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ABSTRACT

The heavy metal, Cr (VI), is considered as one of the most toxic element to animals, plants, microorganisms and
environment. Cr (VI) is non-biodegradable and accumulated in living tissues exerting its toxic effect thereby
destabilizing ecosystems and even causing death of organisms. Therefore, it must be removed from contaminated
water before discharge. The aim of the present study is an attempt to synthesize a new terpolymer with higher
efficiency of Cr (VI) removal from agqueous solution. In the present study, a new terpolymer, RSF-1 was synthesized
using Resorcinol(R), Semicarbazine(S) and Formaldehyde(F). This terpolymer was characterized using modern
techniques like *H-NMR, FTIR, XRD and SEM. The Cr(VI) adsorption was investigated using new terpolymer,
RSF-1, and effect of pH, contact time, adsorbent dosage and initial Cr(VI) ion concentration was studied using batch
experiments. The maximum removal of Cr (V1) was obtained to be 92% and optimal favored Ph was found to be 5.
Thus new terpolymer, RS--1, can be successfully used as an efficient adsorbent material for removal of Cr(VI) from
aqueous media such as domestic and industrial effluents and can have a variety of potential environmental
applications.
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INTRODUCTION

The pressure of increasing population, growth dustries, urbanization, energy intensive life stjdéss of forest
cover, lack of environmental awareness, lack of leamgntation of environmental rules and regulatiamsl
environment improvement plans, untreated effluéstiarge from industries and municipalities aresoay water
pollution[1]. Water pollution is a major global grlem which requires ongoing evaluation and revisibrwater
resource policy at all levels (international dowrindividual aquifers and wells). It has been s that it is the
leading worldwide cause of deaths and disease$ §2&8Bthat it accounts for the deaths of more th&000 people
daily[3]. Water is typically referred to as polldtén presence of pollutants, such as surfactamstiqides, dyes,
persistent organic chemicals and heavy metals. Agmiwe pollutants, heavy metals are very commonctoxi
pollutants and the presence of heavy metals iremvient is a potential problem to water quality ttuéheir high
toxicity to plants, animals including human lifef}-Heavy metal is a general collective term applieth® group
of metals and metalloids with an atomic densityatgethan 6 g ci[7]. Unlike organic wastes, heavy metals are
non-biodegradable and they can be accumulatedingltissues, causing various diseases and disyrtterefore
they must be removed before their discharge[8].

Chromium (Cr) is one of the world’s most strategidgtical and highly soluble metal pollutants hayiwide range
of uses in the metal and chemical industries. Chuomand its salts are used in the leather tannnuystry,
manufacturing of catalysts, pesticides, ceramic glads industry, photography, pigments and paaftsgme alloy
and chromium metal production, chrome plating, @sion control and many more[9-1IThe high risk of
chromium (V1) is associated with its high reactjénd its potential carcinogenic properties[12].
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This study is an attempt to synthesize and chaiaeteew terpolymer with heavy metal adsorbent prigs for
their removal from environment, specifically Cr(Vfjom contaminated water[13-14]. In the presentstigation,
terpolymer RSF-I was synthesized by using resot¢Rl Semicarbazine (S) and Formaldehyde (F) in2Zlmolar
ratios of the reacting monomers. The maximum remo¥&r (VI) was obtained to be 92% and optimal ol
was favored at pH 5. The removal of Cr (VI) by @Eymer was found to be increasing with increaseontact time
as well as with adsorption doses with stationargsghachieved at 160 min and 6 gm/lit respectivetys way the
new terpolymer, RSF-I, can be successfully usedragfficient material for removal of Cr(VI) from agous
environments such as domestic and industrial effeieand can have a variety of potential environadent
applications.

MATERIALS AND METHODS

Chemicals
All the chemicals used were of analytical gradesd®einol, Semicarbazine and Formaldehyde (37%) wereured
from Merck, Mumbai, India. Double distilled wateas/used during all the experiments.

Synthesis of RSF —I terpolymer

The terpolymer (RSF -l) was synthesized by conden§tesorcinol, Semicarbazine with formaldehyde wlam
ratio (1:1:2) in the presence HCL (2M) used aslgata The reaction mixture was taken in 500m| mudoottom
flask with water condenser and heated in an et@dlyi operated oil bath at 120 £@ with occasional stirring for
6hrs.The temperature of the oil bath was controligidh the help of dimmer stat. The solid mass otsdi was
removed immediately as reaction process was ovee.sblid terpolymer product was repeatedly washital kot
distilled water followed by methanol to remove wwEd monomers. The resinous product was air caredl
powdered. The powder was washed several timespeiifoleum ether in order to remove resorcinol-fdoehayde
copolymer which may be present with the terpolym&he product so obtained was further purified by
reprecipitation technique. The terpolymer was digsbin 2.5N aqueous NaOH, filtered and reprecipdeby drop
wise addition of 1:1 (v/v) conc. HCI / distilled e with constant stirring. The precipitated prodwes filtered off,
washed with hot water until it was free from chiterions, dried and powdered. The purified terpolysaenple was
dried in vacuum at room temperature. The finelyugm sample was passed through a 300 mesh size Jibge
purity of terpolymer was tested and confirmed byCTIDimethyl sulphoxide ( DMSO) was used as solvant
developing chromatogram and was allowed to runafosut 30 minute. When chromatogram was exposeHdeto t
iodine chamber then we got single colour spotéopdlymer sample. This indicates that the syntleelsizrpolymer
has no impurities. The yield of terpolymer resinsviaund to be 81%. The synthesis summary has been
Tablel whilereaction scheme and proposed structure of RSFgohamer in Figure 1.

Table 1: Synthesis summary of RPHF-I Terpolymer

Reactants Molar Catalyst Refiux Time | Yield
Terpolymer | Resorcinol . . Formaldehyde : Temp. o
(R) (mol) Semicarbazine(S) (mol (F) (mol) ratios | (2M HCL) C) (hr) (%)
RSF-I 0.05 0.05 0.1 (1:1:2 200ml 12042 5.15 81%

Preparation of Cr (VI) solution

A Cr(VI) stock solution having 1000 mgconcentration was prepared by dissolving 2.8287f gaiassium
dichromate in 1000ml of distilled water. This sodut was diluted to proper proportions to obtainimas standard
solutions ranging their concentrations 10-100fhgAdjustment of pH was done using 0.5N HCI and ON&DH

solution.

Batch Experiment

Batch equilibrium studies were conducted with Malegparameters such as pH, agitation time, ingtdcentration
of Cr(VI) solution and effect of adsorbent dosebe Bystems were agitated on rotary shaker at 200 fiftered
through Whatmman no.42 filter paper and filtrateswanalyzed for Cr(VI) concentration using UV-Vigbl
Spectrophotometer. From experimental data, theicgiplity of Langmuir model was judged. Linear regsion
coefficient (R) and isotherm constant values were determined fhenmodel.

Characterization of terpolymer

Characterization of terpolymer was carried out dghhiques like Fourier Transform Infra-Red (FTIR)yclear
Magnetic Resonance'H-NMR) and X-Ray Diffraction (XRD) and SEM analysishich were carried out at
Sophisticated Analytical Instrumental Facility ($A\IPunjab University, Chandigarh and SAIF Codbimiversity,
Kerala

103
Scholar Research Library



Rahangdale P. K.et al Der Pharmacia Lettre, 2015, 7 (12):102-108

HO OH
I I
+ NH3 C —NH—NH> + H——C H
Resorcinol Semicarbazine formaldehyde
Hydrochloric acid (2M)
122 = 20C, 5.15hr
HO OH
o
A /N% H/NH /CHz\
// CHZ a \NH2
- _In
RSF-I

Figl:Reaction scheme and proposed Structure of RSFFerpolymer
RESULTS AND DISCUSSION

The RSF-I terpolymer was found to be soluble inveols like N,N-dimethylformamide, tetrahydrofuran,
dimethylsulfoxide and aqueous NaOH/KOH solutionbereas insoluble in common organic solvents. ThERFT
spectrum of the RSF-I terpolymer has shown in Fidyrand the spectral data have presented in Pfliel8].
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Fig 2: FTIR Spectra of RSF-I Terpolymer

Fig.3: *H-NMRSpectra of RSF-I Terpolymer
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Table 2: FTIR Spectral data of RSF-I

FREQUNCY (cm™)

VIBRATION MODE Reported Observed
Phenolic ( OH) group Intermolecular polymeric Asstion 3750-3150 3842.48,3742.95
-CH,- Bridge 1460,1158-1180 1479.61
1,2,3,5-subtitude aromatic ring 1220,974 1216.02
-NH- bridge strong 3500-3200 3396.15
( C-N)Stretching 1250-1020 1090.28
N-H bending secondary amide 1500-1600] 1550.61,1532
Isocyanides R-N=C 2270 2315.33

The'H NMR spectrum of RSF-I terpolymer is depicted igufe 3, and the spectral data are presented iteTab
The chemical shift)) ppm observed is assigned on the basis of thatitee[17-20].

Table 3:*H NMR Spectral data of RSF-I

. Chemical shift @)ppm | ChemicalShift
Nature of proton assigned Expected (Literature() )pp (3)ppm (Observed)
Methylene proton of Ar-8, moiety 2.35-2.99 2.5
Methylenic proton of Ar-E1,-N moiety 3.91 3.8
Amido Poton of Ar—CH NH-CO 4.54 4.4
Aromatic proton ArH 6.5-7.5 7.2
Proton of phenolic-8 involved intramolecular hydrogen bonding 8.45 8.2
Proton of amines -C}HNH- 1-2 1.2
i
1 —
_ —
" T T - ]
= & =
Paxiisn [Yacia]l [Cappey 101

Fig. 4: XRD pattern of the 4-RSF-I terpolymer

The figure 4 depicts the XRD pattern of the 4-RSErpolymer resin, a broad diffused peak and alesehavell
defined peak clearly pointed out the amorphousreaifithe material under study[21].

The scanning electron microscopy (SEM) of RSF-§ () indicates that the terpolymer has highly perstiucture
with smooth round ball shaped particles. Therevarg small but large number of cavities over theasie of the
RSF-1. Due to the cavity like structure of the sud of the material it possessed high surface aneahigh
adsorptive properties. Adsorption of any heavy iméépends upon the pore size of the terpolymer.sTREF-I
shows high tendency to adsorb any heavy metalss@uiface and can be proved to be an excellentlaeist.
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Fig.5: Scanning electron microscopy (SEM) images &tSF-I Terpolymer

Removal of Cr (VI) by RSF-I Terpolymer

Effect of pH: pH is an important parameter for adsorption of trietas from the aqueous solution because it affects
the solubility of the metal ions. Adsorbent hasrbstudied in the pH range 1 t010. The effect ofggHthe removal

of Cr(VI) using RSF-I was studied (Fig.6). The ntayim chromium removal efficiency (92%) was noticégld 5.
Effect of Contact Time: Efficient uptake of Cr(VI) ion with effect of contatime by RSF-I was studied and result
are shown in( fig.7). Indicate that the Cr(VI) revab ability of RSF-I increased with increasing iantact time
before equilibrium is reached. Other parameter$ siscdose of RSF-I, pH of solution and initial cemication was
kept optimum. The percentage removal of Cr(VI) waglied within time range 10 to 200 min. After I®dhute
negligible effect has been noticed on adsorptio€g¥1). Thus 160 minute is the optimum time foesie batch
experiments.
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Fig.6. Effect of pH on Cr(VI) adsorption Fig7.Effect of Contact time on Cr (VI) adsorption

Effect of Adsorbent DosageThe effect of dosage on the removal of Cr(VI) wasled by varying the amount of
RSF-1 from 1 to 10 g/l while keeping other paramgtéH , contact time and initial concentrationhs@nt as
shown in (fig.8.) From the figure,The initial Cr(Mtoncentration taken was 35 ppm. The percentager(®l)
removal was found to increase from 24 to 92. Theease in Cr(VI) removal with increase in RSF-$eis due to
the increase in surface area and adsorption sit@table for adsorption. However after certain ddsbecomes
constant and it is treated as an optimum adsodiesg, which is found to be 6gm/lit. for the RSF$arbent.

Effect of initial metal ion concentration: The effect of initial metal ion concentration o® thercentage removal of
Cr(VI) by RSF-I as shown in (fig.9.) In the presstudy adsorption experiments were performedudysthe effect
of initial Cr(VI) concentration by varying it froh0-100ppm solution while maintaining the Adsorbdose 6gm/lit
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Fig.8. Effect of Adsorbent Does on Cr(VI) Fig.9.Effect of initial ion cocentration on adsorption Cr(VI) adsorption

Adsorption Isotherm

The isotherm data have been linearized using tmgmair equation and is plotted between Ce/Qe veCrisThe
Langmuir constant ‘gm’ which is measure of the mager adsorption capacity of RSF-| is obtained #98. The
Langmuir constant ‘b’ which denotes adsorption gpeis found to be 3.105.The high value (0.992)egfression
correlation coefficient (B indicates good agreement between the experimeahaés and isotherm parameters and
also confirms the monolayer adsorption of Cr(VItmthe RSF-I. The dimensional parameter ‘RL’ whisha
measure of adsorption favorability is found to b@9Q(0< RL < 1) which confirms the favorable adsiom process
for Cr(VI) on RSF-I adsorbent.
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Fig.10: Langmuir isotherms for the adsorption of Ci(VI) on RSF-|

CONCLUSION

» Synthesis of RSF-I terpolymer is successful withoad yield based on condensation reaction of Resmrand
Semicarbazine with Formaldehyde in the molar ratit:1:2 in the presence of HCl as a catalyst

» Characterization and structure elucidation of R$€rpolymer is successful which is supported byFETNMR,
XRD and SEM studies.

» Removal of poisonous/carcinogenic Cr(VI) from aqueolution is possible using RSF-I terpolymer \hic
effectively removes more than 92 % of Cr(VI) at 308

« Adsorbent dose=6.0g1, pH=5.5 and contact time=160 min. were the optinmamameters during the adsorption
studies.

» The adsorption data satisfactorily explained bydranir isotherms. The values of RL factor rangiranirO to 1
indicate the favorable adsorption situation. Thius hewly generated RSF-I has been proved to bexeallent
adsorbent which can employed for removal of Cr@ém polluted water.
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