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ABSTRACT KEYWORDS
A polyacrylamide/Bentonite/Starch superabsorbent composite was synthe- Acrylamide;
sized by solution polymerization of acrylamide (AAm) on Bentonite and Superabsorbent;

Starch using N,N -methylene bis acrylamide (MBA) as a cross linker and
potassium persulphate (KPS) as an initiator in agueous solution followed
by hydrolysis with sodium hydroxide. The effects of variable factors such
asinitial monomer concentration, amount of crosslinker, initiator, and ben-
tonite clay onwater absorbency wereinvestigated. The graft copolymeriza-
tion reaction of AAm on Bentonite and Starch was characterized by FTIR.
The morphology of prepared superabsorbent composites was characterized
by scanning electron microscopy (SEM). The water absorbencies for these
superabsorbent composites in water and saline solutions were investigated.
The super absorbent composite synthesized under optimal conditions with
Bentonite exhibits absorption of 980g/g in distilled water and 163g /g in
saline solution. © 2014 Trade Sciencelnc. - INDIA

Solution polymerization;
Water absorbency;
Bentonite;
Starch.

INTRODUCTION tics, thelimitationsof these materialsin comparisonto

the natural based ones seem to beworth nothing. The

Superabsorbent polymers are moderately cross
linked hydrophilicthreedimens ond polymer networks
exhibit the ability to swell inwater, slineor biological
fluids™ They retain significant fraction of themwithin
their structure but they do not dissolve in water.
Superabsorbent polymers(SAPs) arepolymersthat can
absorb and retain water, saline solutionsor physiologi-
ca fluidsupto severa thousand timestheir dry weight.
Superabsorbent can be applied to many industrial ap-
plications, such asbaby digpers, persond hygieneprod-
ucts, controlled drug release, horticulture, heavy meta
ionsremova and agriculture.>” Superabsorbent made
from synthetic polymerspossessexcellent characteris-

toxicity and non biodegradability may create environ-
menta problemsand limit their uses. At present, mate-
rial sbiodegradability isan important focus of there-
search in thisfield because of the renewed attention
towards environmental protectionissues.® Sothenew
types of multi-component superabsorbent derived from
naturally availableraw materialsare desired, and the
organic-inorganic composites of natural polysaccharides
with inorganic claysundoubtedly become promising
material s because they showed both excellent perfor-
mance and environmenta friendly characteristics.® 19
In past, the preparation of organic-inorganic
superabsorbent compositeshaveattracted greet atten-
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tion becauseof their relatively low production cost and
high water absorbency.™° they used Bentoniteasa
clay materia becauseof itsnatural largeabundanceand
low cost. Synthesis and swelling behaviour of
superabsorbent compositesthrough pol ymerization of
diluted solution of monomersby using clay and modi-
fied clay have been recently investigated.*? Because
of their hydrophilic nature; clayshavebeen more suit-
ablefor usein water absorbents as additives. In the
present research work, we have focused on studying
the synthes sand characterization of starch-acrylamide-
based superabsorbent through sol ution polymerization
method. Starchislow cost materials. In-situ polymer-
ization of starch with acrylamideand clay will produce
alow cost superabsorbent composite.
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Figurel: Schematic structur e of Bentonite clay

EXPERIMENTAL

Materials

Potato Starch was obtained from LobaChemie Pt
Ltd, Acrylamide (AAm) monomer was supplied by
LobaChemiePvt Ltd., Mumbai, Potassum persulfate
(KPS, initiator) was procured from Qualigens Fine
Chemicals, N,N2 -methylenebisacrylamide(MBA) as
a crosslinking agent was supplied by Chemika
BiochemikaReagents, Mumbai. Bentonite Clay was
purchased from SD Finechemicas Mumbai. All solu-
tionswere prepared in distilled water. The schematic
illustration (Figure 1) of Bentoniteclay ispresented as
below.

The polymerization temperaturewas kept constant

at 70+ 0.1°C, using athermostat.
Prepar ation of superabsor bent composites

A seriesof sampleswith different amountsof Ben-
tonite, cross-linker, initiator, garch and acrylamidewere
prepared by thefollowing procedure.

In afour-neck glassreactor equipped with astir-
rer, acondenser, athermometer, 10 % Starch solution
was prepared by heating at 95°C for 30 mins under
nitrogen atmosphere. A mixed solution of acrylamide
monomer, cross-linker, bentoniteclay andinitiator were
added intheflask at room temperature under Nitrogen
atmospherewith continuoustirring.

Thetemperature of the reaction wasthen brought
dowlyto 70°C with vigorous stirring. The reaction was
carried out for 3 hrsat 70 + 0.1°C. After 3 h of the
reaction, theresulting product wastransferred to aso-
dium hydroxide sol ution and allowed saponification re-
action for 2 h at 90°C. The saponified product was
filtered and washed severd timeswith distilled water to
remove ungrafted molecules, unreacted monomer and
base until the neutra sol ution was obtained then dried
in a oven at 70°C to a constant weight. The
superabsorbent compositewasthen milled to get fine
powder.

Water-absor bency measurement

A weighed quantity of thesuperabsorbent composite
wasimmersed indistilled water at room temperatureto
reach the swelling equilibrium. Swollen sampleswere
then separated from unabsorbed water by filtering. The
water absorbency (Q,,,) of the superabsorbent com-
positewasdetermined by weighing theswe led samples,

andtheQ,,, of the sampleswas cal culated using the
followingequation:
Qrzo = (M2- M) /My 1)

wherem, and m, aretheweightsof thedry sampleand
thewater-swollen sample, respectively. Q, ., wasca-
culated asgramsof water per gram of sample(g/g).

Characterization of clay

Particlesizeandysisof Bentoniteclay wascarried
out inaBeckman Coulter particlesizeandyser and the
resultsconfirmedtheparticleszedigributionintheclay.
The particlesize distribution of clay was obtained by
dispersingtheclay in water and then ultrasonicating the
clay. The Bentonite clay was characterized by X-ray
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diffractionusing PANaytica X-pert Prodiffraction unit
which had aCuK o radiation source operated at agen-
erator voltage40kV and current 30 mA. Theinstru-
ment wasrun at the step scan modewithin 26 angle 0°
to 10°. For rdiability of data, each samplewas scanned
severd times.

Characterization of clay and super absor bent com-
posites

- 1
Particle size I

Figure?2: Particlesizedistribution curvefor Bentoniteclay
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sorption bands corresponding to thefunctiona groups
attached to themonomeric units.

RESULTSAND DISCUSSIONS

Infrared spectra

Theinfrared spectraof Acrylamide, starch, Bento-
nite clay and starch-graft-poly (acrylamide)/bentonite

cccc

Iton ["2Theta]

Figure3: XRD pattern of Bentoniteclay

Figure4: Infrared spectraof Bentoniteclay, Sarch, Acrylamideand PAAmM/Sar ch/Bentoniteclay super absor bent compos-

ite.
The IR spectra of the Bentonite Clay and
superabsorbent compositeswererecorded onaPerkin

Elmer Spectrum One FTIR using KBr pellets. ThelR
spectrum of the superabsorbent composite shows ab-

superabsorbent compositesareshownin Figure4.
According to the IR spectra of the product peak

observed at 3421cnt isattributed to the—NH stretch-

ing of acrylamideunit, 1674 cm* isattributed for the
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Spectrum 2

Electron Image 1

Figure5: SEM micrograph of SAPc having 2wt% clay.

TABLE 1: Effect of weight ratio of AAmto Sarch, Initiator,
Crosdinker percentagein thefeed onthewater absorbency
of thesuper absor bent composte

AAm: Starch Water Absorbency (g/g)
11 594
2:1 668
31 629
4:1 547

@Reaction conditions: Reaction Temperature, 70°C, 0.5wt% KPS,
0.5wt% MBA and 0.5wt % Clay

C=0 stretching in the acrylamide unit in the
superabsorbent. The absorption peak attributed to OH
of Bentonitegroup (3443cm!) has changed after reac-
tion. Absorption peak at 574cmr? attributed to OH of
starch became changed, indicated that OH group on
starch changed during reaction. The absorption peaks
at 3356, 1673 and 1613 cm™ attributed tothe—CONH,,
group on the acrylamide al so change during the reac-
tion and anew peak at 1408cm™ attributed to -CO,
group appeared. The above results showed that the
characteristic absorption peak for OH groupson Ben-
toniteand starch and—-CONH,, group has changed &f -
ter copolymerisation reaction. It may beduetothefact
that there was the reaction between Bentonite, Starch
and Acrylamideleading to the formation of network
dructure.

The existence of clay particlesin the SAPc was
confirmed by SEM micrograph (See Figure5). The

SEM micrographindicatethat uniformly distribution of
clay particleswithin polymer matrix. The copolymers
have rough morphology with clay particlestrapped on
therough surfaceof polymer matrix.

Effect of weight ratio of AAmto Starch

It can beseen from TABLE 1 that thewater absor-
bency of superabsorbent compositeincreased within-
creasing ration of AAm to starch. The maximum water
absorbency was reached when the superabsorbent
composite having weight ratio of AAmto Starch of 2:1
with 0.5wt% of KPS, MBA and clay respectively. This
isduetofact that both grafting and molecul ar weight of
grafted polymer chainincreased withincreesngAAm
content but with further increasing AAm content be-
yond 2:1, thewater absorbency decreases. Thiscould
be because of increasein homopol ymer percentage of
PolyAAm, which causesinan increasein solublemate-
ridsat fixed crosslinking density.

Effect of initiator content

Theeffect of initiator concentration inthe compos-
iteonwater absorbency isshowninFigure6. TheWater
absorbency increaseswheninitiator KPS content in-
creasesfrom 0.5% to 1.25% and highest water absor-
bency 750 g/gwasfound at 1.25wt%initiator concen-
tration. Water absorbency was decreased with further
increasein the concentration of KPS. Thiscould be
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Figure6: Effect of initiator content on distilled water absor -
bency of thesuper absor bent

@Reaction conditions: Reaction Temperature, 70°C, Sarch: Am
2:1,0.5wt% M BA and 0.5wt % clay

because of increaseinthe number of freeradicalswith
theincreasein concentration of initiator. Asthe number
of freeradicasincreases, therateof polymerizationis
also increases, which reduces the polymer network
space thereby decreasing water absorbency of com-
posites. On the other hand when the concentration of
initiator islower than 1.25 wt%, the graft copolymer-
ization reaction is slower, results in fewer network
gpaces and thuswater absorbency isdecreases under
thesame condition.

Effect of crosslinker content

Theeffect of cross-linker content on water absor-
bency isshownintheFigure 7. Water absorbency in-
creasesas cross-linker content increasesfrom 0.5wt%
to 1wt% and wasfound to be 794 g/g at 1 wt% cross-
linker. Further increasein crosslinker content from 1wt
% to 1.5wt % decreasesthe water absorbency dueto
thefact that increaseinthe crosslinker content creates
more crosslinking, leadsto additional networksand
decreasesfreevolumethat water can occupy resulting
inlesswater absorbency vaue. Ontheother hand when
cross-linker content islower than 0.75 wt%, the copo-
lymerization reaction between starch moleculesand
acrylamide does not occur effectively. Thereforethe
cross-linkage network does not form and starch and
acrylamide exist asmonomer or low molecul ar weight

polymers.
Effect of clay content

Theinfluenceof theamount of Bentonitepowder in
compositeson thewater absorbency isshownin Fig-
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Figure7 : Effect of crosslinker content on distilled water

absor bency of the super absor bent

Reaction conditions: Reaction Temperature, 70°C, AAm: Sarch
2:1,1.25wt% initiator, 0.5wt% clay
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Figure8: Effect of clay content on water absorbenciesof the
super absor bent composites

Reaction conditions: Reaction Temperature, 70°C, AAm: Sarch
2:1, 1.25wt % Initiator, 1wt% Crosslinker.

ure 8. It can be seen that the water absorbency in-
creasesthe most in therange of 0.5-2wt% and highest
water absorbency 980 g/g wasfound at 2 wt% of Ben-
toniteclay. Beyond thisconcentration thewater absor-
bency decreases becausethisinorganic clay material
can act as cross linking point in superabsorbent com-
posite. With larger amount of Bentonite morethan 2
wit%, compositeswith higher crosslinking density are
formed making water difficult to permeatethroughthe
composite thereby decreasing water absorbency.

Effect of salt solutions

Figure9, showstheeffect of concentration of aque-
ous Sodium chloride, Calcium Chloride and Sodium
Sulphate on water absorbency of superabsorbent com-
posite. Thewater absorbency decreaseswith increase
in concentration of saline solution. According to
Hermansthe water absorbency of superabsorbent de-
creased withincrease of ionic strength of externa solu-
tion™ This decreaseswater absorbency with increas-
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Figure9: Water absorbency of SAPcin NaCl, CaCl, and
NaSO, aqueoussolutionswith variousconcentrations

Reaction conditions: Reaction Temper ature, 70°C, AAm: Sarch
2:1,1.25wt% KPS, 1wt% MBA, and 2wt% Clay
ingionicstrength of solutionwhich resultsindecreasing
osmotic pressure difference between the
superabsorbent compositeand theexterna sdinesolu-
tions. Figure 8 a so showsthat for agiven concentra-
tion of saline solution, the water absorbency in NaCl
was far higher than CaCl,, and NaSO, agueous sol u-
tions. This drastic decrease of water absorbency in
multivalent cationic solutions might be due the
complexing ability of carboxylate groups. Thisinduces
theformation of intramol ecular and intermol ecular com-
plexeswhichinturn resultsincreased cross-linking den-
sity of network. The water absorbency in 2 N NaCl
solutionwas 163g/g.

CONCLUSIONS

A starch-graft-poly (acrylamide)/bentonite
superabsorbent composite with water absorbency of
980g/g was synthesi zed by graft copolymerization re-
action among acrylamide and potato starchintheratio
of 2:1, 1.25wt% potassium persulfate, 1wt% methyl-
enebis-acrylamide, and 2wt% Bentonite clay in aque-
oussolution. FITR characterization confirmed the po-
lymerization reaction mechanism. Theuniformdistribu-
tion of Bentonite clay was confirmed with SEM micro-
graph. With the addition of clay thewater absorbency
increasesand ishd pful intheformation of network struc-
ture. Thisapproach of preparation of superabsorbent
compositesutilizing natural resourceslikestarch, clay
would certainly reduce the production cost aswell as
makethematerid environment friendly.
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