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Abstract 
Biodegradable nature of hydrogels is highly appreciable and core expectation at present 
time. Cellulose and cellulose derivatives can be copolymerized in producing green 
hydrogels for improving the absorption performance of many adsorbent products. 
Hydrogels are polymeric substances and due to hydrophilic functional groups in their 
structure capable of holding large amount of water compared to its body mass. 
Crosslinking is one of the simplest reactions used to improve the physico-chemical 
properties of cellulose and cellulose derivatives. In the present paper an innovative 
cellulose based environment friendly hydrogel was experimentally synthesized as an 
alternative to acrylate-based synthetic hydrogels for personal care product and other 
absorption purposes. The cellulose based hydrogels were prepared by free radical graft 
copolymerization reaction of cotton  with acrylic acid (AA) and acrylamide (AM) using 
N,N-methylne-bis-acrylamide (MBA) as a crosslinker in the presence of initiator 
potassium persulphate (K2S2O8) system. The maximum water absorption capacity of the 
prepared hydrogels were 50 g/g in deionized water. Optimized preparation condition was 
invstigated depending on monomer concentration, initiator concentration, crosslinker 
concentration,pH, time and temperaturefor equilibrium water absorption which were 
120%, 10%, 5%, 7, 2h and 50oC respectively.For structural characterization FTIR 
spectroscopy, SEM analysis, TGA and XRD technique were performed. The result 
ensuresthat the characteristic of prepared hydrogel can be effectively used in personal 
absorbent products, tissue engineering, biomedical application etc. and as adsorbent 
material in polluted water treatment. 
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INTRODUCTION 
According to definition, hydrogels are such crosslinked polymeric substances that remain 
insoluble and can hold large amount of fluid compared to its body mass[1]. Crosslinking 
may be done either chemically or mechanically. Hydrogel research has spent more than 3 
decades but its research interest has not affected, more over the understanding level about 
structure, properties,potential uses has increased enough.Super absorbents (SAPs) are 
commercial member of hydrogel family. Due to higher water absorbency of hydrogels it 
can be used in personal healthcare[2,3], agriculture [4], biomedical application [5], 
construction [6], and other industrial applications[7,8]. The available hydrogels are 
completely petroleum-based and polyelectrolytic gels, as a result it has large impact on 
environment. Recent trend of polymeric materials is to be biodegradable so that they will 
be harmless for the health and environment. In this regard scientists have gained enough 
success by incorporating cellulose, starch[9], chitosan[10], proteins[11] and 
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carrageenan[12,13] in polymeric chains.  Cellulose is most abundant and ubiquitous 
natural polymer in this planet. Not only in the present time but also from ancient time 
cellulose was using in industry and other various applications[14].In combination with 
cellulose and other synthetic polymers composite hydrogel can be synthesized with 
specific properties[15,16].Polymers with functional groups in its structure exhibits 
substantial response towards natural stimuli (pH, temperature, ionic yield, concentration, 
presence of enzyme etc.) and swell or shrink respectively. This swell-shrink behaviour 
has profound effect on the multi-disciplinary applications and can be controlled by 
altering methods of preparation. Among different methods of hydrogel preparation radical 
copolymerization technique is the most widely used due to its simple reaction path and 
less expensive instruments. In radical copolymerization monomers are copolymerized in 
presence of initiators and crosslinker and grafted on cellulosic materials. In this study 
hydrogel was synthesized following techniques described in [17] by  copolymerization 
reaction of cotton  with acrylic acid (AA) and acrylamide (AM) using N,N-methylne-bis-
acrylamide (MBA) as a crosslinker in the presence of initiator potassium persulphate 
(K2S2O8).This study deals with effects of different process parameters on the water 
absorption of cotton hydrogel to determine the optimum conditions for preparation and 
characterization of the internal structure of the prepared sample using modern analytical 
tools-SEM, FTIR, XRD and AAS. In addition metal ions uptake by the synthesized 
hydrogel was also investigated so that it can be use as filtering media in multilayer 
filtration system in water treatment plant[18,19]. 

EXPERIMENTAL 
Materials 
Cotton was collected from local market. It was cut into small pieces, washed with 
deionized water and dried. Necessary chemicals were purchased and they were of 
analytical grade. 

Prehydrolysis and pulping 
Cotton was prehydrolysed using sulfuric acid (15 ml, 1.5 % w/v) at 100°C for 3h. The 
material was filtered, washed with distilled water till neutrality and dried. The 
prehydrolysed material (1 g, based on dry weight) was pulped using sodium hydroxide 
(17.5 % w/v, 50 ml) at 100°C for 3 h. The resulting pulp was filtered in each case and 
washed with distilled water copiously till neutrality and dried at ambient temperature. 

Preparation of cotton-g-Poly(AA-co-AM) hydrogels 
Cotton-g-poly (acrylamide-acrylic acid) hydrogels were synthesized by free radical graft 
copolymerization of cotton with AA and AM in presence of an initiator K2S2O8 and a 
crosslinking agent (MBA). In a typical sample preparation 0.5g of cotton pulp immersed 
in 15 ml of distilled water in three necked flask fitted with magnetic stirrer, a reflux 
condenser and a nitrogen line at 55oC for bubbling oxygen free nitrogen for 30 min before 
starting reaction. Initially 0.05g of initiator (10%w/w, based on dry cotton weight) was 
dissolved and added to the cotton solution with stirring for10 min to create radicals. The 
total volume of the solution was controlled to 20 ml. Thereafter 0.6 g of AM (120% w/w, 
based on dry cotton weight) and 0.56 g of AA (120% w/w, based on dry cotton weight) 
were added and the mixture was stirred for 30 min. Then the reaction was proceeded for 2 
h more. At the end of the reaction the prepared hydrogels were removed carefully and 
washed with distilled water for several days. Again the hydrogels was washed several 
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times with pure ethanol for dewatering and immersed in NaOH solution for hydrolysis for 
24 h .Finally the hydrogel was washed with distilled water and dried in oven for 24 h at 
50 oC[20]. 

CHARACTERIZATION 
Water absorbency of hydrogels 
 To measure water absorbency pre-weighed sample was immersed in distilled (about 12 
h) water and weighed again to remove surface water by gently dabbing with tissue paper. 
The water absorbency was calculated by the equation:  

[Qeq= (Meq �� Mo) / Mo]    (1) 
Where, Mo is weight of dry hydrogel, Meq is the weight of wet hydrogel at equilibrium 
and Qeq is the water absorbency in g/g. 

Determination of gel content 
For the determination of gel content certain amount of hydrogel samples dried to constant 
weight were immersed in distilled water for 24 h to remove sol fraction. Then swell 
samples were taken out from the distilled water and dried to constant weight in an oven. 
The gel content was calculated as follows: 

Gel content (%) =  × 100   (2)    
Where, Wg is the weight of dry gel after extraction in water and Wi is the initial weight of 
dry gel. 
 
FT-IR analysis 
FT-IR of the pure cotton, hydrolyzed cotton and hydrogels were conducted by a FTIR 
spectroscope (Model:FTIR-8900, Shimadju, Japan) for the observation of functional 
groups present in samples within the frequency range from 400 to 4000 cm-1 by the 
method of transmission. Finely ground samples were mixed with KBrand pressed to form 
a KBr pellet. 

Morphology and crystallinity of hydrogels 
Surface morphology and crystallinity of the prepared hydrogels was observed by SEM 
and XRD analysis. The sample was examined by Scanning Electron Micrograph(Hitachi, 
Model-S3400 N, VP SEM, Japan). The micrographs were taken at a magnification of 
3000 and 5000 times using(15 kV) accelerating voltage. 

Effect of pH on the swelling behavior 
Buffer solution at different pHwas used to determine the water absorbency of hydrogels at 
different pH using Eq.1. 

Water retention capacity at different temperature 
The synthesized hydrogels were immersed in distilled water at different temperature (5°C, 
25°C and 35°C) and absorption of water was determined by the Eq.1. Then the swelled 
samples were kept at that temperature and reweighed at different time interval. The result 
was presented graphically. 

Adsorption of metal ions 
Amount of adsorbed metal ions were calculated by immersing certain amount of 
synthesized non-hydrolyzed hydrogels in separate solutions (100 ml) containing 200 ppm 
of Cu2+ and Cr3+with stirring at 100 rpm for 3 h. After filtration the concentration of the 
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filtrate was determined by Atomic Absorption Spectrometry (AAS). The amount of metal 
ion adsorbed by the hydrogel was expressed by the following Eq. 3. 
 qe  =    (3) 
Where, Co and Ce are the concentration of metal solution of initial and after adsorption 
by the hydrogel respectively, and V is the volume of metal solution and W is the weight 
of dry hydrogel sample. The result expressed in amount of metal ion per gram of dry 
hydrogel sample. 

RESULTS AND DISCUSSION 
Effect of reaction conditions on synthesis and water absorption 
Figure 1 shows the effects of different reaction conditions for synthesis of hydrogels and 
dependency of water absorption capacity. The graft yield of the hydrogel at different 
temperature was displayed in Figure 1a. The graft yield was maximum at 50 oC. Figure 1b 
shows water absorbency of hydrogel against monomer concentration. It indicates that 
water absorbency increases up to certain concentration of monomer as hydrophilic nature 
of cotton increases by grafting with hydrophilic monomer AA and AM on the backbone 
of cotton. Again water absorbency decreases due to accumulation of the monomer closer 
to polymer backbone resulting homopolymer formation over grafting. The optimum 
concentration of monomer was 120 % of cotton weight. The maximum water absorbency 
found in this case was 50 g/g. This explanation fits the literature in [7].  

Figure 1c shows the effect of pH on water absorption of hydrogels in aqueous medium. 
Water absorption is less at lower and higher pH values. At about pH value 7 (neutral 
medium) water absorption was the highest. When pH value more than 4.0, ionization of –
COOH groups occurand repulsion of NH3

+- groups enhanced water absorbency. Again in 
low alkaline medium repulsion of -COO- enhances water absorbency and water 
absorption decreases with increasing 

 

 
Figure1.The effects of different reaction conditions for synthesis of hydrogels and water absorption. 
 

a 
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pH. Maximum water absorbency shows at pH value 6 to 8 which is a indication of the pH 
sensitivity of the hydrogel[21]. 

Another important character of hydrogels is equilibrium water absorbency and it was 
shown in Figure1d. It shows that almost 80% of absorbed water was taken by hydrogel 
sample within 1h which indicates that the material can be used in personal absorbent 
product. 

Characterization of the synthesized Cotton-g-Poly(AA-co-AM)  
Among three FTIR spectra in Figure 2, a new band is present in spectrum 2c which is an 
indication of grafting of monomer on the cotton backbone. A peak at 1667 cm-1 is a shift 
of C=O in stretching vibration, caused by superposition of C=O in amide I and C=O in 
COO- [22]. The new peak at 1570 cm-1 corresponds to the asymmetric –COO - stretching 
vibration. 

When comparing the X-ray diffraction patterns of raw cotton and hydrogels from Figure 3 
itcan be observed that the broad peaks at 15o and 22o diffraction angles were shorten in 
Figure 2b and its smaller peak intensity showed that grafting reaction reduced the 
crystallinity of cotton.  

Figure 4 shows the SEM images of raw cotton and hydrogels. The raw cotton has a 
smooth and continuous fibre surface while hydrogels have rough and discontinuous 
puffed surface. The porous surfaces of hydrogels helps water diffusion in the polymeric 
network, thereby producing high swelling capacity in the hydrogels.  

 
 

 

a 

b 

 
 
Figure2. FTIR spectra of (a) raw cotton, Figure3. Diffraction of (a) raw cotton 
(b) Hydrolysedcottonand (c) Hydrogels      and (b) Hydrogels    
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Figure4. SEM images of (a) raw cotton and          (b) Hydrogels 
 
Water Retention measurement 
Water holding capacity of hydrogel is a significant property to use as absorbent. Water 
retention capacity was determined at various temperature and showed in Figure 5. The 
results showed that synthesized hydrogel can hold water for about two days.  The holding 
capacity of water decreases with increasing temperature. Water retention capacity was 
determined at three different temperatures (5, 25 and 35°C). At higher temperature water 
holding capacity decreases due to rupture of hydrogen bonds [23]. 
 

 
 
Figure5.Water retention capacity of Cotton-g-Poly(AA-co-AM) hydrogel at different temperatures. 

Metal ions uptake 
A solution of Cu2+ and Cr3+ ions with different concentration was prepared and a 
weighted small amount of dry hydrogel sample was put into the beaker containing the 
ionic solutions. After stirring for 3 h the sample got coloured, which indicates that the 
hydrogels can absorb colour from solution. The ions taken by the hydrogel were 353mg/g 
and 255mg/g for Cr3+ and Cu2+ respectively. This is due to the difference in ionic radii of 
the ions. The smaller the ion size more chance to enter into the pore of hydrogel[24]. 

Mechanism for the preparation of Cotton-g-Poly(AA-co-AM) hydrogels 
The final hydrogel products were prepared by graft copolymerization of acrylic acid and 
acrylamide onto  hydrolysed cotton in presence of KPS as a free radical initiator and 
MBA as a cross linking agent. The suggested mechanism for the preparation of hydrogel 
is given below: 

a b 



Synthesis and Characterization of Cellulose-based Eco-FriendlyHydrogels 

 
 

51

 
S2O8

2- 50οC
N2

2SO4
-  ; Cellulose -OH+SO4

- Cellulose -O+SO4
-50οC

N2

Cellulose -O + nCH = CH2+ mCH = CH2

COOH CO

NH2

Cellulose -O50oC
N2

H
C
COOH

H2
C CH CH2

CO
NH2

n m

Cellulose -O
H
C
COOH

H2
C CH CH2

CO
NH2

n m

+ NH NH
CH2H2C

O O

MBA

MBA Hydrogels

 
Figure1. Suggested mechanism for the preparation of Cotton-g-p(AA-co-AM) hydrogels. 
According to the proposed mechanism KPS produces sulfate anion radicals which reacts 
with hydroxyl groups of cotton to form more active macroradicals. The macroradicals 
attacks the monomers (AA and AM) to propagate a polymeric chain and thereafter 
become free radical donor to neighboring molecule to enlarge grafted chain. The 
polymeric chain simultaneously react with MBA and crosslinked structure is formed. The 
mechanism of hydrogels preparation is similar with those proposed in the literature [25, 
26].   

CONCLUSIONS 
The new green absorbent(Hydrogels) were synthesized by grafting acrylic acid(AA) and 
acrylamide (AM) onto backbone of hydrolysed cotton in presence of a crosslinker N,N-
methylene-bis-acrylamide (MBA) and initiator potassium per sulphate(KPS) using free 
radical graft copolymerization technique.As the hydrogel shows moderate water retention 
capacity, so it can be used as absorbent for agriculture in arid area. It has also a promising 
possibility of use in personal health care products.Further studies is required for the 
kinetic study of metal ions absorption by the hydrogel which will provide useful 
information about the suitability of using the synthesized product for the treatment of 
waste water. 
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