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Introduction

Graft polymerization is well known reaction in radiation 
processing of polymers [1]. This reaction can be initial-
ized by high-energy irradiation of gamma-ray or electron 
beam toward the polymer. The radiation-induced graft 
polymerization can be done to the conventional polymers 
having various shapes such as membrane, fabric, fiber etc 
[2–4]. Radiation-induced grafting of acrylic acid (AA) and 
methacrylic acid (MA) onto a polyethylene (PE) film has 
been studied [2]. Grafting of methacrylate monomer onto 
PE nonwoven fabric has been done by radiation technique 
[3]. Radiation induced graft co-polymerization of different 
functional monomers such as glycidyl methacrylate [5, 6], 
4-hydroxybutyl acrylate glycidyl  ether [7], dimethylami-
noethyl  methacrylate [8], acrylamide [9], 2-hydroxy ethyl 
methacrylate /glycidyl methacrylate [10] on polyethylene/
polypropylene (PE/PP) nonwoven fabric has been reported. 
The radiation-induced graft polymer has been widely used 
as battery separators, heavy metal ion adsorbents etc. The 
radiation-induced graft polymerization and subsequent 
functionalization have certain advantages. It makes easy 
to control the site of the grafted polymer branches and the 
density of the functional group [11].

The fibrous adsorbents can be produced by introduc-
ing a functional chelate group such as amidoxime [12], 
phosphoric acid [3] and iminodiacetic acid [13] into 
nonwoven fabrics. Fabric adsorbent having amidoxime 
function was applied to the removal of Cd from the scal-
lop waste [12]. Adsorbent having phosphoric acid was 
directly synthesized by grafting methacrylate monomer 
having phosphoric acid onto polyethylene nonwoven 
fabric and used as adsorbent for Pb(II) and Cd(II) [3]. 
An iminodiacetate (IDA) group as a chelate-forming 
group was introduced uniformly throughout a porous 
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polyethylene membrane of a hollow-fiber form and the 
binary metal ions  (Co2+ and  Cu2+) were transported to 
the IDA group [13]. Glycidyl methacrylate grafted PE/
PP nonwoven fabric was modified toward enhanced ami-
doximation to prepare a highly efficient uranyl adsorbent 
[5]. A  CO2 adsorbent containing triethylamine (TEA) 
was prepared by radiation induced grafting of glycidyl 
methacrylate (GMA) onto PE-PP non-woven sheet fol-
lowed by amination reaction [6]. Amine type adsorbent 
was synthesized from 4-hydroxybutyl acrylate glyci-
dyl  ether grafted PE/PP nonwoven fabric and used for 
adsorption of Cu(II), Pb(II), Zn(II), Ni(II) and Li(II) [7]. 
Dimethylaminoethyl  methacrylate grafted PE/PP non-
woven fabric has been investigated for the removal of 
phosphate [8]. Acrylamide monomer grafted polyethyl-
ene-coated polypropylene nonwoven fabric was studied 
for the adsorption of Cu (II), Co(II) and Ni (II) [9]. The 
toxic metal adsorption rate by these fibrous adsorbents 
is found about 100 times higher than that of the com-
mercial adsorbent resin in column mode experiments 
[14]. The removal of toxic metals from aqueous medium 
by using these high performance fibrous adsorbents is 
attracted.

The industrial waste water containing chromium com-
pounds are among the most dangerous inorganic water 
pollutants. Water containing chromium ion possesses a 
great threat to surface and groundwater quality, which is 
a threat to human health. Bangladesh has many leather 
tanning industries. There are undesirable amount of 
chromium ion in the waste water from leather tanning 
industries, which is released directly into the environ-
ment without any pre-treatment. In the environment, 
chromium exists mainly in the oxidation states, Cr (III) 
and Cr (VI). Cr (III) is relatively innocuous and Cr (VI) 
is toxic and carcinogenic. It is a strong oxidant capa-
ble of being absorbed by the skin [15]. The maximum 
contaminant level of chromium for drinking water is 
0.05 mg/L as per the World Health Organization (WHO) 
set standard [16].

In the present investigation, glycidyl methacrylate 
(GMA) was grafted onto non-woven polyethylene 
(GMA-g-PE) fabric by pre-irradiation method [17]. The 
epoxy group of GMA-g-PE fabric was converted to imi-
nodiacetate (IDA) adsorbent using disodium iminoac-
etate by chemical method. Thermo-gravimetric analy-
sis (TGA) and Dynamic mechanical analysis (DMA) 
were used to investigate thermal stability of PE fabric, 
GMA-g-PE fabric and IDA adsorbent. The affinity of the 
resultant absorbent having IDA group toward chromium 
from its aqueous solution was evaluated using UV–Vis-
ible Spectrophotometer technique. Langmuir isotherm 
model was used to observe the adsorption process.

Experimental

Materials

A non-woven polyethylene (PE) fabric obtained from 
Kurashiki MFG Co. was used as a trunk polymer for 
grafting polymerization. Glycidyl methacrylate (GMA, 
 CH2=CCH3COOCH2CHOCH2) was purchased from 
Tokyo Kasei Chemical Industry Co. Ltd., Japan and used 
without further purification. Polyoxyethylene sorbitan mon-
olaurate (Tween-20) and nitric acid  (HNO3) were supplied 
by Kanto Chemical Co. Inc., Japan. Disodium iminodiac-
etate (HN(CH2COONa)2  H2O) was purchased from Wake 
Pure Chemical industries Ltd., Japan. Methanol (MeOH), 
Ethanol (EtOH), Isopropyl alcohol (IPA) and Dimethyl 
sulfoxide (DMSO) were purchased from BDH England. 
Chromium Nitrate, Ammonium peroxodisulphide and 1, 
5-Diphenylcarbazide were procured from E. Merck, (India) 
Ltd.

Preparation of Metal Adsorbent

Glycidyl methacrylate (GMA) was grafted onto non-woven 
polyethylene (PE) fabric in similar manner described previ-
ously [17]. The 3 cm × 3 cm size PE fabric was irradiated 
by gamma radiation from Co-60 source at 50  kGy radia-
tion dose at ambient temperature. The irradiated PE fabric 
was stored in dry-ice temperature until use. The monomer 
emulsion of 5  wt% GMA was prepared by adding GMA 
to deionized water with 0.5  wt% Tween 20 as emulsifier 
by stirring with a mechanical stirrer at room temperature 
(27 °C) for 0.5 h. The emulsion of GMA was bubbled with 
nitrogen gas to remove dissolved oxygen. The de-aerated 
GMA-emulsion was poured into glass bottle containing 
irradiated PE fabric. After completely filling the glass bot-
tle with GMA-emulsion, the bottle was tightly closed with 
a lid to prevent oxygen from air into the GMA-emulsion of 
bottle. After that the grafting reaction was carried out at 
40 °C in a water bath upto 4 h. The GMA-g-PE fabric was 
washed with methanol to remove residual monomer and 
homopolymer of GMA. The degree of grafting was calcu-
lated as follows

where,  W1 is the dry weight of grafted PE fabric and  W0 is 
the dry weight of PE fabric.

GMA-g-PE fabric was immersed in 0.5  M disodium 
iminodiacetate in 50% EtOH and reaction was carried out 
at 80 °C in water bath up to 4 h to investigate the suitable 
reaction time for maximum modification of epoxy group to 
IDA group. To determine the effect of solvent concentration 
on modification reaction, GMA-g-PE fabric was immersed 

Degree of grafting (%) =
(

W1−W0

)

∕W0 × 100
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in 0.5 M disodium iminodiacetate in 0, 20, 30, 40 and 50% 
EtOH respectively and reaction was performed in water 
bath at 80 °C for 3 h. To study the effect of nature of sol-
vent on modification reaction different solvents (water, 50% 
MeOH, 50% EtOH, 50% IPA and 50% DMSO) were used. 
After the introduction of IDA group onto the GMA-g-PE 
fabric, the remaining epoxide group was hydrolyzed into a 
diol group by treating IDA group containing GMA-g-PE 
fabric (IDA-GMA-PE adsorbent) in 1 N  HNO3 at 80 °C for 
4 h in a water bath. Subsequently IDA-GMA-PE adsorbent 
was washed repeatedly with deionized water until neutral 
and dried in a vacuum oven to constant weight. The conver-
sion of epoxide group (X) and density of IDA group were 
calculated [18] as follows

where,  W0,  W1 and  W2 are the dry weight of PE fab-
ric, GMA-g-PE fabric and IDA-GMA-PE adsorbent 
respectively.

Figure  1 shows the preparation scheme of iminodiace-
tate (IDA) group containing metal adsorbent.

Conversion (X) =
[{

142
(

W2 −W0

)

∕
(

W1 −W0

)

− 160
}

∕115
]

Density of IAD group (mmol∕g) = (X)
(

W1 −W0

)

∕
(

142W2

)

Thermo Gravimetric Analysis

The thermal gravimetric analysis (TGA) of PE fabric, 
GMA-g-PE fabric and IDA-GMA-PE adsorbent (2  mg) 
were determined on a Perkin-Elmer TGA 7-thermal ana-
lyzer from 25 to 480 °C with a heating rate of 10ºC/min, 
under nitrogen atmosphere with a flow rate of 20 ml/min.

Dynamic Mechanical Analysis

The thermal property of PE fabric, GMA-g-PE fabric and 
IDA-GMA-PE adsorbent were studied from 25 to 180 °C 
at a heating rate of 4 °C/min and an oscillating frequency 
of 1 Hz using dynamic mechanical analyzer (DMA), Triton 
technology TTDMA, UK.

FTIR (ATR) Spectroscopy

The PE, GMA-g-PE and IDA-GMA-PE films were char-
acterized by FTIR (ATR) spectrophotometer (8400 S Shi-
madzu Japan) in the range 700–4000  cm−1 (resolution 
4 cm−1, number of scans: 20 times).

Fig. 1  Preparation scheme iminodiacetate-group containing GMA-g-PE fabric
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Scanning Electron Microscopy

The morphological study of the PE, GMA-g-PE and 
IDA-GMA-PE films was done by using scanning electron 
microscopy (SEM) of Model JEOL 6400 at an accelerat-
ing voltage of 15  kV. The SEM specimens were sputter 
coated with platinum.

Determination of Chromium Adsorption

The chromium nitrate [Cr(NO3)2·9H2O] is used as source 
of hexavalent chromium. Equal amount of chromium 
nitrate and ammonium peroxodisulphide was added in 
distilled water and then boiled about one hour in water 
bath. The solution was cooled and preserved. pH adjust-
ment were carried out using HCl and NaOH. The adsor-
bent was immersed in prepared aqueous solution of 
chromium (VI) at room temperature (27 °C) and periodi-
cally the residual concentration of chromium in the feed 
solution was determined spectrophotometrically (UV-
2401PC, Shimadzu, Japan). The amount of chromium 
adsorption per unit mass of adsorbent was evaluated by 
using the following equation

where,  qe is the amount of chromium adsorbed per unit dry 
mass of adsorbent (mg/g of adsorbent),  C0 and  Ce are the 
concentration of chromium (mg/L) in the initial solution 
and aqueous phase after treatment with adsorbent of certain 
period respectively, V is the volume of aqueous phase in 
liter (L) and W is the weight of dry adsorbent (g).

Results and Discussion

Radiation-induced graft polymerization is comparatively 
simple over other methods such as chemical initiator 
method, photo initiator method etc. The radicals on poly-
mer matrix are obtained uniformly by the application of 
radiation such as electron beams and gamma rays due to 
high penetrating power. Radiation-induced graft polym-
erization method can be divided into two general catego-
ries: one is direct irradiation method, whereby a polymer 
substrate is irradiated in presence of monomer and other 
is pre-irradiation method, whereby a polymer substrate 
is activated by radiation and subsequently allow to graft-
ing reaction with monomer. By pre-irradiation method, 
less amount of ungrafted homopolymer is obtained com-
pared to direct grafting technique. Glycidyl methacrylate 
(GMA) bears a reactive epoxide group, which can be eas-
ily functionalized. Figure  2 shows the effect of reaction 
time on grafting of GMA onto PE fabric at pre-irradiation 

qe =
[(

C0− Ce

)

× V
]

∕W

dose of 50  kGy. The degree of GMA-grafting onto PE 
fabric increases with increased reaction time. About 
198% degree of grafting is obtained at 3 h reaction time. 
The GMA-g-PE with this degree of grafting value was 
used to modify the epoxy group of GMA to IDA group.

Figure 3 shows the density of IDA group on IDA-GMA-
PE fabric as a function of reaction time. The modification 
reaction is carried out in 50% EtOH with 0.5 M disodium 
iminodiacetate in a water bath at 80 °C up to 4 h reaction 
time. The density of IDA group on IDA-GMA-PE fabric 
increases with increased reaction time and attained a maxi-
mum value at 3 h reaction time. The GMA-g-PE fabric hav-
ing 198% degree of grafting undergoes about 1.96 mmol/g 
(~56% conversion) density of IDA at 3  h reaction time. 
The conversion [18] of GMA-grafted hollow fiber (150% 
degree of grafting) in DMSO/water solution was obtained 
about 60% after 20 h modification reaction time. The con-
version of epoxide group to IDA group depends on degree 
of GMA grafting. The maximum value of conversion is 
obtained at 120% degree of GMA grafting and beyond this 
degree of grafting the value of conversion is level off. It has 

Fig. 2  Effect of reaction time on degree of grafting of GMA onto PE 
fabric at 50 kGy radiation dose

Fig. 3  Effect of reaction time on density of IDA on GMA-g-PE [Sol-
vent = 50% Ethanol, Disodium iminodiacetate = 0.5 M]
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also been reported [19] that the highest conversion of epox-
ide group to IDA group in IDA-2Na/Na2CO3 solution was 
obtained about 15%.

Figure 4 shows the effect of EtOH concentration in water 
as solvent on IDA density on IDA-GMA-PE fabric. The 
density of IDA group on IDA-GMA-PE fabric increases 
with increase concentration of EtOH at reaction time, 
3  h. The density of IDA group on IDA-GMA-PE fabric 
is obtained about 0.06, 0.38, 0.98, 1.36 and 1.96  mmol/g 
of GMA-g-PE fabric for 0.0, 20, 30, 40 and 50% EtOH 
respectively. This result can be explained as increased etha-
nol in water may be increased diffusion of disodium imino-
diacetate into grafted polymer branch due to increase swell-
ing of GMA-g-PE fabric and resulted increase in density of 
IDA group.

Table 1 shows the effect of different solvents on modifi-
cation of epoxy group to IDA group on GMA-g-PE fabric. 
In this study, water, 50% MeOH, 50% EtOH, 50% IPA and 
50% DMSO are used to select a good solvent. The den-
sity of IDA and conversion of epoxy group to IDA group 
depends on nature of solvent. The maximum values of IDA 
density and conversion of epoxy group to IDA group are 
obtained from 50% EtOH as solvent. The lowest values of 
IDA density and conversion of epoxy group to IDA group 
is obtained from water as solvent. The solvent can arrange 
in their decreasing extents of modification of epoxy group 
to IDA group on GMA-g-PE as follows: 50%EtOH > 50%IP
A > 50%MeOH > 50%DMSO > Water. The extents of modi-
fication in different solvents, 50% EtOH give better result 
than 50%IPA, 50%MeOH, 50%DMSO or water.

The TGA thermograms for PE fabric, GMA-g-PE fab-
ric and IDA-GMA-PE adsorbent are presented in Fig.  5. 
The thermal stability of GMA-g-PE fabric and IDA-GMA-
PE adsorbent is lower than that of original PE fabric. The 
original PE fabric shows high thermal stability up to 350 °C 
and above 350 °C, it starts to decompose. The TGA curve 
of the GMA-g-PE fabric shows two quite independent 

decomposition processes at the range of 200–350 °C and 
above 350 °C, due to the degradation of the grafted chain 
and that of the PE fabric base polymer. The GMA-g-PE 
fabric remains thermal stable up to 200 °C. There are four 
weight loss steps in the TGA curve for IDA-GMA-PE 
adsorbent. For IDA-GMA-PE adsorbent being exposed to 
air before subjecting to TGA, the first weight loss appears 
in the temperature range from 45 to 100 °C, is easily under-
stood to be due to the loss of moisture absorbed from air. 
The weight loss stages at 100–200 °C, 200–350 °C and 
above 350 °C are originated from decarboxylation, deg-
radation of grafted chain and degradation of PE fabric 
respectively.

Figure  6 reveals the storage modulus of PE fabric, 
GMA-g-PE fabric and IDA-GMA-PE adsorbent with vary-
ing temperature. The initial value of storage modulus for 
PE fabric is higher than that of GMA-g-PE fabric and IDA-
GMA-PE adsorbent and modulus decreases with increase 
in temperature. It is observed that the glassy transition 
region for GMA-g-PE fabric obtains at the temperature 
range from 25 to 70 °C and the leathery state plateau region 
occurs at low temperature. On the other hand the glassy 
transition region for PE fabric extends from 25 to 110 °C 
and the leathery state plateau region occurs at high tem-
perature. It is also found that there is a sharp decrease of 

Fig. 4  Effect of EtOH concentration on density of IDA on GMA-g-
PE. [Reaction time = 3 h, disodium iminodiacetate = 0.5 M]

Table 1  Effect of solvent on modification of epoxy group to IDA 
group on GMA-g-PE fabric [Disodium iminodiacetate = 0.5 M, reac-
tion time = 3 h and reaction temperature = 80 °C]

Solvent Density[mmol/g] Conversion [%]

Water 0.03 0.62
50%MeOH 0.24 5.88
50%EtOH 1.96 55.93
50%IPA 0.62 14.35
50%DMSO 0.06 1.25

Fig. 5  TGA thermograms of PE, GMA-g PE and IDA-GMA-PE 
adsorbent
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modulus in glassy transition region for both PE and GMA-
g-PE but for IDA-GMA-PE adsorbent curve shows a slow 
decrease of modulus in glassy region (25–140 °C).

Figure 7a–c shows the IR spectra of PE, GMA-g-PE and 
IDA-GMA-PE fabrics respectively. PE may be considered 
as an infinite chain of  CH2 groups, therefore the character-
istic features of the IR spectrum of PE are it’s C–H stretch-
ing and C–H deformation vibrations. C–H asymmetric 
and symmetric stretching vibrations are observed at 2916 
and 2848  cm−1 respectively. C–H bending, wagging and 
rocking deformation of  CH2 group are observed at 1465, 
1369 and 721 cm−1 respectively. For GMA-g-PE, the addi-
tional bands, which are characteristic of GMA structure, 
appeared: the C=O stretching vibration occur at 1737 cm−1 
and peaks for epoxy rings observed at 3020 and 869 cm−1 
[5]. Again the IDA-GMA-PE fabric showed decrease of the 
epoxy group’s peaks and emergence of new –OH peak at 
3441 cm−1 [6].

Characterization of the nonwoven fibers by SEM was 
made to compare the difference in the physical appear-
ance of PE, GMA-g-PE and IDA-GMA-PE fabrics. The 
SEM image of PE, GMA-g-PE and IDA-GMA-PE fab-
rics are shown in Fig. 8a–c respectively. The change in the 
physical appearance and also slight increase in the average 
diameter of fibers after grafting with GMA are the addi-
tional physical evidences for the grafting. Further change in 
physical appearance and large increase in average diameter 
after conversion to IDA group provide evidences for the 
modification.

SEM images give another evidence for grafting and con-
version to IDA group as represented by the difference in 
average fibre diameters [5, 6].

Figure  9 shows the amount of chromium adsorbed by 
IDA-GMA-PE adsorbent from aqueous solution. The 
pH value of chromium solution is kept 1.73 and concen-
trations of chromium in solutions are kept 50, 75 and 
100 mg/L respectively. Adsorption of chromium increases 

with increased concentration of chromium ions in adsorp-
tion medium. It is observed that the maximum values of 
chromium adsorption are ~0.88, ~1.44 and ~1.62 mmol/g 
of adsorbent at 48 h absorption time respectively. The all 

Fig. 6  Storage modulus of PE, GMA-g- PE and IDA-GMA-PE 
adsorbent

Fig. 7  FTIR spectra of a PE, b GMA-g- PE and c IDA-GMA-PE 
adsorbent
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adsorbed chromium is eluted by 1  M  HNO3 solution and 
desorption ratio was 99%. After elution of chromium, the 
adsorbent is used repeatedly upto 5 cycles. No loss of activ-
ity was observed.

The pseudo-second order kinetic model was applied to 
fit the Cr(VI) adsorption by the adsorbent. The pseudo-sec-
ond-order equations [20], is expressed as:

where  Qt and  Qe are the amount of ions adsorbed 
(mmol g−1) at any time and equilibrium time, respectively 
k2 (g  min−1  mmol−1) is the rate constant of second-order 
adsorption. Pseudo second-order rate constants could be 
determined experimentally by plotting t/Qt against t as 
shown in Fig. 10. All the second order kinetic parameters 
for Cr(VI) adsorption are given in Table 2. It can be seen 
that the experimental  Qe values are slightly lower than the 
 Qe values calculated from second order kinetic model. It 
may be attributed to the incomplete contact of metal ion 
and IDA-GMA-PE adsorbent.

The pH value of the metal ion solution is a very impor-
tant parameter in investigating the adsorption process. 
It may not only affect the electronic status of the pendant 
functional groups i.e. protonation/deprotonation of the 
basic group or dissociation/association of the acidic group 
but it may also alter the oxidation form of the metal ion 

(1)t∕Qt = 1∕
(

k2Q
2
e

)

+ t∕ Qe

Fig. 8  SEM image of a PE, b GMA-g- PE and c IDA-GMA-PE 
adsorbent

Fig. 9  Effect of chromium concentration and adsorbtion time on 
chromium adsorbtion by IDA-GMA-PE adsorbent

Fig. 10  Pseudo second order plot for Cr (VI) adsorption by IDA-
GMA-PE adsorbent
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present in the medium. Figure  11 shows the effect of pH 
values in chromium solution on adsorption of chromium 
by IDA-GMA-PE adsorbent. The pH of chromium solution 
is varied from 1.73 to 5.63 and concentration of chromium 
in solution is kept 100 mg/L. The chromium adsorption is 
found to depend on pH values of chromium solutions. The 
maximum values of chromium adsorption are ~0.38, ~0.50, 
~0.93 and ~1.62 mmol/g of adsorbent with pH values 5.63, 
3.55, 2.25 and 1.73 respectively at 48 h adsorption time.

The interaction of metal ion with IDA-GMA-PE adsor-
bent can be investigated by using adsorption isotherm. 
In this study the Langmuir isotherm models was used to 
investigate the relationship between metal uptake and equi-
librium concentration of metal ion in the medium. The 
Langmuir isotherm model is effective for homogeneous 
and monolayer adsorption onto a surface with a finite num-
ber of identical sites. The linear form of Langmuir isotherm 
is presented by

where  Ce (mg  L−1) is the equilibrium concentration of 
metal in solution,  qm (mg g−1) is the theoretical maximum 
adsorption capacity,  qe (mg  g−1) is the amount of metal 
adsorbed by per gram adsorbent,  KL is Langmuir constant 
related to the affinity of binding sites, which is a measure 
of the energy of adsorption.  qm and  KL were calculated 

(2)Ce∕qe = Ce∕qm + 1∕KLqm

from slope and intercept of the linear plot of  Ce/qe versus 
 Ce respectively.

The Langmuir plot of metal ion adsorption onto IDA-
GMA-PE adsorbent is shown in Fig.  12. The linear cor-
relation coefficient (r) is 0.995, which reveals that the 
adsorption data is well fitted the Langmuir model. The iso-
therm constants  qm and  KL are calculated as 83.75 mg g−1 
(~1.61 mmol/g) and 0.302 respectively. Adsorption capac-
ity of IDA-GMA-PE adsorbent compared with some other 
adsorbents is shown in Table 3.

Conclusion

A metal ion adsorbent containing IDA group is prepared 
from GMA-g-PE fabric. The maximum value of modifica-
tion of epoxy group to IDA group onto GMA-g-PE fabric is 
obtained at 3 h reaction time. Among the different solvents, 
50%EtOH is found to be a good solvent for modification 
of epoxy group to IDA group on GMA-g-PE fabric. It was 
observed that thermal stability of IDA-GMA-PE adsorbent 
and GMA-g-PE fabric is lower than that of pure PE fabric. 
The chromium ion adsorption by IDA-GMA-PE adsorbent 

Table 2  The pseudo-second-order rate constants for Cr(VI) adsorp-
tion

Monomer 
concentration 
(ppm)

Qe (exp.) 
(mmol/g)

Pseudo-second-order rate constant

Qe (theor.) 
(mmol/g)

k2 
(g min−1 mmol−1)

R2

50 0.8865 0.94 0.510 0.997
75 1.44 1.53 0.268 0.999
100 1.62 1.66 0.250 0.999

Fig. 11  Effect of pH in solution on adsorbtion of chromium by IDA-
GMA-PE adsorbent

Fig. 12  Linear form of Langmuir isotherm plot for chromium 
adsorption

Table 3  Adsorption capacity of IDA-GMA-PE adsorbent compared 
with some other adsorbents

Adsorbent Adsorption 
capacity 
(mmol/g)

IDA-GMA-PE [present study] 1.61
Activated carbon [21] 1.01
Bentonite clay [22] 0.96
Palm trunk charcoal [23] 0.48
Activated carbon derived from acrylonitrile-divi-

nylbenzene co-polymer [24]
1.95

Chemically modified banana peels [25] 0.12



748 J Polym Environ (2018) 26:740–748

1 3

depends on concentration of chromium and pH of chro-
mium solution. The chromium adsorption of IDA-GMA-
PE adsorbent reached to 83.75  mg/g. The experimental 
data fitted Langmuir isotherm model. Primarily the result 
indicates that IDA adsorbent can be used to adsorb chro-
mium from aqueous medium.
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