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Abstract

In this Study, hydrogel P(CH/AA-co-AM) was prepared, identification and utilized as an efficient absorbent to
eliminate Cr (II) and Cd (II) ions from the aqueous solution. The adsorption of these ions follows Freundlich
isotherms. Due to greater activity surface of the hydrogel in adsorption of the contaminants, they can be utilized for
elimination of the mentioned ions from water. Therefore, we characterized structural, surface and thermal properties
of the prepared materials with technique: TGA, FE-SEM and FT-IR. Moreover, we implemented the kinetics of sorption
with regard to the amounts of the metal sorbet at distinct time intervals and thus examined the modeling of the
isotherm and kinetic curves. Finally, we computed the reaction order as well as rate constant.
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Introduction

According to the studies in the field, heavy metals
have been introduced as the dangerous pollutants
in the environment so that they cannot be non-
biodegraded and thus are capable of bio-
accumulating in the food chain. They occur in
industrial waste water flows of several industrial
processes like mining, petroleum refining,
electroplating, smelting, rubber processing as well
as pulp and paper making [1-3]. Moreover,
Chromium and cadmium ions have been proposed
as the two highly detrimental heavy metals in the
aqueous waste from the electrical, mining and
chemical industries. In fact, they are capable of
accumulation in the humans' tissues and result in
severe consequences in biological systems and
organs of humans [2]. Hence, removing the
Chromium ions from the copper-polluted waste

water prior to their discharge into the environment
would be of high importance.

Researchers have investigated and presented
several methods to eliminate the heavy metal from
the inorganic effluents. Absorption is an efficient
method in this regard [4-7]. Moreover, they
adopted the renewable-natural resources modified
agriculture as well as biological waste as one of the
alternative raw materials of generable absorbents
with regard to the economic issues because raw
materials occur abundantly and their impacts on
environment would be strongly preferable.

Experts in the field have also addressed diverse
renewable lingo-cellulosic absorbents in absorbing
Chromium in the aqueous solutions utilized from
Brazil nut shells, Cassava peel, hydrogels, green tea,
coarse tea, tea, European Black Pine cones, South
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African Pine sawdust, Swedish Pine cones, as well
as Canadian pine as the activated carbon for
adsorbing Chromium, cadmium and ammonia ions,
acyclovir or phenol, [3, 8-13]. Our research was
dedicated to the evaluation of the absorption
capacity of P(CH /AA-co-AM) for Cd(II) and Cr (III)
from the aqueous solution in different conditions of
concentration, and calculate the Kinetic parameters
at these conditions.

Experimental

Preparation of P(CH/AA-co-AM)

the first Prepare solution via add (6g) of Acrylic
acid (AA) to Sodium Hydroxide. After that, it is
dissolving and mixing the Acrylamide (AM) (6 g. in
10 ml water) with M.B.A (0.05gm. in 5 ml water).
The solution is left on stirrer for 15 mint. Second
Solution Prepare via put (1g) of chitosan in (2%)
acetic acid on the stirrer for 15 mint at a 60<C. After
that, it is mixing KPS (0.1 g in 5 mL water) with
TEMED (0.05 g in water 5 mL. Washed hydrogel
was then dried in an oven for 3 hr. at 60°C.

Adsorption Examination

For studying Cr (III) and Cd(II) adsorption on the
adsorbent surface P(CH /AA-co-AM), we utilized a
number of several Cr (III) and Cd(II) concentrations
in several experimentations for determining the
effects of Adsorption Kinetics Study and
Equilibrium Time Effect which apply to the process
of adsorption of Cr (I1II) and Cd(II) on the adsorbent
surface P(CH /AA-co-AM). In the next step, we
poured 10 ml of the solution with 0.05 grams of
surface and stirred them for obtaining maximum
amount of the adsorbate of Cd (II) and Cr (III).
Then, we determined concentration via the visible
ultra-violet radiation. For calculating the amounts
of materials, which were adsorbed on the
absorbent surface, equations (1) and (2) were
utilized: in addition adsorption efficiency and
computed removal capacity of the above ions on
the adsorbents [14-16].
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where ge (mg.g1) represents the amount of Cr (III)
and Cd(II) absorbed over the adsorbent at
equilibrium and Ce (mgL?) and C, (mg.L?1)
respectively refer to the equilibrated and initial Cr
(III) and Cd(II) concentrations. In addition, V(L)
represents volume of the added solution added and
finally m (g) refers to the adsorbent mass.

Preparation of Calibration Curve

Stock solution having several concentrations (1 -
30 mg. L) of solution (100 mg. L1). Then, the
following aqueous solutions were prepared fresh
daily solution. The maximum wavelength
absorbance (A max) value by Atomic absorption
spectrophotometer (FAAS, Shimadzu, AA-6300)
was recorded for Cd (II) as well as Cr (III) dissolved
in the aqueous media. Absorbance was measured at
the Amax for these ions and plotted against the
concentration values of Cr (III) and Cd (II) as
shown in Fig.1 and Fig. 2 at the same order.
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Figure 1. Calibration curves of Cr (III) ions
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Figure 2. Calibration curves of Cd (II) ions

Results and Discussion

FT-IR Characterization

The P (CH/AA-co-AM), was characterized via FT-IR
spectroscopy. spectra F.T-IR was obtained in the
mid-IR ranges between 4000 and 400 cm-! with 1
cm-! resolution. Moreover, spectra F.T-IR of P(CH
/AA-co-AM), before and after absorbing Cd(II) and
Cr (III) are appear in Fig. 3 The F.T-IR pattern
appear declined in an intensity of the bands next
the adsorption. Additionally, a difference real was
found between P(CH/AA-co-AM), before and after
interaction via Cr (III) and Cd(II) that was proposed
a phy-sorption phenomenon happens as a data of
attractive forces among the P(CH /AA-co-AM)
surface and Cr (III) and Cd(II) under investigation
[17,18].
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Figure 3. FT-IR spectra of P (CH /AA-co-AM) surface before, and after Cd (II) and Cr (III) absorption

FESEM Analyses

P(CH /AA-co-AM), showed that the surface is
smoother and more coherent. It contains many
wrinkles that are irregularly grouped[15, 16], as
appear in Fig. (4) Upon adsorption of the ions on
the composite surface, the F.E-SEM image appear in
Fig. (4) has demonstrated that its surface is rough

and porous and is a compound that has a sponge-
like structure and a mesh with compact layers.
Therefore, the surface of composite has become
completely covered with the above ions molecules,
and this confirms the occurrence of the adsorption
method[19, 20].
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Figure 4. SEM image of P (CH /AA-co-AM). (a) before and (b) Cd (II) ions and (c) Cr (III) after adsorption

Thermogravimetric Analysis Technique

According to the research design, for studying
thermal stability of the procured composite, we
heated the sample under atmosphere with 100C
min-! between 40 °C and 900 °C. Therefore, heating
P(CH /AA-co-AM) resulted in the weight loss of up
to 55.266 % in ranges between 80 °C and 220 °C
because of the presence of moisture, Though
heating the composite in ranges from 262-427°C
causes 44.745% mass loss that may be caused by
pyrolysis, resulting in the breakage of the chemical
bonds into the polymeric chains as well as declined
the polymerization degree and removed hydroxyl
and carboxyl groups in the form of CO; and CO.
Furthermore, it removed amide and amine groups.
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It was found that the composite lost 11.089% of the
weight in a thermal range between 351 °C and 640
°C that may be caused by thermal breakage of the
inter-locking polymeric chains of hydrogel
composite as appear in Fig. 5 [7].
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Figure 5. Analysis TGA of P (CH /AA-co-AM)

Adsorption Kinetics Study and Equilibrium Time

Effect

Adsorption kinetics of the Cd (II) and Cr (III) ions
represent their quality adsorbed via the P(CH /AA-
co-AM) in each time unit, which may be observed
via measuring changes in the adsorption capacity of
the Cr (I1I) and Cd (II) ions of the P (CH /AA-co-AM)
on over time. This condition was shown in the rate
constant of Cr (II) and Cd ions absorption.
Moreover, pseudo-first as well as pseudo-second
order model appear via Equations. (3) and (4), for
obtaining the rate constant of Cd(Il) and Cr (III)
adsorption via the P(CH /AA-co-AM). As appear in
Table 1 and Fig6 and Fig7. According to the
outputs, kinetic equation of the pseudo-second
order was more consistent with the absorption
kinetics of Cr (III) and Cd(II) on the surface
according to the correlation coefficients (R%) as
appear in Table 1 [15, 21-26].

% =K (geq) 3
d
= =K (qe-q)? 4)

here qt (mg/g) represents adsorption capacity of Cr
(III) and Cd(II) at the time t (min.), ge (mg/g)

stands for absorption capacity in equilibrium, and

ki refers to the pseudo-first-order of the rate
constant (min.'1). Moreover, k; represents pseudo-
second-order of the rate constant (g/mgmin). 35
Therefore, we integrated Equations. (3) and (4)
with the initial condition’s q; = 0 mg/g at t=0 s and

gt = qmg/gatt=ts, Egs. (2) as well as (3) may be
defined as the Equations. (5) and (6):

In(ge-qt) = In ge -[Kat] (5)
T 1 T (6)
——— et —
g ko 4 Qs

We obtained the rate constant, ki and k» of Cr (III)
and Cd(II) adsorption kinetic as 0.0283min! and
0.00898 g/mg. min., and 0.0318 min-! and 0.02995
g/mg.min. Moreover, Cd(II) and Cr (III) adsorption
capacity of the P(CH /AA-co-AM), qe being
approximately 15.8925 and 2.7185 mg/g and
17.2117 and 1.1339 mg/g for the pseudo-first- as
well as pseudo-second-order kinetic with the
correlation coefficients, R of 0.7375 and 0.9885
and 0.6049 and 0.9989, respectively. The R2 values
imply that adsorption kinetics of these ions on the
P(CH /AA-co-AM) is according to the pseudo-
second-order kinetic.
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Figure 6. Effects of reaction time (A), pseudo first-order (B) as well as the pseudo-second-order (C) on Cr(III) ion adsorption
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Figure 7. Effect of reaction time (A), pseudo first-order (B) as well as the pseudo-second-order (C) on Cd (II) ion adsorption

Table 1. Adsorption kinetic parameters of Cd (II) and Cr (III) ions on P (CH /AA-co-AM)

Pseudo- first order Cr ion

Slope Intercept ki(min-1) qe (mg/g) | R?
-0.0283 | 1.001 0.028 2.719 0.7375

Pseudo- second order Cr ion
Slope Intercept | ko (g. mg-t.min?) | ge (mg/g) | R2 h (mg.g1.min-!)
0.063 4.42x101 | 0.009 15.898 0.9885 | 2.263

Pseudo- first order Cd ion

Slope | Intercept | ki(mint) ge (mg/g) | R?
-0.032 | 0.126 0.032 1.134 0.605

Pseudo- second order Cd ion
Slope | Intercept | K: (g mgtlmin?) | qe (mg/g) | R2 h (mg.g1.min-1)
0.005 | 1.13x 10! | 0.029 17.212 0.9989 | 8.873
Conclusion

The percentage removal and adsorption efficiency
and rise with increasing equilibrium time, surface
area, and decreasing through increasing of amount
adsorbent.
The optimized contact time to establish equilibrium
equalled 60 min, which may be caused by the active

site saturation that did not result in additional

absorption.

1. The R2 values imply that the Cr (III) and Cd
(II) adsorption kinetics on the P (CH /AA-co-

AM) follows
kinetics.

the

pseudo-second-order
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