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ABSTRACT

Hydrogel containing hydroxyl group based on glycerol, ethylene glycol
and acrylic monomer, have been prepared by using gamma radiation.
The application of the prepared hydrogel for recovery of Cu2+, Co2+, Ni2+,
and Pb2+ was also studied. The hydrogel complexes with metals have
been isolated and characterized by using different spectroscopic
techniques IR and thermal analysis. TGA thermograms were used to
determine the kinetic parameters such as activation energy and order of
reaction. The complexometric titration showed that the hydrogels have a
great affinity to recover the metal ions in the following order Pb2+ > Ni2t

> Cu2+ > Co2+. However the hydrogel containing glycerol has a great
tendency towards metals recovery than the one containing ethylene
glycol.
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INTRODUCTION

Hydrogels have been widely applied in the field of bioengineering, biomedicine,
pharmaceutical, veterinary, food industry, agriculture, photographic technology and others. Also, it
was used as a means for control drug system, for production of contact lenses and artificial organs
in biomedicine. From the most important field of using hydrogel is in the field of removal some
agent in environment application, immobilized enzyme kinetic in bioengineering and also as a
carrier of water pesticides and fertilizer in agriculture field (!"7). The literature survey revealed that
few outliers have dealed with the synthesis and application of acrylate hydrogel in these regards
hydrogels membrans from interpolymer complexes of acrylic acid co- vinyl butylether and vinyl
ether of ethylene glycol-vinylbutyl ether prepared by Y • radiation have been reported^ a such
membrans posses tepecal polyelectrolytes hydrogel properties. Moreover the diffusion of
polyethylene glycol free chains across polyacrylic acid (9). In the present work, hydrogels based
on polyacrylic acid and alcohol were prepared by applying radiation polymerization. The
structure property behaviour of the prepared hydrogel were characterized by gel fraction
determination, IR and TGA analysis. Moreover, the affinity for different heavy metals was also
considered.
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EXPERIMENTAL

Materials: -

The acrylic acid monomer.- (AAc) and ethylene glycol used in this study were of laboratory
grade chemicals purchased from Merck, Germany, and used without further purification, while
glycerol was of pure grade and obtained from (Prolabo, France). The other solvents were of pure
grade and used as received.

Preparation of PAAc hydrogels: -

The hydrogel based on glycerol (PAAc/Gy) was prepared by mixing 8.408 grams of acrylic
acid to 13.871 grams of glycerol to give a hydrogel yield product of 28.326 grams.

In the case of hydrogel based on ethylene glycol (PAAc/Eg), 16.816 grams of acrylic acid
was mixed with 12.243 gram of ethylene glycol to give a yield product of 26.000 grams. A solvent
mixture containing equal ratios of methanol and water was used for both hydrogel. The radiation
polymerization of the hydrogel solutions were performed by exposing to a dose of 20 kGy at a dose
rate of 8.8 Gy/h. Irradiation process was carried out using the gamma cell of NationaLCenter for
Radiation Research and Technology, Nasr city, Cairo, Egypt. The formed hydrogels were washed
thoroughly with bidistilled water several times and finally dried in vacuum oven at 50 °C.

Determination of Gel fractions percent: -

Samples of the prepared hydrogels were accurately weighted (Wo) and then extracted with
bidistitted water using Soxhlet system for 24 hours. After extraction, the samples were then
removed and dried in a vacuum oven at 50 °C to a constant weight (Wt). The soluble fraction was
calculated according to the following equation.

Soluble fraction (S.F)% = [(wo-wi)/wo] X 100

Gel fraction % = 100-Soluble fraction

Swelling behaviour of hydrogels in different solvents:

A known weight of the insoluble hydrogel was saoked in bidistilled water and different
solvents for 24 hrs at room temperature. The sample was then removed and blotted on a filter paper
to remove the excess of water or solvent on the surface. The swelling (%) was calculated according
to the following equation:

Swelling (%) = [ (w2-W l)/w2 ] X 100
Where:

Wj : initial weight of the hydrogel
W 2 : final weight of the swelled hydrogel

Sorption of heavy metals by hydrogels:

A known concentration (0.5 gm / 50 ml distilled water of different metal salts CuSO4, NiCl2,
pb(NO3)2 and CoCl2 was first prepared. The solutions of the metal salts were divided into two
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equal portions. In the first portion (0.25 gm / 25 ml H2O) a sample of known weight (0.5 gm) of
hydrogel was immersed and left for 24 hrs. The concentration of the metal ions in the second
portions Q was determined by complexometry method using xylenol orange as an indicator and
hexamine as a buffering agent(10). finally, the hydrogel was removed from the first metal solution
portions and the strength of the residual metal ions (CF) was determined using the same procedure
as in the second portion. The metal sorption (%) was determined to the following equation:

Metal soption (%) = [ (Q -Q) / Q ] X 100

IR Spectroscopic Analysis:-

The infrared spectra of the pure hydrogels and after metal sorption were performed on a
Malison 5000 FUR spectrometer over the range 200 4000 cm"1

Thermal Analysis:-

The TGA thermograms were carried out on a Shimadzu (30 TGA 30) at a heating rate of
10 °C / min. over a temperature range from room temperature to 600°C. The primary TGA
thermograms were used to determine the different kinetic parameters such as activation energy and
order of thermal decomposition reaction.

RESULTS and DISCUSSION

Characterization of the hydrogels:-

A set of preliminary experiments was carried out with the objective of obtaining the highest
percentage gel part of the PAAc hydrogels by changing the irradiation dose and the weight ratios of
the different components. The conditions chosen were an irradiation dose of 20 kGy and the weight
ratios of the different component mentioned in the experimental section to obtain 99.7 and 95 %
gel part of PAAc/Gy and PAAc/Eg hydrogels, respectively. The swelling behaviour of PAAc/Gy
and PAAc/Eg hydrogels in water and different organic solvents is shown in Table (1). It can be
seen that PAAc/Gy hydrogel has a high tendency to swell in water than PAAc/Eg hydrogel. The
higher water uptake by PAAc/Gy hydrogel than PAAc/Eg hydrogel can be attributed to the three
hydroxyl groups of glycerol scince both hydrogels contain PAAc component. It can be observed
that the percentage swelling of PAAc/Gy hydrogel in the different organic solvents can be arranged
as follows:

Methanol » DMF > Acetone > Chloroform > Toulene > Xylene

For the hydrogel PAAc/Eg, the order of swelling was found to be:

DMF » Methanol> Acetone > Chloroform > Xylene

From Table (1), it can be seen that both hydrogels have no tendency to swell in benzene and have a
great tendency towards polar solvents than to non polar solvents.

181



The chemical stability of PAAc hydrogel towards acids and alkalies :-

The chemical stability for both hydrogels was tested by treatment with sodium hydroxide
and hydrochloric acid. The treatment with NaOH did not lead to the formation of sodium salt of
both hydrogels. On the contrary a gelatinous product was obtained. This behaviour may be
attributed to the formation of ester groups between the carboxylic groups of PAAc and one of
hydroxyl groups of both glycerol or ethylene glycol. On the other hand, it was found that HCl has
no effect on the hydrogels and visually no change in the chemical structure was observed.
However, it was found that the treatment with dilute HCl leads to increae in the swelling behaviour
of the hydrogels. Also, when the hydrogels were treated with concentrated HCl a shrinkage in the
volume of the hydrogels was accurred. This may be explained on the basis of the osmotic pressure
which causes the water to diffuse from the hydrogels to the concentrated solution of MCI.
Meanwhile, the calculation percentage uptake of dilute HCl by hydrogels based on
glycerol and ethylene glycol respectively was found to be 15 and 11 %, respectively.

IR Spectroscopic Analysis: -

Figure (I) shows the IR spectra of pure glycerol and those of PAAc/Gy hydrogel. For pure
glycerol as with almost all organic compounds, an obsorption band can be seen at 2936 cm"1,
arising from C-H stretching. Alcohols exhibit two infrared stretching bands, one arising from O-H
stretching and the other from C-0 stretching. The C-0 band can be seen at 1043 cm'1 in the
fingerprint regoin.The O-H stretching bands are very characteristic and can be seen a very broad
band at 3000-3600 cm*1 just to the left of C-H absorption in the IR spectrum.

Although, the C-C single bands usually give week absorption in the IR spectrum, an
absorption band can be seen as a shoulder at 2884 cm"1 joined to the stretching band of C-H which
may be due to this group. The wide band due to O-H appears at about 3400 cm"1 is indicative of the
presence of O-H hydrogen bonding. This change in position and appearance of O-H band can be
seen clearly in the IR spectra of PAAc/Gy hydrogel (Fig. IB), in which this band appears with
various spelting shoulders.

The absorption band due to the carbonyl groups of the ester group can be seen clearly at
1613 cm-1. Moreover, like all ester compounds a distictive absorption band can be seen at 1115
cm-lwhich is due to C— O band at the fingerprint region.

As shown in Figure (2) for pure ethylene glycol and PAAc/Eg hydrogel, the characteristic
bands of alcohols can be seen clearly at 3400 cm"1 (O-H) at 1043 1084 cm'1 (C-O) and 2945 cm"1

(C-H). However, the absorption band due to O-H stretching appears as somewhat sharper
suggesting a less hydrogen bonding than that for PAAc/Gy.

Thermal Decomposition Behaviour of PAAc/Gy and PAAc/Eg Hydrogels: -

Thermogravimetric analysis (TGA) is widely used to investigate the thermal decomposition
of polymers and to determine the kinetic parameter such as activation energy and order of reaction.
These parameter can be used to give a better understanding of the thermal stability of polymers.
Different methods have been postulated to determine these kinetic parameters based on the
measurement of the rate of conversion (11) and on the heating rate(12|13).
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In the present work, a method based on the rate of conversion proposed by Anderson and
Freeman was utilized ^14\ This proceedure has the advantage of being operationally simpler and is
more advanlageous in those cases where changes in mechanism are involved. Furthermore, the
energy of activation and order of reaction may be evaluted from a single experimental TGA curve.
In this method, the quantities A log (dw/dt) and £> log w corresponding to a constant small different
of 1/T over the entire course of the initial TGA curve. As shown by Anderson and Freeman
equation given bellow:

A log (dw/dt) = n A log w^~ (E * / 2.303R) 1 A"

where : dw/dt is the rate of thermal decomposition reaction
wv : the reaction weight.
R : gas constant.
E* : the activation energy.
n : the order of reaction.

When A log (dw/dt) is plotted against A log w, it gives a straight line of slop n and the
interception gives the avtivation energy E*. The application of Anderson and Freeman method to
the hydrogel under investigation was followed as described elsewhere ^ .

Figures 3 and 4 show the initial TGA thermograms for PAAc hydrogels based on glycerol
and ethylene glycol. Table (1) summarizes the weight loss (%) of the two hydrogels at different
decomposition temperatures taken from these TGA thermograms. It can be seen that the initial
thermal decomposition of ethylene glycol based hydrogel begains with a higher thermal stability
than the hydrogel based on glycerol with percentage weight loss of 2.6 and 5.9 % at 100°C,
respectively.by increasing the heating temperatures from 200 to 450 °C, the loss in weight of the
PAAc/Eg hydrogel was found to much higher than that for PAAc/Gy hydrogel at the same
decomposition temperatures. Thus, it can be concluded that glycerol hydrogel is more stable
against thermal discomposition than the ethylene glycol hydrogel over the entire range of studied
temperatures.

The respective thermal stability of the prepared hydrogel was further confirmed by plotting
the rate of reaction or the derivative of TGA thermograms curves DTGA (taken from the initial
TGA) against 1/T for the PAAc hydrogels as shown in Fig. (5). However, there curves display a
similar trends, the temperatures at which the maximum value of the rate of reaction occurs differs
from one hydrogel to another. Meanwhile, the temperature of the maximum value of rate of
reaction for glycerol hydrogel is higher than that for ethylene glycol hydrogel, suggesting the
higher stability.

When & log w was plotted against A log dw/dt for the two hydrogels, the data points do not
fall on straight line. It follows that the thermal decomposition does not depend on weight of
reaction but it depend on the thermal decomposition temperature and the reaction follow zero order
mechanism. The plotting of log dw/dt vs Ifl is shown in Fig. (6) and (7) for the two hydrogels. The
calculated activation energies over the entire range of temperature were found to be 21.8 and 10.5
kcal/mole for glycerol and ethylene glycol hydrogels, respectively. Once again, the activation
energy in accordance with TGA thermograms.
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Absorption of Heavy Metals by PAAc Hydrogel :-

The absorption efficiency of PAAc/Gy and PAAc/Eg hydrogels for different metal cations is
. shown in Table (3). The data indicates that the hydrogels have great tendency towards metal ions
according to the following order
Pb2+>Ni2+>Cu2+>Co2+

The affinits of PAAc hydrogels for heavy metals may be attributed to the presence of free hydroxyl
groups along the hydrogels structure.
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Table (l).Swelling Behavior of PAAc /Gy and PAAc /Eg Hydrogels in
Different Solvents.

Solvents

Water
Methanol
DMF
Acetone
Chloroform
Xylene
Benzene

Swelling (%)
PAAc/Gy

100
51
18
12
4
1
0

PAAc/Eg

60
48
105
6
2
3
0

Table (2). Weight loss (%) at Different Decomposition Temperature for
PAAc Hydrogel.

Type of Hydrogel

Ethylene glycol

Glycerol

Weight loss (%)

100°C

2.6

5.9

200 °C

13.1

18.9

300°C

47.2

28.6

350°C

55.9

30.1

400°C

61.6

40.8

450°C

98.7

73.3

Table (3). Absorption of Different Metals by PAAc/Gy and PAAc/Eg
Hydrogels.

Metals

CoCl2

CuSo4

NiCl2

Pb (No3)2

Absorption (%)

PAAc/Gy Hydrogel PAAc/Eg Hydrogel
3.70
6.67
10.24
12.24

1.59
4.56
5.59
8.75

All the metal absorption experiments were carried out at constant weight
of hydrogel of 0.5 gm .
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Fig.(l): IR Spectra of pure glycerol (A) and that for PAAc/Gy hydrogel (B).
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Fig. (2): IR Spectra of pure ethylene glycol (A) and that of PAAc hydrogel (B).
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THERMAL ANALYSIS DATA
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Fig(3): - TGA primary thermograms of the thermal decomposition
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Fig. (4): Representative curves of the rale of reaction against l/T for I'AAc
hydrogels (A) PAAc/Gy hydrogel ,(B) PAAc/Eg hydrogcl.
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Fig. (5): Temperature dependency of the rate of reaction
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Fjg.(6): Temperature Dependency of the rate of reaction
(dw/dt) for acrylic acid / ethylene glycol hydrogel.
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