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Ion exchange adsorbents based on cellulosic fabric wastes carrying sulfonic acid and amine functional
groups were synthesized by radiation-induced graft polymerization of glycidyl methacrylate (GMA)
with subsequent chemical modification of the epoxy groups of poly-GMA graft chains with sodium
sulfite/H,SO4 and triethylamine, respectively. The conversion of epoxy groups into the functional groups
was investigated. Factors affecting on grafting process such as radiation dose, monomer concentration
and solvent were studied. The synthesized adsorbent and its applications in the removal of different types
of hazardous pollutants e.g. acidic dye, cobalt, dichromate and phenols from aqueous solution were also
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1. Introduction

Sorption-active natural and synthetic fibers and textile materials
have been widely used in various industrial fields. Their elec-
trochemical properties, such as transport number and electrical
resistance, have been vastly improved. At the same time, ion-
exchange membrane is a typical functional polymer and can be used
not only as a separation membrane, but also as a new functional
material [1].

Among different innovative techniques used for production of
sorption-active materials, the application of economical and eco-
logically clean radiation technologies is now under attention of
researches [2-4]. In particular, the utilization of radiation-induced
graft polymerization technique allows to introduce inert polymeric
matrix, the chains of a monomer with a desirable functional groups,
or to graft the chains of a precursor-monomer, which can be subse-
quently modified. Owing to the limited number of vinyl monomers
with functional groups, the second approach may be considered
as the most perspective one. At present, an epoxy group containing
monomer glycidyl methacrylate, is successfully used as a precursor-
monomer for production of polymeric adsorbents of variety of
applications on the base of membranes, films, fibers and fabrics.
There are numerous publications on glycidyl methacrylate (GMA)
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radiation-induced graft polymerization and subsequent ring open-
ing of the epoxy groups with various reagents, such as amines and
hydroxyl-amine [5,6], sulfuric acid [7] and others. This work aims at
the synthesis of adsorbed materials with strong sulfonic acid and
triethylamine functional groups by radiation-induced graft poly-
merization of GMA onto cotton fabric and subsequent ring opening
of the epoxy groups of the poly-GMA graft chains with sodium
sulfite/H,SO4 and triethylamine and application of the modified
adsorbent materials for recovery of acidic dye, cobalt, dichromate
and phenols.

2. Experimental
2.1. Materials

Cobalt Co (II) was used as cobalt chloride hexahydrate
CoCly-6H,0; it is red crystals and easily soluble in water. Iso-
propyl alcohol was supplied by El Nasser Chemical Co., Egypt.
Phenol, potassium dichromate, GMA, sodium sulfate, triethy-
lamine were supplied by Merck Chemicals Co. (Germany). Acid
Red 37 (Sandolane Rubinole E-3GSL) with molecular formula
(C1gH14N4Nay0gS,) was purchased from Hoechst AG (Germany)
and was used without further purification.

Sample of cellulosic fabrics was supplied by Miser Company for
Spinning and Weaving, EI-Mahala, Egypt. The cotton fabrics used in
this study are considered waste fabric pieces from different tailor-
ing process, being mill-scoured and bleached plain weave cotton
fabric.
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2.2. Graft polymerization

To a known weight of cotton fabric waste, placed in a round-
bottomed flask, an appropriate amount of GMA, dissolved in
methanol/water mixture (60:40, v/v), was added. The polymeriza-
tion reaction was allowed to proceed using a 6°Co gamma source
with different radiation dose. The resulting grafted cotton fab-
ric waste was washed thoroughly with distilled water and then
refluxed with hot water for 5 h in order to dissolve any homopoly-
mer that may be attached to the surface of cotton fabric. The grafted
sample was then dried in an electric oven at 60°C to constant
weight. The percentage grafted was determined by the percentage
increase in weight according to the following relationship:

% Grafting = W x 100

o
where W, and W; represent the initial weight and the grafted
weight of fabric waste, respectively.

2.3. Conversion of epoxy group to sulfonic acid group

The epoxy group of poly-GMA chain was allowed to react
with sodium sulfite (Na,SO3), dissolved in isopropyl alcohol (IPA)
and water, the composition was Na;SOs:(IPA):water equal to
10:15:75 wt%. The grafted cellulosic fabric with GMA was immersed
in Na,;SOs solution at 80°C for a period ranging from 0.5 to 5 h. The
fiber was taken out and repeatedly washed with water. The remain-
ing epoxy groups were converted to diol groups by reaction with
0.5M H,SO,4 for 2 h at 80°C.

2.4. Conversion of epoxy group to triethylamine

Poly-GMA was chemically modified using excess of triethy-
lamine as follows: triethylamine (3.5g, 0.1 mol) was dissolved in
dimethylformamide (100 mL) and added to poly-GMA cotton fab-
ric (5g, 0.021 mol epoxide). The mixture was heated at 100°C for
72 h. The chemically modified cotton fabric was then collected by
filtration and washed with ethanol, water and finally with acetone.
After exhaustive extraction with acetone, the chemically modified
cotton fabric was vacuum dried at 60 °C overnight.

2.5. Adsorption experiments

To determine the adsorption isotherm, a known mass (0.2 g) of
the adsorbent i.e., chemically modified cellulose-poly-GMA, was
immersed in a series of acid red dye, Co (II) and potassium dichro-
mate, prepared in buffer solutions at different pH values (pH=3,
7and 9 in case of dye and dichromate and pH=3, 4 and 5 in case
of cobalt), whereas phenol was prepared without pH adjustment.
The adsorbent and the pollutant’s solution (100 mL) were placed in
125 mL glass-stoppered flask and then left for 3 days at room tem-
perature (25°C). The concentration of the resultant solution was
then determined by spectrophotometer in case of dye and dichro-
mate and atomic absorption in case of Co (II). The concentration of
phenol was determined by gas chromatography (GC) technique.

3. Instruments and techniques
3.1. Gamma irradiation source

Irradiations were carried out using a 8°Co gamma irradiator
(Gamma Chamber 4000 A, India) with a cylindrical irradiation
chamber. All irradiations were carried out at ambient temperature
(about 45 °C in the chamber) and at a dose rate of about 0.8 kGy/h
and the gamma absorption dose was determined by Frick Dosime-
ter.

3.2. UV spectrophotometer

The concentrations of dye and dichromate solutions were deter-
mined by measuring the absorbance at different wave length; A512
and 540 nm, respectively. Optical density measurements were car-
ried out against blanks of individual solvents at room temperature
(25°C) using a Perkin-Elmer 601 single beam UV-VIS spectropho-
tometer and quartz cell of 1 cm optical length.

3.3. Atomic absorption

A Perkin-Elmer-2380 atomic absorption instrument was used
in the determination of heavy metal ion concentration. The rela-
tionship between the absorbed intensity from a line and the
concentrations of associated element was calculated and this deter-
mined the line’s calibration curve.

3.4. Gas chromatographic analysis

Hewlett Packard 5890 gas chromatograph with an HP 30-m cap-
illary column (injector temperature program 200 °C; ovens, 60°C
isotherm; FID 200°C and nitrogen as carrier gas with flow rate of
20 mLmin~1) was used for analysis of the sample. The investigated
samples were introduced in a micro-quantity (1.2 x 103 cm3) by
the aid of microsyringe in the form of pulse into the instrument.
The sample was transferred directly by inert gas (nitrogen) to the
gas chromatograph.

3.5. Scanning electron microscope (SEM)

JEOL ISM-400 Scanning Microscope (JEOL, Japan) was used for
scanning electron microscopy measurements.

3.6. FT-IR spectroscopy

Analysis by infrared spectroscopy was carried out using a Matt-
son 1000, Unicam spectrometer, England in the range from 400 to
4000cm~1.

3.7. Thermal gravimetric analysis (TGA)

Thermal gravimetric analyses of cotton fabric, grafted cotton fab-
ric, chemically modified poly-GMA with sulfonic acid group and
chemically modified poly-GMA with triethylamine were carried by
a Shimadzu TGA-50H instrument.

4. Results and discussion

A mutual irradiation technique was used for irradiating the
cotton fabric samples in the monomer solution with vy-radiation.
This results in radical formation on the cellulosic chain; the sites
of radical formation become the points of initiation for the side
chains. At the same time, radiation-induced polymerization of the
monomer and thus a mixture of graft copolymer and homopolymer
were obtained [8,9]. The grafted cotton fabric was then extensively
washed with boiling water to remove the homopolymer and the
unreacted monomer. Irradiation by ionizing radiation is able to ini-
tiate radical polymerization at ambient temperature in the absence
of chemical radical initiators. In the radiation-induced polymer-
ization, the rate of initiation is temperature-independent and the
polymerization process takes place at the radiation cell tempera-
ture. The overall activation energies are much smaller than in the
chemically initiated process [10].

The produced polymer itself induce radiolysis and the radicals
formed on adjacent polymer chains can react together to give a
covalent bond, thereby linking the polymer molecules together
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Fig. 1. Effect of solvent ratio (methanol/water ratio) on the grafting percent at dif-
ferent monomer concentrations.

and a three-dimensional network structure is formed giving a
crosslinked polymer [11]. The presence of additives, such as solvent,
affects the initiation step due to its radiolysis to initiate free radi-
cals. The predominant variables which influence the grafting yield
include absorbed dose and dose rate, concentration of monomer,
and type and composition of solvents.

4.1. Effect of solvent

The solvent plays an important role in the graft polymerization.
The indirect effects of solvents with both monomer and the acti-
vated cellulose lead to an increase in the accessibility of activated
sites to monomers. The importance of the solvent is attributed to
its radiolysis, the enhancing swelling of cellulose and the compat-
ibility of monomer with cellulose [12]. Radiolysis of solvent leads
to the formation of radicals capable of abstracting hydrogen atom
from cellulose and giving additional grafting sites. The uniformity
of the grafting and the diffusion of monomer are also enhanced in
the presence of solvent [13].

Solvent composition has a great effect on the grafting yield.
Methanol is a very useful solvent to obtain GMA grafting by the
pre-irradiation method [14]. However, no grafting was obtained
by the mutual method using pure methanol solvent. Fig. 1 shows
the effect of methanol/water ratio on the grafting yield at a con-
stant radiation dose of 1 kGy. Three monomer concentrations were
studied: 5, 10, and 15%. It is obvious that, for all monomer con-
centrations, no grafting were obtained at high methanol ratio (8:2
methanol/water); i.e., increasing of monomer concentration did not
increase the degree of grafting at pure methanol. The maximum
grafting yield was obtained at a solvent ratio of 6:4 methanol/water.
At this solvent concentration, increasing monomer concentration
enhanced the graft polymerization.

4.2. Effect of radiation dose

The effect of increasing the radiation dose and dose rate of the
graft polymerization system usually leads to a significant enhance-
ment in the degree of grafting. The number of branches formed
and their lengths are influenced by the dose and the dose rate
[15].

The variation of grafting with radiation dose in graft poly-
merization of GMA onto fabric waste and different monomer
concentrations is shown in Fig. 2. The degree of grafting increases
with radiation dose in the range from 0 to 1.5 kGy and then tends
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Fig. 2. Effect of radiation dose on the grafting percent at different monomer con-
centrations.

to level off, i.e., the number of radicals formed by radiation ini-
tiation increases linearly with radiation dose and then reaches a
certain limiting value at a higher dose. At higher irradiation doses
the grafting tends to level off due to the recombination of some of
the free radicals without initiating graft polymerization [16]. The
leveling off could be traced back to the fact that, at higher lev-
els of grafting, the reaction becomes a diffusion controlled process
[10].

4.3. Effect of monomer concentration

The effect of monomer concentration on graft polymerization of
GMA onto cotton fabric waste samples is shown in Fig. 3. Four con-
centrations of monomer, from 10 to 25 vol% in methanol:water (6:4)
was used at a dose rate of 0.8 kGy/h. It can be seen that increasing
monomer concentration is accompanied by a significant increase
in the degree of grafting.

Fig. 4 shows the degree of grafting versus time curves obtained
at various monomer concentrations (vol%) in methanol/water
(6:4 ratio). It is observed that, for all monomer concentrations;
10-25%, the degree of grafting increases with grafting time. At the
lower monomer concentration (10%), the initial rate of grafting is
relatively fast followed by a slower rate. At higher monomer con-
centration (25%), the initial rate of grafting is fast and then level
off due to the consumption of the monomer, as well as to the
reduction in the number of active sites on the cellulose backbone
accessible for the grafting as the reaction proceeds [17]. The higher
the monomer concentration, the higher the degree of grafting (up
to 25% monomer concentration). The rate of graft polymerization,
or the rate of monomer consumption in the grafting process, is

90

80
70
60
50
40

Grafting %

30 4
204
10 1

0 5 10 15 20 25 30 35 40
Monomer concentration (w%)

Fig. 3. Effect of monomer concentration on the grafting % at radiation dose (2 kGy).



140 H.H. Sokker et al. / Journal of Hazardous Materials 168 (2009) 137-144

100
90
80
X 70
o
£ 80
=
& 50
© 40 —+— 10%
—a— 15%
30 —a— 20%
——25%
20
10
0
0 0.5 1 1.5 2 25 3 3.5 4 4.5

Time (h)

Fig. 4. The degree of grafting versus time curves obtained at various monomer
concentrations.

related to the monomer concentration by the following equation
[18].

—dMm R\ /2
Ry=—— = 1<p(27ét) [M]

where K}, and K; are the propagation and bimolecular termination
rate constants, respectively. R; is the number of moles of free rad-
icals produced on cellulose polymer per second, i.e., the rate of
initiation.
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4.4. Synthesis of adsorbent cellulosic fabric

lon exchange adsorbents based on cellulosic fabric waste
carrying sulfonic acid and amine functional groups were syn-
thesized by radiation-induced graft polymerization of GMA with
subsequent chemical modification of the epoxy groups of poly-
GMA graft chains with sodium sulfite/H,SO,4 and triethylamine,
respectively. The conversions of epoxy groups into sulfonic acid
and amine functional groups were investigated. The synthe-
sized adsorbent and its application in the removal of different
types of pollutants from aqueous solution were also stud-
ied.

The introduction of the sulfonate and amine groups onto cellu-
losic fabric waste by radiation-induced graft polymerization of the
GMA chain and subsequent ring opening of the epoxy groups by
sulfonation and amination are shown in Schemes 1 and 2, respec-
tively.

4.5. Characterization
4.5.1. Infrared spectroscopy
Fig. 5 illustrates the FT-IR spectra of the cotton fabric, the grafted

cotton fabric and the modified cotton fabric with sulfonic acid and
amine functional groups.

i

[eoe Hre—m
c=0
O—CHz—CH—CH,

Na,SO,+ H,SO,

CH,
|

ety
c=0

GMA : Glycidyl methacrylate
Cello : Cellulose

O—CHZ—CH—?HS
OH SO;H

gama-Ray ?Hﬁ
CH, L
I c=o0
HC=§ (Eha4) O—CH;—CH—CH,
G=0 0 o
\ AN
0—CH—CH—CH,
N(CH,CH,),
i
o—{h
i
O0—CH;—CH—CH,

GMA: Glycidyl methacrylate
Cello: Cellulose

|
OH  N(CH,CH,),

Cello-TEA



H.H. Sokker et al. / Journal of Hazardous Materials 168 (2009) 137-144 141

Transmittance %

! s

I
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

Fig. 5. FTIR of (a) cotton fabric blank, (b) grafted cotton fabric with GMA, (c)
chemically modified poly-GMA with sulfonic acid group, (d) chemically modified
poly-GMA with triethylamine.

Fig. 5a shows the FT-IR spectrum of the original cotton fab-
ric. The IR spectrum of the GMA-grafted fabric (Fig. 5b) shows
the absorption bands at 1732, 1307 and 1115cm™!, arising from
C=0 and C-0-C stretching vibration as well as three bands at
1264, 950-815 and 755cm~! attributed to epoxy ring. After sul-
fonation, the absorption bands of epoxy rings at 1264, 950-815
and 755 cm~! disappeared. In addition, there is a new absorption
band at 3418 cm~! due to —OH stretching vibration and charac-
teristic absorption bands of the sulfonate group at 1249, 1034
and 665cm™!, respectively, on the IR spectrum (Fig. 5c). After
7 h of amination with triethylamine a new absorption bands at
3423 cm~! characteristic for N-H stretching vibration of amino
groups was observed. The presence of these characteristic bands
confirms the grafting cotton with GMA and chemical modifica-
tion of the grafted cotton fabric-poly-GMA with sulfonic acid and
triethylamine, respectively.

4.5.2. Thermal stability

The thermal stability and degree of hydrophilicity of cellulosic
fabric were investigated by thermogravimetric analysis (TGA) and
compared with the starting materials. Fig. 6 shows the TGA of cotton
fabric (Fig. 6a), grafted cotton fabric with GMA Fig. 6b, chemically
modified poly-GMA with sulfonic acid group (Fig. 6¢) and chemi-
cally modified poly-GMA with triethylamine (Fig. 6d).
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Fig. 6. Thermal analysis of (a) cotton fabric blank, (b) grafted cotton fabric with GMA, chemically modified poly-GMA with sulfonic acid group (c¢) and chemically modified

poly-GMA with triethylamine (d).
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Fig. 7. Scanning electron microscope (SEM) of (a) cotton fabric blank, (b) grafted cotton fabric with GMA, chemically modified poly-GMA with sulfonic acid group (c) and

chemically modified poly-GMA with triethylamine (d).

The first step of weight loss indicated that the degree of
hydrophilicity decreases with grafting due to hydrophobic nature
of GMA, whereas the degree of hydrophilicity increases (Fig. 6¢)
due to the introduction of hydrophilic sulfonic acid group.
The same behavior was observed in Fig. 6d due to incorpo-
ration of amino group. The ratio of water content in cotton
fabric was 5% which increases to 7.1 and 6.4% with chemical
modification of poly-GMA by sulfonic acid and triethylamine,
respectively.

The thermal stability was studied from the decomposition
in the second step of the thermograms as shown in Fig. 6. The
cotton fabric is thermally stable up to 290°C and the grafted
cotton fabric is thermally stable up to 250°C. The decomposition
of modified poly-GMA with sulfonic acid started at 260°C and
distributed over a wide range due to multi-degradation process,
whereas the decomposition of chemically modified cotton fabric
with triethylamine started at lower temperature (100°C). The
multi-degradation could be backed to three steps of weight loss:
(1) removal of sulfonic acid groups, (2) decomposition of the
backbone graft chain, and (3) decomposition of cellulose chain at
a higher temperature range. Fig. 6d shows four steps of weight loss
including removal of amino groups.

4.5.3. Scanning electron microscopy

Fig. 7 depicts the morphology as obtained by scanning elec-
tron microscopy of (a) the ungrafted cellulose fabric, (b) grafted
cellulose fabric with GMA, (c) chemically treated cotton fabric
poly-GMA with sulfonic acid and (d) chemically treated cotton fab-
ric poly-GMA with triethylamine. The micrograph of the grafted
materials showed that the diameter of each individual fiber appar-
ently greater than that of the fiber in ungrafted materials. For
the chemically treated cotton fabric-poly-GMA with sulfonic acid
(c) the fiber became thicker and covered with smooth layer of
deposits caused by the hydrophilic nature of sulfonic acid. The
entire fiber also appeared to be coated with deposits as a result
of penetration and diffusion of sulfonic acid groups through the
fiber. For the chemically treated cotton fabric-poly-GMA with tri-
ethylamine, there is a pronounced swelling of the fibers; polymer

bridges were formed in some areas leading to bond individual fibers
together.

4.6. Adsorption of metal and organic pollutants

The cotton fabric treated with sulfonic acid groups was tested
for the removal of dye, cobalt from aqueous solution and phenol
in methanol, whereas the chemically treated cotton fabric with
triethylamine was tested for the removal of dichromate from
aqueous solution.

4.7. Removal of acid dye by cotton fabric treated with sulfonic acid
Fig. 8 shows the equilibrium concentration (mg/L) versus the

amount adsorbed X/M (mg/g) of Acid Red at different pH values,
where:
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Fig. 8. Equilibrium concentration (mg/L) versus the amount of dyes adsorbed X/M
(mg/g) at different pH values.
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Fig. 9. Equilibrium concentration (mg/L) versus the amount adsorbed of cobalt X/M
(mg/g) at different pH values.

X: mass of solute adsorbed.
M: mass of adsorbate.

In general, the uptake of anionic dyes (acid and direct dyes) is
much higher in acidic solutions than those in neutral and alkaline
conditions. For acid dye, the uptake decreases with increasing pH.
The equilibrium adsorption capacity of dyes at different pH values
was found to be 52, 31 and 41% at pH =3, 7 and 9, respectively.

At lower pH, more protons will be available to HSO3 to
form H,SO3*; thereby increasing electrostatic attraction between
the negatively charged dye anions and the positively charged
adsorption sites and causing an increase in dye adsorption. This
explanation of pH effect agrees with previous work [19].

4.8. Removal of cobalt ions by cotton fabric treated with sulfonic
acid

In order to determine the adsorption properties of the cation-
exchange of the fabric, asset of batch experiments towards Co (II)
ions binding from water solution at different pH values: 3,4 and 5
was performed. Fig. 9 shows the equilibrium concentration (mg/L)
versus the amount adsorbed X/M (mg/g) at different pH values.
Owing to the formation of metal hydroxide, the pH of the solu-
tion could not be increased above 5. From Fig. 9, it is observed that
the equilibrium adsorption capacity of Co (II) ions at pH =3, 4 and
5 are 78, 83 and 91%, respectively, i.e., the availability of the fabric
treated with sulfonic acid for metal ion removal is dependent on
pH and the amount of metal ion uptake slightly increases as the pH
increases. The result suggests that the metal ion uptake under high
acidic condition was slightly decreased for cation exchanger due to
formidable competition from H* [20].

4.9. Removal of phenol by cotton fabric treated with sulfonic acid

Removal of organic pollutants from contaminated waste water
and ground water is critical for ensuring the safety of water sup-
plies world wide. Because these contaminants are often flammable,
toxic and carcinogenic, their presence in drinking water sources is a
major environmental concern. The major water contaminants from
oil, in the order of importance, are sulfides, dissolved phenol, and
nitrogen compounds [21].
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Fig.10. Removal percent of phenol at initial concentration of 500 ppm, after sorption
by using original, grafted and chemically modified grafted cotton fabric with sulfonic
acid.

The present study is focused on developing an effective and
modified adsorbent available for the removal of non-ionic organic
contaminant (NOC) such as phenol, which is the major component
of the waste water from petroleum refiners [22].

Fig. 10 shows the removal (%) of phenol at initial concentration
of 500 ppm, after sorption by using original, grafted and chemically
modified grafted cotton fabric with sulfonic acid. It can be seen that,
for original cotton fabric, the equilibrium adsorption capacity of
phenol is 8%, whereas for the grafted cotton with GMA, the removal
percent is 6%, and for the chemically modified grafted cotton fab-
ric with sulfonic acid, the equilibrium adsorption capacity reaches
95%.

The lower removal percent of original cotton fabric is due to the
inert nature of polymeric matrix with desirable function groups,
whereas the hydrophobic nature of GMA with limited number of
vinyl monomers with function groups may be the reason for its low
removal efficiency.

Modification of the grafted cotton fabric with sulfonic acid
resulted in introduction of sulfonic acid function which has excel-
lent hydrophilicity and they also give higher recovery than their
unmodified analogues [23-26]. The higher tendency of chemically
modified cotton fabric for adsorption of phenol than their unmodi-
fied analogues may be attributed to hydrogen bonds [27], which are
expected to occur between hydrogen and hydroxyl groups of phe-
nol molecules and the sulfonic acid group on the monomer units of
the chemically modified grafted cotton fabric.

4.10. Removal of dichromate ions by chemically modified grafted
cotton fabric with triethylamine

The CrO4%~ anions sorption onto chemically modified grafted
cotton fabric with triethylamine was tested in a batch system. The
influence of pH and initial metal ion concentration on removal per-
cent are reported.

Fig. 11 shows the equilibrium concentration (mg/L) versus
adsorption capacity (mg/g) of chemically modified grafted cot-
ton fabric with triethylamine at different pH values: 3, 7 and
9. The equilibrium adsorption capacity of CrO42~ reaches to
87%.

It is well known that the metal ion adsorption on both non-
specific and specific adsorption is pH dependent [28]. The pH
influences the metal chemistry in solution or the protonation or
deprotonation of the adsorbent [29]. The pH dependence of equi-
librium adsorption data of Cr (VI) anions is shown in Fig. 11. As seen
from the figure, the adsorption of Cr (VI) anion onto the (poly-GMA)
TEA was pH dependent and adsorption of Cr (VI) anion increased
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when the medium pH decreased. The maximum adsorption pH was
obtained at pH = 3. The metal adsorption depends on the protona-
tion or unprotonation of functional groups on the surface of the
chemically modified grafted cotton fabric. Cr (VI) exists in anionic
form (i.e., Cr;07%2~, HCrO4~ !, CrO42~ and HCr,0;~1) in aqueous
solution, and the fraction of any particular species is dependent
on chromium ion concentration and pH [30].

At acidic pH, the amino groups of (poly-GMA) TEA are positively
charged, which leads to an electrostatic attraction of the nega-
tively charged chromium species. In other words, lower pH, due to
protonation of binding sites of the sorbent resulting from high con-
centration of proton, causes an increase in the binding of chromium
species [31].

As seen in Fig. 11, the experimentally observed steep increase
in chromium ion removal as the medium pH decrease can be
explained by rapid increase in concentration of the protonated form
of the amino group of triethylamine [30].

It is clear from these results that triethylamine incorporated
poly-GMA showed more affinity to CrO42~ anion. In this adsorption
system, the binding of CrO42~ anion is achieved by ion-chelating
property of (poly-GMA) TEA.

5. Conclusion

Synthesis of sorption-active cotton fabric has been achieved by
radiation-induced graft polymerization of GMA onto cotton fabric
with subsequent modification. Varying experimental parameters
such as absorbed dose, reaction time and solvent composition
on the GMA grafted cotton fabrics with a wide range of GMA-
chain density have been investigated. Subsequent modification
was carried out via incorporation of sulfonic acid and amine
groups by reacting of the epoxy groups of the poly-GMA graft
chains with sodium sulfite and triethylamine. The values of the
adsorption capacity of the synthesized adsorbent materials towards
cobalt, acidic dye, dichromate and phenol have been evaluated.
The results showed that the prepared adsorbent fabric can be
applied for the removal of both cation and anion hazardous
wastes.
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