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ABSTRACT

A new copolymer (8-QSSF) has been synthesizedebgotidensation of 8-hydroxyquinoline 5-sulphoniid @and
semicarbazide with formaldehyde in the presencaciof catalyst at 120 °C was proved to be a seleathelating
ion-exchange copolymer for certain metal ions. patgmer composition has been determined on theslmgheir
elemental analysis and the number average moleawtdght of this copolymer was determined by coraietric
titration in non-aqueous medium. The viscosity measents in dimethylsulphoxide(DMSO) has been edraut
with a view to ascertain the characteristic funoioand constants. The newly synthesized copolyesén was
characterized by electronic spectra, FTIR spectf@NMR and'HNMR spectra. The copolymer has been further
characterized by absorption spectra in non-aquemeslium to elucidate the structure. lon-exchangeertes of
this resin was studied by batch equilibrium metfard=e®*, Cu®*, Ni#*, zrf*, C&*, Cdf*, HF" and PB* ions over
the pH range, 1.5 to 6.5 and in media of variousidestrengths. The resin shows a higher selectiaityFe®* ion
over any other ions. Study of distribution ratioa$unction of pH indicates that the amount of rhigta taken by
resin is increases with the increasing pH of medilihe surface morphology of the copolymer resin easnined
by scanning electron microscopy and it establighegransition state between crystalline and amorghnature.

Keywords: Copolymer; Degree of polymerization; Polycondemsgtlon-exchanger; Synthesis, Resin.

INTRODUCTION

The treatment of industry wastes has been a sttongern as it continues to grow day by day. Onegat of such
industrial pollutants includes heavy metals, oftentained in the wastewater. When released int@th@onment,
these metals can cause severe damage to the hwahgrniricluding accumulative poison, brain damagel eancer
[1]. Several processes were accessible for heavy mestalval, including chemical precipitation, memtzaand
retention techniqui2]. An effective technique to separate the selectie¢al ions from wastes was greatly found
be ion-exchange process. lon-exchange resins dyengis that can reversibly interchange the couittes. The
resins are organized into two main types dependiogn the charge of the counter ions with which tican
exchange. The cationic exchangers contain the ivegaionisable group which is capable of interchiaug the
positively charged or cationic counter ion. Theoait exchange resin interchanges the negativelygelaor
anionic counter ion due to the existence of thetpety ionisable group. Polymeric resin was syried and
reported for its ion-exchange characteristics tolwaelective metal ions

—

(0]

The literature survey reveals that copolymers based-hydroxybenzophenone and its derivatives haceived
attention due to their application in various areash as in waste water treatment, for metal regopwe protective
coating and in biological activity [3]. lon-exchaarg are widely used for the treatment of radioactiastes from
nuclear power stations [4,5]. The chelation ionkexwe behavior of poly (2-hydroxy, 4-acryloyloxykephenone)
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resin towards the divalent metal ions were stuthigdatch equilibrium method as a function of tinmel gH [6]. A
cross linked styrene/meleic acid chelating matas been reported for its higher ability to remothes metal ions
such as Cf, F€"*, Ni**, CU#* and PB' [7]. Acidic polymers such as poly (methacrylicdjcand poly (acrylic acid)
have the tendency of removes the metal ions lik& Aaf*, C&*, Ni%*, CP* at different pH and polymer-metal ion
ratios [8]. Salicylic acid melamine with formaldefeyterpolymer found to have higher selectivity Fef*, C//* and
Ni?* ions then for C8, Zrn?*, Cd* and PB" ions [9]. Resin synthesized by the condensatfanmixture of phenol
or hydroxybenzoic acid with formaldehyde and vasi@mines have also been reported [10]. The meataljbake
increases with increasing mole proportions of #pdlymer synthesized from substituted benzoic &tid. o-
Nitrophenol and thiourea with p-formaldehyde teypaér was identified as an excellent ion-exchangeZff* and
Cc®* ions [12]. Salicylic acid — formaldehyde — resnot resin has been synthesized and explored #ésfarsthe
removal and separation of heavy metal ions fronir thimary mixture [13]. 8-hydroxyquinoline formaldgde —
catechol copolymer found to have lower moistureteohindicating the high degree of cross linkingttie resin
[14].

However no work seems to have been carried ouywothssis and chelation ion-exchange studies ofetpolymer
resins synthesized from 8-hydroxyquinoline 5-sulgbcacid, semicarbazide and formaldehyde. The e paf
present study, is to explore the adsorption bemadfi@ight metal ions F& Cu*, Ni?*, Cc**, zn**, Cd* Hg?* and
PE** on the newly synthesized copolymer resins 8-QSS#ffarent pH values, different concentrationsdiferent
electrolytes and at different shaking time intesvalhe adsorption behavior of these metal ionsbased on the
affinity differences towards the chelating resisdunctions of pH, electrolyte concentrations anaking time. One
of the important applications of chelating and fiim@al polymers is their capability to recover nidtns from
waste solution. Hence the chelating ion exchanggegrty of the 8-QSSF copolymer resin was also tegofor
specific metal ions. Pollution by toxic heavy metalue to their toxicities in relatively low conceatton and
tendency to bioaccumulation in the ecosystem, afjue and human body has received wide spreadtattein
recent years. Various approaches such as ion-egehamverse osmosis, electro dialysis, precipitatand
adsorption techniques have been developed for éheval and recovery of the metal ions from sewage a
industrial wastewater. Among these techniques, masgarch works have focused on metal ions rembyal
adsorption on chelating polymers, because theyeargable, easily separable, and with higher adsorpapacity
and selectivity having physical and chemical stéd [15-16]. Some commercially available ion-exnbe resins
are given in Table 1.

Table 1. Commercially available ion-exchange resins

Trade name Functional group  Polymer matrix lon-exgfe Capacity (mmolj
Amberlite IR-120 | -C¢HsSOH Polystyrene 5.0-5.2
Duolite C-3 -CH,SOH Phenolic 2.8-3.0
Amberlite IRC-50 | -COOH Methacrylic 9.5
Duolite ES-63 -OP(O) (OH) Polystyrene 6.6
Zeocarb-226 -COOH Acrylic 10.00
Dowex-1 -N(CHa)3 CI Polystyrene 3.5
Amberlite IRA-45 | -NR;, -NHR, -NH, | Polystyrene 5.6
Dowex-3 -NRs, -NHR, -NH, | Polystyrene 5.8
Allassion AWB-3 | -NR;, -N'R; Epoxy-amine 8.2

EXPERIMENTAL SECTION
All the materials and chemicals (Aldrich, USA) werged as received with analytical grade.

Synthesis of 8-QSSkEopolymer resin

The 8-QSSF copolymer resin was prepared by thearsadion polymerization of 8-hydroxyquinoline Sgubnic

acid (0.1mol) and semicarbazide (0.1mol) with foldeayde (0.2 mol) in hydrochloric acid medium aD2 °C

in an oil bath for 4 hrs. The solid product ob&irwas immediately removed from the flask as s@otta reaction
period was over. It was washed with cold waterediand powdered. The powder was repeatedly washbdaot

water to remove excess of 8-hydroxyquinoline 54satpc acid - formaldehyde copolymer, which mightgresent
along with the 8-QSSF copolymer. The dried resiis Wather purified by dissolving in 8% NaOH and eagrated
in 1:1(v/v) HCl/water. The purified copolymer resias finally ground well to pass through a 300 m&igk sieve
and kept in a vacuum over silica gel. The yieldshese copolymer resins found to be 89% and thénggdoint is

between 410-430°K. The sieved resin was used ftindu characterization. The reaction sequence efjmthesis
of 8-QSSF copolymer resin is shown in Fig. 1.
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Fig. 1. Synthesis and suggested structure of 8-QS8&polymer resin

Instruments

The copolymer resin was subject to micro analysiscf, H and N on an Elementar Vario EL IlIl Carldo&r1108
elemental analyzer. The number average moleculaghtvdMl N was determined by conductometric titration in
DMSO medium using ethanolic KOH as the titrant Isyng 25 mg of sample. A plot of the specific cortdace
against the milliequivalants of potassium hydroxidgquired for neutralization of 100 gm of copolynweas made.
Inspection of such a plot revealed that there weaay breaks in the plot. From this plot the firstdk and the last
break were noted. The calculation bf n by this method is based on the following consitlena[17]: (1) the first
break corresponds to the stage at which the faigiaphenolic hydroxyl group is neutralized, ad {he last break
observed beyond the first break represents the stag/hich phenolic hydroxyl group of all the refieg units are

neutralized.On the basis of the average degree of polymeriz,a() the average molecular weight has to be
determined by following eq. (1)...

(Total milliequivalents of baseuéred for complete neutralization)

P ——— (1)

(Milliequivalents of basequired for smallest interval)

Mn = DP x molecular weight of the repeating unit

The intrinsic viscosity was determined using a Feanss viscometer [18] at six different concentmasi ranging
from 0.3 wt % to 0.05 wt % of resin in DMSO at @01ntrinsic viscosityf) was calculated by the Huggin’s eq.(2)
[19] and Kraemer’s eq.(3) [20].

In NordX =[] + Ky []2X === @)

IV Ng/X =[N] = KoN]%.C =-memmemmenmen 3)

Electronic absorption spectra of the copolymer iM3$D was recorded on UV-1800 spectrophotometer of
Schimadzu, Japan in the range of 200 — 850 nmegt.f Chemistry, Kamla Nehru Mahavidyalaya, Nagpu
Infrared spectra of 8-QSSF copolymer resin wasroembin najol mull with IR Affinity, FT-IR spectrdmtometer
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in KBr pallets in the range of 4000 — 500 tat kamla Nehru Mahavidyalaya, Nagpur. Proton N&fRctra and
Carbon NMR spectra were recorded with Bruker Adanvé 400 NMR spectrophotometer using DMS@a$ a
solvent, at STIC Kochi,. The surface analysis wasfggmed using scanning electron microscope atewdfft
magnifications. SEM has been scnanned by JEOL J$38& Analytical Scanning Electron Microscope aiGT
Kochi..

lon-exchange properties
The ion-exchange properties of the 8-QSSF copolye®n were determined by the batch equilibriumhodt We
studied the influence of various electrolytes, thte of metal uptake and distribution of metal idedween the
copolymer and solutions.

The copolymer sample (25 mg) was suspended ineatrelyte solution (25 ml) of known concentratidime pH of
the suspension was adjusted to the required valuesimg either 0.1 N HCI or 0.1 N NaOH. The susjpmmsvas
stirred for a period of 24 hrs at 25°C. To thispaumsion was added 2 ml of a 0.1 M solution of mietaland the pH
was adjusted to the required value. The mixture agasn stirred at 25°C for 24 hrs and filtered [22]. The solid
was washed and the filtrate and washings were awedband the metal ion content was determined batitn

against standard EDTA. The amount of metal ionkeptaf the polymer was calculated from the diffeeebetween
a blank experiment without polymer and the readinthe actual experiments [23]. The experiment vegeated in
the presence of other three electrolyte such ad,N&C10, and NaSQO,.

In order to estimate the time required to reachstiade of equilibrium under the given experimeithditions, a
series of experiments of the type describe abowe warried out, in which the metal ion taken upthxy chelating
resin was determined from time to time at 25°Ctijm presence of 25 ml of 1 M NaN®olution). It was assumed
that under the given conditions, the state of dmnuim was established within 24 hrs. the rate efahuptake is
expressed as percentage of the amount of metal tadeen up after a certain related to that at tlaesof
equilibrium.

The percent amount of metal ions taken up at diffetime is defined as.

Amount of metal ion adsorbed x 100
Amount of metal ion adsorbed at equilibrium

Percentage of amount of metal ion taken up atreiffetime ~

The distribution of each one of the eight metakior. F&", C/**, Ni?*, Co*, zr?*, Cd* Hg?* and PB* between the
polymer phase and the aqueous phase was deterati@88C and in the presence of a 1M Nals@lution.

The experiments were carried out from 1.5 to 6 pHGU*, Ni?*, C*, Zr?*, C* and PB". In case of F& the
study was carried out from 1.5 to 3.0 pH. After 124 the mixture was filtered, the filtrates and ag were
collected. Amount of the metal ion which remainedtiie aqueous phase was estimated by back titratitn
standard EDTA solution using appropriate indica®imilarly blank experiment was carried out with@ading
polymer sample. The amount of metal adsorbed &ytilymer was calculated from the difference betwssmple
and blank reading. The original metal ion concdiarais known and the metal ion adsorbed by thgmels was
estimated. The distribution ratio ‘D’ is calculatiedm the following equation-

_Amount of metalion on resin » Volume of solution (ml)
Amount of metal ion in solution Weight of resin (g)

If we consider

‘Z' is the difference between actual experimetdiag and blank reading,
‘C’ gm is the amount of metal ion in 2ml 0.1M miatérate solution,

‘Y’ gm of metal ion in 2ml of metal nitrate soloti after uptake

Metal ion adsorbed [uptake] by the restn = Y

ZX 2 _(ZX
0025

j13333

RESULTS AND DISCUSSION

The resin sample was light brown in color, insotulth commonly used organic solvents, but was selubl
dimethyl formamide, dimethyl sulphoxide, tetrahyfdiran, pyridine and concentrated3®0,. The resin synthesized
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do not show sharp melting point but undergo decaitipm 410-430°K. Based on the analytical data,eimpirical
formula of the copolymer resin is found to bgh,N, SG;, which is in good agreement with the calculatedigal
of C, H, N and O. The resin was analyzed for caybdtydrogen, and nitrogen content. C =44.44% (@al)
44.15% (F), H=3.70% (Cal) and 3.48% (F), N =17.28%4), and 17.75% (F), O= 24.69% (Cal) and 26.23%(F)

The number average molecular weigﬁ(n) could be obtained by multiplying th®P by theformula Weight of
the repeating unit [24, 25]. The calculated molacweight for 8-QSSF resin is 68329.

Viscometric measurement was carried out in DMSQQAC. 8-QSSF resin showed normal behavior. Thangitr
viscosity was determined by the Huggin's eq. (2) &maemer’s, eq. (3) which is 0.29 and 0.27 respelgt In
accordance with the above relations, the plotsgfandn.;. against C was linear giving as slopesafd K (0.55)
respectively. The intercept on the axis of visgofihction gave then) value in both the plots [26, 27]. The values
of (n) obtained from both relations were in good agregmeth each other.

Spectral Analysis

The UV-visible spectrum of 8-QSSF copolymer resistiown in Fig. 2. UV-visible spectrum of 8-QSSEimehas
been recorded in pure DMSO in the region of 2006-8m at a scanning rate of 100 nm TiiThe spectra of these
copolymers exhibit two absorption maxima in thei@ag280 nm and 320 nm. These observed positiorthef
absorption bands indicate the presence of cartgmoylp (ketonic) processing double bond, which isanjugation
with the aromatic nucleus [28, 29]. The appearasic®rmer band (more intense) can be accountedtfor*
transition while the later band (less intense) rbaydue to f>n*  electronic transition. The shift from the basic
value (viz. 240 nm and 310 nm respectively) maylbe to conjugation effect, and presence of phergldroxyl
group (auxochromes) is responsible for hyperchraffiect i.e.€max higher values.

2.04

Absorption (%)

1.04

0.00

T T T T T T T
200 400 600 800

Wavelenth (nm)

Fig.2. Electronic spectra of 8-QSSF copolymer resin

The IR spectrum of 8-QSSF copolymer resin is prieskeim Fig. 3 and IR data are specified in Tablg82-31]. A
broad absorption band appeared in the region 3280-2m" may be assigned to the stretching vibrations of
phenolic hydroxyl (-OH) groups exhibiting intramolgar hydrogen bonding. The peak at 1390-1270 ¢@€H,
plane bending), indicate the presence of methyle@#,) group and 1367-1369 chmethylene bridge in
copolymer chain. The bands appeared at 1441 @yl C-H stretching) and 950-1125 €nfsubstituted aromatic
ring) may be ascribed to aromatic ring. The bang0&-800 crit indicates the presence of tetra substituted aiomat
ring. 1,2,3,5 substitution in aromatic ring was ftoned by the bands appeared at950, 1058, 1125. The band of -

NH stretching (3200-3000 ¢t seems to be merged with very broad band of piehypdroxyl group.
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Fig. 3. FTIR Spectra of 8-QSSF Copolymer Resin
Table 2. FT-IR Frequencies of 8-QSSF CopolymerResin
Obseéygggznd frequencies (m Assighment Expected band frequencies (9m
3445(b,st) -OH Phenolic intermolecular hydrogending 3450-3200
1544.1(m) =C=0 (Aromatic ketone and semicarbazide moity) 1600-1500
1441.6(sh,st) Aromatic ring (substituted) 15e0a
1510(sh,st) -NH Bending of secondary amide 15460
1320(sh,st) -CkMethylene bridge 1390-1270
1280(m) -CH Bending (wagging & twisting) 1300-1280
920(m) 950
1067(m) 1,2,3,5 Substitution in aromatic ring 1058
1128(m) 1125

sh=sharp; b=broad; st= strong; m= medium; w=weak

14 13 12 11 10 b= 8 F [+ 5 4 3 2 1 Q PPm
Chemical Sift

Fig.4. Proton NMR spectrum of 8-QSSF copolymer rés

The NMR spectrum (Fig. 4) of 8-QSSF polymer weansed in DMSO-gsolvent. The chemical shifdY ppm
observed is assigned on the basis of data availaliterature [32,33]. The singlet obtained in ttegjion 3.89 -
3.940) ppm may be due to the methylene proton of Ar,Cidoiety. The weak multiple signals (unsymmetrical
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pattern) in the region of 8.23-8.(ppm may be attributed to aromatic proton (Ar-Hhe signals in the range at
9.11 to 9.168) ppm may be due to phenolic hydroxyl protons. frheeh downfield chemical shift for phenolic —-OH
indicates clearly the intermolecular hydrogen baogdof -OH group [34.35]. The signals in the rande9®6 —
9.92@) ppm are attributed to proton of -§Dgroups.

Scanning electron micrographs

Surface analysis has found great use in understgride surface features of the materials. The nwogly of the
reported resin sample was investigated by scarglajron micrographs at different magnification,iebhis shown

in Fig.5. It gives the information of surface topgy and defect in the structure. The resin appetarbeé dark drawn
in colour. The morphology of polymer resin is shogpherule and fringed model. The spherules are lExmp
polycrystalline formation having as good as smostinface. This indicates the crystalline nature eSSF
copolymer resin sample. The morphology of resirypar shows also a fringes model of the crystallineorphous
structure. The extent of crystalline character depgeon the acidic nature of the monomer. But thetqgraph
shows the fringed and scatted nature having shaglitswepresent the transition between crystalind amorphous.
The resin exhibits more amorphous characters Witbed packed surface having deep pits, which isvaheig.5.
Due to the deep pits, resin exhibits higher exchasapacity for PH ions (as well as other many metal ions). This
could be the reason of bigger nitratedPidns, which can easily penetrate in to the deég. fihus by SEM
micrographs morphology of the resin shows the ttams between crystalline and amorphous nature. Whe
compare to the other resin [35, 36], the 8-QSSklyoper resin is more amorphous in nature, hencevshogher
metal ion exchange capacity.

Fig.5. SEM of 8-QSSF Copolymer resin

lon-exchange properties

With a view to ascertain the selectivity of thedséd the influence of various electrolytes on takestivity of metal
ions, the rate of metal uptake and the distributatio of metal ions between the copolymer andtgmiucontaining
the metal ions, by using batch equilibrium meth®d,38]. Data of experimental procedure for diredfl titration
is presented in Table 4.

The 8-QSSF copolymer shows that the group -OH &l contain lone pair of electrons, which can beated to
the metal ion during complex formation. Hence ibwh chelating behavior. When polymer is suspendeuétal
ion solution, the chelating tendency of copolymamfs the cyclic complex with the metal ion, whidbsarbs the
metal ion from solution to surface of polymer. Thi®chanism of adsorption of metal ion by polymgafids is
known at metal uptake of polymer. Due to metal kpteoncentration of metal ion in solution decreatgs can be
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determined by titration with standard EDTA solutidie metal uptake capacity of polymer is differfemtdifferent
metal ion, is also known as selectivity of polyn@wards the uptake of metal ion. The metal uptakeopolymer
depends on three variables, concentration of elgtér solution, shaking time and pH of the soluti®he chelating
behavior of 8-QSSF copolymer was studied with thiesse variables by keeping two variable constarfiah time.

Polymer + metal ion solution + shaking_, polymer — metal ion chelate
(Metal uptake capacity of polymer depends on stgtnf polymer — metal ion chelate)

Batch equilibrium technique developed by Gregoaletand DeGeiso et al. was used to study of iorha&xge
property of 8-QSSF copolymer resin. The resulthefbatch equilibrium study carried out with the algmer resin
8-QSSF is presented in Fig. 7-12. eight metal leef$, C#*, Ni**, zr?*, Cd*, C&*, Hg"* and PB'in the form of
aqueous metal nitrate solution were used. The iohange study was carried out using three expetahen
variables: (a) electrolyte and its ionic strendth ¢haking time and (c) pH of the aqueous mediumoAg three
variables, two were kept constant and only one weaied at a time to evaluable its effect on megahlke capacity
of the polymer [20, 22, 36].
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pH : Fe(lll) =2.5; Cu (1) = 4.5; Ni(I)=4.5; Co(ll)=5.0; Zn (I)=5.0; Cd(I)=5.0; Hg(ll)= 6.0 ; Pb(I1)=6.0
Fig. 6. Uptake of several metal ions by 8-QSSF cdymer resin at five different concentration of eletrolyte solution NaNOs;
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&
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M(NO3),]=0.1 Mol/l; Volume = ml; Volume of electrolyte soltion : 25 ml; Weight of resin = 25 mg; time : 2zrs: Room temperature.
pH : Fe(lll) =2.5; Cu (Il) = 4.5; Ni(ll)=4.5; Co(I)=5.0; Zn (I1)=5.0; Cd(I1)=5.0; Hg(ll)=6.0; Pb(l1)=6.0
Fig. 7. Uptake of several metal ions by 8-QSSF cdymer resin at five different concentration of eletrolyte solution NaCl

Effect of electrolytes and their concentration ontie metal ion uptake capacity

We examined the effect of NQCI, SO and CIQ  at various concentrations on the equilibrium oftaheesin
interaction of constant pH. Different metal ionsvdaifferent pH in solution, has been mentionedHig.6-9],

which shows that the amount of metal ions takerbym given amount of copolymer depends on the aabfir
concentration of the electrolyte present in theitsmh. In the presence of nitrates, perchlorate @dride ions the
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uptake of F&, CU*, Zrf* and PB' ions increasing with increasing concentration leteolytes. Whereas in the
presence of sulphate ions, the amount of aboveiomenat ions taken up by the copolymer resin deceeasth
increasing concentration of the electrolyte [3%0&e NQ’, CI, and CIQ ions form weak complex with the above
metal ions, while S¢¥ form stronger complex thus the equilibrium is aféel. This may be explained on the basis
of the stability constants of the complexes withsth metal ions and nature of ligands.

—+—Fe
—a—Cu
—&—Hg
——Cd
2 —*—Co
—e—7n
—+—Ni
——Pb

N
]
|

=

b

o
n
I

Uptake of metal ion by resin (meg/gm)

0.01 0.05 0.1 0.5 1
Concentration of electrolyte solution (mol)

M(NO3),]=0.1 Mol/l; Volume = ml; Volume of electrolyte soltion : 25 ml; Weight of resin = 25 mg; time : 2zrs: Room temperature.
pH : Fe(lll) =2.5; Cu (Il) = 4.5; Ni(ll)=4.5; Co(I)=5.0; Zn (I1)=5.0; Cd(I1)=5.0; Hg(ll)=6.0; Pb(l1)=6.0
Fig. 8. Uptake of several metal ions by 8-QSSF cdymer resin at five different concentration of eletrolyte solution NaClO,4
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M(NO3),]=0.1 Mol/l; Volume = ml; Volume of electrolyte soltion : 25 ml; Weight of resin = 25 mg; time : 2zrs: Room temperature.
pH : Fe(lll) =2.5; Cu (Il) = 4.5; Ni(ll)=4.5; Co(I1)=5.0; Zn (II)=5.0; Cd(I1)=5.0; Hg(Il)=6.0; Pb(l1)=6.0
Fig. 9. Uptake of several metal ions by 8-QSSF cdymer resin at five different concentration of eletrolyte solution Na,SO;4

Rate of metal ion uptake as a function of time

The rate of metal adsorption was determined to @intthe shortest period of time for which equilion could be
carried out while operating as close to equilibricomdition as possible. During rate of metal iotedmination, the
concentration of metal ion and electrolyte solutiond pH of the solution remain constant and pHazhemetal ion
is different, which is given in Fig 10. As shakitie increases the polymer gets more time for gy, hence
uptake of metal ions increases. Fig.10 shows thelteeof rate of uptake of metal ion on 8-QSSF typer resin.
The rate refers to the change in the concentratidhe metal ions in the aqueous solution whictmisontact with
the given copolymer. The figure shows that the tialeen for the uptake of the different metal ioha given stage
depends on the nature of metal ions under giveditions. It is found that F& ions required about 3 hrs for the
establishment of the equilibrium, whereas'Cdr** and PB" ions required about 6 hrs. Thus the rate of nieted
uptake follows the orddfe’* > Ci#* > He?* =~ PEF* > Zrt* > Ni#*>Cd?* > CF* for the 8-QSSF copolymer [40].
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Fig. 10. Comparison of the rate of metal ion uptakéy 8-QSSF copolymer resin

Distribution ratios of metal ions at different pH
The distribution of metal ion depends upon pH @& #olution. By increasing pH, the" kbn concentration in the
solution decrease and only metal ion in the safusieailable for adsorption which increase uptakmefal ions.

The effect of pH on the amount of metal ions distred between two phases can be explained by sutsayiven
in [Fig.11]. The data on the distribution ratio asunction of pH indicate that the relative amoohtmetal ions
taken up by the copolymers increase with increapli@f the medium [40]. The magnitude of increds®yever, is
different for different metal cations. The studysaaarried out from 2.5 up to pH 6.5 to prevent biyhis of metal
ions at higher pH. The selectivity of ¥éon is more for the 8-QSSF copolymer resin as amapo the any other
metal ions under study. The order of distributiatiar of metal ions measured in the range, 1.5%d%found to be
Fe** > CU* > Ni?* > Zrf* [38]. Thus the results of such type of study akptul in selecting the optimum pH for a
selective uptake of a particular metal cation framixture of different metal ions [32, 36]. For exae, the result
suggests the optimum pH 2.5 for the separationedf &d ZiA* with distribution ratio ‘D’ is 480.2 and 685.7
respectively using the 8-QSSF copolymer resin asichange. Similarly for the separation of‘Fat the optimum
pH is 2.5 with distribution ratio is 480.2 for 8-QB copolymer. The lowering in the distribution oatiof F&" was
found to be small hence, efficient separation cdutdachieved. The order of distribution ratio oftah@ons
measured in pH range 2.5 to 6.5 is found to b& Fe&Xv* > NiI%* = X8 > Zv* > X0® = Mp*".

3500 - e Fe
—&—Cu
— Hg
3000 - —x=cCd
—+—Co
—e—Z7Zn
—+—Ni

——Pb

2500

Distribution ratio (D)
a2 S
o o
o o

-
o
o
o

o
o
1=

o

1.5 1.75 2 25 3 3.5 4 5 6 6.5
pH of solution

Fig.11. Distribution ration (D) of various metal ions as function of different pH by by 8-QSSF Copolymr resin
CONCLUSION

Copolymer resin (8-QSSF) was prepared from 8-hyghjainoline 5-sulphonic acid and semicarbazide with
formaldehyde in acetic acid medium by condensatahnique. The amorphous nature of the 8-QSSF yoyul
resins were confirmed by the SEM studies and revibalt the copolymer can act as an effective iahaxger for
trivalent and divalent metal ions such ag'Fe€d*, CU#*, Zré*, Ni** Co®*, HF" and PB*ions. This study of ion-
exchange reveals that 8-QSSF copolymer resin igegréo be an eco-friendly cation exchange resin @ be
used for the removal of hazardous metal ions froendnvironmental area, for the purification of istlial waste
solution and for the purpose of purification andalmation of water.
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