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ABSTRACT

The ion-exchange technique has been involved &rdimoval of heavy metal from different aqueolistion. The
terpolymer resin was synthesized by condensatidgmesization of o-toludine and 8-hydroxyquinolinethw
formaldehyde resin using dimetylformamide (DMF) aseaction medium in 1:1:2 ratio at 130°C for 614 The
composite was prepared by terpolymer and activateatcoal. The structure of the prepared Terpolymssin and
composite were established by the elemental asadysil other spectral studies such as FTIR and NM&{C).
The surface morphology of the adsorbents have besmrmined by SEM. The prepared adsorbents weljeced
to removal of selective metal ions like?Guzrt*, C*, P in different electrolyte concentrations, differgutt
ranges and different rates by Batch equilibriummmoet The results revolved that, the terpolymer imdomposite
have good adsorbents. The adsorbents were an ieéfauietal ion removal for Zhithan other metal ions. The
metal ion capacity of the adsorbents also compavrig other commercial resin.
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INTRODUCTION

In recent years, universal environment affect byictccheavy metals like lead, cadmium, cobalt, meycuro
increased the percentage of heavy metals can dftentin health and ecosystems and causes someedisaab
damage some body system like kidney, nerves sydien,and brain [1]. The main sources of heavyatefrom
chemical industries such as acid batteries marwiag, paint industries etc. The main issue isstoove or prevent
the toxic heavy metals from environment. Many reseer have been focused on the removal of toxieyhewetals
using conventional methods. Many more conventionethods can be used for removal of heavy metals asc
adsorption, flotation, ion-exchange process. Amthrege methods ion-exchange is one of the best ae{Bd This
is may be due to the exchange of ions between lten@o and metal ion. For the ion-exchange proceasym
researcher used a Varity of synthetic polymer, bseait has more hydroxyl and amino containing atama
functional groups, these functional groups can axtgood ion-exchanger. Number of researchers haea b
synthesized and removal of some toxic heavy meiaén follows.

ASF terpolymer resin was prepared from anthramaitici and salicylic acid with formaldehyde in gldcaetic acid
medium by polycondensation method [8}Nitrophenol and thiourea with paraformaldehydepodymer was
identified as an excellent cation-exchanger fof*zand C3&" ions [4]. Phenolic schiff bases derived from
hydroxybenzaldehydes and 4,4-diaminodiphenyl etteare been reported as better chelating resins oI
leading to its separation from mixtures of Cu @ifjd Ni (1) ions [5]. The synthesized 2-amino-6roiitenzothiazole
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and ethylenediamine with formaldehyde in the presesf acid medium, terpolymer resin employing reedayf
various metal ions with different electrolytes, wigH and rate [6]. A chelating resin have beentmgized by
reacting 2,2-dihydroxybiphenyl with urea and fordetlyde in presence of 2M HCI as reaction mediummolve
removal of selective metal ions by using ion- exg® method [7]. 4-hydroxyacetophenone, oxamide and
formaldehyde copolymer prepared by condensatiod-lofdroxyactophenone and oxamide with formaldehiyde
the presence of an acid catalyst proved to beeztbat chelation ion-exchange for certain metatoreed by W.B.
Gurunule and Co-workers [8]. To synthesized a ndeebolymer resin by 2-amino-6-nitro-benzothiazaled
semicarbazide with formaldehyde (BSF) by solutiamdensation technique. This resin was good ion-axgé
behavior for removal of selected metal ion liké FE€W*, Ni?*, C" Zn?*, Cd* and PB" using batch equilibrium
technique with different electrolyte concentratiopkl ranges and time intervals [9]. 8-hydroxyquinel5-sulfonic
acid, oxamide and formaldehyde has been synthefiaedpolycondensation technique. The synthesiesihrhas
been involved removal of heavy metals by batchilégium method. The polymeric resin adsorbed faghter
selectivity for F&", Ci#*, and Nf* ions than for C8, zn**, Cdf*, and PB" ions [10]. A comparative account was
carried out between the commercial activated carlobitosan and chitosan/activated carbon compdeitehe
enhanced of cadmium ions from aqueous solutionsg@ldtion is very important factor for the remowdlheavy
metal ions [11]. A novel comparative study was eltwetween a synthesized terpolymer and its cong@mitthe
removal of heavy metals. The order of removal @fiyemetal ions by the terpolymer and compositen§Z Cu**>
C&*™> P> Cd* and PB™> Cd**> Cu*> Co**> zn** respectively[ 12].

It is clear from the literature, thetoludine and 8-hydroxyquinoline with formaldehydksin type of terpolymer
have not been synthesized for its chelation iorharge properties. Hence it is planned to synthekize-toludine

and 8-hydroxyquinoline with formaldehyde resin t@ymer by condensation polymerization techniquee Tbvel

composite was prepared by activated charcoal ammblyener. The prepared adsorbents were charactetize
elemental analysis, spectral studies to identig/ftinctional groups present in it and to estall&hstructure of the
resin and also study with morphology of the adsatdeThe ion-exchange properties of the terpolyarat its

composite for the removal of specific metal ionsrevcarried out by batch equilibrium method. Theults were
compared with the earlier literatures and comméycievailable resins.

EXPERIMENTAL SECTION

Materials

o-toludine and 8-hydroxyquinoline with formaldehydere used as purchased from Merck, India. Heavahien
solutions such as Gy zr?*, Co*, PF* were prepared by its nitrate salts from Sigma i&ldrThe other chemicals
and solvents procured from Merck were used asvedewithout further purification.

Synthesis of terpolymer

A mixture ofo-toludine (1M) and 8-hydroxyquinoline (1M) with foaldehyde (2 M) was taken in a round bottom
flask, the content of the flask were periodicaliyaken well to ensure homogeneous mixing. They weftaxed in

an oil bath at 136C for 6 hours in presence of dimethylformamide. Aftee stipulated reaction time, the content of
the flask were poured into a beaker containingcigstals with vigorous shaking and left over nighhte separated
resin was washed with Methanol, acetone, ethettzdwarm water to remove unreacted monomers. 83ie was
filtered and air dried at 7Q for 6 hours in an air oven. The dried resin sams finely grounded and sieved to
obtained uniform particle size. The yield of theptdymer was found to be 83%. The synthesized neamfound to
be soluble in some mineral acids and bases. Théanexn of the synthesis of terpolymer is shownéhe®ne 1.
The novel terpolymer/activated charcoal composigs wrepared by THF terpolymer and activated chhindk?2
ratio. The terpolymer was dissolved in 25 mL of DM&nd the activated charcoal was added into itl@dnixture
was subjected to ultrasonication for 3 h with cansstirring for 24 h at room temperature. Afteg gpecific time,
the obtained composite was separated, filtereddaierd at 70°C for 24 h.
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Scheme 1. Synthetic route of THF terpolymer

Elemental, spectral and SEM analyses

The proportion of elements likes that C, H and N &nalyzed using an Elementar instrument (Modeiovat. Iil,
Germany). The functional groups of the adsorbeatetbeen established by FTIR spectra scanned impkiiets
on a Bruker (Model Tensor27, MA, USA) spectrophoéoen and the'd & *°C) NMR spectra were recorded using
Bruker 400 MHz,MA, USA in DMSO-d as a solvent for the nature of the hydrogen amborapresent in the
resin. The surface morphology of the synthesizedpmund was determined by Jeol scanning electronostgope
(Hitachi Model S-3000H, Tokyo, Japan) at differerdgnification.

I on-exchange studies

Analysis of metal ion uptake at different electredy

A batch equilibrium method was adopted to deternireemetal ion uptake of specific metal ions like?Czn?*,
P and CS" 25mg of the polymer sample was taken in a prangd glass bottles and 25ml of electrolytes like
NaCl, NaNQ and NaClQ at various concentrations viz 0.1, 0.5, and 1.@nel added in to it. This solution was
mechanically stirred vigorously for 24 h to alloetterpolymer for swelling. Exactly 2ml of 0.1 M gjfecific metal
ion was added and again stirred for 24 h. Theaféitwere collected and then the amount of metahias estimated
by titrating against standard MEDTA solution. A blank experiment was also perfodmiellowing the same
procedure without the addition of the resin sample amount of metal ions taken up by the adsosbienthe
presence of a given electrolyte can be calculated fis follows,

_ V(CO - Ce)
M
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Where, Q is the ion-exchange capacity, V is theiv@ of the metal ion, s the initial concentratior(, is the
final concentration, M is the weight of the polyrftamposite

Analysis of metal ions at different pH
The metal uptake was used at various pH range ketdié to 5.0 of the adsorbent and the aqueouticsolwvere
determined in the presence of 0.1 M NaCl at 25°C.

_ V(CO - Ce)
M

Where, Q is the ion-exchange capacity, V is theiva of the metal ion, {Gs the initial concentratiorg,is the final
concentration, M is the weight of the polymer/cosi®

Analysis of rate of metal ion uptake

To estimate the time required to reach the statecpfilibrium under the experimental conditions, egies of
experiments were made to estimate the amount ddilrieet uptake by the terpolymer at require timeiwéals, 25
mg of the adsorbents samples was mechanicallgdtwith 25 mL of 1 M NaCl and titrated against, RBTA. The
rate of metal ion uptake is showed as the perceméghe amount of metal ion uptake after a spetifine related
to that in the state of equilibrium. The Percentafymetal ion was calculated by,

. . (CO - Ce)
Removal ef ficiency (%) = — X 100
0

RESULTSAND DISCUSSION

Elemental analysis
From the elemental data, the empirical formulahefterpolymer found to be;§1,gN,O.

The percentage of the elements present in thelyengo was concluded by the calculated and experiahemlues
found for carbon is 78.59, hydrogen is 6.25, nigrogs 9.65, and oxygen is 5.51. which are in gaggré@ment with
each other. The values of elemental analysis aurtfie proposed structure of the terpolymer preseintecheme 1.

Spectral studies

FTIR spectral analysis

The structure of synthesized resin was analyzedHIyR spectrum of THF is depicted in Fig.1. A kioopeak
appeared in the region of 3423.21tia assigned to the amine group of Ar-NH and -OHged in the terpolymer.
A peak appeared at 2855 ¢im attributed to aromatic ring stretching modespgak appeared in the region at 2925
cm’ is attributed to >Chilinkage present in the terpolymer. The FTIR speutof composite is showed in Figure 2.
From the figure, the composite slightly changesnfrterpolymer. The specific adsorption band at 33b8vas
caused by —NH bridge from terpolymer . The adsomptf band around 2858.97 can be attributed to aticming
stretching (C-H) present in the terpolymer. A baid2928 indicates -CHstretching involved in the terpolymer.
Based on the above data, it is confirmed that eéngotymer has got adsorbed on the charcoal to focomposite.
[13].
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Fig.1 FTIR spectra of THF ter polymer

Fig.2 FTIR spectra of THF composite
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NMR spectral analysis

TheH NMR spectrum of the THF terpolymer resin are dega in Figure.3. The resonance signal at 9.5 ppm i
assigned to the -OH of quinoline ring. The sigregdpeared in the region of 7.0-7.6 ppm are attribtweall the
protons of the aromatic ring. The methylene pratbvCH, bridge was assigned at 5.03 [14].

T T T T T T

9 8 T L} L 4 3 2 Ppm

-

Fig.3'H NMR spectra of THF terpolymer

The *®*C NMR spectrum of the terpolymer is shown in Figude The spectrum of THF resin shows the
corresponding peaks at 112.84, 117.03, 119.15542930.21, 135.6 ppm with respect to C1 to Céhefdromatic
ring. The peak observed at 54.86 ppm to indicdtes@H bridge in the terpolymer.

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Fig.4 'C NMR spectra of THF terpolymer
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Surface analysis

The surface morphology of the terpolymer and cortpdsave been investigated by SEM analysis. The SEM
images are depicted in the Figure. 5. The surfacehology of the terpolymer was found to be fragtbased
surface shown in Fig. 5 (a). The figure Fig. 5 ¢hpws that, the terpolymer surface having closeckezh
arrangement surface more active sites. The SEMoghaph of the composite is shown in Fig. 5 (b)nfribe figure

the surface morphology of the composite differeatrf terpolymer. Which is evidence for formationcoimposite.
The surface morphology of the composite having namtéve sites and different pores size presenthensurface
compared to terpolymer. This is implies that insieg the surface area, increasing the larger nuibeavities for
composite. from this images, the terpolymer andmusiie have better metal ion removal capacity [ 12]

Fig.5 SEM photographs of (a) TCF terpolymer, (b) composite

Table 1. Effect of metal ion uptake by THF terpolymer & itscomposite

Metal ions . Metal ion uptake in the presence of electrolytesr{oig)
Concentration of electrolyte:
(mol L) NaCl . NaNG; . NaClQ, .
THF | Composite| THF | Composite| THF | Composite

0.1 0.748 0.932 1.208 1.315 0.756 0.812

PE* 0.5 0.831 1.08 1.328 1.486 0.832 1.08
1 1.504 1.732 1.631 1.845 0.916 1.256

0.1 0.85¢ 1.232 1.142 1.38¢ 1.10¢ 1.23¢

cv* 0.t 2.57¢ 2.64¢ 1.23] 1.74% 1.64:2 1.85:¢
1 2.731 2.832 1.8 2.08 1.9 2.132

0.1 0.758 0.965 0.654 1.345 0.635 0.875

Co* 0.5 0.972 1.08 1.708 1.516 1514 1.6
1 1.608 1.831 2.425 1.915 1.636 1.723

0.1 1.50¢ 1.87¢ 1.34¢ 1.54: 1.71¢ 1.85¢

zn** 0.E 2.67: 2.75¢ 1.827 2.0¢ 1.91¢ 2.0¢
1 2.736 2.987 2.331 2.532 2 2.416

M?**(NOs),= 0.1 M; volume = 2 mL; volume of electrolyte = & ; weight of resin = 25 mg; time = 24 h; room f@enature

| on-exchange studies

Effect of metal ion uptake in different electrofyteith variation in concentrations

The chelating ion-exchange property of the terpelysnd composite were measured by batch equilibmeathod
involving C&*, CU#*, PF" and zrf" ions in various electrolytes viz. NaCl, NaN@nd NaCIQ with different
concentration of 0.1, 0.5 and 1.0 M. The results presented in Table-1. From the data it is obsethat the
amount of metal ion uptake for a given amount gbatymer resin depends on the nature and concentsatf the
electrolyte used for the chelation studies [15].eTincrease in the metal ion uptake with the inereaé
concentration may be explained on the basis okthkility constant of the complexes and due toidhs forming
strong chelates with metal ions [16]. From the ltsstine terpolymer and its composite were foundeohigher
amount metal ion uptake for Zrthan other metal ions. This is may be due to ssizdl of the metal ion easily enter
on the surface cavities [12 ]. The amount of "PBU** and C8" ions by the both adsorbents are less than thhieof
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Zn**. This may be due to the relative weak chelatiomefal ions with the electrolytes. Furthermore, ltirge size
of the metal ions was slowly through in to the tdymer surface. Hence Zftan easily removed by the terpolymer
and its composite. the terpolymer and compositeacss as a better ion-exchanger. The comparato@uat study
was involved terpolymer and its composite, from tlesults the composite has higher metal ion uptakepared to
terpolymer. Which is may be due to the large s@faea and more active sites on the surface. Héme@rder of
the selective metal ion uptake were found to b& 2rCi#*> C*> PiF* .

Analysis of metal ions removal at different pH

The effect of pH is very important role of the iaxchange process. The ion-exchange behaviouedg&thbolymer
and composite have been investigated by the infei@f the different pH range at 1.5 to 5. The paepof the using
pH, to avoid the precipitation of the meal ion [1The effect of pH, the amount of metal ion uptakéween the
two phase are given in Table 2&3. At low pH, inesthe concentration of thé n compete with metal ion on
the surface. The amount of metal ion uptake byatfeorbents increases with increasing pH [18]. At fiH, the
metal ion cannot easily enter in to the activessitee to higher concentration of iéns. From the observed results
the terpolymer and composite takes ug*Zans more effectively than the other metal ionsisTis may be due to
the low concentration of Hons and stability constant of the adsorbents aethhion complexes [12 ]. Further #b
ions have lower metal ion uptake by the terpolyared composite. This can be explained as the wedllization
energy of the metal complex formed from these idmghis investigation it is observed that the ardemetal ion
were found to be 7 > CU#*> Co**> Pif* by terpolymer and composite.

Table2. Metal ion uptake at different pH by THF terpolymer

Metal ion uptake (m.mol/i

Metal ions H of the medium

15 2 3 4 5 6
PL* 0.325| 0.564 | 0.652| 0.937| 1.118| 1.342
cu 0.623| 0.914| 1.23 | 1.324| 1.625| 1.73
[l 0.425| 0.615| 1.08 | 1.238| 1.52 | 1.653
zn** 064 | 0.7¢ | 0.91f | 1.0¢ | 1.92¢ | 2.31:
M?*(NOs),= 0.1 M; volume = 2 mL; NaG 1 M; volume = 25 mL; weight of resin = 25 mgne = 24 h; room temperature

Table 3. Metal ion uptake at different pH by composite

Metal ion uptake (m.mol/g)

Metal ions H of the medium

15 2 3 4 5 6
PIr* 0.415| 0.545| 0.712] 0.925| 1.08| 1.735
cw 0.52¢ | 0.63¢ | 0.91f | 1.1z | 1.51Z | 1.95¢
Co” 04| 0512| 0.632| 0.815| 1.23| 1.832
zn* 0.654| 0.831| 1.08| 1.214| 1.832| 2.454
M?**(NOs),= 0.1 M; volume = 2 mL; NaG 1 M; volume = 25 mL; weight of resin = 25 mgnt = 24 h; room temperature

Analysis of metal ions removal at different rate

The effect of rate is significant parameter for-exthange study. The comparative account of thokgner and
composite is subjected to the different rate. Tiheceof rate for selective metal ions €uwzn?*, C&* and PB'. The
observed results are given in Table 4 & 5. The ddtenetal ion adsorption was estimate to which riretal ion
uptake has the shortest period of time to attagnctbse to equilibrium condition during the ion-eaoge process
[19]. From the observed results, the terpolymer @miposite were found Zhion is the shortest period of time to
attain equilibrium at 4 h[20]. Which may be duetih@ more available active sits and large surfaea 2 ]. In
other hand, small size of the metal ion is easilyqirate to the surface active sites. Slow metalijutake for Pt
may be due to higher ionic radius and large sizehn@fmetal ion [21 ]. From the above results, thdeoof rate of
metal ion uptake by the terpolymer and compositeevieund ZA*> CU/*> Cd**> PKF*>. However, the metal ion
uptake capacity of the composite is higher thapdigmer. Due to higher pores nature and large sarfrea.
Finally, the resin and its composite are betteragohangers for selective metal ions than some aantial ion-
exchangers.
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Table 4. Rate of metal ion uptake by THF ter polymer

Equilibrium attainment (%)

Metal ions Time (h)
1 2 3 4 5 6 7
PE* 13 | 35.3| 47.8| 56.7| 67.4| 75 | 83

cuw 155 | 25 | 48.7 | 56.£ | 68.71 | 80.z | 88.€
Co 13.8| 38.4| 46.7| 59.8| 68.4 | 76.8| 84.1
zn* 34 [ 52 | 95 | 95 - - -
M?**(NOs),= 0.1 M; volume = 2 mL; NaG 1 M; volume = 25 mL; weight of resin = 25 mgnt = 24 h; room temperature

Table5. Rate of metal ion uptakeby composite

Equilibrium attainment (%)

Metal ions Time (h)
1 2 3 4 5 6 7

P 15 30 | 464 | 605| 71.2| 774 828
Ccuw 25.6| 486 | 65.4| 785| 853 | 93.2| -

Co™ 234[405[513]702] 77.8] 86.7
Zn* 458 | 62.3| 78.4] 98.2 | 98.2 - -
M?**(NOs),= 0.1 M; volume = 2 mL; NaG 1 M; volume = 25 mL; weight of resin = 25 mgnt = 24 h; room temperature

CONCLUSION

A new terpolymer and composite were successfullyie out by polycondensation technique. The sysittes
adsorbents were characterized by various spectralysis. Using FTIR and surface morphology dataewe
confirmed formation composite. The prepared adsusb® involved removal of selective toxic heavytahé Cd”,
CU*, PF*and Zrf*) ions by batch studies. Sorption capacity of ttigosbents varied by the influence of nature and
pH. The terpolymer and its composite have highemahien uptake. Which may be due to different gmsie, large
surface area. The results evolved that the terpailyand its composite were found to be higher nietaliptake for
Zn*" ion than other metal ion. This is indicates stretapility constant of the adsorbents with metal idoreover,
the comparative account was found, the composite Higher metal ion uptake than terpolymer. Henbe, t
terpolymer and composite can act as better ionaxgér for metal ion removal.
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