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HASTORICAR ..BEVIEN s

Carboxylie acid media have shown a great potentlial for
the separation of metal ilons which are otherwise very difficult
to separate, Firdman and Ytdinazhs extracted and -eparated Nb5+
and 7&4* from oxalie acid solution using cation exchanger KY«2
in protonated form. The use of 1on exchange soparati-ns in
detoermining trace elements by neutron activation analysls 1s
described by Brooksbank and Loddicottaa. Lanthanides were
separxated on the column of Dowex 50 using ammonium citrate as
eluent at pH 3,26, Tartaric aeid.7 citrie acid and formie ac1d8
have proved to be very effective for metal ion separations,
Boron and magnesium were separated from iron by & simple prorcedure
with a eatlon exchange resin, ' Uiaron K'. H,80, in an acidic
solution of the sample 1s passed through the resin, and iron or
other cations are adsorbed, Borhn was detected titrimetrically
or colorimetrically, Magnesium was adsorbed quantitatively by
the rxesin even in the presence of tartariec acid, but iron is
passed into the eluate through the resin by 20% tartaric acid,

The cation exchange characteristics of a large number of
elements towards tho strongly acidic cation exchange resin Dowex
S50W=X8 in media containing varying concentrations of formie acid
and mixture of formaic acid with aqueous diexan were investigated
by Wuzeshi et ul.e The mixture of bismuth and copper solutions
was separated, Bismuth was eluted by passing 23 M fomic acid
thiough the column at a flow rate of 3 al/min, copper was then
eluted with 2,5 M hydrochloric acid at a flow rate of 1,5 ml/min,
Also the separations of the mixtures of lead and cepper, barium

and lanthanum, cadmium and copper were predicted,



Attempts were made to employ addition of water-scetone to
promote metalecarboxylate complex formation for the selective
elution of Ni, Cu, Co and Zn ions from Dowex BOW.X8 resin.9 The
distribution coefficients of Ni, Cu, Co and Zn lons in aqueous
acetone-acetic, chloroacetic, dichloroacetic and trichloroacetic
acids were found out at various compesitions of the latter., The
data were used for working out the eptimum conditions for metal
fon separations, Results on the separation of binary and ternary
mixtures of metal ions were presented,

Cation exchange chromatographic studlies of manganese on
10 e
distribution coefficlents for Cu, Zn, Mg, Ni, Cd4, Co, Mn, Ca, Pb,

Dowex 50Vi~XS are recently reported in out laboratory,

Th, Al, Hg, ~r and Ba were found out in aqueous acetone=-succinic
acid media, The effect of varying concentrations of acetone and
the acid on distribution coefficlents ere studied to find out the
suitable conditions for the separations, The quantitative
separations of manganese from oth:r elements were carried out.

A systematie study of the cation oxchange behaviour of
metals on R--NH4 type re:=in in aqueous—ammonium acetate and
ammonium acetate ccntaining other solvents ( mixed media ) has
been reported by some workers. Minami and Ishlmarlll explorad
the possibility of soparating barium from 1lsad on a catione-
exchanger by first eluting the adsorbed lead with ammonium
acetate at pH 6 and then barium, with 10%, smmomium chloride
solution, The difference in tho stability of the anionic
coaplexes of barium and lead with ethylenediaminetetraacetic
acid at pH 4,9 and 10.9 respectively has boen utilised for their
soparation.12 Lead (pH = 4,5 ) passed out of bed and adsorbed
barium was eluted "vith EDTA (disodium salt) at pH 10,5, Khopkar



and D.xs studied the cation exchange behaviour of bariua on

Dowex 5SOW-X8 (H'), Nitrie acid, hydroehloric acid, ammoniue chloride,
sodium nitrate, sodium chloride, ammonium acetate, citric acid,
tartaric acid and EDTA has been used as the eluting agents. Barium
has been separ-ted from U(V1), Cu(1l),Hg(11), Cs, Zn, Cd, Ag, Ce(IV),
zr, Th, Fe (II1) and B1(I1I) by 4 M ammonium acetate, Kemula and

eo~werk03314

developed a procedure for the separation of silver
from the copper based on the adsorption of both lons on the cation
exchanger, wolfatit KP8-200, Copper was eluted as the complex
CuCX;Q by hydrochloric acid, while smilver was precipitated on the
column, A mothod15 had been devaeloped for separatlon of slilver,
lead and mezcury (II) in their mixtures at the milligram level,
based on their differences in lon aexchange potantial on a e¢ation
exchanger, Dowex S5OW-X8 (H*)‘ Out of the two common eluting

agents nitric acid and ammonium acttatc1°'11

the latter is preferable
in view of the more favourable separation faetors, It was observed
that 300 mal of 0,25 in ammonlium acetate eluted lead alone, the
effluent was free from silver and mercury., Further C,O5 M

ammonium acetate offurs a good separation of silver from mercury,

150 ml of this eluent removed silver alone and the effluent was
free from mer¢ury. Finally mercury was removed from the recin

bed b’ 100 ml of 4 M ammonium acetate,

Janauer et al, separated barium from other metal ions by
means of cation exchange in an agqueocus 204, v/v DMSC medium
containing 0,25 mol/l of thiecyanate, 18,19 Ag the NSO offors
aumerous advantages as an eluent in cation.exchange chromatography

because of 1ts complex forming tendency with almost all metal



fons, it is used as solvent in many analytical procedures. Diehl et.ali’

studled the behavious of B12*, cd?*, cu?*, m2* 4+ and zn* on
a cation exchange .resin {Bio Red AG 350=X8) in DMSO=hydrochloric acid-

water systems. On the basis of K values they predicted the possibilit

) A‘J’o Sn

of separating ihese cations from mixtures, The anioneexchange
behaviour of soveral eations in methanol<hydrechloric scid-IMS <water
systoms has baeeon explored by Fritasz and Lehoczky?1 who showed the
usefulness of th z¢ :“ystems by separating variocus mixtures of metal

tons, Phipps?2

has studiled the selactivity sequence of monovalent
anions on an anion exchange resin in SO systoms, Earlier studiog3’24
have shown thaf formie acid offer: unusual possibilities in
¢ation-exchange chromatography and zireonium can de separated from

thoriumand hafnium Hp cation~exchange in formie acid media,



Present Work

The adserption characteristics of Co, Mg, Ca, Cd, Zn, Th,
Ni, Pb, Al, Hg, Mn, Sr, Ba, Cu and metal ions on Amberlite IR-120
( NH4*) form in aqueous acetone Ammonium Tartrate media were
studied. The distribution coefficlent of these lons were found
out at various percentage of acetone and at various concentration
of dAmmonium Tartrate, The probable seperations of metal ions
were predicted from the distribution coefficlent data., The
results of seperation of M binary, and terna y mixtures are
presented in this chapter, The elution characteristics are
discussed from the elution curves, The separation limits are
recorded which suggest the efficiency of the separations by
ion exchange chromatography techniques,

RAPERIMENTAL

Ion exchange resin
Amberlite IR «120 (14-52) mesh in Na' forn

was treated in a column with 2 NHC1l to convert 1t into H'form.

The resin wa: then converted into N’

4
solution in 10X liquor ammonia and then washing with deionised

form by adding 10% NH4p1

water till effluent was free from chloride, The resin was
air drled,
Matal lon solutions
The metal salt solutions (0,05 M) were

prepared by dissolving nitrates of Zn, Co, Ca, Mg, Pb, Cu, Hg
and chlorides of "r, Ba , Mn and Ni in distilled water,
Agcotone « water -« Ammonium tartrate mixture,

A stock solution of 2 M Ammonium tartrate was preparéé?i

by mixing equimolar (4M) solution > Ammonia and Tartaric acid;j'



Excess aamonia was removed Dby boiling the mixture. The mixtures
were prepared so that the amount of acetone and water was expressed
as percentage by volume and the ammonium tartrate concentration

as molarity.

Determination of Ulstxibution coefficlents

The distribution coefficlent, KB was detexmined by
batch equilibrium method? 1 ga. of the resins was equilibridted
with 90 ml, of the solution containing the same quantity ( 4 ml,)
of the metal fon ( 0,05 M ) in aqueous acet>ne -~ am—onium tartrate
media for 24 hours, Batch solution vas then analysed for the
metal ion titrimetically .sith disodium EDTA using appropriate
indicator. The valuoc of the distribution coefficlent (K;)

were calculated by
KD = 229 metal lon pex_g. resin,
meq. metal ion per al. solution,

SEPANATION OF MIXIURES =

The Pyrex glass chmomatographic columns of 50 ml.,
¢apacity were used, The column was packed by a slurry of 10 g,
soaked resin., The feed muxak was prepared by mixing standard
solutions of metal ions, It was then passed through resin bed,
The metal ions eluted by sluting agents as shown in table 3,8 to
3.7, The metal ions were estimated in 5 ml, ef~luent fractions,
ERQCEIARE t-

The column was equilibrated with the resin by passing
20 ml of acetone-water ammonium tartrate mixture at axiaum puxisd
flow rate, The binary, and ternary mixtures of various metdl
tons were prepared.

It was allowed to pass down the column sdowly without
allowing the level of the liquld to drop below the surface of



the exchanger., The requisite amount of eluting agent was added,
Aftexr about an hour the effluent fractions were collected in test
tubes by maintaining a flow rate of 2 ml/min, The presence of
metal lon was tested by suitable analytical reagents in the
effluent fragtions,

Undexr specifiled experimental conditions the first metal
ion starts eluting and it 1s completely removed in a serises of
fractions collected, The second metal lon staris eluting and
gets completely eluted at a particular fraction, After complete
removal of the two metals «lution is stopped. The metal ion
somtonts in the collected fractions were estimated by standard
volumetric procedures and ¢total metal 1on concentration was
calculated,

In case of te nary mixtures the first tvo metal lons
were &lluted by sultable eluting agents and finally the last
metal lon is eluted by proper eluting asent, The experimental
details were the same as described above, The cencentration of
metal ion varsus effluent volumes are plotted,

The distribution coefficients of the metal ions under
study were found out at 0,20,40,60 and 80 percentages of acetone
at' 0408, Oaly 0,2 and 0,4 M concentrations of ammonium tartrate.

The distribution coefficlents of most of the metal ions
like Mg, Sx, Ba, Pb, Zn, Ca, Cu, Mn, Co, Ni, Al are low at
Oy 20, 40, 60, and 80X of acetone and at 0,00 , 0,1, 0.2 and O, 4 M
ammonium tartrate, Ca, Sr, and Th, shows high values of
distribution coefficients at 80X of acetone in 0,4 M ammonium



tartrate., While they have low distribution coefficlents at 0, 27,
42, 60 pexrcentages of acetone in 0,06, 0,1, 0,2 M ammonium tartrate.
Ba(11) shows no affinity for complexion at all percentages of
atetone and in all concentrations of ammoniwum tartrate, Metal ion
Sy (II) shows total adsorption at all percentages of acetone

in all concentrations of ammonium tartrate, This suggests that
strantium tartrate complex formed is preferred by the resin,

The tendeney of adsorption ef Th (IV) on rasin is low at
0520,40 percentases of acetone and in 0,06, 0,1, 0,2 M
concentrations of amnonium tartrate, But 1t has vaery high adsorptios
tendency at 60 and 80X of acetone and in 0,4M ammonium tartrate.
Thus Th {IV) forms a eationic tartrate complex which exchanges
M«f; ions on the resin,

The distribution coefficients of Ca has high values at 60
and 8D perc¢entages of acetone and in 0,06, O41, 0.2, 0,4 M,
ammonium tactrate, Which suggests 1t's hijher adsorption
tendency resulting in formatlion of ¢alcium tartrate complex 'n
t-@ resin, Calcium shows low distribution eccefficlents at 2,

20, 40 porcentages of acet ne in 0,06, 0,1, 0,2 and 0.4 M
ammonium tartrate,

Ba (II) shows no adsorption tendency at 0, 20 and 40
percentajes of acetone in 0,06, 0.1, 0,2 and 0,4 M ammonium
tartrate, At higher percentare of acetone Ba(llI) forms preciptate
in all concentrations of amm-nium tartrate. Mn{lII) alese shows
descreasing values of distribution coefficlients at 0,20,40
percentages of acetone in 0,06, D.,1, 0,2 and 0.4 M ammonium
tartrate, But it shows no adsorption tendency at 60 and 80

porcontages o acetone in 0,06, 0,1, 0.2 and 0,4 A ammonium

tartrate, data of the metal ions in Tables
From the KD



3.1 to 3.4 following selectivity sequence for the cation

exchange ¢an be glven,

1)

2)

3)

Ammonium tartrate = 0,06 M
a) Acet-ne pegCentage = 0,

PbO>Mg>Cd>Mn> NL>Co>HUHg>»Cud>2n>Ca> Al > Th

b) Acetone percentage = 80
Th>Ca>2n>Hg > Cu> Pb> Mg > Co > Mn > Cd

Amnonium tartzate = O,1 M

a) Acetone percentage = O
Sr>Mg>Ca>Cd>NL>MnD>Co>Cu>2n>Al > Th > Ba

b) Acetone porcentage = 80
Th> Sr>Cad2Zn>Hg > Mg > NL >AlL >Pb>Cd>Mn>
Co > Ba .

Anmonium Tartrate Q0,2 M
a) Acatone 4 = O,
Er > Zn > Mg > Cd > NL > Ca > Hg >Cu

Co > Th > Pb > Mn > Ba

b) Acetene percentage = 80

Th> Sr >€@a>»2n > Cud Hg> Al > Mg > Co

Pb > Mn > Cd > NL > Ba

It §s seen that the distribution coefficlients very
with change in percentage of acetone and concentrati:n of
ansonium tartrate, The role of acetons sfid ammonium
tartrate on the disgribution ccefficlients is discussed
below,



affect of \ratd ¢ Aget "

It is obsoxved that the values of distribution
coefficleonts of metal ions whder study increase with the riee
in concentration of acetone at ),00, O.,1, 0.2, and 0,4 M
ammonium tartrate,

Ion exchange between a sol'd and @ solution can only
occur if certain requirements sre maet, A solvent must be used
in whikch the exchanging specles are soluble, Thure must be
iens in both tho s:lutiocnanu the solld, The solute and the
functional groups of the solid ( reskn ) mucst w8 dissoclate at
least paertlally, The fons must be {1ee to move to exchsnge
with one another, This requires porous structure of ths resin
which 18 expanded by swelling in the wolvent. Vater, because
of 118 high dielectric constarty iz an excellent selvent for
most inorganic and quits number of organic acid:, bases and
salgds, Thore a.e other soluticns with high dielectric ¢-nstants
in which elecizolytes ca cissolve and disoclate anc in which
most of the com:on Llon exchan ers are stable, ISuch sclvents are
formanide ( €= 126 ), anhydrous anmonia (< = 22), «thylene
glyccl (& = 41 ), methanol ( € = 32 ;, ethanol (<= 26 ) and
acetone ( € = 27 ), Fhese solvintz can be used with or
without addition of water, Many crganic aclds, are moce
rsdially dissclved in thass 30lvents than in raters The nature
of the solvant like atetone affacts the solubility, dissociation
and the solvation of thu .olutes and the bashusviour of the ion
exchanjer and ¢urtain pegularities and slde effects are more

pronounced with acetone thar with water,



The metal ions under study are preferred at higher
percentage >f acetone because of the variation in dlelectric
constant. It 1s reported that the distribution coefficlents
increase with de¢reasing dielectric constant, Akarlof42 has
determined the dielectric contants of a number of aqueous
organic solvent mixtures,

Table 3.5 The dlelectric constants of acetone-t/ater mixtures

v/
WL S LB 2aes TR e i SR vcer 225 o S SIS S T DI o DB il ne X% s S s E Wl iSornediliore Mo IIB ot
Acetone X 100 © K +} 20 10 o]
Dielectric
¢constant, 21,1 35,7 (L} § 87 73 78.4

A simllar change 1in distribution coefficlents of s-me
metal lons in aqueous agetone carboxylic acid media using cation43
and anlan‘o exchangers are roported earllier,

A fairly reliable measure for the affinity is the
extont of swelling of the mesin in the solvent. The ewelling
by the total "olution, water and organic solvont as a function
of the mole fraction of organie solvent can be described as moles
of solution per equivalent resin, The moles of organie solvent
taken Wp by the resin as a funetion of their mole fractions
vary samehow in proportion to their polarities, giving a
relatively large increase with the more polar solvents like
methanol, glycol, acetic acid and little or no increase with
the less polar solvents like dioxane, acetone, nepropsnol, iso-
propencl, t-butanol, propinic acid. The decrease in the total
absorbed solution as a function of the mole fraction of organic

s>1lvent shows that the mixed solvont in general becomes a poorer



solvating agent for ions in the resin, The quaternary amine
bound to a polystysene skeloton probably behaves much like a
large organic ion with a low density of suxrface ch-rge and

only reagts ith the less pelar, more orsanic coemponent of a
mixed solvent, This conclusion is based on the experimental
evidence of the uptake of selvent, dlioxane, acetone, isopropanol
and nepropenol b the resin, whon a very small change in the
uptake of organic solvoent 1s observed for substantial change in
upuk itw mole fraction in the cuter solution ( from Ss = 0,1 to &=
Xs = 0,9), It is quite probable that this large ion retains
merely a constant solvation shell irrespective of the solution
composition, In support of this view, there are a number of
examples where & carbonium ion attracts the mors organic

component of a mixed solvent, 4%

on this gvidence e may
suppose that the resin particle is solvated by one or two less
polar organic solvents like acetono, dioxane, n-propancl, etec,
the more polar organic solvents like maethanol, acetic acid, glycel
probably solvate the cation as 'uell as the anion in the
functional resin groupe

When tho ccunter ien is @ simple inorjanic cation as in
the present cCase NH4*, there is strong evidence that this cation
is primarily surrcunded by water molecule regardless of which
reasonable model 1s uced to interprete the results4s. On this
basis one must suppose that the water and orga-i¢ solvent

molecules 1s the resin phase are somehow partly separated from each

othar at the resin functional group. Such an o¢curence 1s in



fact not improbable in view of the behavi- ur of salts in a mixed
solvent. In the mixed aqueous organic solvent with less polar
solvants like acetone, dloxane, dloxane, propanol, etc, the
salting out effect of NaCl oxr KCl separates the viater from organic
solvoniy resulting in phase separations whereas with a perchlorate,
such separation does not take place because of the small affinity
of the perchlorate ion for water molecules, In another mixed
solvent with a more polar organic solvant like methanol or even
methanol, phase separation does not become possible by addition
of a c¢hloride, However, a sulnhate separates water and ethannl,
which shhws the net:s3ity of supposing a large excess of the
more polar componanets in the viscinity of the cation, The
hydration number of the sulphate i:n i: aquecus solution 1s known
80 be 8 to 1146. These data demonstrzate that in a mixed sclvent
the affinity for water molecule is greater for an anion for catlon,
In the water rich reglion, the uptake of organic ion is in
general much preferred compared with ~ther solution compositions.
This preferential uptake of organic solvent i: mcre pronounced ith
the more polar orxganic solvents than with the less pelar, It is
seen that, whereas the cations a e in a state of low: free energy
of transfur in mixed aqueous methanol thun in water, thse reoverse
is the case for the anions48.
The quarternary mcethyl amion fixed to polystyrene attracts
methanol molucules to form a complex structure ~C(CH3)3N (nOH)n
in which the nuaber of methanol molecules remains nea ly constant
irrespective of change in the solution composition, The same is
true for the case of other organic solv nts, the va‘ue g being

different, depending on the nature of the solvent,



Table 3.1 Catlon Exchange distribution coefficient (K;)

Media on Amberlite I R-120 ( NH4’ ) form.

in aqueous acetone Ammonium Tartrate (0,06 M)

letal Acetone X , V/V
ton o 20 © s 80
Mg (11) 339,1 27%,6 162,00 82,0 46,2
Ca (11) 6,0 15,3 191,5 306.D 666.0
sr (11) TA TA TA PPY ppPt
Ba (1I1) NA NA NA PPt PPt
Pb (II) 486,0 306,0 36,0 188,0 66,0
Zn (I11) 18 23,14 31,5 9.2 202,0
Cd (11) 216 100,00 26,0 10,0 NA
Hg (II) 30 49 77,0 1J1,0 128,0
Cu (I1) 19.8 29,8 42,2 69.0 71,0
Mn (I1); 99,0 44,8 25,0 14,C 2,2
Co (1I) 62,1 26,0 17,2 14,6 70
NE (I1I) 8%5.% 65,9 50,6 48,0 40,0
Al (111) 2.9 2.9 8.5 8.5 PPt
Th (1IV) 0.8 1,35 Db 38.2% 2160,0
#here,

NA = No Adsorption
PPt = Precipitation
TA = Total Ads-rption



Table 3,2 Cation Exchange distr bution coefficient (KD)

in aqueous acetone Ammonium Tartrate O,1 M

Media on Aaberlite I R=120 ( Nn4*) form.

Metal Acelone X, VIV

Ion 0 20 40 60 80
Mg (11) 24,4 138.7 71.2 35.8 19,0
Ca (II) 84,5 162,0 270,0 486,0 686,.0
Sr (I1) TA TA TA PPt PPt
Ba (II) NA NA NA PPt PPt
Pb (I1) 11.4 11.4 11.4 9. 5 6.0
Zn (11) 22,0 35,0 42,0 74,0 174.0
Cd (&1) T7.7 23,1 13,0 9.0 1.4
Hg (II1) 27,0 47,0 70,0 95,0 121,0
Cu (£1) 29,0 D29 42,26 56,0 73.0
Mn (II) 31.1% 17.4 13,0 NA NA
Co (II) 26,0 20,0 19,9 14,0 NA
Nt (1) 57.6 41.1 23,9 10.3 7.6
Al (111) 2.9 2,9 10,2 18,0 PPR
Th (1v) 0.8 1.3 4,2 19,8 TA

Where NA = No Adsorption
PPt = Precipitation

TA = Tetal Adsor-stion



Table 3.3 Cation Exchange Bistribution ceefficient (K,)
in aqueocus acetone Ammonium Tartrate (0,2 M)
Media on Amberlite I R=210 ( HH4’) form,

Metal L Acetone X , v/v

Lon o 20 o 60 80
Mg (I1I) 5&.0 46,2 w24.@ 16.8 8.1
Ca (I1I) qﬁ.o 362,0 216,0 6.0  1026.0
sr (II1) TA TA TA PPL PPt
Ba (II) NA NA NA PPt PP
Pp (11) 9.5 9.5 2,8 2,8 1.6
Zn (11) 112,0 131.0 139,0 222.0 412,0
Cd (11) 54,0 40,0 13.5 12,6 A
Hg (11) 23,8 26,6 32.7 39.8  114,3
Cu (11) 22,34 25.0 29.45 30,0  167.0
Mn (11) 2,76 NA NA NA NA
Co (I1) 20,0 15,0 13,0 9.0 7.0
NL (II) 37.0 24,9 11,3 2,5 PPt
Al (11X) 20,0 25,0 28,9 35,0 48,1
™ (1v) 15.1 28,0 TA ( TA TA
Where,

NA = No Adsopxrtion
PPt = Precipitation
TA = Total Adsorption



Table 3.4 Cation Exchange Distribution coefficient (K,)
in aqueous acetone Z{mmonium Tartrate (0.4 M)

Media on Amberlit ¢ IR~120 ( Nn4’ ) form,

Metal Acetone %, v/vy
Ion 0 20 40 60 80
Mg (II) 11,0 6.4 5¢2 2.1 NA
Ca (1I) 16,6 81,0 90,0 378,0 TA
sr (1) TA TA TA PPt PPt
Ba (I1) NA NA NA pPot PPt
P (II) NA NA NA HA NA
Zn (11} 31.5 36,7 29.8 66,7 972,0
Cd (11; NA 23,1 18,0 13.% 8,0
Hg (I11) 9.8 16,6 19.8 26.6 53.3
Cu (II) 23.4 23,4 2.6 48," 167.0
Mn (I1) 3.3 2.1 Na NA NA
Co (II1) 16,0 14,0 10.5 8.0 NA
Nt (II) 13,¢ 3.7 1.4 PPt PPt
Al (111) 22,6 28,0 35,0 38,0 Prt
in (1Iv) TA TA TA PPt PPt
Where,

NA = No Adsorptioen
PPt = Precipitation
TA = Total Adsorption



N1

Table 3,5 Quantitative seperation of binary mixtures
(First ion is the mixture is eluted, while

the Sacond ion is retained).

Mixtures Metal lon  Eluting @ m0les = moles
eluted agent taken found
1l 2 3 4 <)
Co(I11)+Th(1V) CoiII; a 0,250 0,249
Th{1lV b De 240 0,23%
NB(II)+Th(IV) Ni{II; a O 240 0,238
n{1v b De240 0235
Zn(II)+Th(1IV) ZniII; s 06293 0. 247
Th{lv b 0,240 0e23%
Cu(I1)+Th(1Vv) CuiII) a De245 34249
™hiiv ) b 0,240 0.23%
Mg(1I)+Th(1V) MgiII) a 0,240 0,238
Th(1V) b Do 240 0,239
Ca(II)+Thi1V} Caéllg ® N,24Y 1,237
Th{1V b D240 0.23%
Pb{II)+Th(1V) Pb(IIg a 04280 D278
Th{ 1V b D240 0,23
Cd{II)+Th(1IV) Cd(1i) e 0,260 0,259
Th{IV) b DNe 240 0.235
Co(11)eSr(I7) QoSII) a D250 1,248
Sx(il) c 0,245 0,240
Se(IX)eNL{1X) NL(IY) a DNe2d0 04240
sr(1r) b 0e245 0,240
Zn(IX}+Sp(11; ZnSIIg & 0,290 0,248
Se(11l b (e 245 Oe240
Cu(l1)+sx(ll) Cu(ll) a Q.44 N,244
sx(11) ¢ 0245 9,040
Mg(I1)+Sx(1I1) Mg(I1) a De240 1,239
Se(Il) < 0.245 04240
Ca(I1I1)+Se(II) Ca(11) ) Qe 240 De233
sz(1I) ¢ Oe 245 Te240
Po(I11)+Sx(I1) Pbé.{:g a 04,250 0,278
Sr(ll ¢ 0,245 Ve 24D
Cd{I11)+Sr(11) Cdéllg a 0,200 S.582%8
Sx(17 ¢ Ty 2 dD Je 210
AL(I1X)+Sp(11) AIEIII) a 0,245 2. 240
Sre(I1) ¢ De 245 14,2490

con td. »



Table 3.5 contd,.s

WA AN Gmd MME WM R WS AN SR NI WM IR Sy S P WD AU G W OGN AR GNP CEE AN GNP SN e duD SN GNP NS IR AN T W

1 2 3 4
Co(11) + Ca(11) Co{II; d 0250 0.248
Ca(ll ° 0245 04240
Ni(II) + Ca(ll) miu) d 0,240 0,240
Ca(l1) ° 0424% 0,240
Zn{1I) + Ca(1l) Zn{II) d Qe 230 0,248
Ca(IlIl) ¢ De 245 D240
Ca(ll) + Ca(1l) CH{II) d 0,245 0,240
Ca(1l) ° Q245 04244
Mg(11) + Ca(I1) ugéng d 04250 0,248
Ca(ll e De24% De 240
Pb(I1) + Ca(ll) Pb(II; d 04240 0239
Ca(lI ° 04240 0,24C
Cd(II) + ca(ll) Cdsllg d De245 Ne24%
Ca(Il ™ 0,240 0,239
AYL(ZIX)+ Ca(II) AL(IIY) d 04290 e 245
Ca(l1) e 0,24% 0.240
Nhort.

a = 20X Acetons + 0,4 M Amnonium Tartrate
b«3M Sulfuric acid

¢ - 3 M Amnonium Acetate

d - 80X Agetons + 0.4 M Ammonium Tartrate
e ~-3M HC1
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Table 3,6 Quantitative separation of Ternary Mixtures

OGNS AP Gns SRR WHE G AR WS WD GER TR VAR YWD AVD AN AT A A YD SAE GNP MR QI S WD WAl GER T e AN B I G N

Mixture Metal ion iluung a moles m moles
eluted agent taken found
1 2 3 4 )

Mg(Ir) + Ca(lI) + Th(1Vv) wMg(1I a 0,245 0,240
Ca(Il e 04250 0,248
Ba(II1) + Ca(1I) « Th{1V) 8&511 a 06250 0,248
Ca(ll ® De24D D240
T™h(IV b 0,23 0,230
Pb(I1) + Ca(Il) + Th(1V) Pbin s 04250 04248
Ca(Ir o Q6250 04249
Th(1V b 0,235 0.230
Zn(II) + Ca(X1) + TA{1IV) 2Zn(1I a 0,245 (14 240
Ca(ll ® 0,2% 0,248
Th(1lV b 0235 04230
Cda{11) + Ca(Il) « Th(IV) cCd(I11 a 0,240 0,238
Ca(ll e 06250 0,248
Th(1Vv b 0,235 0,230
Hg(I1) + Ca(11) + Th(IV) Hg(II s 04260 0,260
Ca(II e 0,250 D245
Th{1V b 0,23% 0,230
Cu(Il) « Ca(Il) « Th(IV) Cu(ll) a 0,2%0 0,248
Ca IIg ® 03,290 0.248
Th(lv b 0235 0,230
Mn(II) + Ca(II) + Th(IV) Mn(I: a 0e260 0,288
Ca(Il e 04250 N,248
Th(Iv b 0623% 0,230
Co(Ir) + Ca(Il) + Th(IV) Co(1l) s 04240 0,23%
Ca IX) L 0e2%0 0,245
Th(1v) b 0,239 0,230
NL(II) + Ca(II) + Th(IV) Ni(IX) a 0.250 0.248
Ca Il; e De240 0,238
Th({IV b 0,235 0,230
gl(lll)«t Ca(Il) + Th (1IV) AL(I1I) a 0,260 0,258
Ca II; e 04250 0,248
Th(1lvVv b 0,23 0,230

Cﬂntd. .e



Table 3,6 contd,
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1. 2 3 4 3
Mg(I1) + Ca(11) + Sx(X1) Mg(II a 0,245 0,240
Ca(Il ) 0.240 0,235
Se(1l ¢ 04250 0,245
Ba(1lI) « Ca(Il) + Sx(IX) Ba(Il a 04,250 0,248
Ca(II ) 04240 0,23%
Se(11 e 0,290 0,245
Pb(II) + Ca(IT) « Sx(II) Pb(II a 0.2%0 0,245
Cal(ll ° 0,240 0.23%
Sp{IX ¢ 0,250 0,249
Zn(I1) + Ca(I1l) *+ Sx(X1) 2zZn(I1I a 04245 0,240
Ca( Il ° 0,240 0,239
Sx(II ] 0,250 0,245
Cd(II) + Ca(1X) + Sx(I1) Cd(II a 0,240 0,238
Ca(Ill ® 0240 G223
Sr(1l c Oe 220 0.24>
Hg(11) + Ca(II) + Sr(I1I) Hg(IlI a 0,260 D260
c.&n e 0,240 0,235
Sx(I11 < 0,250 0,245
Cu(II) « Ca(II) + Sr(II) Cu(I1I1) a 0,250 04248
Ca II; e 04240 0,235
Sx(I11 ¢ 0,250 (245
Mn(IId + Ca(II) + Sr(11) Mn(II a 0,260 0,258
Ca(11 ® 0,240 0 .23%
Spe(11 e D290 04245
Co(II) + Ca(Il) + Sx(I1) Ce(II) a 0,240 0,23%
Ca II; ™ 0.240 0 .2
Xxr(1l ¢ 0,250 0245
NL(II) + Ca(II) + 5p(11) NL(I1I a 0,250 0.248
Ca(IIX ® 0.240 0e23%
Sr(Il ] 0,250 00249
AL(DI) + Ca(Il) + Sr(11) ALX(I1I) a 0.260 0 .258
Cl{IIg ® 0240 0,235
Sr(l1ll ¢ 0.250 0,245

W AP WP P W B WP G S W WD AR U UGS G WY WS O WP WP WP T G R WS G SR WD TS g TP P W WS N A

~vh°r"

= 20% Acetone + O.4 M Ammoniun Tartrate
= 3 M Sulfuric acid, ¢ = 3 M Amm.Acetate
= 80X Ametone + 0.4 M Ammo,Tartrate

= 3 M HC



Table 3,7 Elution charseteristics of metal ions in aqueous
acetone Ammonium tartrate media.

N GNP GRD MR WS YN SN SRR R GNP DS e ARG SMD ANE AP AN AN AN S QI GNP NS AN SNF SNB AAD AR SR AP SuR WD W -

g:; Metal ion BTV al VEP =l TEV ml Eluent
1 2 3 4 ) 6
1 Pp(I1) 20 50 90 a
2 Cd(11) 20 50 90 a
3 Mg(1I) 30 50 100 a
4 Mna(1I) 10 40 110 a
S Zn(11) 20 40 140 a
6 Hg(11) 60 100 15¢ a
7 Cu(11) 10 L 80 a
8 Ni(11) 20 0 150 [ ]
9 Co(11) 1% 40 80
10 Th(1v) 'S 40 RO b
11 Pb(I11) 5 20 90 a
12 cd(11) S 20 80 a
13 Mg(11) 20 00 10C a
14 Mn (1I) 20 60 120 a
15 Zn(1I) 5 45 8% a
16 Hg(11) 10 60 110 a
17 Cu(Ill) 40 160 280 a
18 NL(IX) 50 115 a
19 Co(11) % 2% 80 a
20 sr(11) 7 2o 5% c

contdeessess



Table 3,7 contde..
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1 2 3 4 5 6
U g U - B - R
21 AL(11I) 20 80 120 a
22 Ca(II) 5 45 7% a
23 Pb(I11) S 20 90 d
24 Cd(11) 20 30 100 d
25 Mg(II) 30 50 100 d
26 Mn(11) 10 40 10 d
27 Zn(11) 20 40 140 d
28 Hg(11) 60 100 150 d
29 Cu(11) 10 40 80 d
k o) NY(IL) 20 70 150 d
3l Co(11) 15 40 80 d
32 Ca to 25~ f2s” ]
where,

a = 20X Acetone + 0.4 M Amn, Tartrate
b =« M Sulfuric acid

¢ = 3 M Anuonium Acetate

d = 80X Acetone + 0,4 M Aam, Tartrate
e = 3 M HCY



EFFECT OF CONCENTRATION OF AMMONIUM TARTRATE $-

It is observed that fram the data of distributlon
coefficient ( Table 3.1 to 3.4 ) that the K, values of metal ions
under study decreases at higher concentrations of ammonium tartrate
The values of K, of motak ions at 0,06, 0.1, 0.2, and 0.4 M
aamonium tartrate solutions and at all percentages of acetone,
This indicates the tendency of ra:ning tartrate complexes was
found to de¢rease with increase in the concentration of
amaocnium tartrats,

It Bhas been stated that the solubility of an
electrolyte in a series of selvents 1s correlated with the
dielettric constant of the solvents and the mixturcs of the
selvents too, The solubilities increase with increasing in

dielestric constant.

SEPASATIONS s= The results of the quantitative separation of

synthetic binary and ternary mixtures in aqueous acetone ammonium
tartrato media are presented in Table 3,1 to 3,7 and Fig.,2,1 to
3.6 ( Tornary separations are not presented seperately),
A) BINARY MIXTUMGS t-

1) Seperation of Th from Co/Ni/Zn/Cu/Mg/Ca/Pb/Cd/AL Mg

Th shows total adsorption at 0,2, 0,4 M ammonium tartrate
and at 0,20 and 40 percontages of acetone, However at the same
concentration of ammonium tartrate Th forms preciplitats at €0 ond
80 percentages of acetone, Hence 0.4 M anmonium tartrate medium
is selected for separation, Co, Ni, Zn, Cu,Mg,la, Pb,Cd, Al ,Hg
chow practically no a dsorption on Aaberlite Ig-120 in 0.4 M
amnonium tartrate medium ( K, Very Very low), They were oluted
first,



As TR shows T.A, in samonium Tartrate media it was oluted by
3 M sulfuric acid solution,

2] SEPAK'TIN OF Sr. from Co/Ni/Zn/Cufig/Ca/Pb/Cd/Al Mg
The metal ions Co, Ni, Zn, Cu, Mg, Ca, Pb, A}, Cd, Hg, show
very samall Kp values in D.,4 M ammonium tartrate at all porcentage
of acetone., Howsver Sr shows T,A, in 0,4 M ammonium tertrate and at
0, 20, 4 percentages of acetone, Thus Sy remaims onthe resin,
The metal fons were eluted first,
As xr shows T,A, $n 0,4 M amn nium tartrate media, it was

eluted by 3 M amuonlum acetate,
3] SEPAUATION F Ca from Co/Ni/Za/Cu/Mg/86/Pb/Ca/AlMn

Ca shows high K, value in 3.4 M anmonium tertrate and at 20X
of acetone, Howsver the metal 1ons Co,Ni,Zn,Cu,Mq,'g,Pb,Cd,AL Mn
shows verxry low Ky values, Honce those metal fons in 0.4 M In
annchium tartrate and at 808 of acetonas do :ut showes ary adsorption
tendency. These xmeta’ lons vere clute: first, As Ca shows high
Kp value in 0.4 ¥ amronium tartrate at 203 of acetone on Amb:rlite
IR «120, it remained on the resin, It wes aluted lastly b 3 M HCL,

b) L BNARY IAIXTURES @
1] Separaiion Co/Ni/Zn/CuMg/in/Mg/Pb/Cd/AlaCawTh,

The distribution coefficients of Ca and Th are high in 20
acetone at (,4 M ammonium tartrate media, Th shows T,A, hence it
remains on the vesin, The metal lons Co, Ni, Zn, Cu, Mg, Mn, Mg, Pb,
Cd, Al shows very low K, values hence they -ore eluted first Cas was th-
then eluted by 3 M HCl, Finally Th was separated by 3 M sulfuric
aclid solution,

2] Separation of Co/Ni/Zn/Cu/Mg/MnMg/Pb/C/Al=CasSr,
As Sr shows T,A, in O.4 M ammonium tartrate and at 204 acetone
it remains on the resin. Ca has a high K, value, At the same time the



Co-metal lons Co, Ni,Zn,Al, Mg, Mn, Hg, Pb, Ba have vory small

KD values in the same media. Honce they were ¢luted first, Ca
was eluted sepasctely by 3 M (€1, Lastly “xr was cepuratedly by

3 M aancnium NRELAR0E acetate,

ELUTION CURVES 3=  Two component elution curves are presented

in £ig. 3.1 to 3,6 Ths cuxvss indicate hew tha systomatic
infcrmetion contained in the tables of distribution zoefficloents
can be applied to develop analyiical separation procadures, The
clear~cut-separation of metal ions incdicated by no sverlap of

the elution curves, |

Tha curves for “he senaration of all} metal lons Tros bina y

and ternary mixtur.c show Caussian distyibution curvis indicating
good chromatographic separs icns. The elution curves from binary
and terna y mixtures eluted first show some amount of fsiling as
the the other cations fnterfere in sepasrtion, but fronting 1= not
obsarved, Talling descreasaes with second metal ion in boih types

of mixtures, The last metal shows practical'ly no tallinqg, This
indicates that the :eparation of Zfeons bocous easier vith leis nomber
of Cewions,

ELUTION CHARACT.RISTICS s« The sequence :f the seperation of

actnrl lons fram binary and texna: 'y smixturess is niaesented in Tables
3.2 and 3,6 anc Ulu, 3,1 t5 3.8,
Break Through velune ( BIV )

tome 1nitial volume of the vespective eluting agent is re

required to start the elutics »f a2 particular metal ion, This

initial velupe ic the break through volumec,



Peak Elution valume(PEV)s The volume of eluging agents required
to obtain the peak in the elution curve of the metal ions is
sald to be peak elution velume { PEV ),

Charp peaks are obtained when the ion exchange rates are
high and the migration rates sre low, An increase in column
length 4increases the distance between the peaks and thus the
separation efficiency,

JEINAL ELUTION VOLUME ( TEV )te

The voolume of eluting agents required for cemplotion of
the elution of metal lons 1ls renpretented by terminal elution
volume ( TEV )},

The valuzs of break through volume ( BTV ; , pesk elution
volume ( PEV ) and ternimdl elution volume ( TEV ) fer the metal
fon sevara ions of Co, Mg, Ce, Cu, Zn, Th, Ni, Al, Mn, Ba, Sr,
Pb, Cd, Hg, in aquc-us acetona ammenium tartrete medie are
presented in Tabls 3,7, Generally 1t 1¢ bbcerved that , BTV
values ofe 5-10 ml for eluticn of metlal lors, This indicates
that the inttial porloed roquirsd to start the separation i: lov,
It i: observcd from BTV values that time require’ for separation
of second ameial ion ranges uptc S ainat:s,

The walugs of VEP are 2«30 ml indieating the sneady
saparctiocn, SGenoxally, it 4s obsaerved that TEV are 40=8C ml.

indfcating that the process !s completed in one hour,



SEPARATION LIMIIS s- The separation of metal ions from binary
and ternary mixtures in agquecus acetone ammonium tartrate media
were carried out at equal quantities ( 7~ 0,230 n moles each),
The separations were further carried out at 0,100 and 0,050 m
moles of the metals, It is generally observed that the recovery
of all metal ions 1is more than 85%, indicating that the

separatlons were possible at low concentrations,
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