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ABSTRACT

Cadmium and nickel ions were treated from wastewater by using (Chitosan/Gelatin/2-
(Dimethylamino)ethyl methacrylate/silicon dioxide) composite (Cs/Gltn/PDMAEMA-SiO,)comp
that was performed by gamma irradiation. Chemical treatment of parent hydrogel (Cs/Gltn/
PDMAEMA)gel was also done to introduce thiol groups in T-(Cs/Gltn/PDMAEMA). The character-
istics of the composite compared with the parent and treated gels were examined by thermogravi-
metric analysis, X-ray diffraction, and field emission scanning electron microscopy. The adsorbent
amount of the composite toward Cd* and Ni* was investigated. It was noticed that the maximum
sorbent amount was performed at pH 5, 240 min contact time, and 10 g/L adsorbent dose. It can
be also recognized that the sorption decreases as the temperature is increased. It is pointed to the
exothermic adsorption character. The pseudo-second-order rate expression fits well the exper-
imental data. The adsorption isotherm follows the Freundlich expression. The composite was
tested for tenny wastewater treatment. It got a different trend from the obtained results indicated
to some selectivity of this composite. The removal performance is 70% for heavy metal ions and
75% for color. The performance of other constituents is about 60%-70% except the turbidity is 46%.
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1. Introduction

hypertension, and lung damage. Cadmium exposure

Heavy metals exist in the earth’s crust. The random
human activities changed the balance and they reach the
drinking water supply [1]. The excessive amount can be
detrimental to health. Cd can cause intoxications. Chronic
exposure to Cd even in low concentrations could lead to
anemia, anosmia (loss of sense of smell), cardiovascu-
lar diseases, renal damage, osteoporosis, fragile bones,

* Corresponding author.

through pregnancy due to early birth and reduced weight
[2]. Contact with nickel compounds can make unfavorable
impacts on human health [3]. The reaction to nickel expo-
sure is a skin rash that can produce allergic dermatitis.
These serious impacts are caused by cadmium and nickel
on human health. The WHO recommends 0.003 mg/L as
the greatest level for Cd in water [4]. Also, EPA has since
adopted the 0.1 mg/L as the greatest level for nickel in water
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supplies [5]. Thus, the removal of Cd and Ni ions from
wastewaters has become an environmental necessity. Many
methods are employed for excluding Cd and Ni ions. These
include ion exchange, reverse osmosis, electrodialysis, pre-
cipitation, flocculation, and adsorption [6]. Adsorption
has been seen to be preferred over other techniques due to
low cost, flexibility, ease of design, and operation [7,8].

Hydrogel based on chitosan has a great interest in envi-
ronmental biotechnology because it has high adsorption
behavior toward heavy-metal ions, moreover, the low cost
and it is simply prepared. The high numbers of -NH, and
—-OH groups included in the chitosan network increase the
adsorption capacity [9]. However, the weak mechanical
strength of chitosan-based materials limits their use as effec-
tive adsorbents [10]. The introduction of (PDMAEMA) to
hydrogel provides environmental sensitivity and increases
the mechanical properties. It is a water-soluble cationic
polyelectrolyte having tertiary amino groups and it has
a pKa of about 7.6 [11]. PDMAEMA contains a nitrogen
atom that has the ability to complexation with different
toxic heavy metal ions through coordination bond [12].

To promote adsorption efficiency, there are many
different and unique nanoparticles utilized for entrap-
ment in the hydrogel composite as hybrids [13,14]. SiO, is
incorporated into the hydrogel matrix as it exhibits low
toxicity and it is also environmentally inert [15].

In previous studies, Cs/Gltn/PDMAEMA/SIO, com-
posite was produced by gamma irradiation for extraction
of nitrate [16] and phosphate [17] anions. In this study, the
prepared composite is characterized and utilized for the
adsorption of Ni** and Cd?.

2. Materials and methods
2.1. Materials

Cs of medium molecular weight; the degree of deacetyl-
ation ~91% was received from Meron. (DMAEMA) of purity,
99.0% and SiO, were received from (Sigma-Aldrich, USA).
Gelatin was supplied from El-Nasr Pharmaceutical Chemical-
Prolabo (Cairo, Egypt). Additional chemicals are high
grades and were bought from El-Nasr Co., (Cairo, Egypt).

2.2. Cs/Gltn/PDMAEMA/SiO, composite synthesis

0.03 g of SiO, powder was added to 99 mL of deion-
ized water and 1 mL acetic acid then it was sonicated for
30 min. 1.5 g of Cs was added and stirred for 1 h at 60°C
in the water bath. 20 g of gelatin was dissolved in 100 mL
of deionized water at 60°C for 30 min in the water bath.
The two solutions were incorporated and DMAEMA of
concentration 0.36 (g/g) was added to the solution where
the total concentration was 20 wt.%. The solution mix-
ture was transferred into vials and was irradiated at an
irradiation dose of 15 kGy. ®Co gamma source installed
at the National Centre for Radiation Research and
Technology (NCRRT), Egypt. After irradiation, the formed
composite cylinder was cut into discs. All specimens
were extracted in distilled water at 80°C for 2 h to exclude
the un-reacted materials then, air-dried to a constant
weight.

2.3. Treated Cs/Gltn/PDMAEMA hydrogel synthesis

(Cs/Gltn/PDMAEMA)gel was prepared by follow-
ing the same steps of Cs/Gltn/PDMAEMA/SiO, composite
synthesis without adding SiO,. In a one-neck flask, 15 g of
Cs/Gltn/PDMAEMA hydrogel, 15 g thiourea, 50 mL HCI,
and 150 mL H,0O were combined and stirred for 24 h [18].
After that, the swelled hydrogel was transferred to another
flask containing 10% (w/v) NaOH and stirred for 6 h.
The hydrogel was washed with acetone, ethanol, and deion-
ized water to remove excess agents and then dried at 50°C.

2.4. Instrumentations

The thermogravimetric analysis (TGA) study was taken
out on Shimadzu-30 (TGA-30, Kayto, Japan) at a heating rate
of 10°C/min in a temperature range from ambient to 500°C.

The surface morphology was investigated using the
field emission scanning electron microscope (QVANTA
FEG 250, Netherlands) at an acceleration voltage of 20 kV.

X-ray diffraction (XRD) analysis was performed usin,
X-ray automatic powder diffraction system Cu koo A =1.5 A
radiation. A Philips PW 1730 powder X-ray diffractometer
(Holland) was used for this purpose.

2.5. Adsorption study

Adsorption examinations were made by the batch
equilibration technique in duplicate. The metal ion deter-
mination of nickel and cadmium was done using atomic
absorption spectroscopy (Perkin Elmer, Model A Analyst
200, USA). The influence of contact time was investigated in
the period of 15-180 min using 20 mg/L of metal ion initial
concentration and 0.05 g of the sample ambient temperature
in a mechanical shaker having 120 rpm. The pH effect was
done by adjusting the pH using 0.1 mol/L HCI and NaOH.
The dosage effect was done by using doses between 0.05
and 0.3 g/L. The temperature effect was done in the range
of 30°C-60°C. The effect of initial concentration was stud-
ied using the concentrations from 20.5 to 102 mg/L for Cd*"
ions and 21.5 to 107 mg/L for Ni*" ions. The adsorption
amount (g, mg/g) and the removal percentage for these
ions were calculated by Egs. (1) and (2), respectively [19].

— (CO - Ce )V
=" )
Removal (%) = COC_ S 100 (2)

0

where C, (mg/L) is the initial concentration of the solu-
tion. C, (mg/L) is the equilibrium concentration after the
adsorption procedure. V (L) is the solution volume. M (g) is
the adsorbent weight.

2.6. Application on a real wastewater

Wastewater from the tannery industry that contains
heavy metal ions, coloring materials, and other pollut-
ants was employed in this study. A 0.2 g of the sample was
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immersed in 100 mL of effluent for 6 h at ambient tem-
perature. The analysis of the wastewater before and after
treatment was done.

2.7. Evaluation of industrial wastewater

Chemical oxygen demand (COD) and biochemical
oxygen demand (BOD) were investigated using the respi-
rometric method. The sample is connected to a pressure
sensor in an isolated system. BOD test was performed in
5 d period in airtight bottle under temperature (20°C + 1°C)
and in the absence of any light to prevent photosynthesis.

total solid (TS), total suspended solid (TSS), and heavy
metals were measured according to Standard Methods
[20]. Total solids are evaluated by evaporating water out
of the sample and weighing the solid. TSS was determined
by turbidity meter, HI 93703, microprocessor.

3. Results and discussion
3.1. Thermo-gravimetric analysis

TGA derivative thermograms of (Cs/Gltn/PDMAEMA)
gel, T-(Cs/Gltn/PDMAEMA), and (Cs/Glin/PDMAEMA/
SiO,)comp are presented in Fig. 1. The obtained data are
shown in Table 1. The thermogram of (Cs/Gltn/PDMAEMA)

gel showed three decomposition stages. The first decom-
position stage between 52°C and 131°C is attributed to the
vaporization of the unbonded water. The second decomposi-
tion stage between ~174°C and 362°C could be explained by
the degradation and depolymerization of the hydrogel. The
third decomposition stage between ~524°C and 578°C as a
result of oxidative decomposition of the residues [21]. Three
endothermic peaks centered at 102°C, 260°C, and 252°C,
respectively, characterized these decomposition stages. For
T-(Cs/Gltn/PDMAEMA), two decomposition stages were
observed, the first decomposition stage at ~411°C-465°C due
to degradation of the backbone matrix. The second decom-
position stage at 613°C-669°C due to the complete decompo-
sition of the residues. These decomposition stages character-
ized by two endothermic peaks centered at 452°C and 631°C,
respectively. More stability up to 400°C was observed which
means the higher thermal stability of the treated gel than the
hydrogel. For the (Cs/Gltn/PDMAEMA-SiO,)comp, the first
decomposition stage occurs gradually in the temperatures
range of ~91°C-318°C. It suggested the rigid structure and
indicated the thermal stability. The second weight loss occur-
ring in the temperature range of 465°C-686°C. It was due to
the decomposition of the organic moiety and the dehydroxyl-
ation of silanol groups [22]. Two endothermic peaks centered
at 198°C and 583°C accompanied the decomposition stages.
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Fig. 1. TGA thermograms of (Cs/Gltn/PDMAEMA)gel (a), T-(Cs/Gltn/PDMAEMA) (b), and (Cs/Gltn/PDMAEMA-SiO,)comp.
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Table 1

TGA data for the thermal degradation of (Cs/Gltn/PDMAEMA), T-(Gltn/PDMAEMA), and (Cs/Gltn/PDMAEMA/SiOZ)

Sample Stage Onset (°C) Endset (°C) Weight loss (%) Residue (%)
1 51.8 130.7 5.59
(Cs/Gltn/PDMAEMA) 2 174.3 361.7 10.04 15.46
3 524.4 578.1 68.91
1 4114 464.6 38.8
T-(Gltn/PDMAEMA) 14.00
2 612.9 669.1 472
Cs/Gltn/PDMAEMA/SiO ! 913 318 37.06 15.30
(Cs/Gltn/ /5i0,) 2 465.6 686.7 473 5

3.2. XRD analysis

Fig. 2 shows XRD patterns of (Cs/Gltn/PDMAEMA)
gel, T-(Cs/Gltn/PDMAEMA), and (Cs/Gltn/PDMAEMA-
SiO,)comp. The XRD patterns of (Cs/Gltn/PDMAEMA)
gel and T-(Cs/Gltn/PDMAEMA) exhibit amorphous broad
peaks at 20 = 18.22° and 17.04°, respectively. For (Cs/Gltn/
PDMAEMA-SiO,)comp, a sharp peak appeared at 20 = 21.6°
and a weak peak was observed at 20 = 26.8°. The crystalline
phase confirmed the crystalline structure of silica particles
[23]. The appearance of crystalline characteristics suggested
that the preparation method did not include a chemical
reaction, and just a physical modification occurred on the
particles. The silica interacts with the glucopyranose ring
in chitosan through hydrogen-bonding interactions [24].

3.3. Field emission scanning electron microscopy

Fig. 3 shows the FESEM images of the (Cs/Glin/
PDMAEMA)gel, T-(Cs/Gltn/PDMAEMA), and (Cs/Gltn/
PDMAEMA-SiO,)comp. As obtained in Fig. 3a, the (Cs/
Gltn/PDMAEMA)gel appears as a coarse surface with some
protrusions. For T-(Cs/Gltn/PDMAEMA), Fig. 3b, some
surface flattening was obtained as a result of treatment.
In (Cs/Gltn/PDMAEMA-SiO,)comp, Fig. 3c, the surface
exhibits some protuberances and is covered by the nearly
small spherical shiny spots of silica. It was noted that no
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Fig. 2. XRD patterns of (Cs/Gltn/PDMAEMA)gel (a), T-(Cs/Gltn/
PDMAEMA) (b), and (Cs/Gltn/PDMAEMA-SiO,)comp.

agglomeration was observed which indicates the great dis-
persion of silica in the matrix. Moreover of some smooth-
ness in the surface was done by adding silica in the matrix
compared with the pure hydrogel. This explained that
the SiO, was strongly incorporated in the composite matrix.

3.4. Adsorption study

The adsorption of Cd* and Ni* from aqueous solu-
tions by (Cs/Gltn/PDMAEMA-SiO,)comp and T-(Cs/Gltn/
PDMAEMA) compared to(Cs/Gltn/PDMAEMA)gel are
studied. Effects of pH, contact time, initial concentration,
the dosage of sorbent, and temperature on the sorption
have been investigated.

3.4.1. Effect of pH

The adsorption of Cd* and Ni* by (Cs/Gltn/
PDMAEMA)gel, T-(Cs/Gltn/PDMAEMA), and (Cs/Gltn/
PDMAEMA-SiO,)comp at various pHs is shown in Fig. 4.
It can be noted that the sorption strength increases with
rising in pH value of Cd* and Ni* media up to the maxi-
mum value at pH = 5 above this value a drop is done. The
weak adsorption at lower pHs is due to the partial pro-
tonation of the active groups which leads to generating
partially positive sites such as (-NH*/-NH*(CH,),/-SH*
and -5i-OH}). It is responsible for decreasing the affinity
toward the metal ions by the electrostatic repulsion of the
positively charged moieties. Moreover, the competition of
H* with Cd* or Ni* for the occupying of adsorption sites
is very strong [25]. As the pH increases, the free lone pair
of electrons on nitrogen, oxygen, and sulfur atoms are
suitable for coordination with metal ions [26]. Moreover,
the availability of the ionic interaction between the car-
boxylate groups and Cd* or Ni* [27] is responsible for
the higher removal affinity. Above pH 5, the precipitation
of the metal ions as metal hydroxide causes the drop of
adsorption [28]. The affinity of sorbents to Ni** is higher
than Cd* ions. It suggested the possible selectivity toward
Ni*. The smaller ionic size for Ni** ions relative to Cd*
ions may be the reason for this behavior. The large ionic
radius of Cd2> (0.92 A) compared with Ni* (0.70 A) induced
a quick saturation of the active sites by the steric over-
crowding thus the surface available for Ni* ions become
larger than for Cd* [25]. On the other hand, (Cs/Gltn/
PDMAEMA-SiO,)comp has the highest value of adsorption
capacity. It has the highest number of functional groups
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Fig. 3. FESEM images of (Cs/Gltn/PDMAEMA)gel (a), T-(Cs/Glin/PDMAEMA) (b), and (Cs/Glin/PDMAEMA-SiO,)comp.

that cause the affinity toward Ni** and Cd*. The effect of
the presence of SiO, in the composite is presented in Fig. 5.

3.4.2. Effect of treatment time

Effect of contact time on the adsorption of Cd* and Ni* by
(Cs/Gltn/PDMAEMA)gel, T-(Cs/Gltn/PDMAEMA), and (Cs/
Glin/PDMAEMA-SiO,)comp was investigated as presented
in Fig. 6. The adsorption of Cd* and Ni* enhances with
expanding the contact time for all investigated systems. The
adsorption rate is accelerated in the first hour but becomes
slower until equilibrium within approximately 240 min.
The beginning high adsorption rate probably results from
the high availability of active positions on the surface [29].

3.4.3. Effect of initial concentration

The influence of initial concentration on the adsorp-
tion of Cd* and Ni* cations by (Cs/Gltn/PDMAEMA)gel,
T-(Cs/Gltn/PDMAEMA), and (Cs/Gltn/PDMAEMA-SiO,)
comp was investigated as presented in Fig. 7. The sorp-
tion capacity significantly improves as the original concen-
tration of these cations is increased. This assigned to the
development of interaction probability of adsorbate ions
with adsorption positions on the adsorbent surface [30].
However, the removal percentage of these cations decreases

by raising the initial concentration. At higher concentra-
tions, the capacity of the adsorbent nears saturation, thus,
a reduction of the overall removal (%) [31].

3.4.4. Effect of adsorbent dose

The influence of adsorbent dose on the adsorption of
Cd* and Ni* by (Cs/Gltn/PDMAEMA)gel, T-(Cs/Gltn/
PDMAEMA), and (Cs/Glin/PDMAEMA-SiO,)comp is pre-
sented in Fig. 8. The sorption capacity decreases as the dos-
age is increased from 0.05 to 0.3 g/20 mL (2.5-15 g/L). This
is because of the incomplete exploitation of the free active
positions for adsorption at higher adsorbent dosage in
comparison to the lower adsorbent dosage [32]. However,
the removal of these cations improves as the dosage is
increased. Because there are high available active sites that
enhanced the removal [33]. A little progress in adsorption
is done by raising the dose from 0.2 to 0.3 g/20 mL. This
means from the economical point of view the optimum
sorbent dosage is 0.2 g/20 mL corresponding to 10 g/L.

3.4.5. Effect of temperature

The influence of temperature on the adsorption of
Cd* and Ni* by (Cs/Gltn/PrDMAEMA)gel, T-(Cs/Gltn/
PDMAEMA), and (Cs/Gltn/PDMAEMA-SiO,)comp is
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Ni*, respectively, and adsorbent dose; 2.5 g/L.

presented in Fig. 9. The sorption decreases as the tempera-
ture is increased. The destruction of the effective binding
position of the adsorbent and the tendency of desorption
may responsible for the decline of sorption [34]. This result
indicated the exothermic behavior of the adsorption of all
investigated systems.

3.4.6. Adsorption kinetics

The adsorption kinetics by (Cs/Gltn/PDMAEMA)gel,
T-(Cs/Gltn/PDMAEMA), and (Cs/Glin/PDMAEMA-SiO,)
comp were tested using pseudo-first-order (Eq. (3)) and
pseudo-second-order (Eq. (4)) kinetic rate expressions [35]:
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k where g, (mg/g) and g, (mg/g) are the amount of adsorbed

108(% - qt) =logg, - 5 3103t (3)  cations at equilibrium and at different time intervals, respec-

‘ tively. k, (1/min) is the pseudo-first-order rate constant.
k, (g/mg min) is the pseudo-second-order rate constant.

— = +—t (4) The linear-form plots of the two expressions are pre-

q, kzqf q. sented in Figs. 10 and 11. The lines for pseudo-second-order
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kinetic rate expression have higher R? than the pseudo-
first-order kinetic rate expression as presented in Table 2.
This means the pseudo-second-order rate expression fit
well the experimental data; therefore, a chemical reaction
may be included in the process.

3.4.7. Adsorption isotherms

3.4.7.1. Langmuir isotherm model

This design suggests monolayer adsorption happen-
ing at definite localized places [36]. The linear form of the
Langmuir model, represented by Eq. (5):

e e

C C
& ! 5)

N

where C, (mg/L) is the concentration at the equilib-
rium. g, (mg/g) is the amount adsorbed at equilibrium.
b (L/g) the Langmuir isotherm constant. 4 __ (mg/g) the
maximum adsorption capacity.

The isotherm plots of Langmuir model for uptake of
Cd* and Ni* by (Cs/Gltn/PDMAEMA)gel, T-(Cs/Gltn/
PDMAEMA), and (Cs/Glin/PDMAEMA-SiO,)comp is shown
in Fig. 12. The obtained data are reviewed in Table 3. The
relatively low values of R? got from the Langmuir isotherm
showed the appropriateness of the employment of this

max

model to all systems. The Langmuir isotherm does not fit
well the experimental adsorption data. This suggests that
the sorption is not characterized by chemical nature.

3.4.7.2. Freundlich isotherm model

The Freundlich isotherm is applied for heterogeneous
systems, as well as, multilayer sorption (Eq. (6)). The
linear form of the model represented by Eq. (7) [37].

q,=K.C)" )

Ing, =InK, +llnCB 7)
n

where g, is the adsorbed amount per unit weight of sorbent
at equilibrium (mg/g). C, corresponds to the residual con-
centration at equilibrium (mg/L). K, is the sorption capac-
ity (mg/g). n is the sorption intensity (unit less). n indicates
the favorability of the adsorption. If # values higher than 1
the adsorption is favorable [38]. The values of K, and 1/n
are by plotting Ing, as a function of InC, Fig. 13 and the
obtained data is shown in Table 3. The Freundlich isotherm
model showed a good fit for experimental adsorption data.
The values of R? got from the Freundlich isotherm equa-
tion are close to unity. It indicated the appropriateness of
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Table 2

Pseudo-first-order and pseudo-second-order kinetic parameters for adsorption of Cd* and Ni* ions by (Cs/Gltn/PDMAEMA),

T-(Gltn/PDMAEMA), and (Cs/Gltn/PDMAEMA/SiO,)

Items Cs/Gltn/PDMAEMA T-(Cs/Glin/PDMAEMA) Cs/Gltn/PDMAEMA/SiO,
Ccd* Ni? Cd* Ni%* Ccd* Ni%*
Goerp (MG/B) 2.77 4.20 418 6.03 5.72 7.22
Pseudo-first-order model
R? 0.93 0.93 0.92 0.96 0.96 0.94
k, (min™) -0.02 -102.04 -0.03 -84.75 -0.04 -98.04
9, (M8/8) 2.6539 4.0476 3.5768 5.7916 7.3468 6.25
Pseudo-second-order model
R? 0.9746 0.9706 0.9667 0.9673 0.9651 0.97
k, (g mg™ min™) 0.0046 0.0030 0.0056 0.0032 0.0035 0.0026
g, (ME/8) 3.63 5.53 5.01 7.37 6.99 8.86
Table 3
Langmuir and Freundlich models constants for Cd*" and Ni*" ions adsorption
Items Cs/Gltn/PDMAEMA T-(Cs/Gltn/PDMAEMA) Cs/Gltn/PDMAEMA/SiO,)
Cd2+ Niz+ Cd2+ Niz+ Cd2+ Ni2+
Langmuir model
R? 0.36 0.50 0.89 0.85 0.75 0.74
7. (mglg) 80.65 285.71 52.08 97.09 72.99 70.92
Gy (MB/B) 10.57 11.99 12.11 13.90 13.59 15.75
b (L/mg) 0.0018 0.0005 0.004 0.0022 0.0038 0.0044
Freundlich model
R? 0.99 0.988 0.99 0.998 0.99 0.988
n 1.086 1.028 1.141 1.074 1.107 1.109
K, (mg/g) 0.179 0.164 0.277 0.254 0.339 0.378

the application of this model to all systems. The adsorption
process occurred mainly by the opposite charge attraction
(physical adsorption).

3.5. Thermodynamic study

Enthalpy change (AH®) and entropy change (AS°) of the
adsorption can be calculated by the following equation [16]:

_AS° AHP
R RT

Ink 8)

where k = Fe/(1 — Fe), and Fe = (C, - C)/C, T (K) is the
temperature, and R is the gas constant (8.314 J/mol K).
AH® and AS° have been evaluated from Fig. 14 and the
summarized analyzed data is shown in Table 4.

It was found that the values of AH® are negative for all
investigated systems and they are lower than 40 kJ/mol
which indicated the sorption is exothermic physisorption
and not favorable at higher temperatures. The negative

values of AS° refracted a random decrease at the solid/liquid
interface during the adsorption.

3.6. Application on real wastewater

The composite was tested for the processing of real
wastewater. Characterization was performed before and
after treatment under the optimum adsorption conditions
as got in Table 5. The efficiency is 70% and 75% for heavy
metal ions and color, respectively. The efficiency of other
constituents is between 60% and 70% except the turbidity
is 46%. This means the composite is not a specific adsor-
bent for the insoluble materials. Table 6 presents the chem-
ical analysis before and after treatment. The removal is
found to be arranged in sequence of Cd* > Cu?* > Pb* >
Ni** > Zn*" > As* > Cr*. The lowest removal percentage is
66% for chromium ions (from 152 to 51 mg/L). The highest
removal percentage is about 89% for cadmium ions (from
8 to 0.89 mg/L). The trend is different from our experi-
mental trend for Cd* and Ni*. The top controlled param-
eter on the adsorption might be the initial concentration
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Fig. 12. Langmuir adsorption isotherm of Cd* and Ni* ions by (Cs/Gltn/PDMAEMA)gel, T-(Cs/Gltn/PDMAEMA), and (Cs/Gltn/
PDMAEMA-SiO,)comp.
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Fig. 13. Freundlich adsorption isotherm of Cd* and Ni* jons by (Cs/Gltn/PDMAEMA)gel, T-(Cs/Gltn/PDMAEMA), and (Cs/Gltn/
PDMAEMA-SiO,)comp.
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Fig. 14. Thermodynamic parameters of Cd* and Ni* ions by (Cs/Gltn/PDMAEMA)gel, T-(Cs/Gltn/PDMAEMA), and
(Cs/Glin/PDMAEMA-SiO,)comp.

Table 4
Enthalpy (AH®) and entropy (AS®) for Cd* and Ni* ions

Items Cs/Gltn/P/DMAEMA T-(Cs/Gltn/P DMAEMA) Cs/Gltn/PDMAEMA/SiO,)
Cd2+ NiZ+ Cd2+ Ni2+ Cd2+ Ni2+
AH® (kJ/mol) -5.22 —4.95 -6.44 -8.50 -10.46 -11.71

AS° (J/mol) -31.75 -25.63 -30.79 -33.14 —40.23 —41.35
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Table 5
Evaluation of tannery wastewater treatment
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Item TDS, mg/L COD BOD Color, % Metal ions, mg/L Turbidity, NTU pH
Untreated 2,753 3,524 375 48 213 548 8.4
Treated 841 1,438 120 12 63 296 5.3
Removal (%) 69.5 59.2 65.6 75 70.4 46.2 -
Table 6
Chemical analysis of heavy metal ions in tannery wastewater
Effluent Cr* Zn* Ni* Pb* Cu* Ca* As* Total
Tonic radius (A) 0.76 0.74 0.70 133 0.71 0.92 0.72 -
Untreated (mg/L) 151.9 16.9 14.0 11.0 9.1 8.0 1.99 213
Treated (mg/L) 50.9 5.0 2.7 1.7 1.2 0.89 0.59 63
Removal (%) 66.5 70.4 80.7 84.6 86.8 88.9 70.4 70.4

of metal cations moreover the ionic radii. The Ni* content
is 14.00 mg/L and the removal percentage is 80.7%. Cd*
content is 8.0 mg/L and the removal percentage is 88.9%.
It may be indicated to some selectivity of this composite.

4. Conclusions

In this study, Cd* and Ni* ions were extracted from
wastewater. For this purpose (Cs/Gltn/PDMAEMA-SiO,)
comp was prepared by gamma irradiation. The properties
of the prepared composite were done and compared with
the parent and treated gel. The adsorption study towards
Cd* and Ni** was studied. The best adsorption was per-
formed at pH5, 240 min contact time, and 10 g/L adsorbent
dose. The adsorption of Ni* is higher than Cd*" suggested
the possible selectivity towards Ni*. (Cs/Glin/PDMAEMA-
SiO,)comp has the highest value of adsorption capacity
result from the presence of SiO, in the composite compared
with the hydrogel and the treated one. The sorption capacity
improves as the concentration of Ni** and Cd*" is increased.
However, the removal percentage decreased. The sorption
capacity and the removal percentage decrease as the tem-
perature is increased. The pseudo-second-order rate expres-
sion fit well the experimental data. Therefore, a chemical
reactions may be included in the adsorption process. The
Freundlich isotherm model fit well equilibrium adsorption
data. The composite was tested for tannery wastewater.
It was found a different trend from our experimental results.
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