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ABSTRACT

In this paper we present afast, new and easy method for the preparation of
bentonite-g-poly (acrylate-co-acrylamide) composite material using
microwave radiation. The composite has water absorptivity of 1002 g/g
while the corresponding copolymer is tacky and has poor gel texture. The
relativethermal stability of the compositein comparison with the copolymer
was proved via thermogravimetric analysis These results indicate the
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synergigtic effect of the bentonite with the copolymer by increasing water
absorptivity and enhancing thermal and mechanical properties of the final
gel. The composite was characterized by X-ray and FTIR. Theinfluence of
the environmental parameters on water absorptivity such asthe pH and the

ionic force was investigated.

INTRODUCTION

Preparing clay based superabsorbent polymer com-
positeisgainingimportance day after day dueto en-
hanced propertiesand lowering cost of theresulting
composite compared with the cost of pure polymertY,
These compositesfind applicationsin horticulture as
s0il andiorationmaterid inagricultureandinoil recov-
ery processes. Different studies have been conducted
to prepare these composites using standard solution
polymerization@, photopol ymerization or el ectron beam
methodg34.

Ontheother hand, Microwaveirradiationusngthe
commercia household microwave oven hasreceived
increasing interest in organic synthesisdueto there-
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markabl e enhancement of the rates of some organic
reactions over conventional reaction!®. Microwave
energy can bedirectly and uniformly absorbed through-
out theentirevolume of thereactivemedium, causingit
to heat up evenly and rapidly®. The microwaveirra-
diation hasbeen successfully used in the graft copoly-
merization of chitosanwith acrylicacid™.

Bentonite, whichisasedimentary rock consisting
toalargeproportion of expandableclay mineral called
montmorillonitewith three-layer structure (smectite),
wasused extensively in preparing polymer-layered sili-
cate nanocomposites®. Inthiswork bentonitewas used
to prepare cost effectivegel through theincorporation
of thislow-cost raw materia, usingadomestic micro-
waveoven. Themethod of preparationisnew and essy.
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Thethermd stability of theformed gel wasinvstigated
by thermogravimetric analysis. Thegrafting of the co-
polymer onto the montmorillonitewas studied using
FTIR spectroscopy. Theexfoliation of themontmoril -
lonitewas demonstrated by X-ray diffractometry. The
composite material wastested for the effect of water
sdinity and environmenta pH on water absorbency.

EXPERIMENTAL

Materials

Acrylic Acid (AA) for synthesis (Merck), and
Acrylamide (AM) for synthesis(Merck), wereused as
purchased. Potassium peroxodisulfate K,S,O, (KPS)
GR for analysis as an initiator and N,N-methylene
bisacrylamide (MBA) for electrophoresis as a
crosslinker were al so obtained from Merck. Sodium
hydroxide NaOH microgranular pure (POCH) wasused
asaneutraizing agent. Solvents: methanol and ethanol
(GR for analysis) were obtained from Merck. Saline
sodium chloride (NaCl) (Merck), calcium chloride
(CaCl,)(Panreac) and auminium Chloride (AICI,)
(Merck) were prepared with distilled water. Domestic
bentonitefromAleppo was used without further purifi-
cation. It wasonly milled to have powder sizelessthan
355 micron, and dried at 120°C until thereisno weight
loss

Instrumental analysis

A computer interface X -ray powder diffractometer
(Philips, X’ pert) with Cu Ka radiation (A=0.1542 nm)
was used to identify the crystalline phases. The data
collection was over the 2-thetarange of 2to 20°in
stepsof 0.02%s. Thed,,, spacing was cal cul ated ac-
cording to the Bragg’sequation: nA=2dsin6.

The IR spectrain the 400-4000 cm® range were
recorded at room temperature on theinfrared spectro-
photometer (Bruker, Vector 22). For recording IR spec-
tra, powderswere mixed with KBr intheratio 1:250
by weight to ensure uniform dispersioninthe KBr pel-
let. The mixed powderswerethen pressedin acylin-
drical dieto obtain clean discsof approximately 1 mm
thickness.

Thermogravimetric analysis of the bentonite, co-
polymer and the composite were performed
(SETARAM, Labsys TG TG-DSC 1600°C) from

room temperatureto 600°C at aheating rate of 10°C/
min and under Argon atmosphere.

Compositeprepar ation:

The genera procedure for the preparation of
superabsorbent polymer composite, through graft co-
polymerization of poly (AA-co-AM) onto montmoril-
lonitein thepresence of MBA and KPS, was conducted
asfollows Acrylicacid (6g) waspartidly neutralized to
80 wt% by addition of NaOH solution (2M) to the
acidin anicebath to avoid polymerization. The solu-
tion isthen added to Acrylamide solution (6g in ca.
12mL of distilled water). To the above mixture, we
added (4qg) of bentonite with 0.08g of KPS (inca. 7
mL of distilled water) and 0.06g of MBA (inca. 5mL
of distilled water). Thetotal massof thereactivemix-
turewas brought to 100g by adding distilled water. The
mixtureisstirred at astirring vel ocity of 1500 rpm until
it becomesviscousand cong stent. Thisensuresthein-
tercalation of co-monomersinthegallery spaceof the
montmorillonite. Thenthemixtureistrestedinamicro-
wave oven at the power of 950W. The mixture tem-
perature and viscosity increasefast. Thege ation point
isreached after 90s. The product (asan e astic brown
gdl) isscissored to smdl pieces. Thenitiswashed sev-
eral timeswith methanol to dissolve non reacting re-
agents, and last washed by ethanol, and dried for sev-
era hoursat 70°C until it becomessolid and brittle. At
thispoint thesolidisground and dried in thefurnace at
70°Cfor 24 hours.

Copolymer preparation:

The procedurefor the synthesis of the copolymer
poly (AA-co-AM) aoneisidentica tothat of thecom-
posite, but without adding bentoniteto thereective mix-
ture.

Swelling measur ements

Water Absorbency of the compositeis measured
by thefree swelling method andiscalculated in grams
of water per one gram of the composite®. Thus, an
accurately wel ghed quantity of the polymer under in-
vestigation (0.1 g) isimmersed in 500mL of distilled
water at room temperaturefor at least 3 hours. Then
theswollensampleisfiltered throughwe ghed 100-mesh
(150 um) sieveuntil water ceased to drop. Theweight
of the composite containing absorbed water ismea-
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sured after draining for 1 hour, and the water absor-
bency iscal culated according to thefollowing equa-
tion:(10

Q=(m,m,)/(m-m,)

Wherem,, m, and m, arerespectively theweights(g)
of theclay in the sample, the dry sample and the swol-
lensample.

RESULTSAND DISCUSSIONS

FTIR spectra: Figure 1 showsthe FTIR spectraof
the bentonite, the copolymer, and thecomposite mate-
rid.
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Figurel: FTIR spectraof (a) Bentonite, (b) Copolymer and
(c) Compositematerial

Tounderstand theformation and crosdinking of hy-
drogel obtained from microwaveirradiation of themix-
tureof AA, AM co-monomers and the bentonite, we
will compare the FTIR spectra of the bentonite, the
copolymer, and the composite materid.

In the spectrum of the bentonite, the peaksobserved
were at 3614 cm and 3547 cm for the OH groups
stretchinginAl-OH and Fe*-OH respectively, and at
1029 cm'* corresponding to Si-O stretching. Thepesks
at 1655 cm? and at 3414 cm! are assigned to OH
deformation and OH stretching in H-O-H respectively.

In the spectrum of the copolymer hydrogel, the
peaks observed at 3443cm™ and at 3184cm'! corre-
spond to O-H and N-H stretching respectively. The
absorbance at 2925cm* is assigned to —C-H stretch-
ing of theacrylategroup. Thepeak at 1676cm™* and at
1726 cm! are assigned to C=0 stretching of the

acrylamid groupsand acrylae groups, respectively. The
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peak at 1168cnt isattributed to—COO stretching of
the acrylate group and the peak at 1559 cm? is as-
signed to—COONagroup.

When the mixture co-monomersand bentonitewas
irradiated to produce agel, the corresponding FTIR
hasthe same peaks correspondingtoAA, AM and ben-
tonite, but with deviation to smaller wavenumbers.

Itissuggested that themontmorillonitecrosslinked
through hydrogen bonding and entrapped in the poly
(AA-co-AAm) hydrogel with IPN network*Y,

Furthermore, if we examine the spectrum of the
composite materia, wefind the disappearance of the
peaks corresponding to the OH groups stretchingin
Al-OH and Fe*-OH inthe montmorillonite structure,
whilethese peaksappear clearly inthe spectrum of the
blend (prepared by physical mixing of the copolymer
with the bentonitewith the same proportion asin the
compositematerid), Figure 2. Thisdisgppearance may
be contributed to the exterification betweentheacrylic
acid and thefree—OH groupsat the montmorillonite.
Theband at 1730 cm® corresponding to C=0 stretch-
ing of theester groupispartialy overl gpped by theband
at 1726 cm™.,
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Figure2: FTIR spectraof (a) Compositematerial and (b)

blend: physical mixtur e of the copolymer and bentonitewith

thesameproportion asin thecompositematerial.

X-Ray diffractograms: Figure 3 showsthe XRD
patterns of the bentoniteand the compositemateria in
therange 2°-20°.

Theoriginal bentonite exhibits apeak associated
with aspacing of 1.497 nm at 5.9°, whereas, the ab-
senceof thisbasal peak suggests ahigh dispersion of
clay platd ets(exfoliation) inthe compositemateria. In
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Figure3: XRD diffraction patter nsof thebentoniteand the
composite material, reportsthe spacing between ordered
layer sof clay viathepresenceof thed , or basal spacingand
absence of thisbasal spacinginthe compositematerial.

the compositewe assumethat the gallery structure of
the montmorillonite breaks dueto pressure exerted by
theintercalated co-monomers, leaving behind upon co-
polymerization an exfoliated composite material.

By combiningtheresultsof FTIR spectroscopy and
XRD patterns, we can concludethat thegrafting of the
co-monomerson themontmorillonitewas carried out
inagueoussolution.

The co-monomers can be adsorbed onto the sur-
face of themontmorillonitegaleriesintwo ways. firdt,
by formation of hydrogen bonds between their amide
and acid groups and water mol ecules surrounding the
exchangeabl e cationsand, second, by formation of ion-
dipoleinteractionsbetween theacrylate groupsand the
interlayer exchangeablecations. Theseinteractionslead
toanincreaseinthebasal spacing relativeto montmo-
rillonitein bentoniteand eventudly lead to exfoliation*2.
Experimentally, theseinteractionsbetween thecommon-
ersand the bentoniteleading to exfoliation manifested
experimenta ly by thickening of the sol ution after vigor-
ousdtirring.

On theother hand, co-monomers can be adsorbed
ontotheclay by ether formation of hydrogen bonding
between the amideand acrylic acid groupsand the hy-
droxyl groupson theedgesof montmorilloniteplate ets
or by esterification. Theseinteractionshave no effect
onthebasal spacing.

Thermal stability
Figure4illustratesthe thermogravimetric curves
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Figure4: Thermogravimetric curvesof (a) Bentonite, (b)
Compositematerial and (c) Copolymer.
(TGA) of the bentonite, the copolymer aloneand the
compostematerid.

Theweight lossduetotheformation of volatileprod-
uctsafter degradation at high temperatureismonitored
asafunction of temperature. Asthe heating occursun-
der aninert gasflow, anon-oxidative degradation oc-
curs. Figure4 showsclearly that the grafting of the co-
polymer onthemontmorilloniteenhancethethermd da
bility by acting asan insulator and masstransport bar-
rier to the volatile products generated during decom-
position. The onset temperature of thedegradationis
about 50°C higher for thecompositeandit remainsless
susceptibleto degradation than its corresponding co-
polymer aongthethermd profile.

Water absorptivity

Water absorptivity of thecompositewas measured
by thefreeswelling method, and it was 1002 g/g, while
the corresponding copol ymer wastacky and has poor
gel texture. Other measurementswerecarried out ona
smilar composite, prepared with 60% of neutraization
of theacrylicacidand 0.12 g of MBA, showed awater
absorptivity of 606 g/gwhilethe absorption of the cor-
responding copolymer wasonly 452 g/g. Theseresults
indicatethe synergistic effect of the bentonitewith the
copolymer inincreasing water absorptivity. Theexfo-
liation of the montmorillonite could beabenefic factor
inincreas ng thespecific surface, and thereforeincreas-
ingwater absorptivity.

Effect of theenvironmental parameter son water
absor ptivity
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Effectsof salt solution on water absor ptivity

The compositewastested for the effect of water
sdinity onitsswelling capacity. Different concentration
of NaCl, CaCl,, AICl,, solutionswere prepared in or-
der to study theeffect of ion chargeand ion concentra
tion on water absorption,

Water Absorptivity o000 0.00%w  0.009%w

9/9
NaCl 77 200 516
CaCl, 30 84 326
AICl; 6 14 114

Thetableabove showsthat water absorption de-
creaseswithincreasing theionic strength of thesaline
solution ascitedin Flory equation™. Theionic strength
of the solution depends on both the concentration and
the charge of each individual ion. Infact the presence
of ionsin the solution decreasesthe osmotic pressure
difference, thedriving forcefor swelling, between the
gel andthesolution. In addition, multivaent cations (Ce?*
and Al**) can neutralize severa chargesinsidethegel

0.009% B N=Cl

B CeCl,
BB AC),

500

0.09%

e

o

o
1

Water Absorbency (g/g)

Figure5: Effect of salt solution on water absor ptivity.

by compl ex formation with carboxamideor carboxy-
late groups, leadingtoincreasedionic crosdinking de-
gree and consequently loss of swelling. The effect of
cation chargeand itsconcentration on swelling can be
concluded from Figure5.

Effectsof theenvironmental pH on water absor p-
tivity:

Studies have indicated that water absorption of
hydrogelsare sensitiveto environmentd pH™. So, the
swelling behavior of the composite materia was stud-
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ied at variouspH vauesbetween 2.0 and 13.0, a room
temperature, Figure6. To clearly observethenet effect
of pH, buffer solutions contai ninglots of ionic species,
were not used as swelling media, asthe swelling is
strongly decreased by ionic strength. Thereforeastock
of concentrated solution HCI and NaOH werediluted
with distilled water to reach thedesired acidic or basic
pH.

Atlow pH, the swelling capacity decreases asthe
sodium carboxylate group on the polymer network is
protonated. The polymer shrinks and becomeshydro-
phobic. Thisin turn decreasesthedegree of ionization
and hence decreasestheswelling ratio.

At high pH, the swelling capacity a so decreases
by ““‘charge screening effect” of excessNa' intheswdl |-
ing media, which shid dsthe carboxylateanionsand pre-
ventseffectiveanion-anionrepulson.

Intheinterval pH=4to pH=8, some of carboxylic
acid groupsareionized and thedectrostatic repulsion
between COO- groups causes an enhancement of the
swdling capacity.
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Figure6: Effect of environmental pH on water absor ptivity

CONCLUSION

Bentonite based superabsorbent polymer composite
was Synthesi zed us ng adomestic microwaveoven. The
incorporation of thisinexpensive clay withinthe poly-
meric matrix enhanced the thermal stability of the
superabsorbent polymer compositeand itswater ab-
sorptivity. The FTIR spectrum of the composite mate-
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rid illustrated both the pesks characteristic of co-mono-
mersand the bentonite. The grafting was attributed to
hydrogen bonding and esterification. XRD pattern of
the composite confirmed the exfoliation of theclay by
the disappearance of the peak at 5.9° with interlayer
spacing d=1.497nm. The increase of the composite
materia water absorptionin comparison withitscorre-
sponding copolymer could be attributed tothe exfolia-
tion of themontmorillonite, and thereforeaugmentation
of thespecific surface of thefina product.
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