Available onlinenww.jocpr.com

Journal of Chemical and Pharmaceutical Researd®,2({1):67-71

. ISSN : 0975-7384
Research Article CODEN(USA) : JCPRC5

Synthesis and batch equilibrium adsorption chromatgraphic study of p-
Cresol — Melamine - Formaldehyde terpolymer resin

Rajesh N. Singru

Department of Chemistry, R.D College of ScienceyiABadchiroli, Nagpur, Maharashtra, India

ABSTRACT

The terpolymer resin p-CMF was synthesized by thedensation of p-Cresol (p-C) and Melamine (M) with
Formaldehyde (F) in the presence of acid catalystl®0°C proved to be a selective chelating ion arge
terpolymer for certain matter. The chelating iorcleange properties of this synthesized terpolymee stidied for
different metal ions such at ¥e CU/#*, Ni#*, C&*, zrf*, Cd* and PB*. A batch equilibrium method adsorption
chromatography was employed in the study of thectieity of metal ion uptake involving the measwests of the
distribution of a given metal ion between the téypeer sample and a solution containing the metal ibhe study
was carried out over a wide pH range, shaking tand in media of various ionic strengths. The teyptér showed

a higher selectivity for &, Cu**and Nf* ionsthan for C&*, zrf*, C* and PB" ions.
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INTRODUCTION

lon-exchange has attained the status of unit aperat chemical industries and has mostly replamgerations like
distillation and other traditional methods of segins. Chelation ion-exchange chromatography becanvery
powerful technique in the extraction of trace arlautrace materials[1], separation of rare eartlespoval of
contamination and in many other industrial sepanatind process of purification and concentratiar. &halytical
work synthetic organic ion-exchangers are chieflyimterest. Extensive literature is available tdempret the
experimental results in the light of practical apgbility of various terpolymer resins. Lutfor df23 prepared a
chelating ion-exchange resin contain amidoxime tional group, was characterized by FTIR spectra&f GSC
analysis and the chelating behavior of the prepagsoh was studied with Cu(ll), Zn(Il), Ni(ll), CdY and Pb(ll)
metal ions. The chelating ion-exchange propertie2,d-dinitrophenylhydrazone of 2-hydroxyacetopheso
formaldehyde resin[3] and oxime of 2-hydroxyacetpdne-substituted benzoic acid-formaldehyde regjrisfr
different metal ions have been studied. Three phenmaldehyde chelating resins, poly (8-hydroxyrmline-5, 7-
diylmethylene), poly (8-hydroxy quinoldine-5, 7-tiiyethylene) and poly (2-amino phenol 5, 7 diyimdging) were
synthesized and characterized by Ebraheem [5].id@xchange capacity, effect of electrolyte asainetn up
take, rate of metal uptake of distribution of metad at different pH with resin copolymer derivadrh thiosami-
carbazone derivatives of phenolic compound showghdni order than the resin copolymer derived from
semicarbazone derivative [6]. The purpose of tlesgmt work is to explore the synthesis of new tgmer resin p-
cresol-melamine-formaldehyde and to study its apfibn as an ion-exchanger for different metal jarséng batch
equilibrium method according to earlier study [}, 8

EXPERIMENTAL SECTION
Starting Materials:
The important chemicals (starting materials) likergsol, melamine and formaldehyde etc. used irpteparation
of new p-CMF-IlI terpolymer resin were procuredrfrdhe market and were of Analar or Chemically purade,
and wherever necessary the purity was tested anfdroed by TLC.
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Synthesis of p-CMF-IlI terpolymer resin

A mixture of p-cresol (0.3mol) and melamine (0.1hwath formaldehyde (0.5 mol) was carried outle tpresence
of 2M (200ml) HCI as catalyst by molar ratio of Hlof reacting monomers, was taken in a round bottiask

fitted with water condenser and heated in an dihtz 150°C + 2°C for 6 hrs with occasional shakimgnsure
thorough mixing. The temperature of electricallyategl oil bath was controlled with the help of dinngtat. The
cream coloured resinous product was immediatelyoweah from the flask as soon as reaction period avas and

then purified. The reaction is shown as follow§ig. 1.

The solid product was repeatedly washed with cadtlied water, dried in air and powdered with tiep of agate
mortar and pestle. The powder was washed many tinits hot water followed by methanol to remove the
unreacted starting materials, if any. The properashed powder was dried in vacuum desicator oveydious
calcium chloride. The resin was further purified feprecipitation technique. The terpolymer wasaliesd in 8%
NaOH, filtered and reprecipitated by dropwise additof ice cold 1:1 (v/v) concentrated hydrochlogcid /
distilled water with rapid stirring to avoid thenip formation. The process of reprecipitation waseeted twice.
The terpolymer resin p-CMF-IIl so obtained wasefitd, washed several times with hot water, driediiin
powdered and kept in vacuum desicator over anhydecalcium chloride.
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p-CMF-III terpolymer resin
Fig.1 Reaction and expected structure of p-CMF-Iliterpolymer resin

lon-exchange property
The ion-exchange property of the p-CMF-I1I terpobmnesin was determined by the batch equilibriunthoe:

Determination of metal uptake in the presence of ettrolyte of different concentrations

The terpolymer sample (25mg) was suspended ineatrelyte solution (25ml) of known concentratiomelpH of
the suspension was adjusted to the required valuesing either 0.1m HNgor 0.1M NaOH. The suspension was
stirred for 24H at 30°C. To this suspension 2 mDdfm solution of the metal ion was added and tHewas
adjusted to the required value. The mixture wasnasfirred at 30°C for 24 hrs and filtered. Theidalas washed
and the filtrate and washing were combined andrib&al ion content was determined by titration agiastandard
EDTA (ethylene diamine tetra-acetic acid). The antaf metal ion uptake of the polymer was calcuddrem the
difference between a blank experiment without p@ymnd the reading in the actual experiments. Kperéanment
was repeated in the presence of several electsolytee results are presented in Fig. 2.

Evaluation of rate of metal uptake

In order to estimate the time require to reachdta¢e of equilibrium under the given experimentahditions, a
series of experiments of the type described abare warried out, in which the metal ion taken ughsychelating
resins was determined from time to time at 30°€tHe presence of 25ml of 1M NaMN®olution). It was assumed
that, under the given conditions, the state of ldajiim was established within 24 hrs. The ratenatal uptake is
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expressed as percentage of the amount of metaltédees up after a certain time related to thathat dtate of
equilibrium. The results are presented in Fig. 3.

Distribution of metal ion at different pH

The distribution of each one of the seven metas io@., Cu (Il), Ni(ll), Co(ll), zZn(ll), Cd(ll), P@l), and Fe(lll)
between the polymer phase and the aqueous phaseetermined at 30°C and in the presence of 1M NaNO
solution. The experiments were carried out as destrabove at different pH values. The distributiatio, D, is
defined by the following relationship.

_ Weight(in mg) of metal ion takenup by 1g of terpolymer
Weight(inmg) of metalions presentin Iml of solution

The results are presented in Fig 4.
RESULTS AND DISCUSSION

With a view to ascertain the selectivity of the pHeIII terpolymer for the selected metal ion, wevbastudied the
influence of various electrolyte on the selectivfymetal ions, the rate of metal uptake and tis&ribution ratio of
metal ions between the terpolymer and solutionaiairtg the metal ions.

Batch equilibrium technique developed by Gregaland De Geiso et alas used to study ion exchange properties
of p-CMF-III terpolymer resins. The results of thatch equilibrium study carried out with the tegpoér p-CMF-

lIl are presented in Fig. 2, 3 and 4. Seven metas$ iF&", C/#*, Ni**, Cd*, zr**, C* 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 strengttShyking time and c¢) pH of the aqueous medium, Agrtbese three
variables, two were kept constant and only onewaaigd at a time to evaluate its effect on metahkp capacity of
the polymers[9-11].

Effect of Electrolytes and their concentrations ormetal ion uptake capacity

We examined the influence GO, , NO3", Cl"and S@™ at various concentrations on the equilibrium otahe

resin interaction. Fig. 2 shows that the amouniefal ions taken up by a given amount of terpolydepends on
the nature and concentration of the electrolytesgmein the solution. In the presence of perchigrahloride and
nitrate ions, the uptake of Fe(lll), Cu(ll) and Ni{ions increase with increasing concentratiortha electrolytes,
whereas in the presence of sulphate ions the ammfutiie above mentioned ions taken up by the tgmet
decreases with increasing concentration of therelgte. Moreover, the uptake of Co(ll), Zn(ll), @ and Pb(ll)
ions increase with decreasing concentration ofctileride, nitrate, perchlorate and sulphate ions[IBis may be
explained on the basis of the stability constaritthe complexes with those metal ions. ,S@night form rather
strong complexes with Be Ni**, Ci#* ions while NQ, CI and CIQ might form weak complexes and therefore
might not be expected to influence the positiorthef F&*, Ni** and Cd" chelates equilibrium as much as.3Q
NOs, CI and CIQ might form rather strong chelates with €0zr?*, Cd*, and PB" chelates equilibrium. This
type of trend has also been observed by other figegsrs in this field [10-12].
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Fig. 2 Uptake of several metal ions by p-CMF-III tepolymer resin at five different concentrations of
electrolyte solution

Rate of uptake for metal ions as a function of time

The rate of metal adsorption was determined to dintdthe shortest period of time for which equilion could be
carried to while operating as close to equilibricomditions as possible. Fig. 3 shows the resultatef of uptake of
metal ion on p-CMF-III terpolymer resin. The ratdars to the change in the concentration of theahiebs in the
aqueous solution which is in contact with the gipetymer. The result shows that the time takenttieruptake of
the different mental ions at a given stage depemdde nature of the metal ion under given condgidt is found
that Fe (lll) ions require about 3hrs for the eksiment of the equilibrium, whereas Cu (1), Nj(ICo(ll) and Zn
(1) ions required about 5hrs. Thus the rate ofahi&ns uptake follows the order Cu (ll) > Ni (#)Co (Il) = Zn
(1) > Cd(l) > Pb (ll) for all of the terpolymerf].

Distribution ratios of metal ions at different pH

The effect of pH on the amount of metal ions distted between two phases can be explained by sésaiven

in Fig. 4. The data on the distribution ratio darction of pH indicate that the relative amountmdtal ion taken up
by the p-CMF-III terpolymer increases with increaspH of the mediumThe magnitude of increase, however, is
different for different metal cations. The p-CMHR-érpolymer resin take up Fe (lll) ion more selesly than any
other metal ions under study. The order of distrdyuratio of metal ions measured in pH range 2.5.6 is found
to be Fe (lll) > Cu (I) > Ni (Il) > Co (II) > ZnlI() > Cd (Il) > Pb (Il). Thus the results of sugype of study are
helpful in selecting the optimum pH for a selectiygtake of a particular metal cation from a mixtofedifferent
metal ions [13].
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Fig. 3. Comparison of the rate of metal ion (m)
uptake by p-CMF-Ill terpolymer resin

Fig. 4. Distribution ratio D of various metal ionsas
function of the pH by p-CMF-III terpolymer resin
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For example, the result suggest the optimum pHférithe separation of Co(ll) and Ni (II) with diktution ratio
‘D’ at 415.4 and 854.4 respectively using the p-Ch#fpolymer resin as ion-exchanger. Similarly, foe
separation of Cu (II) and Fe (lll) the optimum pdH3i, at which the distribution ratio ‘D’ for Cu )lis 66.1 and that
for Fe (Ill) are 341.5. The lowering in the distriton of Fe (Ill) was found to be small and, heneéjcient
separation could be achieved.

In order to assess the potential for separatianeifil ions F& from other metal ions, the following combinatiafs
metal solutions were prepared : (1fFand Cd" (2) F€* and Nf* (3) Fé* and C3" (4) F€* and Z&" (5) F€* and
Cd** (6) Fé" and PB". The solution for separations were prepared byngigml of 0.1m solutions of Bewith 1ml

of 0.1m solution of Ctf, Ni**, C&*, zr?*, CF* and PB". Selective uptake of the metal ions was studied by
adjusting the optimum pH of 3. Distribution ratiosFe’* at pH 3 in the mixture with metal ions €uNi**, C&*,
Zn*, Cdf* and PB* were found to be 321, 316, 312, 318, 315 and 88pectively, i.e. slight lower then 341 found
when F&" alone was studied. The lowering in the distributratios of Fe3+ was found to be small and hence
efficient separation could be achieved.

CONCLUSION

1. Aterpolymer p-CMF-IIl, based on the condensatieaction of p-Cresol and melamine with formaldehiydine
presence of acid catalyst was prepared.

2. The p-CMF-III terpolymer resin is a selective chielg ion-exchange terpolymer resin for certain reeta

3. The terpolymer resin showed a higher selectivityFe', C.//* and Nf* ions than for C%, zZr?*, Cd* and PB*
ions.
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