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ABSTRACT

lon-exchange resin abbreviated as HPEG-| was swithd by polycondensation in the presence of poltoric
acid as a catalyst using monomers p-hydroxybenhgttke (0.1M), terephthalic acid (0.1M) and ethylagigcol
(0.3M) at 126C. The terpolymer resin was characterized by eleéateamalysis, the number average molecular
weight, UV-Visible, IR andH NMR spectrum. Chelating ion-exchange propertiesHBEG-I terpolymer was
studied for SB, Bi**, zn** and Md* ions by the batch equilibrium method. The metakigrere estimated
spectrophotometrically. The study was carried owgroa wide pH range and in media of various iortieisgths.
The terpolymer resin can be used as a selectiveeirhange resin for Bi , Mg?* and Zrf* ions.
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INTRODUCTION

Removal and optimization trace heavy metals haem la¢tracting much attention as far as environnhésgaes are
concerned. For this purpose high selective andiggeanalytical techniques have to be developedibside the
problem of metal pollution. The literature surveyealed that many ion-exchangers with varying seites were
developed for separation and removal of inorgaoitugants from the waste and industrial effluefitee existence
of heavy metals in the environment has been a lodisiencern due to their sensitive and long terxictty. lon-
exchanges have been usually used in analytical istigmnhydrometallurgy, antibiotic purification, g&ration of
radioisotopes; discover great application in wateatment and pollution control [1- 2]. Therefoirgerest has been
developed in the synthesis of ion exchange polyesn.

Gurnule et al synthesized terpolymer resins by easdtion of 2-hydroxyacetophenone-oxamide-formaldetj3-
4], 4-hydroxyacetophenone-oxamide-formaldehyde [&]hydroxyacetophenone-biuret-formaldehyde [6-7}, 8
hydroxyquinoline-melamine and formaldehyde [8],isdic acid—melamine—formaldehyde [9]. They studied-
exchange properties of terpolymers foP F€F*, Ni**, Cd*, zn**, Cd* and PB" ions over the pH range 1.5-6.5
and in media of various ionic strengths. They rembthat the polymer showed a higher selectivity®e" ion over
any other ion.

Hiwase et al synthesized PHBRF-I and PHBRF-II paysrby condensation of p-hydroxyacetophenone-he&mi
formaldehyde in the presence of acid catalyst asidg varied molar ratios of reacting monomers [I0jey
studied ion-exchange properties of terpolymersda?, Ni%*, C&*, zr**, PF* and Cd" ions over the pH range 3.0-
6.0. They reported that the polymer showed thatale of metal uptake of PHBRF-11 > PHBRF-I for mletinder
study and terpolymeric resins show high selectifotyCu**, Zr** and C8" as compared to Rfj P& and Cd".

Rahangdale et al synthesized 2, 4-dihydroxyacetopiedithiooxamide-formaldehyde terpolymer and atied
ion-exchange properties was studied employing #giehbequilibrium method. It was employed to studiestivity
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of metal ion uptake over a wide pH range and inrtieglia of different ionic strength. The overalleratf metal
uptake was found to follows the order®Fe CU* > Ni** > C&* = Zrf*[11].

Pancholi et al synthesized polymer by condensatio@-hydroxy-4-methoxyacetophenone-thiourea-triexamd
studied ion-exchange properties of terpolymers tf*, Ni**, Co™*, Mn**, Zr**, F¢* and UQ? ions over the pH
range 3.5-5.5 and in media of various ionic stresagThey reported that the polymer showed a higblerctivity for
CU?, Fé* and UQ? ions over any other ion [12].

The present communication deals with the systemstiicly of synthesis, characterization and ion-emgha
properties of HPEG-I terpolymer resin derived frprhydroxybenzaldehyde, terephthalic acid and etteylglycol
by the batch equilibrium method.

MATERIALSAND METHODS

2.1 Materials:
All chemicals were AR grade or chemically pure grap-hydroxybenzaldehyde, terephthalic acid, etigylglycol
and polyphosphoric acid were procured from s.a& fihemicals, India.

2.2 Synthesis of HPEG-I ter polymer:

A terpolymer resin abbreviated as HPEG-I was syirleel by polycondensation of monomers p-
hydroxybenzaldehyde, terephthalic acid and ethylgigeol in the presence of polyphosphoric acid. & evell-
stirred and ice-cooled mixture of p-hydroxybenzhltie (0.1M), terephthalic acid (0.1M) and ethylegigcol
(0.3M), polyphosphoric acid (PPA) was added slowlth continuous stirring as a catalyst. The reactisixture
was left at room temperature for 30 minutes theatdte on oil bath at 128G + 2’C for 5.30 hrs. The reaction
mixture was cooled, poured on crushed ice andledt night [13-14]. Light reddish brown solid wasparated. The
crude product was squeezed with ether so as toweteoephthalic acid-glycol copolymer which miglet formed
along with HPEG-I. The HPEG-I terpolymer was furthmurified by dissolving in 0.1N NaOH solution and
precipitated by dropwise addition of 1:1 HCI withnstant stirring. The product was washed sevaradiwith hot
water and cold water. The product was air driedkeqt in vacuum over silica gel. Yield was found®82%. The
scheme of synthesis of HPEG-I is shown in figure 1.

O.._ OH
H {{_,0 =3
2
=
a + n P + 3n HO\\/\OH
=
OH O?
p-Hydroxybenzaldehyde Terephthalic acid Ethylene glycol
PPA, 530 Hrs.
120°C
- (|)| -
H /O N //\O/‘\/
il
0§ o
O
p =
L OH a1,
HPEG-I terpolymer resin

Figure 1 Scheme of synthesis of HPEG-I terpolymer resin

2.3 lon exchange experimental procedures
The ion-exchange property of the HPEG-I terpolymesin was determined by the batch equilibrium
method. Estimation of metal carried out using actpgphotometer.
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2.3.1 Procedurefor determination of the effect of electrolyte on metal uptake

The resin sample (25 mg) was suspended in an elgetisolution of required concentration (25 ml) £2 hrs. The
pH of the solution was to 6.0 using 0.1M HN@ 0.1M NaOH. To this solution 5 ml of 0.1M metsfrate solution
added at room temperature and pH was adjustedetaettjuired value. The mixture was stirred agaimoam
temperature for 24 hrs and filtered. Solids wersiveal and washings were quantitatively combined thighfiltrate.
The metal content was determined by a spectrophetenmThe amount of metal exchanged was deternfiosa
the difference between blank and reading in actypériments [15-16]. The amounts of metal ion inpaggm of
resin were calculated in the presence of NaCl, NaN®aCIQ, and NaSQ, electrolyte for metal ions 3h Bi®",

Zn**and M¢f*.

2.3.2 Procedurefor evaluation of rate of metal ion uptake

In order to determine optimum time required to hethie equilibrium the experiments were performeafasve but
here metal ion uptake was estimated as a funcfitime in hrs in the presence of 1.5 M NajN&lution (25 ml). It
was assumed that the equilibrium state was estaolisvithin 24 hrs. The rate of metal uptake wasesged in
terms of percent metal uptake related to a stasgoilibrium by the formula (1) [17-18].

mg of metal sorbed in given timex
mg of metal sorbed in 24hrs

% metal uptake= 100 e 1)

2.3.3 Procedureto study the effect of pH on metal uptake

The resin sample 25 mg was allowed to swell forhgglin 1.5 M NaN@ solution. The pH was adjusted to the
required value as above. 5mL of 0.1 M metal nitsaifition was added. The pH was maintained agadnstirred
for 24 hrs. Metal was estimated by a spectrophotente determine the distribution ratio (D) betwegeslymer
phase and solution phase [19-20]. The distributiio was calculated by the formula (2),

weight (mg of metal ions taken up by 1gm of polymer
weight (mg) of metal ions presentin Iml of solution

D=

RESULTSAND DISCUSSION

HPEG-I terpolymer resin was Light reddish browncwlor and soluble in DMSO and NaOH solution whese a
insoluble in acids and common organic solvents.

3.1 Elemental analysis and molecular weight deter mination (Mn)
Elemental analysis has been carried out in CIMFR Nagpur, by analytical functional testing VaNMiCRO CHN
elemental analyzer (Germany). The elemental arsatlatia of HPEG-I terpolymer are tabulated in tdble

Table 1 Elemental analysis data of HPEG-I ter polymer

% C % H
Calc. | Found| Calc] Found
68.48 | 68.40| 5.43| 5.39 §®2c0p) n

Mol. Formula repeat unif

The number average molecular weighl(1) was determined by non-aqueous conductometritititt in DMSO
using 0.1M KOH in absolute alcohol as titrant [21].

From the figure 2, graph of specific conductancairsgg miliequivalents of KOH, first and last breakere noted .

The degree of polymerizationQP ) and the number average molecular weigM_I’o) have been calculated using
equations (3) and (4),

—pzTotaI Meqg of base required for last break
Meq. of base required for first break

.. (3)

Mn =Dp x Repeat unit Weight .............c.cccooveeceeeeeennn. 4)

The repeating unit weight was obtained from elemdeahalysis. The molecular weight determinationadat
HPEG-I terpolymer are tabulated in table 2.

91
Scholars Research Library



Amit N. Guptaet al Arch. Appl. Sci. Res., 2013, 5 (2):89-97

0.25
£
<
2
E 02 T
b
2
x 0.15 A
8
=
I
T 01 -
=
-
=
g 0.05 -
&
9
g
“w 0 T T T T 1
0 2000 4000 6000 8000 10000
Miliequivalent of KOH per 100 gm of HPEG-I terpolymer
Figure 2 Graph of specific conductance against miliequivalents of KOH
Table 2 Molecular weight deter mination data of HPEG-| ter polymer
Molecular
Meq. Of KOH/100gm of resin for firstf Meq. Of KOH/100gm of resin for las D Molecular Weight of Repeal Weight
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Figure 3 IR specta of HPEG-I terpolymer resin
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3.2IR spectra

IR spectrum of HPEG-I terpolymer was recorded gtaggnent of pharmacy, RTM Nagpur University, Nagpur
using FT-IR spectrophotometer, Shimadzu, model M@t&. FT-IR spectrum of HPEG-I terpolymer is shoinn
figure 3.

A broad absorption band appeared in the region 34#bwas assigned to the stretching vibrations of pliero
OH) group exhibiting intermolecular hydrogen borgliiThe presences of the peaks at 293¢ amd 2820 cm
were due to the —C-H- stretch in the aldehyde (Hxuue to Fermi resonance). 1680 tmas due to C=0 stretch
(ester). A peak at 1650 ¢hassigned to the C=0 band (an aldehyde). The mresspeak at 1601 chwas due to
aromatic-ring. A peak appeared at 1480’atiie to ethylene bridge coupled with aromatic ringak appeared at
1424 cnt was assigned to in plane bending vibration of plier-OH. Peak at 1350 chwas due to aldehyde C-H
bend. The broad band displayed at 1230 evas due to the C-O stretch in ester group. 1176 was due to O-C-C
band stretch. 1, 2, 3, 5- tetra substitution ofvatic ring was assigned to the peaks at 1113 afdc@#. The
presence of peak at 833 ¢was due to the -CH (wagging) [22-23].

Table 3 FT-IR spectrum data of HPEG-I terpolymer

Observed frequency (ch | Assignment

3440 (b) -OH bonded (phenolic)

2930 (w), 2820 (w) C-H stretches in aldehyde (deuble to Fermi resonance)
1680 (w) C=0 stretch (ester)
1650 (w) C=0 band (an aldehyde)
1601 (s) Aromatic-ring
1480 (w) CH bending
1424 (w) -OH bending (phenol)
1350 (w) Aldehydic C-H bonds
1230 (b) C-O stretch in ester group
1170 (w) The O-C-C band stretch

1113 (w), 947 (b) 1,2,3,5 tetra substituted aroon@tig
833 (w) -CH-wagging

3.3'H NMR Spectrum

'H NMR spectrum of HPEG-I terpolymer using DMS®-sblvent was scanned on NMR spectrophotometer
SAIFNM100820A, at Sophisticated Test and Instruragoih Center (STIC), Cochin University, Kerala, indThe

'H NMR spectrum of HPEG-I terpolymer is shown inuiig 4.

8.049

Figure4 *H NMR spectra of HPEG-| terpolymer resin
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Thed in the range 1.3 ppm was ofHg in HPEG-I. The signal at 2& Ippm was due to DMSO solvent. Signal at
3.9800ppm was attributed tok-OH moiety. The signal at 6& Ippm was due to aromatic ring protons in HPEG-I.
The signal at 8.860ppm was due to the aldehydic proton [24].

Table4 *H NMR Spectrum data of HPEG-I ter polymer resin

HPEG-I resin Chemical shiftppm | Nature of proton assigned

1.3 -CH,-

25 DMSO solvent

3.9 H-OH

6.8 Aromatic proton (Aromatidd)

(asymmetrical substitution patterm)
8.0 -CHO

3.4 UV-Visible spectrum

UV-Visible spectrum of HPEG-I terpolymer in DMSO lsent recorded by UV-Visible double beam
spectrophotometer, Schimadzu, model-1800 at tharttapnt of nanotechnology, Shivaji Science College,
Nagpur. The electronic spectrum of the HPEG-I tBimper is shown in figure 5.
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Wavelength (nm)

Figure5 UV-Visble spectra of HPEG-I ter polymer

The copolymer sample displayed two characteristimt bands at 250 — 280 and 290 - 342 nm. Theseraab
positions for the absorption bands indicate thesgmee of a carbonyl group (ketonic) having a carborygen
double bond which is in conjugation with the aroimatucleus. The latter band (more intense) wasgaesi for

O 0 0* transition while the former bond (less intenseas due to ni* electronic transition. The bathochromic shift
(shift towards longer wavelengths) from the basitugs of the C=0 group such as 320 and 240 nm cteply,
may be due to the combined effect of conjugatich @menolic hydroxyl group (auxochromes). A peakR&.5 nm
was assigned tolJJJ* due to aromatic ring and peak at 341.5 nm wag®aadito n=* due to >C=0 linkage
[25].

3.5 lon-exchange properties

To ascertain the selectivity of HPEG-I, we studieel influence of various electrolytes, the rateneftal uptake and
distribution of metal ions between the resin andtsmn. The results of the batch equilibrium stugdyried out with
the HPEG-I terpolymer resin are presented in t&keand in graph figure 6. Estimation of metal igatrout using a
spectrophotometer.
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3.5.1 Effect of electrolytes on the metal Uptake

Effect of electrolyte on metal uptake is summarigedable 5. The inspection of the data reveads the amount of
metal ions taken up in the presence of Nghi&arger than NaCl, N80, and NaCIlQ. For the metal ions 3k,
Bi3*, Mg®*, Zn?*" , the exchange capacity increases with increasahé concentration of NO, CIO,
and CI, whereas it decreases with increases in concdotradf SQ?. This is due to the fact that
metal ions under study form kinetically more inedmpound with respect to SO as compared to
metal-resin interaction. On a contrary increaseshi@ metal exchange capacity of metal resin in the
presence of N@ , ClO, and CI attributed to high kinetically inert metal-resimtéraction as
compared to metal-electrolyte interactions [26].

Table5 Evaluation of the effect of different electrolytes on the uptake of several metal ionson HPEG-I resin

. Wt. Of metal ion (in mg) per gm of HPEG-I resin &akup in the presence gf

Metal ion | Electrolyte (Mol/l) NaCl N&SO; NaClO; NaNO;
0.25 9.21 20.19 11.20 13.93
0.50 10.89 17.72 12.65 14.36
S 0.75 13.25 15.31 14.17 16.66
1.00 15.90 13.03 15.58 19.29
1.25 19.22 11.80 17.18 21.49
1.50 21.51 10.95 20.01 23.40

0.25 7.65 14.53 5.50 9.94

0.50 9.64 14.11 6.82 10.83
Bi®* 0.75 10.77 12.82 8.69 12.10
1.00 12.07 10.94 9.48 13.52
1.25 13.32 9.64 11.09 15.19
1.50 15.17 7.73 13.34 15.94

0.25 4.73 7.91 5.47 5.17

0.50 4.92 7.70 6.40 5.59

Mg2* 0.75 5.31 7.32 7.04 6.01
1.00 5.82 6.40 7.67 7.83

1.25 6.87 5.80 8.13 8.53

1.50 8.03 5.02 8.45 9.04

0.25 0.34 7.88 1.05 2.27

0.50 3.26 7.50 3.77 4.23

702t 0.75 5.35 7.21 5.95 6.55
1.00 7.24 6.78 7.91 8.50

1.25 8.77 6.14 9.44 9.69

1.50 9.61 5.91 10.07 10.18

Metal nitrate solution = 0.1 Mol/l, 5ml; Electrdlg= NaNO3, 1.5 M, 25 ml; Equilibrium state= 24hk/t. of resin=25 mg; Temperature =
Room Temperature; Error= 1.5 %; The metal iongavestimated spectrophotometrically.

100

80 -

70 A

40 -
30 -+

Percent rate of metal ion uptake
w
o

Time (Hrs)
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Figure 6 Comparison of therate of metal ion uptake
3.5.2 Rate of Metal Uptake
From the graph present in figure 6, Initially thteter of metal uptake was steeply increased, becoadugl and
finally remain constant as the time passes fomelal ions. For Bi, SB* and Md" the equilibrium was reached
within 7 hrs where as for 2ftime required to reach equilibrium was 6 hrs. Thies of metal uptake for trivalent
metal ions (B and SB*ions) were higher than divalent metal ions {gnd Zi* ions). The rate of metal ion
uptake decreases in ordef Bt SB* > Zr#* > Mg*.

3.5.3 Distribution ratio of metal ions at different pH

The effect of pH on a distribution ratio of metahs between resin and solution phase can be egpldig
revealing the data given in table 6. The study easied out in the limit of higher pH in order teepent hydrolysis
of metal ions [27]. Distribution ratios for Mgand Zi" ions were found to increase with increases in pHias.
However reverse effect of pH was observed on Bistion ratios for S and BF* ions.

HPEG-I resin shows the order of distribution radiecrease as Bi> Mg®* > SB* > Zr?* at pH 4. At pH 5, the
order of distribution ratio as 2h> Mg?* > SB"* > Bi** . The order of the distribution ratio (D) decreaas M§" >
Zn** >SP** > Bi*" at pH 6 and at pH 7, the order of distributionaatas Mg* > Zrf* > Bi** >Sb’* .

Table 6 Distribution ratio (D) of different metal ionsasa function of the pH on HPEG-I resin

H Distribution ratio (D) of the metal ions on HPE®@ekin
p S Bi%* MgZ" 712"

4 139 657.3 172 100
5 148 98.3 188 204
6 151 78.8 389 327
7 5 56.8 448 432

Metal nitrate solution = 0.1 Mol/l, 5ml; Electrdly= NaNO3, 1.5 M, 25 ml; Equilibrium state= 24hk&/t. of resin=25 mg; Temperature =
Room Temperature; Error= £ 1.5 %; The metal iong@vestimated spectrophotometrically.

CONCLUSION

The data of elemental analysis, FT-IR spectrttniNMR spectrum and UV-Visible spectrum supportsstiacture
of HPEG-I terpolymeric resin. Among the electrofy/tguch as NaNg) NaCl, NaCIlQ and NaSQ,, the NaNQ is

more suitable electrolyte supporting to the ionhexge of metal ion under study by HPEG-I resinvadlent metal
ion shows comparatively higher rates of metal uptddan divalent. This may be due to electrostatgiséance to
ion exchange process. The effect of pH on a digioh ratio shows that the resin is more selediiveBi®* at lower

pH (pH=4) but at higher pH pH=7 it is selective fdg®*. Thus by varying pH, the resin HPEG-I can be erygib
for selective separation of Biand Md" ions. The resin can be also selectively used dépasation of M§" and

Zn*. At pH=4, the resin can be selectively used tcharge M§" but at pH=5, it can selectively exchangeé*Zn
Distribution data shows that the resin HPEG-I aaitably use to separate Biand Zi* from the mixture. At pH=4,
it conveniently exchange Biwhere as at pH=5 to 7, it can selectively exchafg€. Thus finally it can be
concluded that the resin can be used as a seldotivexchange resin for the metal ions such &5 BZr’* and

Mg?*.
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