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ABSTRACT

The present paper reports the synthesis and iorhaeyge properties of resin. The resin(2,4ADHAPDF) was
synthesized by condensation 2,4 dihydroxy acetaptee (2,4 —DHA) and p-Phenylenediamine (PD )with
formaldehyde (F) in the presence of catalyst HGQlel@ting ion exchange properties have been stuftietheavy
metal ions viz.Cd, H*, Cd* and PB* by employing a batch equilibrium methddwas employed to study the
selectivity of metal ion uptake involving the meaments of distribution of a given metal ion betwé®e polymer
sample and a solution containing the metal ion. $hely was carried out over a wide pH range andniedia of
various ionic strengths. The overall rate of metpiake follows the order: Co> Cd*?> Pb*?> Hg*.
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INTRODUCTION

The heavy metal ion toxicity has increased substiyntbecause of the use of metal ions as catatystarious
industries. Many methods such as electro deposittmAprecipitation and solid-liquid extraction habeen
developed for pre-concentration and removal of hietes. However removal of the heavy metal ionschglating
ion-exchange resin using batch equilibrium methad bained rapid acceptance because of its widetyaof
sorbent phases, high selectivity, high loading capand enhanced hydrophilicity [1-3].

Sykormmmma and Dubsky.[4] have prepared a sele@tineexchange resin by reacting a resacetophennde a
anthranilic acid with formaldehyde. Various hydrbryzoic acid-formaldehyde copolymers have beenrtepas
being used as ion-exchangers [5]. lon exchange rdsiived from semicarbazone and oximes of 2-hygrox
acetophenone substituted benzoic acid- formaldebfidtied by Nayak et.al [6-8].

Kapadia et.al have studied the anions as well #i®nsaexchange properties of resin derived fromiouer
derivatives like salicylic acid, anthanilic aciddahydroquinone towards various metal ions [9,10wdver, the
literature studies have revealed that no resirbleas synthesized using the monomers 2,4 Dihydr@tgabenone,
p-Phenylenediamine and Formaldehyde. Therefore hie present communication we report synthesis,
characterization and analytical applications of4DMHAPDF resin.
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MATERIALSAND METHODS

2.1 Materials:- Solvents like dimethyl formamide and dimethylsugide were used after distillation. 2,4-
Dihydroxyacetophenonp-Phenylene diaminend Formaldehyde 37%) were purchased from manketare from
Merck (Maharashtra, India). All other chemicalsdisesre of chemically pure grade.

2.2 Synthesis of 2,4ADHAPDF resin:-

The new terpolymeric resin, 2,4DHAPDF, was synttext (Scheme 1) by condensing 2,4-Dihydroxy-
acetophenone (0.1 mol) and p-Phenylene diamirdenf@l) with 37 % Formaldehyde (0.2 mol) in a matatio of
1:1:2 in the presence of 2 M HCI as a cataly4t38°C +2°C for 5h in an oil bath with occasional shakingtsure
thorough mixing. The temperature of electricallyateal oil bath was controlled with the help of dimretat. The
solid resinous solid product obtained was immedtjiatemoved from the flask as soon as the reactieniog was
over and then purified.

The resinous product so obtained was repeatedlyedawith cold distilled water dried in air and pceved with the
help of agated mortar and pestle. The powdered washed many times with hot water to remove uneghct
monomers. The air- dried powder was extracted wittoroform and petroleum ether was used to remqvé 2
dihydroxy-acetophenone-p-phenylenediamine and gplessible copolymers, which might be present alaty
2,ADHAPDF resin. It was further purified by dissoly in 8% sodium hydroxide solution, filtered argprecipited
by gradual drop wise addition of 1:1 (V/V) hydrooht acid with constant and rapid stirring to avdiomp
formation. The 2,4ADHAPDF resin so obtained wagifdt, washed several times with hot water and d(éeld =
82%, mp= 216C)

COCHg,

OH
n + N HZN@NHZ + 2n HCHO

Paraphenylenediamine Formaldehyde

OH
2,4 dihydroxy acetophenone 2 M HCI

130°%C + 2°C, 5 h

COCH,

OH ’

—Hh.c CHZ——NH@ NH +2n H20

Scheme 1: Synthesisof 2,4ADHAPDF resin

2.3 Removal of heavy metals:-
The purified 2,4ADHAPDF resin sample was finely penstl and used in all experiments carried out inidine
exchange study.

2.3.1. Determination of effect of different electrolytes on Metal ion uptake:

The ion exchange properties of 2,4ADHAPDF resin determined by batch equilibrium method [11]. 25 ofg
finely powdered resin was suspended in an eled¢gadplution (25ml) of known concentration. The pHtloe
solution was adjusted to required value by usitigeei0.1M HCI or 0.1M NaOH. The suspension waseddifor a
period of 24 hours at room temperature. To thipension 2ml of 0.1M solution of metal was added #red pH
was adjusted to the required value. The mixture agasn stirred at 2& for 24 hour and filtered. The polymer was
washed and the filtered and washing were combimedestimated for the metal ion content by titratagainst

160
Pelagia Research Library



Kiran P. Kariyaet al Der Chemica Sinica, 2013, 4(2):159-165

standard ethylenediaminetetra acetic acid. A blaxperiment was also carried out in the same mawitaout
adding the polymer sample to estimate the metat@rtent. The amount of metal ion taken up by #nrin the
presence of given electrolyte of known concentratias determined from the difference between thekbteading
and the reading in the actual experiments. Theregrpet was repeated in the presence of severarelges of
known concentration with four different metal imsch as C9, Hg'", Cd* and PB*. The results with four different
metal ions are reported in Table-1

2.3.2. Evaluation of the Rate of Metal Uptake:-

In order to estimate the time required to reachstage of equilibrium under given experimental dtads, a series
of experiments of the type described above werdethout. The metal ion uptake by the chelatingnesvas
estimated from time to time at room temperatur@5€. It was assumed that under given conditions stag of
equilibrium is established in the 24 hrs. The @tenetal ion uptake is expressed as percent camheunt of metal
ion taken up after a certain time related to thahe state of equilibrium. (Table-2).

2.3.3 Evaluation of distribution of metal ion at different pH values:-

The distribution of each of the metal ion,aHg*, Cd* and PB* between the resin phase and aqueous phase was
estimated at Z& using 1M NaNGsolution. The experiment was carried out as desdribove at different pH
values. The results are presented in table-3

RESULTSAND DISCUSSION

With a view to ascertain the selectivity of thdRHAPDF resin for the selected metal ions, we hstuelied the
influence of various electrolytes on the selegyidt metal ion, the rate of metal uptake, and tiséribution ratio of
metal ions between the polymer and the solutiontianimg the metal ions. From this study on four ah&ins under
limited variation in the experimental conditionsytain generalizations may be made about the behafithe resin
sample.

3.1. Effect of Different Electrolytes on Metal ion Uptake:-

The data obtained for resin with different elelgt® with various concentration it is revels thia amount of metal
ion taken for a given amount of resin sample depamthe nature and concentration of electrolytesgmein the
solution. In presence of chloride and nitrates suighate ions, the amount of gCo? Cd™? and PB increases
with decreasing concentration of chloride, nitratel sulphate ions form with these anions [12,T1B]s may be
explained on the basis of the stability constaftfi® complexes with those metal iofi$is type of trend also been
observed by other investigators in related field-117].

Table 1 Evaluation of the effect of different electrolytes on the uptake of several metal ions of 24DHA-p-PDF resin

Metalion  Electrolyte Conc. (moflity  PH Weight of metal ion (mg) taken up in presence of

NaNO; NaCl Na,SO,
0.01 2.06 1.48 -
0.05 1.85 1.38
Pb? 0.1 55 1.6¢ 1.04
05 1.42 0.84
1.0 0.50 0.56 -
0.01 2.2¢ 2.0¢ 2.8¢
0.05 1.89 1.60 2.50
Cd? 0.1 55 1.85 1.40 2.44
0.5 1.21 1.16 1.22
1.0 1.06 1.01 1.20
0.01 3.48 331 3.54
0.05 3.24 2.96 3.07
Co* 0.1 5.0 2.56 2.64 2.56
05 1.82 1.62 1.81
1.0 1.04 1.42 1.41
0.01 0.83 0.73 -
0.05 0.26 0.26
Hg** 0.1 6.0 0.18 0.22
0.5 0.16 0.14
1.0 0.09 0.04

3M™NO);] = 0.1 mol/L; volume = 2mL; volume of electrolyelution = 25 mL; weight of resin= 25 mg; Time = B#room temperature.
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Fig 1 Effect of sodium nitrate electrolyte on metal ion uptake by 24DHAPDF resin
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Fig 2 Effect of sodium chloride electrolyte on metal ion uptake by 2,ADHAPDF resin
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3.2. Rate of metal uptake:

The rate of metal adsorption was determined to fintthe shortest period of time for which equililon could be
carried out as close to equilibrium conditions assgible. Table-2 shows the dependence of the fateetal ion
uptake on the nature of the metal. The rate reéfetse change in the concentration of the metad iarthe aqueous
solution that is in contact with the given polyméhe results show that the time taken for the uptatkhe different
metal ions at a given stage depends on the nafuteeanetal ion under the given conditions. Theeskpental
results indicate that Cdrequired less time of 5 hours while @ahd PB? ions required about 6 hour for the
establishment of equilibrium. Hg+2 required 7 hofmsestablishment of equilibrium. Thus, the raferetal ion
uptake follows the order of Co> Cd? > Pb? > Hg™. This type of trend has also been observed by many
investigators [18-20].
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Fig 3 Effect of sodium sulphate electrolyte on metal ion uptake by 2,4DHAPDF resin
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Table 2 Comparison of therates of metal ion uptake of 2,4DHA-p-PDF resin

Metal ion  Percent of metal ion uptake at different time (h)
1h 2h 3h 4h 5h 6h 7h

Pb% 22 43 52 62 80 90 -
cd* 26 41 54 69 84 93 -
Co* 30 52 59 72 94 - -
Hg* - - 32 52 64 84 95

3 [M™INQ);] = 0.1 mol/L; volume = 2mL; volume of electrolyelution = 25 mL; weight of resin= 25 mg;

Fig:4 Therates of metal ion uptake by 2,4ADHAPDF resin
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3.4. Digtribution ratios of metal ions at different pH:

The results of the effect of pH on the amount ofah®en distributed between two phases are incafeorin table-
3. The results indicate that the relative amourrhefal ion taken up by the resin increases witheiasing pH of the
medium. The study was carried out only up to ardlefipH value for the particular metal ion to pretvRydrolysis
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of the metal ion at higher: pHThe observed order of distribution ratios of theah®n measured in the pH range
3to 6is C& > Cd?> Pb?> Hg™. The similar trend has also been observed byeeanvestigators [16,21-23].

Table 3 Distribution ratio D of the metal ion as function of the PH of 2,4DHA-p-PDF resin

Metal ion Distribution ratio of metal ion at different PH
15 175 20 25 3.0 3.5 4.0 5.0 6.0
Pb2* - - - 334 40.0 88.0 1045 1105 118.0
cd* - - - 281 394 781 942 1124 205.0
Co2" - - - 38.4 85.€ 111.F 182.( 202.t 251.
Hg* - - 129 240 425 1140

’IM™NO3),] = 0.1 mol/L; volume = 2mL; NaN@1.0 mol/Lvolume = 25 mL; weight of resin= 25 mgii€ 24 h

Amount of metal on the resin Volume of solution (ml)
Amount of metal in the solution X Weight of resin (g)

D =

The results of this type of study are helpful ifesgng the optimum pH for a selective uptake gbaaticular metal
ion from a mixture.

CONCLUSION

Resin based on condensation of 2,4-dihydroxyaceto@ie and p-Phenylene diamine with formaldehydéhén
presence of hydrochloric acid catalyst has beepgresl. The results of an ion-exchange study arpfiiein
selecting the optimum pH for a selective uptaka @larticular metal cation from a mixture of differenetal ions.
The resin showed higher selectivity for'€andCd? than PH* and Hg? ions.
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