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ABSTRCTS

In this work, Superabsorbent composite was synthesized based on guar gum and acrylic acid by free radical
graft copolymerization reaction using N,N-methylene bisacrylamide as a cross linking agent and potassium
persulphate as an initiator in complete aqueous solution to make it environmental friendly. The composite
was synthesized to be used as superabsorbent for the purpose of water absorption. Fourier transform
infrared analysis was carried out to confirm grafting of acrylic acid onto guar gum. The Thermal gravimetric
analysis confirms the stability of composite. The composite was characterized by X-ray diffraction to study
its crystalline nature. The Scanning electron microscopy analysis was used to study the morphology of
composite. The water absorption capacity of superabsorbent was measured in distilled water by free swelling
method as a function of percentage swelling and found to be 4600%. The effect of reaction parameters such
as guar gum concentration, monomer concentration, initiator concentration, cross-linker concentration and
pH on percentage swelling was also studied.
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Introduction

The Super absorbents polymers (SAPs) are cross
linked hydrophilic polymers having a three-dimen-
sional network structure and can absorb large
amount of aqueous liquids (Buchholz  and Peppas,
1994). It has been studied that the presence of hydro-
philic groups, large free volume between polymeric
chains and high polymer chain flexibility increases
the swelling capacity of super absorbents polymers
(Ni et al., 2009). Due to the distinctive properties
they are extensively used in various fields such as
horticulture and agriculture  (Liang et al., 2009;
Kosemund et al., 2008; Chauhan et al., 2009; Kasgöz
and Durmus, 2008; Tang et al., 2009), bio-medical
field (Sadeghi and Hosseinzadeh, 2008) and drug
delivery system (Wang et al., 2009;

Kiatkamjornwong et al., 2002). The traditional
superabsorbents are based on petroleum products
which are not environmental friendly (Buchholz and
Graham, 1997). Thus, new types of cost-efficient and
ecofriendly superabsorbent derived based on natu-
rally raw materials have long been desired. The
Graft copolymerization of monomers onto natural
polymers is an efficient approach to achieve these
materials. At present, natural macromolecules such
as starch (Lanthong et al., 2006; Wu et al., 2000), cel-
lulose (Suo et al., 2007), chitosan (Zhang et al., 2007;
Mahdavinia et al., 2004) gelatin (Pourjavadi et al.,
2007), alginate (Pourjavadi et al., 2007) etc and their
derivatives have been used as polymer matrix for
preparing super absorbents. Guar Gum (GG) is a hy-
drophilic, nonionic polysaccharide extracted from
the endospermic seed of the plant Cyanopsis
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tetragonalobus. It consists of a linear backbone of (1-
4)-linked D-mannose units and is solubilised by the
presence of randomly attached-(1-6) linked galac-
tose units as side chains. GG and its derivatives form
valuable ingredients for foods, cosmetics and phar-
maceuticals (Wan et al., 2007). GG has better reactiv-
ity and can be easily modified by grafting acrylic
acid monomers onto its backbone to derive new
materials with improved structure and perfor-
mance. The main functions of guar gum are as
viscosifier, natural fibre, emulsifier, binding agent,
stabilizer, thickner, gelling agent and flocculant
(Sumit et al., 2011). In this paper, we have tried to
synthesize and characterize the new superabsorbent
composite based on guar gum and acrylic acid in
complete aqueous solution. The structure of guar
gum is shown in Fig. 1.

for about 15 mins to produce radicals. Further 1%
(w/v) aqueous solution of N,N-methylene
bisacrylamide (MBA)was added in the mixture. The
reaction mixture was continuously stirred and
heated at 60 oC for about 3 hrs. After that it was pre-
cipitated using excess of acetone and kept overnight.
It was washed several times with the mixture of dis-
tilled water and ethanol (60:40) to remove homo
polymer and unreacted mass. The grafted polymer
was dried in oven at 80 0 C. Finally, the dried result-
ing product was pulverized into powder by using
pastel mortar.

Absorbency or Swelling Measurement

Absorbency of superabsorbent composite is mea-
sured by the free swelling method and calculated in
terms of percentage swelling. A 0.1 g of dry sample
was immersed in distilled water at room tempera-
ture for 24 hr to reach swelling equilibrium.The
swollen gel was taken out, dried between folds of
filter paper (blotting) and weighed. After weighing
the swollen samples, the equilibrium water absor-
bency of the superabsorbent was calculated using
Eq. (1)

%Swelling = (W2 – W1 ) / W1 % .. (1)

Swelling is the equilibrium water absorbency of
sample which are the averages of three measure-
ments. W1 and W2 are the weight of the dry sample
and water swollen sample respectively

Fig. 1. Structure of Guar Gum

Materials and Method

Guar gum (GG, Shri Ram Gum Industries Basni,
Jodhpur), Acrylic Acid (AA, Ases Chemicals, Jodh-
pur),  N,N-Methylene bisacrylamide (MBA, Ases
Chemicals, Jodhpur), Acetone (Fischer Scientific,
Qualigens),  Potassium persulphate (KPS, Sigma
Aldrich) and Ethanol (C2H5OH, Emsure) All of
these are used without further purification.

Synthesis of Guar gum-g-PAA Superabsorbent
Composite

Guar gum (GG) 1.8 % (w/v) was added in distilled
water in a round-bottomed flask equipped with stir-
rer and thermostated water bath. The above solution
was stirred for one hour. The monomer Acrylic Acid
(AA) 6% v/v was added in above guar gum slurry
and mixture was stirred for half an hour. The re-
quired volume of initiator potassium persulphate
(KPS) 0.25% (w/v) was added and stirred at 40oC

(a) (b)

Fig. 2. Showing dry composite (a) and swollen composite
sample (b) respectively

Results and Discussion

Mechanism of synthesis and characterization

The superabsorbent composite was synthesized by
graft copolymerization of acrylic acid onto guar
gum in presence of a cross-linking agent N,N-Meth-
ylene bisacrylamide and potassium persulphate was
used as an initiator. The persulphate is decomposed
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under heating and produced sulphate radicals that
abstract hydrogen from – OH groups of the guar
gum backbone. This peroxide-saccharide redox sys-
tem thus results in active centers capable of initiat-
ing radical polymerization of AA to give a graft co-
polymer. Since a cross-linking agent, KPS is present
in the system, the copolymer has a crosslinked struc-
ture. The composite was characterized by FTIR to
confirm grafting of AA onto guar gum.

FT-IR Analysis

The assignments of the prominent peaks observed
from the FT-IR Spectra of SAPs are shown in figure
4. Analysis of this data indicated the presence of
monomer and crosslinker moieties in the the pre-

pared SAP. In FTIR Spectra of native guar gum a
broad band appears in the region of 3303.96 cm-1

shows the stretching vibration of O-H bond that
shows the presence of large number of free hydroxyl
groups in the guargum back bone. A sharp peak
1373.56 cm-1 and 1646.15 cm-1 shows bending  vibra-
tion of –CH2 and –OH groups respectively. The peak
of 2887.78 cm-1 is due to –CH2 stretching. The In
FTIR spectra of guar gum grafted PAA composite, a
broad peak appears at 3334.38 cm-1 which indicates
stretching vibration of the –OH groups of guar gum.
A peak appears 2923.05cm-1 is attributed to C-H
stretching vibrations of PAA.  In our spectra, a peak
at 1011cm-1 is due to coupling of C-O stretching and
O-H ‘in plane’ bending vibrations. There is distinct

Fig. 3. General Mechanism of KPS initiated graft copolymerization onto guar gum in the presence of MBA.

Chain initiation and propagation Step Chain Termination Step
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band from 1152 cm-1 to 1084 cm-1 which can be attrib-
uted to C-O-C stretching vibration of PAA. The
presence of the characteristics peaks clearly proves
that PAA has been successfully grafted onto the
guar gum.

XRD Analysis

X-ray diffraction (XRD) is a powerful technique for
characterizing crystalline materials. The diffraction
pattern was obtained with Philips X’pert
pyrosystem Copper Ká  radiation at room tempera-
ture. The guar gum was largely amorphous and two
peaks were observed at the scattering angle of 17.5
and 20.4. The grafted composite showed two peaks
at scattering angle (2theta) of 26.8 and 21.0. The
peak is at 26.8 is sharp in nature. This shows the

development of crystallinity in superabsorbent com-
posite.

SEM Analysis

Scanning electron microscopy was used to analyz-
ing surface morphology of composite. Fig. 6 shows
SEM  composite at different magnification obtained
by zeiss instrument. SEM observation reveals the
prepared superabsorbent composite has uneven and
coarse surface. It is clear that composite has more
rougher structure as compared to guar  gum and are
in good agreement with our water absorbency ob-
servations.

TGA Analysis

Thermogravimetric analysis of composite was car-
ried out using TGA Q 500 to study its thermal stabil-
ity. Fig. 7 shows the TGA curves of guar gum, GG-
g-PAA composite. TGA of guar gum shows weight
loss in two stages. The onset of thermal degradation
occurs at 300ºC with weight loss of 15% which is
due to presence of moisture in sample. The second
stage is degradation stage which occurs at 320ºC
with weight loss of 70%. In TGA curve of composite,
thermal degradation occurs at 200ºC with a weight
loss of 15% which is the result of desorption of wa-
ter. The composite shows 65% weight loss at 335ºC.
There is about 75% weight loss at 550ºC. TGA curve
of PAA shows weight loss of 10% at 300ºC. PAA
shows 92% weight loss at 350ºC. This shows the bet-

Fig. 4. FTIR of Superabsorbent composite

Fig. 5. XRD of Superabsorbent Composite
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Fig. 6. SEM micrographs of (a) Guar gum (Mag = 107 X) (b) Guar gum (Mag = 500 X) (c) GG grafted PAA composite
(Mag = 10KX) (d)GG grafted PAA composite (Mag = 20 KX)

Fig. 7. TGA curves of (a) Guar gum (b) GG-g-PAA com-
posite (c) PAA

Fig. 8. Effect of guar gum concentration on percentage
swelling of superabsorbent composite (SAC)

Fig. 9. Effect of concentration of Acrylic Acid on percent-
age swelling of superabsorbent composite.
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Fig. 12. Effect of pH on percentage swelling of
Superabsorbent Composite.

Fig. 10. Effect of concentration of KPS on percentage
swelling of Superabsorbent Composite.

Fig. 11. Effect of concentration of MBA on percentage
swelling of Superabsorbent Composite.

ter thermal stability of grafted composite.
Influence of Reaction Parameters: The Effect of
concentration of Guar gum, Acrylic Acid, MBA, KPS
and pH on percentage swelling of superabsorbent
was studied and results are shown in the following
figures.

Conclusion

A novel superabsorbent composite prepared using
guar gum and acrylic acid by graft copolymeriza-
tion using MBA as a cross-linking agent, KPS as an
initiator in complete aqueous solution to make it
biodegradable and environmental friendly. The
composite exhibits hydrophilic interactions. The
composite was characterized by FTIR, TGA, XRD
and SEM. The effect concentration of guar gum,
monomer, crosslinker, initiator and pH on water
absorbency were investigated. It has been found that
prepared superabsorbent composites have water
absorbency of 4600% which has 1.8%(w/v) guar
gum, 1% (w/v) crosslinker, 6%(v/v) monomer,
0.25% (w/v) of initiator at pH 8. The prepared
superabsorbent composite can be used in various
fields like agriculture, horticulture, removal of dyes,
oil spill cleaning etc.

Conflict of interests

The authors declare that there is no conflict interest.

References

Buchholz, F.L. and Peppas, N.A. 1994. Superabsorbent
polymer science and technology. ACS Symposium
Series 573, Washington, DC: American Chemical Soci-
ety

Buchholz, F.L. and Graham, AT. 1997. Modern
Superabsorbent Polymer Technology, Wiley New York.

Chauhan, K., Chauhan, G.S. and Ahn, J.H. 2009. Synthe-
sis and characterization of novel guar gum
hydrogels and their use as Cu2+ sorbents. Bioresour
Technol. 100: 3599–3603.

Kasgöz, H. and Durmus, A. 2008. Dye removal by a novel
hydrogel-clay nanocomposite with enhanced swell-
ing properties, Polym Adv Technol. 19 : 838–845.

Kiatkamjornwong, S., Mongkolsawat, K. and Sonsuk, M.
2002. Synthesis and property characterization of
cassava starch grafted poly[acrylamide-co-(maleic
acid)] superabsorbent via g-irradiation. Polymer. 43
: 3915–3924.

Kosemund, K., Schlatter, H., Ochsenhirt, J.L., Krause, E.L.,
Marsman, D.S. and Erasala, G.N. 2008. Safety evalu-



KHAN AND LOONKER S491

ation of superabsorbent baby diapers. Regul Toxicol
Pharm. 53 : 81–89.

Lanthong, P., Nuisin, R. and Kiatkamjornwo‘ng, S. 2006
.Graft Copolymerization, Characterization, and
Degradation of Cassava Starch-gacrylamide/Ita-
conic Acid Superabsorbents. Carbohydr. Polym. 66 :
229-245.

Liang, R., Yuan, H.B., Xi, G.X. and Zhou QX. 2009. Synthe-
sis of wheat straw-g-poly(acrylic acid)
superabsorbent composite sand release of urea from
it. Carbohydr Polym. 77 : 181–187.

Mahdavinia, G.R., Zohuriaan-Mehr, M.J. and Pourjavadi
A. 2004. Modified chitosan III, superabsorbency,
salt- and pH-sensitivity of smart ampholytic
hydrogels from chitosang-PAN. Polym. Adv. Technol.
5 : 173-180.

Ni, B.L., Liu, M.Z. and Lu, S.Y. 2009. Multifunctional slow-
release urea fertilizer from ethylcellulose and
superabsorbent coated formulations. Chem Eng J.
155 : 892–898.

Pourjavadi, A., Ghasemzadeh, H. and Soleyman, R. 2007.
Synthesis, characterization, and swelling behavior
of alginate-gpoly(sodium acrylate)/Kaolin
superabsorbent hydrogel composites. J. Appl. Polym.
Sci. 105 : 2631-2639.

Pourjavadi, A., Hosseinzadeh, H. and Sadeghi, M. 2007.
Synthesis, characterization and swelling behavior of
gelatin-g-poly(sodium acrylate)/kaolin
superabsorbent hydrogel composites. J. Compos.
Mater. 41 : 2057-2069.

Sadeghi, M. and Hosseinzadeh, H.J. 2008. Synthesis of
starch poly(sodium acrylate-coacrylamide)
superabsorbent hydrogel with salt and pH-respon-
siveness properties as a drug delivery system. J
Bioact Compat Polym. 23 : 381–404.

Sumit Mishra, Gautam Sen. 2011. Microwave initiated syn-
thesis of polymethylmethacrylate grafted guar
(GGg-PMMA) characterizations and applications.
International Journal of Biological Macromolecules. 48 :
688-694.

Suo, A.L., Qian, J.M., Yao, Y. and Zhang, W.G. 2007. Syn-
thesis and properties of carboxymethyl cellulose-
graft-poly (acrylic acid-coacrylamide) as a novel cel-
lulose-based superabsorbent. J. Appl. Polym. Sci. 103:
1382-1388.

Tang, Q.W., Sun, X.M., Li, Q.H., Wu, J.H. and Lin, J. 2009.
Synthesis of polyacrylate/polyethylene glycol inter-
penetrating network hydrogel and its sorption of
heavy metal ions. Sci Technol Adv Mater. 10 :
7(015002).

Wang, Q., Zhang, J.P. and Wang, A.Q. 2009. Preparation
and characterization of a novel pH sensitive
chitosan-g-poly (acrylic acid)/attapulgite/sodium
alginate composite hydrogel bead for controlled re-
lease of diclofenac sodium. Carbohydr Polym. 78 :
731–737.

Wan, X.F., Li, Y.M., Wang, X.J., Chen, S.L. and Gu, X.Y.
2007. Synthesis of cationic guar gum-
graftpolyacrylamide at low temperature and its floc-
culating properties. Eur Polym J. 43 : 3655–3661.

Wu, J.H., Lin, J.M., Zhou, M. and Wei, C.R. 2000. Synthe-
sis and properties of Starchgraftpolyacrylamide/
clay superabsorbent composite. Macromol. Rapid.
Commun. 21 : 1032-1034.

Zhang, J.P., Wang, Q. and Wang, A.Q. 2007. Synthesis and
characterization of chitosangpoly(acrylic acid)/
attapulgite superabsorbent composites, Carbohydr.
Polym. 68 : 367-374.


