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ABSTRACT KEYWORDS
Hydrogels are three-dimensional, hydrophilic, water insoluble polymeric Biocomposite hydrogels;
networkswith interesting stimuli sensitive behavior (pH, temperature, light pH sensitive;

etc.,). pH sensitive biocomposite hydrogel swere synthesized by using citric
acid (CA) and acrylic acid (AA) with ethylene glycol (EG) stated as ACE-
HA via a two- step condensation polymerization process towards a sol-
vent-free green approach. Hydroxyapatite (HA) prepared from waste egg-
shells were added with the biopolymeric hydrogels of (ACE) resulted as
biocomposite hydrogels. The formations of various hydrogels were con-
firmed using spectral techniqueslike FT-IR. The swelling experimentswere
achieved in different pH-buffer solutions at room temperature (4.0-10.0).
SEM analysis further supported the morphology and the swelling behavior
of synthesized biocomposite hydrogels. The swelling equilibrium for vari-
ous hydrogen were also being accomplished. The swelling capability of
hydrogels was also restrained in various salt solutions (NaCl, CaCl, and
AICI,). Hence, the biocomposite hydrogels could also be an excellent can-
didate for drug delivery systems, hygienic products, agrochemical release
etc., © 2015 Trade Science Inc. - INDIA

Swelling equilibrium;
Spectral techniques.

INTRODUCTION and water resulting at equilibrium isknown asahy-

drogel. The amount of water retained by the mesh of

Hydrophilic polymers can swell and absorb
water without dissolving, provided that chemical or
physical crosslinks exist among the macromol ecu-
lar chains. The polymer network resulting from the
crosslinks swells in the agqueous solvent, until the
thermodynamic force of swellingistotally counter-
balanced by the elastic, retractive force exerted by
thecrosslinks. This ‘solid-like solution” of polymer

the hydrogel network depends on the structure of the
polymer network itself and on the environmental
conditions, such as the temperature, pH and ionic
strength of thewater solutionin contact with the poly-
mer(y,

Eggshellswasteisacontinuously growing prob-
lem at global, national and regional levels. Modern-
ization and increasing population creating demands
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on food and other essentials. Further, this can be
utilized for the synthesis of hydroxyapatite [Ca,
(PO,), (OH) ] which isavaluable biomaterial. Hy-
droxyapatite (HA), theinorganic constituent of bone
and hard tissues is one of the most widely used
biomateria sfor reconstruction of the skeleton. Com-
mercialy available HA are expensive due to cost
effective processing?®. The combination of hy-
droxyapatite with smart polymeric architectures
seemsto be apromising routeto the design of novel
biomaterials. Composite of polymerswith hydroxya-
patite has long been an interesting subject of scien-
tific research and industrial applications as the in-
corporation of hydroxyapatite can reduce produc-
tion cost and improve the performance of material™.
Attention towards eco-friendly biocomposite
hydrogelshave beenincreasingly studied dueto their
synergistic benefits offered by each of its ingredi-
ents. Hydrogels are class of polymers that can ab-
sorb water, biological fluidsand swell several times
astheir volumebased on variousenvironmental con-
ditiong®. Such environment sensitive hydrogel swere
also called “smart” or “intelligent hydrogels”. Cit-
ricacid (CA) isarenewableresource, mainly manu-
factured for fermentation of carbohydrateviz., starch
or glucose. CA waschosen asapoly functiona mono-
mer because of its nutritionally harmless nature.
Since, itisanontoxic metabolic product of the body
(Krebs or citric acid cycle) in al living cells that
use oxygen as a part of cellular respiration; it is
readily available and inexpensive monomer. Con-
sequently, it has already been approved by FDA
(Food and Drug Administration-US) for use in hu-
man®, Ethylene glycol (EG) was chosen as a di-
functional monomer to improve the properties of
hydrogels because of its flexibility and
biocompatibility!. Acrylic acid (AA) were also
used to synthesis pH sensitive hydrogelS8. AA based
material offers vast potential for biomedical appli-
cations as the gels formed from AA can be formu-
lated at varying concentrations. They can be easily
fabricated inawide array of sizesand shapes. Other
materials can be incorporated into the AA, prior to
gel formation. Many investigation have shown that
AA interactionsexert strong influence onthe swell-
ing behavior of hydrogelsand thereisagreat poten-

tial for their application in pharmaceutical prepara-
tions, particularly in drug delivery systemg?.
Based on careful analysis of literature, the
present investigation isbeing focused on anew type
of biocomposite hydrogel swere prepared. Thestruc-
ture, thermal stability and morphologies of synthe-
sized biocomposite hydrogel swere characterized by
Fourier transform infrared spectroscopy (FT-IR), X-
ray diffraction studies (XRD), thermo gravimetric
analysis (TGA), derivative thermo gravimetric
analysis (DTG), and the scanning electron micros-
copy (SEM). In addition to thisthe swelling behav-
iorsin various pH solutions were a so investigated.

EXPERIMENTAL

Materialsand physio-chemical characterisation

The monomer anhydrous citric acid (CA),
acrylic acid were purchased from Sigma Aldrich
Chemical Company (Bangd ore, India). Ethylenegly-
col was purchased from Merck (India). Waste egg-
shells were collected from hotelsin local town.

FT-IR spectra were recorded on a FTIR-8400
S, Shimadzu spectrophotometer. SEM wasperformed
on dried biocomposite hydrogel samples were car-
ried out using Hitachi, Model: S-3400. Swelling
experiments were conducted in buffer solutions of
various pH (4.0-10.0) at 37 °C. Dried biocomposite
hydrogels were immersed in the swelling medium.
Swollen biocomposite hydroge swereremoved from
the swelling medium at aregular timeintervals and
dried rapidly with filter paper, weighed and placed
in the same bath. pH vaue (4.0-10.0) of swelling
medium was adjusted by using agueous HCI and
NaOH solutions. The pH values were exactly
checked with a pH meter (Systronics 3300,
India). The swelling percentage and swelling equi-
librium were cal culated according to following Eq.
1

s 96=Na=Wa 100
%6 = @

W, istheinitial weight of thedried biocomposite
hydrogel, W, weight of the swollen sampleat timet
and W, weight of the swollen sample at equilib-
rium, respectively.

Research & Rclguﬂm DOp o

olymer



RRPL, 6(1) 2015

D.S.Franklin and S.Guhanathan 7

Swelling response in salt solutions were car-
ried out according to the reported procedure, dried
hydrogel sample was immersed in 50mL of saline
solution (NaCl, CaCl, and AICI,) varying concen-
tration at room temperature until the swelling equi-
librium was attained (approximately for one day).

Synthesisof biocomposite hydrogels

The hydrogels (ACE) was synthesized accord-
ing to our previous contribution>Y, Briefly, the cit-
ric acid (0.025 mol) dissolved in 1% solution of
hydrochloric acid was taken in a round bottomed
flask fitted with a mechanical stirrer and nitrogen
inlet. Ethylene glycol (0.025 mol) was added drop
wise using a dropping funnel. Acrylic acid (0.025
mol) was added to pre-polyester CE at 140 °C with
constant stirring for 2 hin the nitrogen atmosphere.
The formation of glassy gel (ACE) implies the

—= Pyl Paper

gel, 0.2 g of HA was gradually added to ACE
hydrogels. To ensure ACE and HA uniformly dis-
persed in the vessel, the mixture was stirred and
heated at 140 °C for 6 h. The resultant composite
hydrogel ACE-HA wasdried by placing under luke-
warm condition for 72 h. The dried biocomposite
hydrogels were kept in air-tight container for fur-
ther use*?,

RESULTSAND DISCUSSION

FT-1R Spectral studiesof biocompositehydrogels

The FT-IR spectra of hydroxyapatite prepared
from egg shells has been shown in Figure 1. The
strong absorption band observed at 1085.92, 1018.41
cmrt and 833.25, 570.93 cm'® correspondsto stretch-
ing and bending vibration of phosphate groups in
hydroxyapatite respectively. Thebroad band at 2900-

completion of the reaction. After formation glassy
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Figure 1: FT-IR spectra of (a) Hydroxyapatite (b) ACE-HA
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Figure 2 : pH sensitive equilibrium swelling of ACE
hydrogel and ACE-HA biocomposite hydrogel

3700 cm* was assigned to OH stretching. Nikpour
et a.l*3 observed absorption bands at 1099, 952,
839, 563 cm'* attributed to phosphate group in HA
while the stretching band approximately between
2900-3700 cm'™.

Samandari et a.™ reported the intense absorp-
tion band of pure hydroxyapatite at 1029, 1092 and
961 cm'* corresponding to the symmetric stretching
and asymmetric stretching modes of PO,* inHA re-
spectively. The sharp and separated peaks 602 and
566 cm* wereattributed to the bending group of HA.
Thisclearly indicates the formation of hydroxyapa-
tite from egg shells. The synthesized biopolymeric
hydrogels and their composites were characterized
by FT-IR spectroscopy. As per our earlier report,
ACE hydrogel s showed a strong absorption band at
around 1732.08 cm@ which is a characteristic
absorptions of C=0 stretching vibration and C-O
stretching was observed at 1188.15 cm of ester
groupsindicating formation of polyesters. The spectra
clearly marked broad stretching at 3439.09 cm? sug-
gested the presence of hydrogen-bonded hydroxyl
group. The peaks centered at around 2931.80 cn?
exhibited methylene (-CH.-) stretching contributed
by diol. Similar to our observation, Yang et al.[*
was observed for citric acid and 1, 8 octane diol
based systems.

Equilibrium swelling studies of biocomposite
hydrogels

Equilibrium swelling studieswere performed on

abiocomposite hydrogel equilibrated in abuffer with
pH valueranging from 4.0 to 10.0 at room tempera-
ture (Figure 2). The Seq% value of ACE-HA hydro-
gel were 300.00, 783.00, 1112.00, 1420.00 and
1780.00%, ACD-HA hydrogels S, values were
found to have 385.00, 1180.00, 1257.00, 1533.00
and 1733.00 % and S value of ACT-HA hydro-
gel were 392.00, 1320.00, 1520.00, 1547.50 and
2400.00% at pH 4.0, 6.0, 7.4, 8.0 and 10.0 respec-
tively*2,

Itisclearly indicated that S, of biocomposite
hydrogels increases with respect to time and the
swelling was strongly dependent on pH. It may be
obvious that swelling % of synthesized hydrogels
weresignificantly higher at higher pH, compared to
thelower pH value. Hence, theionization of al car-
boxylic groups in acid increases the S_% of
hydrogels in the basic media than in acidic media.
This type of pH sensitive biocomposite hydrogels
could be a potential candidate in drug delivery ap-
plications.

Salt responsive behavior of hydrogel

The presence of an eectrolyte in a saline me-
dium has agreater influence in agriculture and bio-
medical fields, namely, for water reservoirsin agri-
culture and hydrogels as implants for drug release
applications. The present investigation depicted on
the effect of salts on the swelling of the hydrogel by
the addition of various concentrations (viz., 0.025,
0.05, 0.075 and 0.10 M) of salts such as (NaCl,
CaCl, and AICl,) solutions respectively.

Figure 3 showsthe swelling data obtained from
the chloride salt solutions of various cations with
different ionic strengths. From the Figure 3, it was
clear that swelling ratio decreased with increasing
charge of themetd cation (Na'>Ca*>Al*"). Initialy
hydrogel showed good swelling behavior in each
salt solution.

Theswelling ability of anionic hydrogel invari-
ous salt solutions is appreciably decreased; it may
be attributed to a charge screening effect of the ad-
ditional cation. Thismight be dueto theionic charge
increased; there was a proportionate increasein the
cation-cation repulsion, which did not allow more
entry of solution containing cation inside the
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Figure 3 :

Salt responsibility swelling in various salt solutions (NaCl, CaCl, and AICI,)
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Figure 4 : SEM image of (a) HA (b) ACE-HA

crosslinked network. This ultimately leading to a
decreasing trend in the swelling behavior of the poly-
meric hydrogel 29,

M or phologiesof biocompositehydrogels

Scanning el ectron microscopy (SEM) technique
isuseful to reveal the structure of hydrogel Y. Fig-
ure 4 showsthe SEM image of dried ACE-HA com-
posite hydrogel and their hydrogels (ACE).

Figure 4 showed ACE-HA biocomposite hydro-
gel, which reveal the spherical shape and porous
nature in their surfaces. The presence HA particles
are scattered inside the polymer matrix. Incorpora-

tion of HA into the A CE polymer matrix reducesthe
crystallinity and aters the origina polymer struc-
ture by increasing the swelling of biocomposite hy-
drogel. It encouraged the fluid to easily enter into
the gaps, leading to substantially increase of the ab-
sorption rate than of ACE-HA biocomposite
hydrogels.

CONCLUSIONS

Biocomposite hydrogel s have been synthesized
via condensation polymerization using along with
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hydroxyapatite prepared from waste eggshells. For-
mation of biocomposite hydrogels were confirmed
by FT-IR. Improved swelling behavior was noticed
at akaline medium. The enhanced swelling behav-
ior waswell supported by SEM studies. Theresults
clearly suggests that the biocomposite hydrogels
could aso be an excellent candidate for polymeric
drug delivery system. Hence, the synthesized
biocomposite pH sensitive hydrogels may have a
great opening for industrial and biological applica-
tions such as metal ion removal, cationic dye re-
moval and controlled release of drugs to pH sensi-
tive parts of human being.
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