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Table 1. Composition of montmorillonite

Parameter Percent (%)
SiO, 62
Al,O3 16
Fezog 43
CaO 3
MgO 2.8
Na,O 0.3
K,0 1.6
loss on ignition 9.8
Total 99.8
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Table 2. Equations of kinetic models and their parameters

Model

Linearized Equation

Pseudo first order

log(q, —q,) =logq, —k;t/2.303

t 1 t
Pseudo second order —=——+—
qt qek2 qe 1 1
Elovich qe = Eln(aﬁ) + Eln(t)
Intraparticle diffusion model q: = kitl/ 241
Parameters

q. : Equilibrium adsorption capacity, mg/g

q, : Adsorption capacity in time t, mg/g

k;: the rate constant of the pseudo first order adsorption,
1/min

k,: the rate constant of the pseudo second order
adsorption, g/mgmin

o: the initial adsorption rate, mg/gmin

B: the desorption constant, g/mg

k;: intraparticle diffusion rate constant, mg/gmin

I: the resistance to mass transfer in the external liquid
film
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Fig. 1. FTIR spectra for a) Carboxymethyl cellulose b)
Clay c¢) Carboxymethyl cellulose-montmorillonite
hydrogel
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Table 3. Functional groups of synthesized hydrogel

Wave number, (cm™)

Functional groups

3500-3000 O-H stretching vibration of carboxylic acid and Al-Al-OH
2920 Stretching vibration of C-H from CH2 or CH in cellulose

1650 Stretching vibration of C=0 related to carboxylic acid

1416 and 1325 C-H bending modes

1199 Stretching vibration of C-O in cellulose

1100 Stretching vibration of Si-O related to montmorillonite clay
915 Bending vibration of Al-Al-OH related to montmorillonite clay
795 Bending vibration of OH in COOH groups

518 Si O Al tetrahedral bending mode

468 Si O Mg tetrahedral bending mode

YOML sy o8 /) e+ ppmidsl L X+ OC Los) il o o e it oSS U558 K 5o el - Jsr

(U5l

Table 4. Kinetic parameters of carboxymethyl cellulose-montmorillonite hydrogel (temperature=30°C, initial
concentration=1000ppm, adsorbent dosage=0.1g, solution volume=25mL)

Equation type

Pseudo first order
Pseudo second order

ge(exp)=70.46mg/g  qe(Cal.)= 54.7mg/g
qe(exp)=70.46mg/g  qe(Cal.)= 76.9mg/g

Parameters R’
k=0.025 min " 0.974
k=040012gmg_1 min ! 0.988
a=25.12 ———- 0.922
Second step Third step
- ki3:0.064
- 1,=69.22
- R?=0.973

Elovich p=0.088
First step
k;=4.899
Intraparticle diffusion  1,=17.67
R*=0.915
80 1
70 A . 'S L 2 4 L 4
60 -
~ 50 A
20
£ 401 &
T
< 30
20 -
10 4
0¢ ; - - '
0 100 200 300 400

t(min)

Fig. 2. The effect of contact time on adsorption capacity
of copper cation by hydrogel adsorbent
(Temperature=30°C, initial concentration=1000ppm,
adsorbent amount=0.1g, solution volume =25mL)
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Table 5. Isotherm parameters values

Isotherm Temperature, K 273 303 333
qmax’mg/g 111.11 100 83.3
) b,L/mg 0.022 0.01 0.012
Langmuir
Ry 0.919-0.069 0.96-0.12 0.95-0.1
R? 0.997 0.994 0.999
Kg,L/g 9.44 2.53 2.72
Freundlich 1/n 0.391 0.575 0.544
R2 0.913 0.94 0.937
B 17.48 16.36 14.64
Temkin K;,L/g 0.456 0.22 0.236
R2 0.964 0.97 0.981
qp.mg/g 83.01 66.35 61.49
Dubinin-Radushkevich E, KJ/mol 0.072 0.074 0.075
R2 0.881 0.852 0.856
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Table 6. Free energy, enthalpy and entropy changes

Thermodynamic Temperature, K
parameters 273 303 333
AG (J/mol) -4874 -5038 -5489
AH (J/mol) -2027
AS(J/molLK) 10.25

S ol Laad i 05585 slad3aus ety Qi b b wslia -V Jyu

Table 7. Comparison of maximum adsorption capacity of synthesized nanocomposite with other adsorbents

Adsorbent Qm(mg/g) Isotherm Opgﬁmm Tempféature, Reference
Carbon nanotube/calcium alginate . .
composites 72.99 Langmuir 5 25 (Lietal. 2010)
Xanthan, 2-acrylamido-2-methyl-1- . .
propane sulfonic acid, 39.06 Langmuir 5.3 25 (Aﬂ?kégeilg)l e
montmorillonite hydrogel ak
. 139.27 21
Carboxymethylated chitosan hydrogel 13908 Lanemuir 5 30 (Yan et al.
beads 139,08 g ho 2011)
Ion exchange resins 1500H 24.57 Langmuir 5 25 (Ren%gl(‘)ag)et el.
. . . . 122.59 25 . .
Chitosan, itaconic and methacrylic . (Milosavljevica
acid hydrogel 3(2)2(3); Langmuir R ZZ et al. 2010)
Poly(methacrylamide-co-acrylic ] (Barati et al.
acid)/montmorillonite nanocomposite 49.26 L 2 20 2013)
Pectin—iron oxide magnetic . (Gang et al.
nanocomposite 48.99 R agsfyr 3 25 2012)
Carb thyl cellul Ml v
arboxymety’ celiose = 100 Langmuir 5 30 Present work
montmorillonite hydrogel 833 60

.(Aflaki Jalali et al. 2016; <l s 85 eSS s
Boamabh et al. 2016)
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