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Abstract The main purpose of this study is to explain the
absorption of zinc from aqueous solution by grapheme oxide
and functionalized grapheme oxide with glycine as the ad-
sorbent surface. For confirmed functionalized graphene
oxide, the glycine amino group was added to the surface of
graphene oxide. The effects of the initial concentration of
Zn(II) ions and contact time were studied. Results showed
that with increasing initial concentration of Zn(Il) ions, the
adsorption capacity increased. The adsorption capacity did
not show a large change after 50 min; therefore, for the
study of kinetic parameters, the optimal time of 50 min was
selected. The chemical structure of graphene oxide was
confirmed by using FT-IR analysis. The adsorption process
of Zn(II) ions graphene oxide and functionalized graphene
oxide—glycine surfaces was fixed at 298 K and pH 6. The
pseudo-first-order and the pseudo-second-order (types I, II,
IIT and IV) kinetic models were tested for the adsorption
process and the results showed that the kinetic parameters
best fit type (I) of the pseudo-second-order model. A high R?
was used to be the best match.

Keywords Graphene oxide - Glycine - Amino
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Introduction

In recent years, heavy metal contamination in wastewater
has become a major subject. Heavy metals in nature are
hazardous to plants, animals, and humans even in slight
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concentrations. Therefore, the concentrations of ions of
heavy metals solvable in effluents must be controlled well
to prevent their toxicity effects. Chemists are trying to find
ways to remove pollutants and contaminants. Among many
heavy metals, zinc is one of the common pollutants in
different industrial effluents. Zinc (ion) is usually found in
industrial wastewater such as acid mine drainage, galva-
nizing plants, municipal and also natural materials. Many
methods including physical and chemical methods, such as
chemical precipitation [1], filter media [2], biosorption [3],
flocculation [4] and ion exchange [5], have been used to
solve this problem by removing heavy metals from was-
tewater. One of the most common methods is adsorption
due to its easiness and simplicity. A study of the literature
shows which diverse synthetic and natural adsorbents had
been used for the adsorption of zinc from aqueous solution
[6, 7]. However, adsorption is the maximum common, ef-
fective removal method, for many low-level pollutants.

Graphene (Gr), a single layer of sp2-hybridized carbon
atoms in a closely packed honeycomb two-dimensional
lattice, has attracted enormous attentions since its discov-
ery in 2004 [8]. One of the most commonly used deriva-
tives of graphene is graphene oxide (GO). One of the
important structural elements of graphite is GO that is
bound together by van der Waals forces. GO has attracted a
lot attention because of its capability and usages in energy
storage, electronics and water treatment membranes [9].

In this study, we investigated the adsorption of Zn(II) by
graphene oxide and functionalized graphene oxide—g-
lycine. Also, the effect of parameter contact time on Zn(II)
ions adsorption was studied. For characterizing the surface
of adsorbents, the FT-IR technique was used. Before and
after the adsorption process, infrared spectra of the adsor-
bent and metal-loaded adsorbent samples were recorded in
the range 4000 to 500 cm ™.
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Experimental
Materials and methods

All experiments were conducted in a closed 250 mL
pyramid glass bottle, and HCI or NaOH 0.1 M (provided
by Merck Company with maximum purity) was used to
adjust the pH of the solution. Zinc nitrate hexahydrate
(reagent grade 98 %, CAS Number 10196-18-6, linear
formula Zn(NO;),-6H,O, molecular weight 297.49) was
obtained from Sigma-Aldrich. Graphene oxide (composi-
tion: carbon (79 %), oxygen (20 %), flake size 0.5-5 pm,
thickness 1 atomic layer—at least 80 %) was purchased
from Supermarket USA. Glycine (CAS Number 56-40-6,
impurities <0.01 % insoluble matter, pK, (25 °C) = 2.35,
M.P = 240 °C), N,N-dimethylformamide (DMF, 99.9 %),
1-ethyl-(3-3-dimethylaminopropyl) carbodiimide (EDC,
99 %) and N-hydroxysuccinimide (NHS, 99.9 %) were
obtained from Sigma-Aldrich.

FT-IR spectroscopy from Perkin Elmer-E100 Company
was used within 400-4000 cm™'. At the end of the equi-
librium period, the suspensions were centrifuged at
3500 rpm for 10 min, and the supernatant was then filtered
through 0.2 um filter paper (Gelmen Sciences) for later
analysis of the atomic absorption spectrophotometry (AAS)
(Perkin Elmer Analyst 700). The difference between the
initial and the equilibrium Zn(II) ion concentration deter-
mines the amount of Zn(II) ion adsorbed on GO-G and GO
as adsorbent surfaces. Each experiment was performed
twice and experimental results were average values. Dou-
bly distilled water was used and all adsorbents were
washed before use. Ultrasonic bath (71020-DTH-E; Model
1510 DTH, 220V; EMS Company, Hatfield, PA) was used
to mix the particles of GNPs and SWCNTs were used to
aggregate and to form the bulk.

Graphene oxide

Preparation of GO and GO-G surfaces

In this study, we synthesized graphene oxide—glycine (GO—
G) powders via condensation reaction between graphene
oxide (GO) powder and glycine and using FT-IR to char-
acterize the presence of glycine on the GO surface as
adsorbent.

GO (45 mg) was obtained by the reaction of 40 mg
glycine in ethanol with the aid of coupling agents, EDC
(50 mg) and NHS (25 mg), at 70 °C for 36 h. At the
end of the reaction, GO—G-SH nanocomposite was then
purified by filtering through a 0.22 pym membrane, fol-
lowed by washing with copious amounts of ethanol and
water [1:1 (v/v)] and then drying at 85 °C for 36 h.
GO-G-SH nanocomposite surfaces were used as an
adsorbent for Zn(II) ion removal from aqueous solution
(Scheme 1).

Zn(II) ions adsorption study

For adsorption of zinc by graphene oxide and functional-
ized GO-G from aqueous solutions, 20 mg of adsorbents
was added to 20 mL of Zn(II) ion solution with known
initial concentration (15 ppm). The contact time of ad-
sorption Zn(II) ions on graphene oxide and functionalized
GO-G was confirmed by preliminary experiments to be
50 min at 298 K and pH 6. After 50 min, Zn(Il) ions were
removed from the solution by graphene oxide and func-
tionalized GO-G. The bottles of solutions were placed in
an ultrasonic that was operated at defined temperatures and
times and the remaining concentration of Zn(Il) ions was
determined by atomic absorbance spectrophotometry AAS
(Perkin Elmer A Analyst 700) to calculate the removal of
Zn(Il) ions by graphene oxide and functionalized GO-g-
lycine using the following expression Eq. (1) [10]:

functionalized graphene oxide — glycine

0
I

Scheme 1 Reaction between graphene oxide and glycine to functionalize graphene oxide—glycine (GO-G)
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a= (B %) xv. ()

where g, (mg gfl) is the amount of Zn(II) ions taken up by
the adsorbents, Cy (mg LY represents the initial Zn(II)
jon concentration, C, (mg L™") the equilibrium concen-
tration of the Zn(Il) ions remaining in the solution,
W (g) the adsorbent mass and V (L) the volume of the
aqueous solution [11].

Kinetic experiments

For the determination of the effect of time on the ad-
sorption of Zn(Il) ions at an initial concentration of
15 ppm by graphene oxide and functionalized GO-G
surfaces prepared Zinc samples by adding 20 mg of gra-
phene oxide and functionalized GO-G adsorbents into
20 mL of Zn(Il) ions aqueous solutions after a certain
period of time at 10,20, 30, 40, 50, 60 and 70 min the
samples were collected and the concentration of Zn(II)
ions in the aqueous solutions were determined using the
atomic absorbance spectrophotometry AAS (Perkin Elmer
A Analyst 700) was measured (£0.01 %). These result s
showed that the removal of zinc happened within the
initial few minutes and the adsorbed quantity of Zn(II)
ions reached its equilibrium amount very rapidly. The
equilibrium time for adsorption of Zn(II) ions was about
50 min.

The Zn(II) ion adsorption capacity at time ¢ (g,), in mg/
g, was then calculated using Eq. (2) [9]:

a (Cov; C’) XV, (2)

where Cy (mg L") is the initial Zn(Il) ion concentration,
C, (mg LY the Zn(I) ion concentration at time f,
W (g) the adsorbent mass and V (L) the volume of Zn(Il)
ion solution.

Characterization

The functional groups were characterized using a Perkin
Elmer-E100, 2 m™" resolution) Spectra were acquired in
the 4000400 cm™"' range (Fig. 3).

Result and discussions

Characterizations of adsorbents

FT-IR spectra of the graphene oxide and GO-G
nanocomposite were obtained Fig. 1. The FT-IR spectrum

is illustrated in Fig. 1. For graphene oxide, peaks at 3432
and 1711 cm™! were related to —OH and C=0 bands,
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Fig. 1 FT-IR for functionalized graphene oxide (a) and graphene
oxide—glycine (b)

respectively. Also, we can see aromatic C=C (1622 cm_l),
carboxyl C-O (1414 cm™"), epoxy C-O (1228 cm™') and
C-0O (1116 cm_l). After synthesis, nanocomposite GO-G,
aliphatic C—H stretching vibrations at 2944 and 2889 cm ™!
and an amide band at 1641 cm™' in the FT-IR spec-
troscopy were seen [4]. TGA and SEM are presented
(shown) in Figs. 2 and 3, respectively. With regard to
TGA, the thermal gravimetric was increased on adding
glycine to GO. The main reason related to the bonding
between the carboxyl group (COOH) on the GO surface
and amine in glycine is that we can see new bonding in the
nanocomposite.

Contact time at removal of Zn(II) ions

In the study of the adsorption process, one of the impor-
tant factors is contact time. In this study, adsorption ex-
periments occurred at several times: 10, 20, 30, 40, 50, 60
and 70 min. Figure 4 shows the effect of contact time on
the adsorption of Zn(Il) ions on graphene oxide and
functionalized GO-G adsorbents. Results showed that the
adsorption capacity increased with the increase in time.
After 50 min, the changes in the removal of Zn(Il) ions
were very slow; therefore, 50 min was determined as
optimum time for adsorption of Zn(Il) ions on graphene
oxide and functionalized GO-G adsorbents at 298 K and
pH 6.
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Fig. 2 TGA for functionalized
graphene oxide (a) and L
graphene oxide—glycine (b) 00 -
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Fig. 3 SEM for graphene oxide surfaces

Effect of initial Zn(II) ion concentration
Adsorption of Zn(Il) ions by graphene oxide and func-

tionalized GO-G surfaces was performed at different initial
concentrations of Zn(Il) ions at 10, 15, 20 and 25 ppm, pH
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6, temperature 298 K and 50 min. Figure 5 shows that with
increasing the initial concentration of zinc ions from 10 to
25 mg L™, the removal of Zn(Il) ions was increased. The
results indicate that there are higher attractive forces be-
tween Zn(II) ions and graphene oxide and functionalized
GO-G adsorbents, because the surfaces of adsorbents
would be as well besieged by (H;0™) ions which elevate
ion interactions with binding sites of the surface of ad-
sorbents [12].

Adsorption kinetics study

The kinetics of the adsorption process is a features that
may strongly constrain the use of the adsorbent. The
small kinetics adsorption significantly enlarges the re-
moval time, which makes the adsorption inadequate [13].
In this study, we used the pseudo-first-order and four
types of pseudo-second-order kinetic models to test the
experimental data of removal of Zn(Il) ions from aqueous
solutions.
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Fig. 4 Effect of contact time on 16
the removal of Zn(Il) ions by
graphite oxide and 14 H B
functionalized graphene oxide—
glycine. Cy 15 mg/L of Zn(Il) 12
ion solution; temperature:
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Fig. 5 Effect of concentration 13.2
on the removal of Zn(II) ions by
graphite oxide and 13
functionalized graphene oxide—
glycine. Cy 10-25 mg/L of 128
Zn(II) ions solution; time: ’
50 min at pH 6
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The pseudo-first-order kinetic model

The pseudo-first-order kinetic model is more suitable for
low concentrations of solute [14]. The liner form of the
pseudo-first-order equation is explained as follows [15]:

log(ge — q:) = IOg(Qe) —kit, (3)

where g, (mg g~ ') is the amounts of Zn(II) ions adsorbed
on graphene oxide and functionalized GO-G equilibrium,
q; (mg gfl) is the amount of Zn(II) ions adsorbed on
graphene oxide and functionalized GO-G at time ¢, and k;
is the rate constant, determined by plotting In (g. — g,)
versus ¢ (Fig. 6; Table 1).

The pseudo-second-order kinetic model

Ho presented a pseudo-second-order rate law expression in
1995 that explained how the rate depended on the ad-
sorption equilibrium capacity but not on the concentration
of the adsorbate [16]. In the adsorption process used, the

change in concentration of an adsorbent or the adsorption
unit time determined the adsorption rate. The kinetic rate
equations can be explained as follows:

dar _

dr k(Qe - Clt)2~

(4)

An integrated pseudo-second-order rate law can be ob-
tained from Eq. (4) for the boundary conditions ¢t = 0 to
t=tand g, = 0to g, = q,, and is given by [16]:

1

1
—=—+kt
(‘Ie - Qt)

e

(5)
Equation (5) can be rearranged to obtain a linear form:

t 1 t (6)

R — + —,
qr k2qg e

where ¢ (min) is the adsorption time; ¢, (mg g~ ') the
amount of adsorbate at time 7; g. (mg g~ ') the amount of
adsorbate at equilibrium; k, (g mg~' min™") the equilib-
rium rate constant of pseudo-second-order adsorption.

ﬁ @ Springer
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Fig. 6 Plot of the pseudo-firs- 1
order adsorption kinetics of
Zn(II) ions on graphite oxide
and functionalized graphene 05
oxide—glycine. Cy 15 mg/L of
Zn(II) ion solution; temperature:
298 K at pH 6 0
& &
e
2
= 05
——7n -GO y =-0.0379x+ 1.205
1 R*=0.8456
—8-7Zn-GO-G y =-0.029x+ 1.002
R*=0.9693
-15
time(min)
Table 1 Langmuzlr isotherm Isotherm Equation Parameters Adsorbent
parameters and X~ parameter for
adsorption of Zn(II) ions on G GO GOG
and GO-G surfaces, Cy 15 mg/
L of Zn(II) solution; Langmuir 1 C—_L 4 G Om (mg gfl) 88.12 95.41
- 298 K at pH 6 9. KOm * Om )
temperature: p K, (Lmg ) 0.070 0.063
Ry, 0.20-0.44 0.3-0.4
R 0.9592 0.9870
. —1
Langmuir 2 ql = QL + KQi,CC On (mgg™) 31.32 32.13
K, (L mg™ " 1.03 1.04
Ry1> 0.02-0.04 0.01-0.04
R’ 0.9913 0.9927
Langmuir 3 Ge = Om — £ O (mg g™ h 2910 3.009
Ky (L mg™h 2.923 1.770
Ris 0.01-0.03 0.01-0.03
R 0.9846 0.9785
Langmuir 4 Z—C = KO — Kqe. Om (mg g_l) 13.599 11.251
Ky (L mg™h 2.898 4.180
Ri4 0.01-0.03 0.01-0.03
R? 0.9681 0.9253

Four types of the pseudo-second-order models were
defined as [17, 18]:

oLl (7

B k2qg qe '

11 1\1

ol (=)= 8

g4e g (kzq§>t ®)
1\gq

e — —\7 ) 9

w=a- () ©)

9e ;2

= kay = kqeqr. (10)

The results showed that the values of the correlation
coefficients (R2) for type (I) of the pseudo-second-order
kinetic model are closest to 1 for both adsorbents, much
higher than the correlation coefficients derived from the

ﬁ @ Springer

pseudo-first-order and type II, type III and type IV of the
pseudo-second-order kinetic models. These results suggest
that adsorption of Zn(II) ions on graphene oxide and func-
tionalized GO-G adsorbents in compliance with type (I) of
the pseudo-second-order kinetic model (Figs. 7, 8, 9, 10).

Conclusions

In this work, adsorption of Zn(II) ions by graphene oxide
and functionalized GO-G were examined at 298 K and pH
6. Optimal time for the adsorption process was selected at
50 min, because we did not have a substantial increase in
the adsorption capacity of Zn(Il) ions on graphene oxide
and GO-G after 50 min. The effect of the initial concen-
tration of zinc ions in the aqueous solution was studied, and
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Fig. 7 Plot of the pseudo- 6
second-order (type I) adsorption
kinetic of Zn(Il) on graphite
oxide and functionalized
graphene oxide—glycine. Cy

15 mg/L of Zn(II) solution; 4
temperature: 298 K at pH 6

t/qt(min.g/mg)

y =0.064x+ 0.481

o 7ZnGoc R=0998

y =0.064x+ 0.45

R = 0.999
0
0 10 20 30 40 50 60 70 80
time(min)
Fig. 8 Plot of the pseudo- 0.14
second-order (type II)
adsorption kinetic of Zn(II) ions 0.12
on graphite oxide and
functionalized graphene oxide— o1
glycine. Cy 15 mg/L of Zn(II) ’
ion solution; temperature: -
298 K at pH 6 é" 0.08
20
E 0.06
S 0.
0.04 —4—7Zn-GO y =0.5889x+ 0.0616
R*=10.9912
0.02 —8-Zn-GO-G y=0.4921x+ 0.0622
R*=0.9693
0
0 0.02 0.04 0.06 0.08 0.1 0.12
1/t(1/min)
Fig. 9 Plot of the pseudo- 16
second-order (type III)
adsorption kinetic of Zn(II) ions 14
on graphite oxide and
functionalized graphene oxide— 12
glycine. Cy 15 mg/L of Zn(II)
ion solution; temperature: 10
298 K at pH 6 =
g s
&
6
—4—Zn -GO y =-9.5582x+16.303
R*=0.9749
4
5 —W=Zn-GO-G  y_ 94302x+16.685
R?*=0.9627
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

the results showed that the adsorption capacity was in-
creased with increase in the initial concentration of Zn(II)
ions. The pseudo-first-order and four types of the pseudo-

qt/t(mg/g.min)

second-order kinetic models were used to test the ex-
perimental data, and the results suggest that adsorption of
Zn(II) ions on adsorbents followed type (I) of the pseudo-
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Fig. 10 Plot of the pseudo- 1
second-order (type 1V)
adsorption kinetic of Zn(II) ion 0.3
on graphite oxide and 08
functionalized graphene oxide—
glycine. Cy 15 mg/L of Zn(II) 0.7
ion solution; temperature: = 06
298 K at pH 6 E
g 05
=11
£ o4
= 0.3 —4—7Zn -GO y=-0.117x+ 1.8881
R*=0.979
0:2 —8-7Zn-GO-G  y=-0.1085x+ 1.7649
01 R*=0.9893
0
0 4 6 8 10 12 14 16
qt(mg/g)

second-order kinetic model because of the higher value of
(R).
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