from all other

ions. Zn’z, Ba'z, Th’? and 31'3 can be separated from each
’2 +2
and Pd

k) 2
other as well as from other ions. Al", Pb’ » Cd

show interference with eacu other.

In n-Propanols

0952' Zn'z, m°'6, La*? and Na*? can be Separated from
*2

B1°?, 1.4, Ba*?, 5r*? and zn

all other ions. can be

separated from other ions as well as from each other. Pd’z,

<
30’2, A].'3 and Pb’“ suow interference witi each otiwr. Rare-
3

earths lons except La’
1t is not possible to separate them from each other.

and Nd'3 are clustering around and

In Tetrahydrofuran:
- . 2 ’6 e |
Uozz, Fe'a. Zn’ , La’3, Mo =~ and iid “ can be separated

from all other ions. Zn'

2, Th", Sr’z and B1*J can be separated
from each other as well as from other ions, however Ba'z

feres with the separation of Th'¥. Al*j, Pd‘z, ca*? and
inter

Pb’z suov interference witi eacs other.

1r,_acetic icld:
+2 +3

ua, » Fe 6. 1a4*° and Nd*? can be separated

, Zn*%, ko'
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from u4ll other ions, Zn’z, Sr’z, Ba’z, Tu’k and 81’3 can

alsc be separated fron each other. Pd’z, de2. .Pb"2 and

«3 .
Al sbow interference with eacw other at uigher concentrge
tion , 09'3, Zn’“, Dy*~ and Yh'3 bhave Kd valuea quite

nearer to each other. Upto 30 acetic acid Zn*z, Pd’z, Pb*‘,

v2 3 v, 2 4L
cd , Al* ’ sr", Ba' » Th' and 81'3 have quite distinect

Kd values.

In another set of experiments platinua, thorium gng
uranium were sepsrated over imberlite IRA-4G0 using Priuene
Ji=T. letal ions at ph 1.8 and a 10% solution of Prizene Ji-T
were mixed and after half an hour thorium was separated in

the organic phbase. bog‘ ions were eluted from the resin by

water, tartaric acid or citric asid,.

In anotier set of experiments a mixture of ions conteining

2 4
and platinum 1s passed turough the column. Here

* »
Uo. , Th

2
cnloride complexes of uraniuw and platinum were adsorbed on

the resin and thorium is passed out of 1t. Uranium was oluted

by wasbing with water and platinum is removed with 3M nitric
acid.

THIN LAYER CHROMATUGRAPHY
This method uas been gelected for the sepsration of

a pumber of lons. Silica gel G, 3 mm thick was plated over

glarss plates with Stabl type apparatus znd plates wera

gctivatec by heating at 100-110°C for ome bour. &ll metal

{on= were O.1¥ in nitrate formwe Lach 3pot was about (.5 cum
potted about one inch from toe end of the

and samples were 8



plates. The development was performed continuously in an
ascendlag manner on near vertical plates in an alrtight
container saturated with solvent vapours. Time of develop=-

ment was about 3 bours. A number of chemicals were usad for
vigsuallzation.

In one set of experiments the solvent systex wvas made
of 80 ml dloxane, 20 ml acld of concentration, Q.1N, O.5i,
1.5N and 2458 (:ol,HiOg, 150, and Cz“x,‘:&-’ and 2 g of me
nitrobenzoic acid.

In another set of experiments tune composition of
solvent system is given below:

A 3 60 ml t-butanol + 30 wl ethanol » 30 md 4k nh'o3

! 50 ml t-butanol + 40 ml etuanold + 30 mld 2N Biviy
4G ml t-butanol + 50 ml ethanol + 30 ml 1L HNG4

e

8
C
L 30 @ml t-butanol + 60 ml etusncl + 30 ml O.20H nﬁ03

-e

In another sets of experimente nitric acid was repleced

by hydrocaloric acld, sulphuric acld and acetic acid.

Jesides the above uentioned solvent systems the

following solvent systels were also studied:

90 ml ethanol + 10 ml &N HIO3

9C ml ethanol + 10 ml 4N HC1

90 ml iso-butznol « 10 ml 4N dnu)

o

A
B
c
D 9% ml jso-butanol + 10 ml &N HCl

LA



Rf values were deteruined and the following conclusions
were drawn:

Uqu and Th’“ ions can be separated from the lantuanides
usging 2.5N HI-IO3 witn dioxane at room temperature. These iona

can also be separated from re'”, ul’J and zr'® at this concen~

tration, however the rare~eartas lons nave RAf values quite

sinilar or nearer to sach other. 0052 and Tn’“ ions can aleo

be separated from toe lanthanides at OU.JN iNC3+ But tue

separation of Fe*? 1s not better than that used with 2.5N nﬂoB.
The separation of rare-earths suows identlical caaracteristics
discussed with 25N HN03. Better separation of 0052 and Tb’“

{ons can Le acrlieved by using O.5N nitric acid and dioxane

2
mixture. UC, and Th** ions can be separated from all rare-

earthes using U«1N KCl. UOéz ions separation cam also be

acnieved with all otber concentrations of KHCl, but some

jnterference 1is abserved with Th’h ions. The KL values of

iantoanides obtained in this system are eitber identical or
+2

are clustering together, uoz and Th”’ ions csn be separated

from lanthuanldes, Fe", Al*” and Zr’“ using eltber 1.5N or

25N sulphuric acid and dioxane. If 1.5N hzsoh is used, a

number of rare-eartns cén also be separated altiough exceptions

phave to be made for those baving values identical to each
2 4 +3
other » The separation of 00; and Th'® itons from Al*”, Fb’3

and lanthanides is poseible using either O« SN or 2.5N acetic
Tue better separation is achieved using U.5N acetic acid

BCido
can also be separated from each other.

where rare-sarths ions



Uqu and Th'b ions can be separated from rare-sartis
ions and sowe otusr metal ionr using a solvent system of
t-butanol, ethanol and tii nitric acid. This separation 1is
aleo poselble with O.2N nitric acid bug Co*® interferes with

Tb*a ions. Solvent system t-butanci-etbencl-1N ull cag be
used for tue separation of uranyl and thorium icns froc other

twenty one 1ons.Hg’2 interferes in the separation of UOZZ
<
jons. In this solvent system 4N, 2 and O.2N uydroculoric
2
T and

acid does not serve any useful analytical purpose. 5

lodl

Fye
including lantnanides using t-butanol-etnanol-fi “23°a' 00;2

ten oti®r lantnanide

*® jons can be separated frow sixteen other metal ions

and ’I'h"’ ions can be separated from
using t-butanol-ethanoi- and acetlc acld (1N, 2N or 4N) but in

this caze a number of ions do not develop fairly well. Acetic
acid poses a limitation as an analytical system for tue

separation of some lanthanides and actinides because a number

of ions have been reduced to 50 .

Btaanol and LN aNO) or L& HCl can be used in the
separation of Ucéz from Ta'® anc otier ioms including some

lanthanidees. However, the separation of Th'k is not possible

with some rare-eartuns ionse. The solvent system isobutanol-

gﬁnos can be used for the ameparation of uraniur and thorium
jons from sixteen other ions including sowe lantvhbanides. 1f
{n this system nitric acid is replaced by hydroculoric acid
of identical strength, sepsrations are possible but the Rf

values are 80 nearer to each other that it 1is not of much

13¢
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practical use. Tue temperature has an effect on the Rf

valuese Rf values decrease with the increase of the

temperature.

SOLVENT EXTRACTION
Tne following two analytical procedurées were developed

The optiwmun

for the extraction of uranium and toorium.
conditions for the extraction were fixed by investigating
with varying aumount of one chemical and fixiang the composition

of others.
A 30, solution of tri-n-butyl phosphate was prepared

using carbon tetrachloride as a diluent. The following

solutions were mixed together:

1. Uranyl perchlorate 5 ml {Ce5M)
2. Perchloric acid 5 ml (0.38)
3. Sodium perculorate 2 ml (4¥)

4+ Hydrochloric acid 5 ml (3M)

5, Thorium tetrackloride 5 ml (0.014)
6. Water 3 ml

25 ml of this mixture and 25 ml of 307 THP solution

were mixed in g separating funnel and the funnel was shaken

in a mecnanical shagker for one hour. Uranium and thorium

ware extracted in the TBP solution. Thorium was removed

from the organic phase ueing 104 sodium periodate solution.

Thorium was removed using 3 more washing with 3K HCl. Thoriunm



was estlmated by tnoron as a complexing agent and uranium

was determined by PAR. Uranium in the organic phase was

0

determined by first stripping with the solution of NayC 3

followed by tue use of sodlium peroxide.

In another procedure thorium was extracted with

diphenyl sulphoxide. The following solutions were wixed

togeulsr:
1. 2 ml 1¥ HCL,

2. 5 ml 0.04¥ thorium tetrachloride
3. 5 ml 0,08N diphenyl sulpuoxide in carbon tetrachloride

L. 2 ml 4¥ sodium chloride.

Tneee solutions were mixed in a separating funnel
and aquilibrium was attained in 15 minutes. The lower layer
containing extracted thorium was separated end the amount of

thorium laft over was estiusted as an oxalate keeping the

concen tration of HC1 near 1.

HETEROCENEOUS EAXACHANGE REACTIONS
23hTh g dauguter of 22°( was separated from the parent

using the techniquss of complex formatlon and solvent

extraction. Thir isotope was identified by measuring the

palf life anc maximuw range of 3 particles using Feather's
analysere A solution 0,028k SnCl, » 54,0 prepared in 0.6M HCL

was precipisated as Sno(IV) sulphide and was {iltered over
the cone chlmney apparatus. Similarly a solution of C.025k
yas prepared in 0.6k hCl and was precipitated as

szlsoh)j



sulpolde. The precipitgte was transferred in such a way that

it settled down and mo cracks were obsgervede Tud precipitates

were washed with 032 and “glg YO remove sulphur,

23“Tn tracer was dropped over different amountas of

sulphide while suction was veing applied and tie time of
contact between the precipitate and the solution was of the

order of about a few seconds. Tke activity over the preci-

pitate and in the effluent was counted. A solution containing

2.5 ml eaci or uranyl nitrate bexshydrate and thorium nitrate
of strengti of C.C1i was dropped over the pracipitate and
uraniuc in the effluent was estimated by PAR and thorium by
thoron respectively. About 99% 23“Th is retained on different
pracipitate bedss When a 18 ml SnClh.ﬁhzﬁ {0.028K) 1is
precipitated as SnS, wore than 99» of e3b1q activity is
retained over it. Similarly 12 ml of 5°2‘5“k’3' (G.025k)
precipitaved as Sb253 retaing 99.5% of *34qy activity. Tne
effact of imotopic carrier on the retention of 23“Tn activity
over the precipitatve is that the retention becomes lass.

Ucéz ions are partially retained over SnSye However, if

the precipitate bed is washed with O.6N il containing st,

more than 907 uranyl ilons activity comes doAw. Similarly

szsj precipitate welgbling 400 mg retains 94 120mg,, activity.
since some uranyl lone are retained over the precipitate of
9b253, tisrefore it was separated. The precipitate of Sb233
containing uranyl lons was dissolved in 5 ml of 1i HCl and

st was boiled off. The solution was diluted with HC1l to

13
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make 1t O.6li. It was precipitated as sulpunlce and tue
preclpltate was wasied with 15 ml C.6N HC1 containinug nzs.
The precipitate was centrifuged and ail 1iquids portions
were collected and evaporated to dryness. The total number

of counts of tuils samples were of the order of about 10U

activity of wranyl fons. Similarly the preclipitate gavs

the activity of antimony. Toorium was separated from tin

and antimony and was estimated.

4 plot of the concentration of thorius ions versus

activity over the precipitate 1s lluear in nature, but it
decresses gradually. Therefore, it is concluded that at the
initial stages 234Th 1s retained by the process of adsorption.
An exchange between the active and inactive tioriux ioms nas
alse been noted, whicn confirms the isotopic wechsanisms in
trnls process. Further plots of activity of 23“Th retained
over the precipitates and twue activity in the effluent gave

s lincar relastionshlip inclcating that ueterogenous distri-

bution of thorium is taking place over the precipitate. The

rate of exchange decreases gradually. This euows that after

the rapid exchange at tue surface, the inhomogeneous discri-
bution of isotope takes place and diffusion process replaces

the haterogeneous axchnange shd the rate becomes slowe

Sldstidéns



