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ABSTRACT

The polymer resin 8-HQ5-SAMF-II was synthesized the condensation of
8-Hydroxyquinoline5-sulphonic acid (8-HQ5-SA) andlamine (M) with Formaldehyde (F)
in the presence of acid catalyst at 130°C provedbd¢oa selective chelating ion exchange
polymer for certain metals. The eco-friendly apgiions of this polymer resin was studied
with respect to its chelating ion-exchange promsrtrhe chelating ion-exchange properties
of this synthesized polymer was studied for differaetal ions such at Be Cuf*, Ni**,
Co?t, zrf*, Cd* and PB*. A batch equilibrium method was employed in thelstof the
selectivity of metal ion uptake involving the meaments of the distribution of a given metal
ion between the polymer sample and a solution @oin the metal ion. The study was
carried out over a wide pH range, shaking time amdhedia of various ionic strengths. The
polymer showed a higher selectivity for’feCiu#*and Nf* ionsthan for CS*, zrf*, Cd*
and PB" ions.

Key words: Adsorption, distribution ratio, ion- exchange, amatography, resin.

INTRODUCTION

The presence of heavy metals in the environmeatcisuse of concern due to their acute and
long term toxicity. Cadmium, Mercury, Iron, Nickdlead are the hazardous metals present
in environmental area. The removal of these metaégis certain technique; lon-exchange is
one of the powerful techniques for this purposa-égchange has attained the status of a unit
operation in chemical industries and has mosthjasal operations like distillation and other

traditional methods of separations. Chelation isochange chromatography become a very
powerful technique in the extraction of trace amdaurace materials[1], separation of rare
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earths, removal of contamination and in many othdustrial separation and process of
purification and concentration. For analytical wasknthetic organic ion-exchangers are
chiefly of interest. Extensive literature is avhleto interpret the experimental results in the
light of practical applicability of various polymeesins. The purpose of the present work is
to explore the synthesis of new polymer resin IH®iroxyquinoline5-sulphonicacid -
melamine-formaldehyde and to study its applicaBsran ion-exchanger for different metal
ions, using batch equilibrium method accordingadier study [2 — 4].

MATERIALS AND METHODS

Chemicals
8-hydroxyquinoline 5-sulphonic acid and melamineolih Chem., Mumbai) and
formaldehyde (37% w/v) (S.D. Fine Chem. Ltd. Mun)bai

Synthesis of 8-HQ5-SAMF-II polymer

The 8-HQ5-SAMF-II polymer was prepared (Fig.1) lyndensing 8-hydroxy quinoline 5-
sulphonic acid (8-HQ5-SA; 4.86g, 0.2 mol) and meten(M; 1.26g, 0.1 mol) with 37%
formaldehyde (F;11.1 ml, 0.4 mol) in a mol ratio21:3 in the presence of 2M 200 ml HCI
as a catalyst at 130 + 2C for 6h in an oil bath. The reaction and suggestastture of 8-
HQ5-SAMF-II polymer has been given in Fig.1.

SO,H
=~ N~ 2M HCI, Catalyst
2 + HN—C ¢ —NH, + 4(CH,0) e OIS,
NN | I 5h,130°C
N N_ N Formaldehyde
\C/
OH |
8-hydroxyquinoline5-sulphonic acid NH,
Melamine
[ soH SOH ]
N
SSRGS
] Z N N N CH, o
N N N
OH I\IIH OH
CH,
% *HO| |

8-HQ5-SAMF-II (2:1:4)

Fig. 1 Reaction and suggested structure of represttive 8-HQ5-SAMF-II polymer resin
lon-Exchange property
The ion-exchange property of the 8-HQ5-SAMF-II pobr resin was determined by the
batch equilibrium method developed by Gregor and ®&iso et al. with seven metal ions
viz. Fe*, CU, Ni?*, Co?*, zn®™*, cd®* and PB" in the form of metal nitrate solution.

The ion exchange study was carried out to inveitiee following three aspects.
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Influence of different electrolytes and their diffeent concentrations on the amount of
metal ion uptake —

The following experimental procedure was applieaider to study the effect of the nature
of various electrolytes and concentrations on tiewnt of metal ion taken up by polymer
resin sample.

25 mg polymer resin was suspended in 25 ml elgggadolution of known concentration.
The pH of this suspension was adjusted before #Hadstirred for 24 hrs at 30°C, to this adds
2 ml of 0.1M metal ion solution, adjusted pH agairthe required value and stirred again 24
hrs. The suspension then filtered and filtrate waated against standard EDTA solution.
Similarly the blank experiment was also carried outhe same manner without adding
polymer sample. The amount of metal ion uptake eedsulated from the difference between
at blank experiment and the reading in actual exyaant.

Metal ion adsorbed (uptake) bsime= (X-Y) Z millimols / gm.

Where,

‘Z’ ml is the difference between actual experimmérgading and blank reading.
‘X’ mg is metal ion in the 2ml 0.1M metal nitrat@gion before uptake.

‘Y’ mg is metal ion in the 2ml 0.1M metal nitratdigion after uptake.

Evaluation of rate of metal ion uptake —

The rate of metal uptake is expressed as percenfdge amount of metal ions taken up after
a certain time related to that at the state of ldmgjiim. The rate of metal uptake can be
determined.

% of amount of metal Amount of metal ion absorbed x 100
ions =
taken up at different time

Amount of metal in absorbed at equillibrium

Percentage of metal ion adsorbed after 1 hr = (200X
Where,

X’ mg of metal ion adsorbed after 1 hr and ‘Y’ nigreetal ion is adsorbed after 25 hrs, then
by Using this expression, the amount of metal dmbstbrby polymer after specific time
intervals was calculated and expressed in termpeastentage metal ion adsorbed. This
experiment was performed using 0.1M metal nitratkition of F€*, CU*, N, Co*,
zZrt*,cd* and PB".

Evaluation of the distribution of metal ion at different pH —

The distribution of each of seven metal ions waerened between polymer-phase and
aqueous phase in pH range 2.5 to 6.5 using simdaeriments described above. The
distribution of metal can be determined as follows.

Amount of metal ion on resin Volume of solution (ml)

D= Amount of metal ion in solution Weight of resin (g)
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Y ) 0025
Where, ‘Z’= is the difference between actual expent reading and blank reading,
‘C’ = gm is the amount of metal ion in 2ml 0.1M aletitrate solution,
‘Y’ = gm of metal ion in 2ml of metal nitrate salut after uptake

Metal ion adsorbed (uptake) by the resiGQJ 2

RESULTS AND DISCUSSION

Scanning Electron Microscopy (SEM)

Fig. 2 shows the scanning electron microscopy (SEMYrographs of the pure
8-HQ5-SAMF-II polymer sample at 1500X and 3000X miéigation [5]. The morphology of
resin exhibits growth of crystals from polymersudmn corresponding to the most prominent
organization in polymers on a large scale sucmasze of few millimeters spherulites. The
morphology of resin shows a fringed micelle modethe crystalline-amorphous structure.
The extent of crystalline character depends on atidic nature of the monomer. The
micrograph of pure sample shows the presence statlipe-amorphous layered morphology
which is the characteristic of polymer. The monanieave crystalline structure but during
condensation polymerization of some crystallineictire lost into amorphous nature. The
amorphous nature shows chelating nature of thepaly

(A) (B)
Fig. 2: SEM micrographs of 8-HQAMF-II polymer resin.

lon-Exchange property

With a view to ascertain the selectivity of the &5 SAMF-1I polymer resin for the selected
metal ion, it was studied the influence of vari@lsctrolytes on selectivity, the rate of metal
uptake and the distribution ratios of the metalsidretween the polymers and solution
containing metal ions. This study made certain gdization about the behaviour of the
polymer resin sample [5- 8].

Influence of different electrolyte on the metal ioruptake —

The data presented in Fig.3and 4 indicate thaatheunt of metal ions taken up by a given
amount of polymer depends on the nature and coratmms of electrolyte present in the
solution. In the presence nitrate (NOons the uptake of BECU?* and Nf* ions increase
with increasing concentration of the electrolyteheneas’ in the presence sulphate ion
(SO, it is decreased with increasing concentratiorlettrolyte. Moreover the uptake of
Co?*, zr?*, Cf* and PB' ions decreases with increasing concentrationshefNQ™ and
SO%, which can be explained on the basis of the stalgibnstant of the complexes of metal
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ions with ions of electrolytes[9-11]. If has beertioed that lower pH was not suitable when
concentrated electrolytes were used.

4 q a4
35 4 3.5 1
3 4 ——Fe
25 4

2 1 = Co

—H=Zn
15 { A\
cd

14

Uptake of metal ion by resin (mmol/gm)

Uptake of metal ion by resin (mmol/gm)

05 § —
0 0
0.00 0.20 0.40 0.60 0.80 1.00 1.20 0.00 0.20 0.40 0.60 0.80 1.00 1.20
Concentration of electrolyte solution (mol) c ion of ly ion (mol)
~ Fig. 3 Uptake of several metal ions by Fig. 4 Uptake of several metal ions resin
resin at five different concentrations of electrolye at five different concentrations of electrolyte shtion
solution NaNG; Na,SO,

Evaluation of rate of metal ion uptake —

The data presented in Fig.5 indicates that thennatal ion uptake depends upon nature of metal
ion [12-14]. The rate of metal ions means the changconcentration of metal ions in aqueous
solution containing polymer sample *Feequires 3 hrs and rest of metal ion require 56ahc for
establishing the equilibrium. The order of ratenettal ion uptake is found to be *Fe CU** = Ni#*
>Cd*=zn**> Cd* = P

Evaluation of the distribution rate of metal ions 4 different pH —

The data presented in Fig.6 indicates that thetivelamount of metal ion taken up by

HQ5-SAMF-II polymer resin at equilibrium increaseh increasing pH of the medium, however

the magnitude of increase is different for différeretal cations[15,16]. The result indicates that
polymer resin sample takes up'Hen more selectively than any other ions undethstlihe order

of distribution ratio of metal ions measured infaidge 2.5 to 6.5 is found to be *FeCuf*= Ni**

> Cd*=zn*"> Cd*= PIF*

1200
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uptake
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Distributi

PH of solution
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Fig.5 Comparison of the rate by resin Fig.6 Distributio ratio at different pH
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CONCLUSION

A polymer 8-HQ5-SAMF-II, based on the condensatieaction of 8-hydroxyquinoline 5-
sulphonic acid and melamine with formaldehyde ie fhresence of acid catalyst was
prepared. 8-HQ5-SAMF-II is a selective chelating-exchange polymer resin for certain
metals. The polymer resin showed a higher selégtior F€*, C//* and Nf* ions than for
Co®*, zn**, cd* and PB" ions. This study of ion-exchange reveals that &FEAMF-I|
polymer resin is proved to be an eco-friendly cattxchange resin and can be used for the
removal of hazardous metal ions from the envirortalearea, for the purification of
industrial waste solution and for the purpose affpation and desalination of water.
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