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Abstract : Copolymer resin 4-ASAOF-I11 wassyn-
thesized by the condensation of 4-Aminosdicylicacid
(4-ASA) and Oxamide (O) with Formaldehyde (F) in
the presenceof hydrochloric acid catalyst with 2:1:3
molar ratiosof reactingmonomers. Thestructureof the
resin was characterized by various spectral techniques
likeinfra-red (FTIR) and nuclear magnetic resonance
(*H and**C-NMR) spectroscopy. The empirical for-
mulaand empirica weight of theresn weredetermined
by dementd andysis. Themorphologica featureof the
4-ASAOF-I1 copolymer resin was established by
Scanning el ectron microscopy (SEM). Therma study
of theresin was carried out to determineits mode of

INTRODUCTION

lon-exchange hasbeen widely used to treat heavy
metal -contai ning wastewater and most of theion-ex-
changerscurrently being used arecommercialy mass-
produced organic resins. Analysis of trace elements
presentsascomplex mixturesin natura and wastewa
ter,andinbiologica, indudtrid, and geological samples,
areachalenging probleminanaytical chemistry. The
rapid devel opment of el ectronic instrumentation has

decomposition and rdativethermd stability. TheFried-
man and Change methods have been usedinthe present
investigationto ca culatetherma activation energy (Ea),
order of reaction (n) and frequency factor (z). The
chelating ion-exchange property of thiscopolymer was
studied for eight metal ionsviz. Fe**, Cu?, Ni?*, Co*,
Hg?*, Zn?*, Cd* and Pb?* ionsby using batch equilib-
rium method. The chelating ion-exchange study was
carried out over awidepH rangeat different timeinter-
vasusngdifferent dectrolyteof variousionic strengths.
© Global ScientificInc.

K eywor ds: Copolymer; Thermogravimetry; lon-
exchange; Activation energy.

created powerful analytical toolsbut thesecan giveer-
roneous results because of the presence of matrix ele-
ments. To obtain reliable data, the best course isto
separate the analytes of interest from the matrix con-
stituents and to determinethem in theisol ated state.
Thus, preconcentration and separation by batch equili-
bration is mandatory, particularly when anaytesare
present at tracelevel g2

lon-exchangersarewidely used for thetreatment
of radioactive wastesfrom nuclear power stationg®4.
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Thechdationion-exchangebehavior of paly (2-hydroxy;,
4-acryloyloxybenzophenone) resin towardsthediva
lent meta ionswerestudied by batch equilibrium method
asafunction of timeand pH®. A crosslinked styrene/
meleic acid chelating matrix has been reported for its
higher ability to removesthe metal ionssuch asCr?,
Fe*, Niz*, Cu?" and Pb?* by Roy, Rawat and Rai®.
Thechemicaly modified silicagel N-(1-carboxy-6
hydroxy) benzylidenepropylaminewasused asanion-
exchanger for theremoval and pre concentration of
hazardous metal ion such as: Cr, Mn, Cd, Pb etc. in
natural water samplesusing batch equilibrium method
and Atomic Absorption Spectroscopy (AAS) tech-
nique™. Poly (HPMA-co-IA) and poly (HPMAco-
CA) copolymer gel metd absorptionincreaseswith pH.
The study proved that poly (HPMA-co-1A) and poly
(HPMA-co-CA) could be used as metal absorbents
for Cd?* and Pb?* iong®. The chelation ion-exchange
properties of 2, 4- dihydroxyacetophenone-biuret—
formaldehydeterpolymers® and resin prepared from
2, 4-dihydroxybenza dehyde, oxamide and formal de-
hyde? wereinvestigated by Rahangdale and Tarase
respectively. Thechelationion-exchange properties of
copolymer resin derived from 8-hydroxyquinoline 5-
sulfonicacid, oxamide, and forma dehydeindicated that
the copolymer had greater sdlectivity for Fe?*, Cu?*,and
Ni?* ionsthan for Co*, Zn#", Cd?*, and Pb?" iongl.
Themetal ion-binding propertiesof acopolymer resin
derived from o-aminophenol, melamine, and formalde-
hyde has been reported for the metal ionsFe**, Zn*,
Cu?, Pb*, Cd?*, and Hg?'4. Gurnuleet al*¥ reported
that acopolymer prepared from sdicylicacid, melamine,
and formaldehyde was more sdl ectivefor Fe*, Cu?,
and Ni?*ionsthan for Co?, Zn?*, Cd?*, and Pb?* ions.
Thermal stability isoneof the propertiesthat can
determine processing and gpplication of materids. The
practica useof polymeric materia requiresknowledge
of thermal resistance power corresponding to certain
end point criterion and the operating temperature. Ter-
polymer materia sare used for the synthesis of func-
tional nanostructures becauseof their excellent therma
characterigtics. Thus, therma stability and therma deg-
radation kineticsmay be significant for the production
and application of terpolymer based materials. TGA
datahavebeen used to determinethethermal degrada-
tion kineticsand thermal stability of terpolymert419,

Thestudy of therma behaviorsof terpolymersin differ-
ent environment and temperature providesuseful infor-
meation about the nature of the speciesproduced at vari-
oustemperatures dueto degradation®. Zhao Hong et
d studied thetherma decomposition behaviour of phos-
phorous contai ning copolystart™”., Varietiesof researches
regarding thetherma studiesof polymer areemerging
out toinvestigatethe r renewed gpplication for the bet-
terment of mankind. Areaof polymer reaction kinetics
isenhanced by applying various model sfitting kinetic
equation in order to study its kinetic and thermody-
namic aspects*®2%, Thermal degradation of ethylene
propylenedieneterpolymer and therma studiesof sdif-
crosslinked terpolymer studied by T. Naruseet d. and
N.P.S. chauhan respectively!#22,

EXPERIMENTAL

Sartingmaterials

4-AminosalicylicAcid and oxamideisof andytica
grade purity whichis purchased from Acros Chemi-
cals, Belgium. Formal dehyde (37%) was purchased
from S. D. Fine Chemicals, and metd nitrates, indica-
torsand disodium sdt of ethylenediaminetetraacetic acid
(EDTA) perchesfrom S. D. FineChemicasindia. All
the solventslike N, N-dimethylformamide, dimethyl
sulphoxide, tetrahydrofuran, acetone, diethyl ether were
procured from Merck, India. Doubleditilled water was
usedfor dl theexperiments.

Synthesis

4-ASAOF-I11 copolymer was prepared by con-
densing 4-AminosaicylicAcid (0.2 mol) and Oxam-
ide (0.1 mol) with forma dehyde (0.3 moal) in presence
of 2 M HCI asacatalyst in the molar proportion of
2:1:3a 125°Cinanoil bathfor 5h. Thedark reddish
brown resinous solid product was immediately re-
moved, filtered and repeatedly washed with cold-dis-
tilled water, dried in air and powdered with the hel p of
mortar and pestle. The product obtained wasextracted
with diethyl ether toremoveexcessof 4-Aminosdyslic
Acid-forma dehyde copolymer which might be present
aongwith4-ASAOF-I1 copolymer. Driedresinsample
was dissolved in 8 % NaOH and regenerated using
1:1HCl/water (v/v) with constant stirring and filtered.
This process was repeated twice. Resulting copoly-
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Figurel: Chemical reaction of 4-ASAOF-11 copolymer resin

mer samplewaswashed with boilingwater and dried
inavacuum at room temperature. Purified copolymer
resinwasfinely ground to passthrough 200-meshsize
sieveand kept inavacuum over silicagel™®!. The pu-
rity of newly synthesized and purified copolymer resin
sampl e has been tested and confirmed by thin layer
chromatography technique. Dimethylsulphoxide
(DM SO) was used as a solvent for devel oping chro-
matogram and was allowed to run for about 20 min,
when the chromatogram was exposed toiodine cham-
ber then we get single colour spot for resin sample.
Thisindicatesthat the synthesized and purified poly-
mer resin samplehasno impuritiesand used for further
studiesonly after the confirmation of 200% purity of
thesample. The Chemical reaction of above synthesis
isgiveninFigurel.

Spectral and thermal studies

Copolymerswere subject to elementa anaysisfor
carbon, hydrogen and nitrogen on Perkin EImer 2400
Elementa Analyzer. Infrared spectra were recorded in
Frontier transform Infrared Spectrophotometer inthe
range of 4000-500 cm™. *H-NMR studies were per-
formedin DM SO-d, solvent on Bruker Advance-11 400
MHz & BC-NMR spectrum wasalso recorded using
Bruker 100 MHz. The non-isothermal thermogravi-
metric analysiscarried out using Perkin Elmer, Pyrisl
ThermogravimetricAnayzer, inair aamospherewitha

heating rate 10 °C.mint in the temperature range 50-
1000 °C.

| on-exchangeproperty

Theion-exchange property of the4-ASAOF-11 co-
polymer resinwas studied by using batch equilibrium
method for variousmetd ionviz. Fe**, Cu?*, Ni%*, Co*,
Hg?", Zn?*, Cd?* and Pb?* under three different experi-
mental conditiong*#,

(a) Deter mination of metal uptakein the presence
of four different electrolytes and their different
concentrations

Copolymer sample (25 mg) wasplacedin cleaned
glassbottlesand each of thedectrolytes (25 ml) NaCl,
NaNO,, NaClO, and Na,SO, at different concentra-
tions, viz. 0.01, 0.05, 0.1, 0.5, and 1 M, was added
into the bottles. The suspensionswere adjusted to pH
2.5 for Fe**, pH 4.5 for Cu?* and Hg*, pH 5.0 for
Co?", Cd*, Ni2*and Zn?" and pH 6 for Pb?* by adding
either 0.1 M HCI or 0.1 M NaOH. The suspensions
were mechanically stirred for 24 h at room tempera-
ture. After 24 h, 0.1 M of the chosen metal ion solution
(2 ml) was added to each bottle and these were again
vigoroudly stirred at room temperaturefor 24 h. The
copolymer wasthenisolated by filtration and washed
with digtilled water. Thefiltrateand thewashingswere
collected and theamount of meta ionwasestimated by
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titrating against tlandard disodium EDTA solutionusing
an appropriateindicator. A blank experiment wasalso
performed by following the same procedure without
the copolymer sample. Theamount of metal ionstaken
up by the copolymer in the presence of agiven eectro-
lyte can be cal culated from the difference between the
actud titration reading and that of the blank reading.

(b) Estimation of rateof metal ion uptakeasafunc-
tion of time

In order to estimate thetimerequireto reach the
state of equilibrium under the given experimenta con-
ditions, aseries of experiments of thetype described
abovewere carried out, inwhich themeta iontakenup
by the chelating resins was determined from timeto
timeat room temperature (in thepresence of 25ml of 1
M NaNO, solution). It was assumed that, under the
given conditions, the state of equilibrium was estab-
lishedwithin 24 h. Therateof meta uptakeisexpressed
as percentage of the amount of metal ions taken up
after acertaintimereated tothat at the state of equilib-
riumand it can bedefined by thefollowing relationship.
The percentage amount of metal ionstaken up at dif-
ferent timeisdefined as.

Amount of metal
ion adsor bed
Amount of metal ion
adsorbed at equilibrium

Per centage of metal ion _

taken up at equilibrium ~ 100

Per centage of metal ion adsor bed after 1 h =(100X)/Y

Where, ‘X’ mg of metal ion adsorbed after 1 hand ‘Y~
mg of metal ionisadsorbed after 24 h, thenby Using
thisexpression, the amount of metal adsorbed by co-
polymer after specifictimeinterva swasca culated and
expressed interms of percentage metal ion adsorbed.
Thisexperiment was performed using 0.1 M metd ni-
trate solution of Fe**, Cu?*, Ni?*, Co?*, Hg?, Zn?",Cd?
and Pb*".

(c) Evaluation of thedistribution of metal ionsat
different pH

Thedistribution of each oneof theeight meta ions

i.e, Fe*, Cu?, Ni#, Co*, Hg*, Zn?,Cd** and Pb**
between the polymer phase and the aqueous phasewas
determined a room temperature and in the presence of
1M NaNO, solution. Theexperimentswere carried out
asdescribed aboveat different pH vaues. Thedistribu-
tionratio, D isdefined by thefollowing relationship.

Amount of metal Volume of

_ ion on resin solution (ml)
~ Amount of metal ion~ Weight of
in solution resin (g)

Metal ion adsorbed (uptake) by theresin = ZX)_2
Y )0.025

Where, ‘Z’ is the difference between actual experiment
reading and blank reading; ‘X’ gram is the amount of
metal ionin2ml 0.1 M metal nitrate solution before
uptakeand Y’ gram of metal ion in 2 ml of metal ni-
trate solution after uptake.

RESULTSAND DISCUSSION

Spectral studiesof 4-ASAOF-11 copolymer
(a) Elemental analysis

Composition of copolymer obtained onthebasis
of dementd andysisdataand wasfound tobein good
corrdationtothat of calculated valuesandyidd of resin
wasfoundto be84% asgivenin TABLE 1.

(b) FT-IR spectra

TheFTIR-spectrum of 4-ASAOF-I| copolymeris
represented in Figure 2 and the datais reported in
TABLE 2. Broad band appeared at 3271.27 cm?,
which may beass gned to the stretching vibration of the
phenalic-OH groupsexhibitingintermolecular hydro-
gen bonding!?*?!, The presence of aweak peak at
3003.17 cm* describesthe—NH- in oxamide moiety
which might be present in copolymeric chain®!, The
broad band appearing in the spectrum at 3480.1 cmr
!isassigned to the hydroxyl group of -COOH present
inthearomatic ring and involvesintramol ecul ar hy-
drogen bonding with the-NH of Ar-NH_*%. Thisband

TABLE 1: Elemental analysisdata of 4-ASAOF-I1 copolymer

M onomer Empirical Elemental Analysis (%)
Copolymer empirical formula C H N
formula weight Found. Cal. Found. Cal.  Found. Cal.
4-ASAOF-I11 C1oH1gN4Og 430.37 53.03 53.81 4.22 4.24 13.02 13.42
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seemsto be merged with the band arising from—-NH
stretching vibrations of theAr-NH,, group, and thisis
further confirmed by the—NH bending vibrations ap-
pearing at 1587.4 cm28, A sharp and weak peak
obtained at 2852.0-2895.0 cm', indicatesthe pres-
ence of stretching vibrations of methylene group (-
CH,-) inthe copolymer chainf?27. A medium band,
displayed between 1450.6-1580.4 cm™, may bedue
to stretching vibration of >C=C<inaromatics. Broad
and strong bands displayed at 1267.23 cnr for con-
firm the presence of >C=0 stretching vibration of car-
boxylic acid group in the polymer chain?®l, >C=0
stretch in phenol isrepresented at 1197.79 cm™. The
presenceof pentasubstitution of aromatic ring®! isrec-
ognized from the weak band appearing at 786.53 -
850cm™.
(c) *H- NMR spectra

'H-NMR spectral dataisgivenin TABLE 3 and
spectrum ispresented in Figure 3. Spectrareved dif-
ferent patterns of peaks, since each of them pos-
sesses aset of protons having different proton envi-
ronment. A significant downfield in chemical shift of
proton of phenolic -OH group, observed at 6 5.05
ppm, isdueto intermediate proton exchange reac-
tion of phenolic —OH group!?*%. A weak singlet is
observed at 6 6.30 - 7.13 ppm and is due to the
protons of phenol. In oxamide moiety, the singlet
observed in the region § 8.02 is due to CH-NH-
C=0 and singlet observed in theregion 6 4.32 ppm
due to methylene proton of Ar-CH_-NH. A broad
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singlet observed at 6 4.10 ppm may be assigned to
proton of Ar —NH.,,. Singlet observed at 6 2.55 ppm
and 6 11.51 ppm due to the proton of Ar-CH, and
Ar-COOH respectively!®#l

TABLE 2: IR frequenciesof 4-ASAOF-I| copolymer

Observed band Expected
X . . band
frequencies Vibrational mode f .
(cm™) requenlcus
(cm™)
3271.27 b,st -OH (Phenolic) 3200-3400
3003.17 st,w —NH- (amido) >3000
2852.0-2895.0 m,st —CH,- stretching methylene 2800-2950
Bridge
1450.6 -1580.4 m >C=C< in aromatics 1400-1600
1267.23 st Carboxylic acid -COOH 1250-1300
1587.4 « Ar-NH; (Amine) 1560-1640
1197.79shm  C-O str. in phenol 1200
786.53 sh,w . .
850.4 shw Pentasubstituted benzenering ~ 700-950

sh- sharp; b- broad; st- strong; m- medium; w- weak

TABLE 3: 'H-NM R spectral data of 4-ASAOF-I1 copolymer

Nature of protons Expected Observed chemical
e np o chemical shift (3) ppm of
9 shift (8) ppm terpolymer
1H, Phenolic -OH (S) 359 5.05
1H, Ar-H (S 6-9 6.30-7.13
2H, Ar- NH, (9) 3.2-6 4.10
1H, Ar-COOH (S) 10-13 11.51
1H, CH,NH-C=0 (S) 5-8 8.02
2H, Ar-CHx-NH (S) 2545 4.32
2H, Ar-CH, (9) 15-35 2.55
(S) Sand for singlet
" 1'
A/
I
| /
|] | ’IJ
Jﬂ l l“ -
. 5
"4 : h’Jw’,.‘. .
| ai%
| 8%
-
1780 1500 1250 1000 750 500

Wavelength (cm™!)
Figure2: FT-IR spectraof 4-ASAOF-I1 copolymer
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Figure3: 'H-NM R spectrum of 4-ASAOF-I| copolymer
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Figure4: *C NM R spectrum of 4-ASAOF-1| copolymer

18 m

Figure5: SEM imageof 4-ASAOF-I| copolymer

(d) B*C-NMR spectra C, of thefirst aromatic ring showsthe peaksat 152.0,

The ®*C-NMR spectrum of 4-ASAOF-I| copoly-  113.3, 135.8, 136.5, 115.9 and 114.2 ppm respec-
mer isshownin Figure 4 and observed chemical shift  tively and the peaks appeared a 35.3 ppmisassigned
assigned on the basis of theliterature®?3. TheC to  tothemethylenecarbon of Ar-CH,-NH linkage®. The
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TABLE 4: Thermal degradation behavior of 4-ASAOF-I1 copolymer

Decomposition Temp. Range Wt. Loss (%) _
ecies Degraded
Steps (C) Found Calc. » eg
I 102-227 21.07 21.72 Two (-OH), one (-CH,) groups
I 227-258 39.66 40.23 Two (-COOH), and two (-CH,) groups
i 258-580 100 100 Two benzene rings with two(-NH,), two (-CH,) and

complete oxamide moiety

TABLE 5 : Thermoanalytical data for degradation of 4-
ASAOF-II copolymer

Kinetic Parameters

Kinetic —
Models Activation Order of Frequency
Energy (Ea) reaction(n) factor (2)
Friedman 10.59 1.45 8.95
Chang 10.61 1.45 144

peaks appeared at 169.4 ppm is dueto the carbon of
the carboxylicacid group and at 151.9, 113.7, 127.1,
135.3, 135.7 and 110.3 ppm with respect to C, to C,
of second aromatic ring of copolymer resinresing®4,
The peaks appeared at 162.7 ppm isdueto carbonyl
carbon of oxamide moiety.
(e) SEM analysis

Thetypica microphotograph at 1,500 magnifica-
tionsfrom SEM of 4-ASAOF-Il isshowninFigure5.
The SEM image showsthesurfacefutureof thesample.
Theimageof the4-ASAOFIl isclearly indicativeof a
loosely close packed structure with high porosity or
voids. Thevoidspresentsinthecopolymer ligandsmay
beresponsiblefor the swelling behavior and reactivity
of activesitesburied inthe polymer matrix. Theimage
also showed atransitions state between theamorphous
and crystalline states. However, more predominantly
the copolymer isamorphous, because of the polycon-
densation reaction®

Thermogravimetricanalysis

Thermogravimetric andyssisfoundto bevery use-
ful method to determinethethermal stability of copoly-
mer resin. Thermal degradation behavior and kinetic
dataof copolymer isrecorded in TABLE 4 and ther-
mogramisshownin Figure 6. Theresin 4-ASAOF-I|

exhibit three stagesof decompositionwithinitia lossof
water molecule. When temperaturewas raised from
4010 102°C, it showed theweight lossabout 11.15 %
and iscorresponding to the moisture entrapped in mol-
eculeor water of crystdlization associated with thisco-
polymer®3, Thisisin agreement with theweight loss
cal culated theoretically whichisabout 11.48 %. First
step isslow decompositionintemperaturerange 102-
227 °C, corresponding to 21.07 % mass loss which
may be attributed to loss of two hydroxyl and one me-
thylenegroupsagainst ca culated valueof 21.72 %]l oss
present per repeat unit of copolymer. The second step
of decomposition startsfrom temperature 227 to 258
°C, corresponding to 39.66 % losswhich may be at-
tributed to thetwo —COOH groups against calculated
weight loss of 40.23 %. Thethird step of decomposi-
tion start from 258 to 580 °C, correspondingto 100 %
losswhich may be attributed to complete remaining
moiety having two benzenering, two-NH,,, two—CH,
groups and oxamidemoiety againgt cal culated weight
loss of 100 %.

Thermogram expressesthe dependence of change
in mass on the temperature which givesinformation
about sample composition, product formed after heat-
ing and kinetic parameters. Kinetics parametershave
been determined using Friedmant*** and Chang®
techniquesasfollows:

Kineticsof thermal decomposition by Friedman
and Changtechniques

In the present investigation Friedman and Chang
techniques havebeen used to determinethekinetic pa-
rameters of 4-ASAOF-11 copolymer.

Electrolyte solution + metal 10on solution+ polymer

v

electrolyte ligand - metal 1on chelates

¥

Polymer - metal 1on chelates
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(a) Friedman technique

da Ea

|n(a)=|n(2)+nln(l—a)—ﬁ @

Where, o istheconversion at timet; Risthegas con-
stant (8.314 Jmol/K) and T isthe absolute tempera-
ture (K). Fromthedopeof thelinear plot of In(1-a) vs.
1/T, n can be obtained. The plot of In(do/dt) vs. /T
should belinear withthedope E /R, fromwhich E_can
beobtained (Figure7).

(b) Changtechnique
()

N9 _nizy-E2 )
(1-a)' RT

Figure 7 has shown Chang method (2) givesplotsbe-
tween [In(dov/dt)/(1-a0)"] vs. (1/T) whichisusedto cal-
culate E, and In(z) of respective degradation reaction
for best fitted valueof n (from Friedman equation), which
correspondsto correct reaction order for thermal de-
composdition.

ORIGINAL ARTICLE

A plot of percentage masslossvstemperatureis
shown in Figure 6 for arepresentative 4-ASAOF-I|
copolymer. Fromthe TG curves, thethermoanal ytical
datain TABLE 5 and decomposition temperature has
been determined for different sagesasgivenin TABLE
4. Thiskinetic analysis should be astarting point to
obtaintheuseful information onthebehavior of samples.
Fairly comparableresultsinthekinetic parametersi.e.
E,., nand In(z) are obtained by Friedman and Chang
may bedueto ana ogy in mathematical moddl.

Fromtheabovediscussion, it istherefore concluded
that for each technique, the values of kinetic param-
etersdepend on cal culation technique used. Total cal-
culations obtained from different kinetic modelsdem-
ondrated that thenumerica vaueof kinetic parameters
depends on the mathematical model usedto analyze
theexperimenta dataand level of degradation’®. Due
to complex phenomenaof copol ymer degradation pro-
cessin non-isotherma thermogravimetry, the computed
kinetic parametersareinfact only parametersof given

TABLE 6: Evaluation of the effect of different electrolytesand their concentrationson the uptake of 4-ASAOF-I|

copolymer resin.

Weight of Metal uptake

Weight of Metal uptake

Metal Electrolyte . (mmol g% in thepresenceof  Metal Electrolyte pH __(mmol g% in the presence of
fon (molfl) NaNO, N&,SO, NaCl Naclo, 'O (mol/) NaNO, NaSO, NaCl NaClo,
0.01 154 263 163 145 0.01 1.36 1.86 096 07
0.05 1.83 142 194 184 0.05 1.68 162 136 111
Fe** 0.10 25 232 112 232 216 Co* 0.10 50 192 091 168 162
0.50 274 073 274 254 0.50 232 054 198 191
1.00 328 033 331 292 1.00 252 038 212 216
0.01 154 296 142 068 0.01 0.38 1.86 078 071
0.05 173 246 18 118 0.05 0.63 145 116 094
cu® 0.10 45 1.95 192 213 152 zn* 0.10 50 1.21 116 154 143
0.50 2.26 132 254 19 0.50 156 088 18 186
1.00 253 082 312 224 1.00 1.90 042 229 212
0.01 116 275 123 086 0.01 1.28 276 132 148
0.05 1.62 218 164 118 0.05 1.46 234 154 169
Hg™ 0.10 45 178 176 214 176 Ni* 0.10 50 191 173 191 191
0.50 1.99 128 267 217 0.50 2.37 132 239 232
1.00 232 061 323 242 1.00 280 086 278 276
0.01 0.42 164 142 064 0.01 0.46 132 085 063
0.05 0.68 132 168 086 0.05 071 098 116, 098
Ccd* 0.10 50 098 1.07 182 128 Pb* 0.10 60 112 076 146 134
0.50 118 076 211 172 0.50 154 046 184 169
1.00 154 051 236 194 1.00 186 029 193 1901
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Metal ion Fe* > cu¥ =~ N2t > Co®* =~ H¢ =~ zZn* > Cd* Pb*
lonic size 0:55 0:57 0:69 0:90 0:90 0:90 1:10 1:19

TABLE 7: Comparison of theratesof metal (M) ions? uptake by 4-ASAOF-11 copolymer resin
. Per centage of metal ion uptakeb at different times (h)
Metal ion pH 1 > 3 4 = 5 -
Fe*' 25 54 79.5 97 - -
cu® 45 5 315 51.5 63.5 94
Hg* 45 18 315 47 59 82 -
cd* 5 13 20 355 51 76 93
Co* 5 14 30 475 66 82
zn* 5 75 215 41 56 71
NiZ* 5 0 125 34.5 63.5 85 -
Po* 6 6.5 19 36.5 62 705 86

2 [M(NO,),] = 0.1 mal/l; volume = 2 ml; NaNO, = 1.0 mol/l; volume= 25 ml, room temperature; ®Metal ion uptake = (amount of
metal ion absorbedx100)/amount of metal ion absorbed at equilibrium.

mathematical equation which hastheform of kinetic
rate equation and which isused tofit theweight loss
curvesaccompanying thetherma degradation of poly-
mersin non-isotherma conditions. Low valuesof fre-
guency factor reveal ed that decomposition reaction of
copolymer may be slow and no other possiblereason
can be given®39, Asaconsegquencethesekinetic pa-
rametersarefictivefromthe point of view of chemical
kinetics.
| on-exchangeproperties

Batch equilibrium techniquedeve oped by De Geiso
et al.[*% and Gregor et al .*!. Thistechniquewas used
to study ion-exchange properties of 4-ASAOF-I1I co-
polymer resin and resultsare presentedin TABLES 6-
8. Eight metal ions Fe**, Cu?*, Ni?*, Co*, Hg*, Zn*,
Cd?* and Pb?* intheform of agueous metal nitrate so-
lution wereused. Theion-exchange study wascarried
out using three experimenta variablessuch asa) elec-
trolyteand itsionic strength b) uptaketimeand c) pH
of the agqueous medium. Among thesethreevariables,
two were kept constant and only onewasvaried at a
timeto evaluateitseffect on metal uptake of the poly-
mer similar totheearlier co-workerg*?3,

(a) Deter mination of metal uptakein the presence

of four different electrolytes and their different
concentrations

We examined theinfluenceof nitrate (NQO,), chlo-
ride(Cl"), chlorate(ClO,), and sulfate (SO,?) at vari-
ous concentrationson theequilibrium of meta—resin in-

teraction. Theaim of thisstudy istoinvestigatethe ef-
fect of thevariouse ectrolyteswith different concentra-
tions on theamount of the meta ionstaken up by co-
polymer samplewhich might beusedinthepurification
of wastesolution. Theresultsare presented in TABLE
6. Thisreve sthat theamount of metd ionstaken up by
agiven amount of copolymer depends on the nature
and concentration of theelectrolyte presentinthe solu-
tion. Generally as concentration of theelectrolytein-
creases, theionization decreases, number of ligands
(negativeionsof eectrolyte) decreaseinthe solution
whichformsthecomplex withlessnumber of metd ions
and therefore more number of ionsmay availablefor
adsorption on copolymer. Hence on increasing con-
centration, uptakeof meta ionsmay beincreased, which
isthenormal trend. But thetrend isdifferentin different
electrolytesand their different concentrationsduetothe
formation of moreor lessstable complex of e ecrtolyte
ligand or copolymer with metal ions.

If electrolyteligand-metal ion complex is weaker
than polymer metal ion chelates, the more number of
metal ionscan form complex with polymer hence up-
takeof meta ionismore. But if thiscomplex isstronger
than polymer metd ion chelates, more number of metal
ionsform strong complex with e ectrolyteligand which
make metal uptake capacity lower by polymer.

In the presence of nitrate (NO,), chloride (CI"),
chlorate (CIO,), the uptake of Fe*, Cu*, Ni*, Co*,
Hg*, Zn?*, Cd?" and Pb?* ionsincreaseswithincreas-
ing concentration of the el ectrolyte, whereasinthepres-
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TABLE 8: Digtribution ratio D2 of variousmetal ions® asfunction of the pH by 4-ASAOF-I1 copolymer resin

Distribution ratio of metal ion at different P"

Metalion  P"
15 2 25 3 35 4 5 6 6.5

Fe® 25 5363 91.74 168.59 372.18 - - - - -

cu® 4.5 - 42.62 51.28 59.36 87.54 147.36 658.53 1156.56
Hg2+ 4.5 - 35.27 75.36 87.78 298.45 358.54 396.85 557.35
cd* 5 - 112.34 135.43 186.42 243.12 311.56 407.25 627.54
Co* 5 - 14.84 23.37 47.66 76.14 127.64 214.13 335.18
zn* 5 - 23.38 38.42 47.90 76.49 123.78 211.23 286.34
Ni?* 5 - 1.56 23.23 51.48 96.45 205.42 511.66 1086.14
Pb?* 6 - 17.78 23.39 33.26 51.32 84.24 137.41 217.16

aD = weight (in mg) of metal ionstaken up by 1 g of copolymer/weight (in mg) of metal ions present in 1 ml of solution; * [M(NO,),]
= 0.1 mol/l; volume = 2 ml; NaNO, = 1.0 mol/I; volume = 25 ml, time 24 h (equilibrium state) at room temperature.

ence of sulfate (SO,*) ions the amount of the above
mentioned ionstaken up by the copolymer decreases
with increasing concentration of the el ectrolyte.

Theratio of physical corestructure of theresinis
significant in theuptake of different metal ionsby the
resin copolymer. Therateof metal ionuptakefor NO,
, CI, ClO, and SO, electrolytes at various concen-
trationsfollowstheorder as:

Fé+ > Cu2+ ~ Ni2+ > C02+ ~ H92+ ~ Zn2+ > Cd2+ ~
Pb?*. The amount of metal ion uptake by the 4-
ASAOF-II copolymer resinisfound to be higher when
comparing to the other tercopolymer resing?34l, The
uptake of metal ionsby the copolymer resinwas cal cu-
lated by use of theformulaand expressedin mmol g*.
M etal ion adsor bed (uptake) by resin = (X”’Y) Z mmol/ g
Where, ‘Z’ ml is the difference between actual experi-
mental reading and blank reading; ‘X’ mg is metal ion in
the2ml 0.1 M metd nitrate sol ution before uptake and
‘Y’ mgis metal ion in the 2 ml 0.1 M metal nitrate solu-
tion after uptake.

By using thisequation the uptake of variousmetal
ionsby resin can be cd culated and expressed interms
of millimolsper gram of the copolymer. Thusthemeta
intake of resin was anayzed by massbalance calcula-
tion.

(b) Estimation of rateof metal ion uptakeasafunc-
tion of time

Therate of metal adsorption was determined to
find out the shortest period of timefor which equilib-
rium could be achieved while operating as close to
equilibrium conditionsaspossible. Asshakingtimein-
creasesthe copolymer gets moretimefor adsorption,

hence uptakeincreases (TABLE 7). It showsthedata
of dependence of therate of metal ion uptake on the
nature of themetal ions. Theratereferstothechangein
the concentration of themeta ionsin the aqueous solu-
tionwhichisin contact with thegiven copolymer. The
results show that therate of metal uptake may depend
upon the nature of themetal ionsandtheir ionic size.
Thustherateof metal ion uptakefollowsthe order
The sequenceof rate of meta ion uptakeindicates
that therateisdirectly proportional to thesizeof the
meta ion. For example Fe* hasmore chargeand small
sze, thereforeequilibriumisattained withinthreehours,
while other four transitionions Cu?*, Ni%, Co*, Hg*,
Zr?* have nearly equa cationic size, having same
charges, thereforerequired 5 hto attain equilibrium,
while Cd? and Pb?* havelargeatomic size, therefore
requiring 6 hto attain equilibrium. Thetrendisingood
agreement with earlier workerg?4344,
(c) Evaluation of thedistribution of metal ionsat
different pH

Theeffect of pH onthemetal binding capacity of
thesynthesized copolymersshowsthat relative amount
of metd ion adsorbed by the copolymer resinincrease
withincreasing pH of themedium (TABLE 8). Thestudy
was carried from pH 1.5t0 6.5 to prevent absorption
or hydrolysisor precipitation of themeta ionsat higher
pH. Thedataon thedistribution ratio asafunction of
pH indicatesthat the distribution of each meta between
the polymer phase and aqueous phaseincrease with
increasing pH of themedium. Themagnitudeof increase,
however, isdifferent for different metal ions.

Itisobserved that Fe* ion has highest working pH
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is3 because abovethispH Fe* found to beabsorbin
theresinandit haslower distributionretio, since Fe*
formscomplex with e ectrolyte, which showscrowding
effect. Thissteric hindrance may belower thedistribu-
tionratio of Fe* ion. Cu?* and Ni?* havehigher distri-
bution ratio over pH rangeof 2.5t0 6.5 which may be
duetothelessgteric hindrance. Thusthevaueof distri-
butionratio for given pH depends upon the natureand
stability of chdateformation for particular metd ion 44,
In case of Cd?* and Pb?* purely electrostatic factors
areresponsble, theion uptake capacity of Cd?* islower
owingtothelargesizeof itshydratedion than that of
Cu?. The gtericinfluence of theaminegroup and hy-
droxyl groupin4-ASAOF-II resnisprobably respon-
siblefor their observed low binding capacitiesfor vari-
ousmetd ions. Thehigher vaueof digtribution ratiofor
Cu?* and Ni?* at pH 2.5t0 6.5 may be dueto thefor-
mation of most stable complex with chelating ligands.
Therefore the copolymer under study hasmore selec-
tivity of Cu?* and Ni*ionsintherangeof pH 2.5t06.5
then other ionswhich from rather weak complex. While
from pH 1.5 to 3 the polymer has more sel ectivity of
Fe* ions. Theorder of distribution ratio of metal ions
measured in pH range 1.5t0 6.5 isfound to be Fe** >
Cu?> Ni?* > Hg? > Zn?*> Co?*> Ph?*> Cd?344,
The4-ASAOF-II copolymer resinisacation exchange
resin and in cation exchange resinthe equilibrium may
beexpressed interms of massactionlaw andtherela
tiveamount of meta ionsintheresin phaseand can be
determined by therel ative concentrations of theseions
inthebulk of thesolution.
(Resn OH)H*+M* (in solution) &> (Resin OH) M* + H* (in
solution)
K =[H*] [(Resin OH") M*]/ [(Resin OH") H*] [H"]
Equilibrium constant (K) of thistypeareuseful for
comparingtherdativeaffinitiesfor aresntowardsvari-
ousions. Thecationsarearranged in an affinity scale
according to thenumerical value of K. For the metal
ionsunder investigation, therelative affinity isFe* >
Cu? = Ni?*> Cd** ~ Hg** > Co* ~ Zn* ~ Pb**. The
strength of el ectrolyte and diel ectric constant also af-
fect themetal distribution or accumulation of resin.

CONCLUSION

Synthesisof targeted copolymer (4-ASAOF-I1) has

been confirmed which issupported by the results ob-
taned by thed ementd andyssand spectrd data. Fried-
man, Chang methods show nearly similar val ues of ki-
netic parameters may be dueto resemblancein math-
ematica model. Thevaluesof kinetic parametersare
significantly controlled by level of degradation and cal-
culaion techniqueused to anayzetheexperimental data.
It isobserved that the metal complexestakenin the
present study are pH dependent and each has a defi-
nitepH for optimum chelation, anditisuseful property
to separate a particular metal ion from a solution of
different metd ionsusing thiscopolymer. The surface
of the copolymer resin was found to be more amor-
phous, clearly indicating the suitability of the synthe-
sized resinfor ion-exchange applications.
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