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ABSTRACT KEYWORDS
A novel poly (acrylic acid)/Bentonite/Starch superabsorbent polymer (SAP) Acrylicacid,;
composite was synthesi zed by solution polymerization of acrylic acid (AA) Superabsorbent;
on bentonite and starch using N, N-methylene bis acrylamide (MBA) asa Crosdlinking;
crossiinker and potassium per sulfate (KPS) as an initiator in aqueous Water absorbency;
solution. The effects of various parameters such as initial monomer con- Clay;
centration, degree of neutralization of AA, amount of crosslinker, amount Starch.

of initiator and amount of bentonite clay on water absorbency were inves-
tigated. The synthesized polymer was characterized by Fourier Transform
Infrared Spectroscopy (FTIR), X-ray diffraction (XRD) & scanning elec-
tron microscope (SEM). The water absorbencies for these superabsorbent
composites in water and saline solutions were investigated. The synthe-
sized superabsorbent polymer has potential applicationsin hygienic, agri-
cultural, medical and pharmaceutical applications.
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INTRODUCTION areusudly synthesized by free-radicdly-initiated poly-

merization of acrylicsmonomers(suchasacrylicacid),

Superabsorbent polymers are moderately cross
linked hydrophilic polymer networksthat can absorb
and retain large quantities of water in swollen state.
Superabsorbent haverece ved significant attention be-
cause of their considerable applicationsin many areas
such assanitary goods*® agricultureand horticulture®,
wastewater trestment®®, medicinefor drugddivery sys-
tem!® and so on. Despite of awiderange of applica-
tions, most of superabsorbentsused asdisposable par-
ticlesarebased onfully petroleum-based polymerswith
high production cost and having serious environment
impact andthereforeit possesscertainlimitations. SAP

its sodium or potassium salts, and acrylamide (AM)
with crosdinkersviasol ution or inverse suspens on po-
lymerization techniques?™. Thesol ution polymerization
of AA and/or itssatswith awater-soluble cross-linker
inanaqueoussolutionisagraight forward processwith
short time period”#. Superabsorbent polymer com-
posites synthes zed by aqueous sol ution polymerization
with low monomer concentration® givesmoreefficient
preparation method and isespecidly valuableinindus-
try. However, thismethod suffersfrom the necessity to
handle arubbery/solid reaction product, lack of asuffi-
cient reaction control, non-exact particlesizedistribu-
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tion and increas ng the sol content mainly dueto undes-
ired effectsof hydrolyticand thermal cleavage”™. Inan
inverse suspension method themonomersarewell-dis-
persed which is an advantage since the products are
obtained as powder or microspheres (beads), and thus
grindingisnot required™9. Theinverse-suspensionis
ahighly flexibleand versttiletechniqueto produce SAPs
with high swelling ability and fast absorption kinet-
icg"91, Cons dering theabove environmenta and syn-
thesisissues, the devel opment of new types of multi-
component superabsorbent polymersderived fromthe
naturally availableraw materialsisdesired. In recent
years, the preparation of organic—inorganic
superabsorbent composites” have attracted great at-
tention because of their relatively low production cost,
high water absorbency and their considerablerange of
goplicationsinagricultureand horticulture. Synthessand
swelling behavior of superabsorbent compositesthrough
polymerization of diluted solution of monomershby us-
ing Bentonite clay and modified Bentonite clay have
been recently investigated. Because of their hydrophilic
nature, clayshavebeen more suitablefor usein water
absorbentsasadditives.

In the present research study we havefocused on
studying the synthesisand characterization of Starch-
acrylic-based superabsorbentsthrough sol ution method.
Starchislow cost materials. In-situ polymerization of
Starch with acrylic acid and clay will produce alow
cost superabsorbent composite.

EXPERIMENTAL

Materials

Potato Starch was obtained from Loba Chemie Pvt
Ltd. (India), Acrylicacid (AA) monomer wassupplied
by S.D.Fine- Chemicd Ltd, Mumbai (Indig). Potassum
persulfate (KPS, initiator) was procured from Quaigens
FineChemicas(India). N, N- methylenebisacrylamide
(MBA) asacrosdinking agent wassupplied by Chemika
BiochemikaResgents Mumbai, (Indig). All reegentsussd
wereof anaytical grade. Bentonite Clay wasprocured
fromKolkata(India) and wasused asrecaived. All solu-
tionsused inthisstudy were prepared in distilled water.
The polymerizationtemperaturewaskept constant at 70
+0.10°C, using athermostat.

—=== Fy// Poper
Prepar ation of superabsorbent composites

A seriesof sampleswith varying amountsof Ben-
toniteclay, crosdinker, initiator, Starchand acrylicacid
with different degreesof neutraization were prepared
indistilled water and then neutralized with sodium hy-
droxide procedure. In atypica method of preparation,
acrylic acid wasdissolved in solution. In afour-neck
glass reactor equipped with a stirrer, a condenser, a
thermometer, 10 % Starch solution washested at 95°C
for 30 min. Thetemperaturewasfurther lowered down
to 30°C. The monomer, acrylic acid was added in the
reactor under Nitrogen amospherewith continuoustir-
ring. Under above conditions, Bentonite clay powder
and thecrosslinker MBA weredispersed inthe above
mixture. Thetemperature of thereaction mediumwas
then brought dowly to 60°C with vigorous stirring and
theradical initiator KPSwas charged to the mixed so-
lution. Thereactionwascarried out for 3hrsat 70+
0.10°C. After 3hr of thereaction, theresulting product
was washed several timeswith ethanol and distilled
water and then dried in oven at 60°C to a constant
wel ght resultinginto theformeation of the superabsorbent
composite. Crosslinked Starch graft poly (ecrylic acid)
superabsorbent polymer was prepared by similar
method as mentioned above except Bentonite clay.
Whereasuncrosdinked poly (acrylic acid) wasprepared
by above similar method except without Starch, clay
and crosdinker.

Water-absor bency measurement

A weighted quantity of the superabsorbent com-
positewasimmersed in distilled water at room tem-
peratureto reach the swelling equilibrium. Swollen
sampl eswerethen separated from unabsorbed water
by filtering. The water absorbency (Q,,,, grams of
water per gram of sample) of the superabsorbent com-
postewasdetermined by weighing theswe led samples,
andtheQ), ,, of thesampleswascal cul ated using equa-
tion 1. Where m, and m, are the weights of the dry
sampleand thewater-swollen sample, respectively.

Mg — My
QH,0 = —— : @
Characterizations

Particlesizeanalysisof Bentonite clay wasdeter-
mined using aBeckman Coulter particlesizeanayzer.
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Theresultsof particle szeanaysiswere confirmed us-
ingparticleszedigributionintheclay by disperangitin
water and then ultrasonicating. Specific surfacearea
wasmeasured by BET surface areaanayzer. The Ben-
toniteclay wasa so characterized by Rigaku Miniflex,
X-ray diffractioninstrument, Japan. A normal focus
copper X-ray tubewasoperated at 30 kV and 15 mA.
Sample scanning wasdonefrom 2.00° to 80.00° at the
rate of 3.00°/min. For reliability of data, each sample
was scanned severa times. The IR spectrum of the
Bentonite clay, Starch, super absorbent polymer com-
posite was recorded on a JASCO FTIR-4100 spec-
trometer using KBr pellets. Morphology of
superabsorbent composite was studied by Scanning
Electron Microscope (SEM) with JEOL 6380 LA (Ja
pan) and coated with gold beforeimaging.

RESULTSAND DISCUSSIONS

Characterization of Bentoniteclay

Particlesizedistribution graph of Bentoniteclay is
shownin Figure 1; the graph wasplotted volumein %
vs. particlediameter in um. The mean particle size was
foundtobe3+1 pm. Surface area of the clay measured
by BET surfaceareaanalyzer wasfoundto be 17137
cn?/gm. The X -ray diffraction pattern of the Bentonite
cayisshowninFigure2. XRD plotsof suchclay shows
the presence of montmorillonite (M) asamgjor phase
& monoclinic structure and other minor phasesareka
olinite (K), quartz (Q) andillite (1)1314,

Char acterization of superabsor bent composite
I nfrared spectroscopy

ThelR spectraof Bentonite clay and Starch-graft-
poly (acrylic acid)/Bentonite SAP (with 40% neutral -

Figure2: X-ray diffraction patter n of Bentoniteclay

ization degree, 0.5% clay) areshowninFigure3 The
characteristic peaksat 3621cm? attributed to the—OH
groups on Bentonite (Figure 3, a) disappeared after
reaction (Figure 3, d) for the PAA/Bentonite/Starch
superabsorbent composite. The absorbance peak at
2358 cm! (Figure 3, b), dueto the stretching vibration
of the hydroxyl from—COOH in Starch is also short-
ened for the PAA/Bentonite/Starch superabsorbent
composite (Figure 3, d). The absorbance peak at
1641cm?, attributed to the intramol ecul ar hydrogen
bond of carboxyl (Figure 3, ¢) dso disappeared for the
PAA/Bentonite/Starch superabsorbent composite (Fig-
ure3, d).

Scanning el ectr on micr oscopy

One of themost important propertiesthat must be
consideredishydrogel microstructure morphologies.
Figure4 verifiesthat the synthesized polymer havea
microporous structure. Themicrographsof crosdinked
PAA and PAA superabsorbent compositesare shown
inFigure4 (a) and (b) respectively. The SEM micro-
graph of crosslinked PAA (Figure4, @), which haswa
ter absorbency of 681.6 g/g, is porous. In addition,
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Figurel: Particlesizedistribution curvefor Bentoniteclay
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Figure3: Infrared spectra of (a) Bentonite, (b) Sarch (c)AA
and (d) PAA/Sarch/Bentonite super absor bent composite
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PAA superabsorbent hasagreater absorbency andis
shownin Figure4 (b), where Starch and clay agglom-
erate can beseen which wasabsentin crosdinked PAA
(Figure4, a). These observations arein good agree-
ment with water-absorbency observations as discussed
inthe subsequent text.

Effect of weight ratio of AAto Starch

TABLE 1 show that the water absorbency of
superabsorbent composite. It isobserved that thewa-
ter absorbency increaseswithincreasing content of AA.
The maximum water absorbency was reached when
the superabsorbent compositewas synthesized with the
weight ratio of AA to Starch of 3:1. It could bedueto
thefact that grafting and the molecular weight of the
grafted PAA chainincreased with anincreaseinAA
content.

Effect of initiator content

Theeffect of initiator content and ratio of acrylic
acid and starch on water absorbency areshowninFig-
ure5. It isobserved that water absorbency increases
withincreasingtheinitiator KPS content from 0.3%to
1.25% and reaches maximum of 110.32 g/g.

Effect of crosslinker content
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Figure4: Scanning electron micrograph of (a) crossinked PAA & (b) PAA superabsor bent composite

Theeffect of crosslinker content onwater absor-
bency isd so studied and theresultsare shown in the
Figure 6. It is observed that water absorbency de-
creaseswith increase amount of crosslinker. Higher
crosslinker createsmore crosslinkingwhichinturns
causes additional network & decrease free volume,
hence thewater absorbency decrease™.

Effect of clay content and effect of salinesolution

Figure 7 showstheeffect of theamount of Clay on
the distilled water absorbency of the superabsorbent
composite. It isobserved that with increasing amount
of clay from 0.5% to 1.0%, the water absorbency
gradudly increases. Further addition of clay from 1.0%
to 1.5% resultsin decrease in the water absorbency.
Theinorganic clay material can act asadditiona cross
linking point additionally it results in increased
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TABLE 1: Effect of weight ratioof AAto Sarch inthefeed on
thewater absor bency of the super absor bent composite (Re-
action conditions: temperature: 700C, 40 % neutralization
degreeof AA and 0.5 % clay in all compositions. I nitiator
and crosslinker wer eadded as0.75%, 0.375% and 1.25%
inthecompositions1, 2 and 3, respectively.)

AA:Starch Water Absorbency (g/g)

Composition 1 11 698.3
Composition 2 1:3 687.5
Composition 3 31 710.32
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Figure 6 : Effect of crosslinker content on distilled water
absor bency of the super absor bent (Reaction conditions: Re-
action Temperature, 70°C, 40 % neutralization degree of
AA, 0.5% clay, 1.25% initiator, AA:Sarch 3:1)

crossinking density of superabsorbent compositeand
therefore, increased water absorbency isobserved. The
phenomenon can be explained by two reactions be-
tween Bentoniteand AA. In one case, Bentonite may
act asan additiona network point in the composite af -
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Figure7: Effect of Clay Content on water absor bencies of
the super absor bent composites(Reaction conditions: Tem-
perature: 70°C, 40 % degreeof neutralization of AA, 1.25%
Initiator and 1.25% Crosdinker, AA:Sarch 3:1)

ter the polymeri zation*d. Theadditional crosslinking
points canimprovethe hydrophilic network becauseit
canincreasethelength of the polymericchan. Theother
reaction, means the carboxyl of PAA reactswith —
OH onthesurfaceof layersof Bentonite™. Thus, the
carboxyl, asthefar end of the polymer chain hasbeen
adequatdly useto form amore efficient water absor-
bent network, can hold up morewater init. However,
agreater amount of Bentoniteresultsin thegeneration
of more crosslinker points, which increased the
crosdinking density of the superabsorbent composite
and leaves|ess spacefor water to enter.

Figure7 also showsthe effect of concentration of
agueous Sodium chloride on water absorbency of
superabsorbent composite. SAP compositeswith vari-
able clay content ranging from 0.5% to 2% were used
for theabovestudies. It isobserved that the saline so-
|ution absorbency decreased as compared to distilled
water with increasing amount of theclay content. The
water absorbency of superabsorbent compositesde-
creaseswith increasetheionic strength of external so-
lutions. Thismay be attributed to the decreasein the
osmotic pressure difference between the
superabsorbent compositeand theexternal salinesolu-
tion(dl,

CONCLUSIONS

A novel starch-graft-poly (acrylic acid/Bentonite
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superabsorbent composite was synthesized by graft
copolymerization reaction of starchand AA in pres-
enceof Bentoniteclay powder inagueoussolution. The
optimum synthesi zing conditionswereasfollows. weight
ration of AA to starch 3:1, initiator content 1.25%,
crossinker 1.25%. Thesuperabsorbent composite pre-
pared under optimum condition exhibited absorption
of 123.83 and 40.41 g H,O/g samplein distilled water
andin 0.2% NaCl solution, respectively. Thisapproach
of preparation of superabsorbent utilizing natural re-
sourceslikestarch, clay would certainly reducethepro-
duction cost aswell asmakethe materia environment
friendly. Thesetypesof materiasasofind gpplications
inagricultureand horticulture.
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