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Abstract

In this study, copper removal performance of new nanoporous carbon adsorbent (grape waste nanoporous carbon (GWNC))
produced from industrial grape processing solid waste (grape waste) under optimized conditions was investigated. The optimi-
zation of removal conditions was determined by examining the effects of GWNC dosage, pH, initial Cu(Il) concentration, contact
time, and temperature. Kinetic and isotherm data were evaluated in pseudo-first-order and pseudo-second-order kinetic models
and Langmuir, Freundlich, and Dubinin-Radushkevich isotherm models, respectively. Kinetic and isotherm data displayed that
the Cu(Il) adsorption onto GWNC can be well defined by the pseudo-second-order kinetic model and the Langmuir isotherm
model. The diffusion mechanism of adsorption was explained using the intra-particle diffusion model. The Cu(Il) removal
capacity of GWNC at determined optimized conditions was determined to be 80.0 mg g~ '. The calculated thermodynamic data
revealed the spontaneous and endothermic nature of the Cu(Il) adsorption. Desorption studies showed that H,SO,4 was the
effective desorption agent with the desorption rate of 89.14%. The results in this study emphasized that GWNC is an alternative
effective adsorbent to commercial adsorbents for Cu(Il) removal.
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1 Introduction

The heavy metals released from industrial activities such as
mining, ore processing, fertilizer production, battery produc-
tion, and pesticides and heavy metal processing, increasing
demands with increasing population, are an important cause
of pollution in soil and water resources [1]. They are very
toxic and non-biodegradable. The pollution created by them
in varied water resources is of major importance due to the
toxic effect on humans and other living organisms in the eco-
system [2]. Copper is one of the commonly utilized heavy
metal in the metallurgy, electroplating, pigment, plastic, and
mining industry [3]. These industries produce a lot of waste-
water and sludge containing various concentrations of Cu(II)
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and having an unfavorable effect on the water medium [2]. It
has been well reported that the aggregation of copper in the
body of humans leads to headache, brain, anemia, skin, and
heart illnesses. The permitted amount of copper in water is
limited by 2.5 mg L' [4]. Therefore, the removal of copper
ions from polluted drinking water and wastewater is important
for protecting living organisms.

Various methods like chemical precipitation, flotation, co-
agulation, ion exchange, adsorption, reverse osmosis, and
electrodialysis are used to reduce the problem of copper-
containing water pollution [4, 5]. However, most of these
techniques other than adsorption limit their application due
to high cost, secondary pollution, and inefficiency at low con-
centrations of Cu(Il) (< 100 ppm) [6]. For this purpose, ad-
sorption technology is used more frequently than other
methods because it is cheap and easy to design [7]. Until
now, many different adsorbents have been researched to iden-
tify low-cost and effective precursors and preparation methods
for use in adsorption studies to remove copper ions in water.
Among them, nanoporous carbon (NC) adsorbents are known
to be highly efficient materials owing to their large porosity,
high surface area, surface chemistry properties, and surface
reactivity. Because of these properties, they provide the
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advantage of simultaneously removing inorganic and organic
pollutants in wastewater treatment [8]. However, these mate-
rials are more costly than other adsorbents. Therefore, there
has recently been increased interest in studies aimed at using
renewable and low-cost precursors for NC production [9].

According to our knowledge, no studies have been found
on the removal of Cu(Il) from water by grape industrial pro-
cessing solid waste—based nanoporous carbon. Grape (Vitis
vinifera L.) is one of the most grown fruits in the world.
Grape waste (GW) is one of the main food processing industry
residues available worldwide since about 70 million tons of
wine grape is produced annually. It is consumed raw and also
used in the grape processing industry to produce by-products
such as wine, juice, jam, and vinegar. Up to 20% of the har-
vested wine grape becomes waste during wine production
[10]. According to the grape processing industry, about
0.3 kg of solid product is produced per kg of crushed grapes
during production processes [11]. This waste originating from
vineyard includes the skins, stalks, and grape seeds. These
create various ecological hazards such as bad odors and sur-
face and groundwater pollution [10]. To eliminate these ef-
fects, it is recommended as a raw material in industries such as
pharmaceutical, cosmetics, feed, compost, and fertilizer [10,
12]. Therefore, alternative assessment methods are needed to
protect the environment from these wastes and reintegrate
them into the economy for reuse.

The main purpose of this research was to evaluate the feasi-
bility of removing Cu(Il) from the water-utilizing nanoporous
material (grape water nanoporous carbon (GWNC)) fabricated
from GW under water-optimized conditions with ZnCl, activa-
tion. Optimum copper adsorption conditions were decided by
examining the effects of GWNC dosage, pH, initial Cu(Il) con-
centration, contact time, and temperature on the Cu(II) adsorption
performance of GWNC. In addition, kinetic, isotherm, and ther-
modynamic parameters of the Cu(Il)-GWNC system were deter-
mined and discussed in detail. Also, to highlight the adsorption
mechanism of copper, scanning electron microscopy/energy-
dispersive X-ray spectroscopy (SEM-EDX), Fourier transform
infrared (FT-IR), and X-ray photoelectron spectroscopy (XPS)
analyses before and after adsorption of GWNC were compared.
In addition, the efficiency of different desorbing agents was in-
vestigated to recover the Cu(Il) ions adsorbed on the GWNC.

2 Experimental

2.1 Materials

GW was procured from a winery in Turkey and applied as a
precursor in the production of the GWNC. The optimization
of its production conditions was discussed in our previous

research. Some of its physicochemical properties are given
in Table 1 [13]. Cu(Il) stock solution was prepared by
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dissolving CuSO,4-5H,0 at analytical grade (M, = 249.68
g/mol, purity >99%) in ultra-pure water. The pH was set
using 0.1 M NaOH and HCI solution. The chemicals used
were supplied by the Sigma-Aldrich Company (Ankara,
Turkey) and used in analytical grade.

2.2 Equipment

Batch adsorption experiments were performed in a temperature-
controlled orbital shaker (Daihan WSB-30, South Korea). The
pH was adjusted by a portable pH meter (Hanna pH 211, Italy).
Cu(Il) ion concentrations before and after adsorption were ana-
lyzed with an atomic absorption spectrophotometer (AAS)
(PerkinElmer AAnalyst 400, USA). To explain the adsorption
mechanism of copper on the GWNC surface, SEM-EDX, FT-
IR, and XPS analyses were performed to examine the elemental
composition of the main functional groups, the chemical condi-
tion, and their changes before and after Cu(II) adsorption on the
GWNC surface. The morphology and elemental composition
were visualized using scanning electron microscopy (SEM)
(Zeiss, Germany) equipped with energy-dispersive X-ray spec-
troscopy (EDX) (Bruker, Germany). The functional groups were
analyzed using an FT-IR spectrometer (PerkinElmer Spectrum
100, USA) in the range of 4000400 cm ' at4 em ! resolution
and 20 scans min . The elemental composition and chemical
state on the surface were determined by using an XPS spectrom-
eter (Thermo Scientific K-Alpha) with an Al K«
monochromatized source.

Table 1 Some physical and chemical properties of GWNC [13]
Properties Values
Textural characteristics
Sper (m” g ') 1455
Vier (em® g ) 2.32
Vinic (cm® g™ 0.13
Vimes (cm® g 1)? 2.19
Vinic (%) 5.39
Vines (%) 94.61
Dp (nm) 6.81
Surface chemical characteristics
Carboxylic (mEq g ™) 0.55
Phenolic (mEq g ") 0.17
Lactonic (mEq g ') 0.51
Acidity (mEq g ") 123
Basicity (mEq g ") 0.88

Sger is the BET surface area, Vi is the total pore volume, V. is the
micropore volume, Vs is the mesopore volume, V,,;. (%) is the micro-
porosity, Vs (%) is the mesoporosity, and Dp is the average pore
diameter

By difference
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2.3 Adsorption and desorption of copper(ll)

Cu(Il) adsorption and desorption experiments were performed
in a 100-mL Erlenmeyer flask comprising 50 mL of Cu(Il)
solution in a temperature-controlled orbital shaker set at
120 rpm shaking speed and desired temperature.

The impact of varied key parameters, such as pH (2.0-6.0),
GWNC dose (50-100 mg), the initial Cu(II) concentration
(100-400 mg L"), contact time (5-480 min), and temperature
(20-50 °C), was investigated by keeping other parameters
constant. After each adsorption process, the adsorbent was
separated from the solution by a 5000 rpm centrifugation rate
for 10 min and the remaining metal ion concentrations were
determined by an AAS apparatus. The experiments were car-
ried out in triplicate under similar conditions, and the values
were averaged. The adsorbed amount (g, mg g ') at ¢ time
(min) and the amount of Cu(Il) added at adsorbed equilibrium
(g.) were calculated as follows:

q, = (CO;nCt)V (1)
g =N @)

where C, C;, and C, (mg L) are the Cu(II) concentrations at
initial time, ¢ time, and equilibrium, respectively. V (1) is the
volume of the solution, and m (g) is the amount of GWNC.

Desorption and reusability experiments were done with
varied desorbing reagents such as HCI, HNO;, H,SOy,
H3PO4, CH3COOH, C2H6O, C6HgO7, and H20 To this end,
for each eluent, GWNC was loaded with Cu(Il) ions under
optimized removal conditions. The 100 mg of GWNC loaded
with Cu(Il) ions was then transferred to a 50-mL Erlenmeyer
flask containing 0.1 M of desorbing agent in 100-mL flasks.
The metal-loaded adsorbents were agitated for 24 h at 298 K
and 200 rpm. Then, the desorbed metal concentration was
determined as mentioned before. Desorption efficiency (DE,
%) was determined using the following equation:

DE(%) = 14.100 (3)

9a

where ¢, and g4 (mg/g) are the adsorbed and desorbed
amounts of adsorbate, respectively.

3 Results and discussion
3.1 Optimization of Cu(ll) adsorption conditions
3.1.1 Effect of pH

The pH value is one of the parameters that have the greatest
effect on the adsorption process from solution, since it affects

properties of both adsorbent and adsorbate, such as surface
charge, ionization degree, and chemical speciation [14]. This
study was conducted on the basis of the speciation scheme for
copper in the water reported in a previous study [15].
According to this scheme, at pH values above and below
6.0, copper exists in Cu(Il) and Cu(OH), ion state, respective-
ly. Therefore, the influence of pH on experiments on Cu(Il)
removal by GWNC was explored in the pH 2.0-6.0 range and
is presented in Fig. 1 a. From this figure, it is understood that
the adsorbed amount of Cu(Il) rises rapidly from pH 2.0 to pH
5.0 and then decreases very slightly. The reason for the low
adsorption at low pH may be due to either the decrease of the
active centers as a result of the protonation of the GWNC
surface by the H" ions present in large amounts in the acidic
medium or from the competitiveness of H" and Cu(Il) for
adsorption on the surface. On the contrary, the increase in
the quantity of adsorbed Cu(Il) by the increased pH is owing
to the increase in the negatively charged centers, where the
Cu(Il) ions can be adsorbed and formed as a result of in-
creased proton removal on the adsorptive surface with increas-
ing pH, as noted by Jiang et al. [16]. For this reason, the
optimal pH in this study was chosen as 5.0 for subsequent
experiments.

3.1.2 Effect of GWNC dosage

The influence of GWNC dose on the removal of Cu(Il) is
demonstrated in Fig. 1 b. It is noticed from the figure that
the amount of Cu(Il) adsorbed decreases with the rise in the
adsorbent mass. This decrease is probably owing to the de-
crease in the availability of active adsorption centers and sur-
face area due to the overlapping or clustering aggregation of
the adsorbent surface with increasing adsorbent dosage, as
noted by Zhang et al. [17]. As a result, the optimal adsorbent
dosage was selected to be 50.0 mg for the following
experiments.

3.1.3 Effect of initial copper concentration/contact time

Figure 1 ¢ shows the influence of contact time/initial concen-
tration on the Cu(Il) adsorption by GWNC. It is observed
from this figure that the amount of adsorbed Cu(Il) increases
quickly in the initial 45 min and reaches equilibrium in 120
min. This phenomenon can be attributed to the rapid increase
in the metal amount adsorbed in the first step, the existence of
various adsorptive centers and functional groups on the adsor-
bent surface [18]. Therefore, the optimum contact time for
isotherm experiments was chosen as 120 min. It also shows
that the adsorbed amount increased with an increase of the
initial Cu(Il) concentration from 100 to 400. This may possi-
bly be caused by increased interaction with the surface due to
the increased mass transfer driving force of ions to the surface
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Figure 1 d displays the temperature influence on the Cu(Il)
adsorption by GWNC. It can be noticed that the adsorbed
quantity of Cu(Il) increases with rising temperature from 20
to 50 °C, implying that the process is endothermic in nature.
This increase can be caused by the ease in the orientation of
the Cu(Il) ions to the adsorbent surface due to the reduction in
the thickness of boundary layer surrounding the adsorbent
with the increase in temperature [19].

3.2 Kinetic modeling

For kinetic modeling, kinetic data in Fig. 1 ¢ were evaluated in
commonly used pseudo-first-order [20] and pseudo-second-
order [21] kinetic models. The linear equation of these models
is expressed as follows:

@ Springer

=—+4
q, kaq q.

where k; (min') and &, (g mgf1 min ') are rate constants of
pseudo-first-order and pseudo-second-order kinetic models,
respectively. The most appropriate kinetic model was chosen
according to the compatibility between the experimental
adsorbed amount (g cx,) and the calculated adsorbed amount
(Ge.ca1), linear regression correlation coefficients (R?), and nor-
malized standard deviation (Ag (%)) values for kinetic data at
different initial concentrations. The Ag (%) values were cal-
culated from this equation

N 2
Geexp De.cal
Geexp

N-1

% 100

where N is the number of data points.
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The values of kinetic parameters (R2 and Ag (%)) of both
models were calculated using the intercept and slope values
obtained from the graphs (not shown) of In (g, — ¢.) vs. ¢t and
of t/q, vs. t, respectively, and are listed in Table 2. It can be
seen from the table that the pseudo-second-order model for
initial Cu(I) concentrations studied has the highest R? value
(>0.9989) and the lowest Ag (%) value (<0.40) than the
pseudo-first-order model. In addition, it is seen from the table
that the g, ., values determined for the pseudo-second-order
model are closer to the g cxp, than the ge .o values determined
from the pseudo-first-order model. These facts indicate that
the kinetics of the GWNC-Cu(ll) adsorption system at various
initial concentrations studied is defined by the pseudo-second-
order model.

3.3 Diffusion mechanism

To explain the diffusion mechanism and rate-controlling steps
that affect the Cu(Il) adsorption onto GWNC, kinetic data in
Fig. 1 ¢ were evaluated in the equation of the theory-based
intra-particle diffusion model proposed by Weber and Morris
[22]. The mathematical representation of this model is
expressed as

q, = kiat'? + 1 (7)

where &y (mg g_1 min %) is the intra-particle diffusion rate
constant and / (mg g ') is the thickness of the boundary layer.
I'value is close to 0 means that the only rate control step of the
adsorption process is diffusion [23]. According to this model,

Table 2 Kinetic parameters for Cu(Il) adsorption onto GWNC
Co(mgL™")
100 200 300 400
Geexp Mg g ) 2450 3088 6142 7158
Pseudo-first order
Geca (Mg g ) 6.07 7.35 1472 1274
ki x 1072 (1/min) 3.16 3.52 2.16 2.76
R 0.9983  0.9997 09760  0.9872
Ag (%) 6.12 4.52 482 3.92
Pseudo-second order
Gocar (Mg g ™) 2353 3003 6135 7143
kb x10° (@mg 'min %) 2710 2210  6.00 8.60
R 0.9989  0.9992  0.9998  0.9998
Ag (%) 0.40 0.35 0.25 027
Intra-particle diffusion
Cmggh 2093 2759 5187 6338
kiq (mg mg™! min™'?) 0.32 0.28 0.71 0.77
R 0.9579  0.9394  0.9988  0.9582
Ag (%) 0.47 0.72 0.21 0.34

if intra-particle diffusion exists in an adsorption phenomenon
and also is the only rate-limiting stage, the plot of ¢, vs. 1"
line passes through the origin. When the plot does not pass
through the origin, this means that the intra-particle diffusion
is not the only rate-controlling stage, and also other kinetic
models may simultaneously control the adsorption rate [24,
25].

The intra-particle diffusion plots of Cu(Il) adsorption onto
GWNC are displayed in Fig. 2. The graph has three stages
over the entire time range, and with it, the plots do not pass
through the origin implying that intra-particle diffusion is not
solely rate-limiting step and the boundary layer also affects the
adsorption process. As a result, these facts imply that the
Cu(Il) adsorption by GWNC is a complex process involving
multiple mechanisms. The &y and 7 constants for this model
were calculated from the slope and intercept of the linear sec-
ond part of the graphs in Fig. 2, respectively, and are given in
Table 2. From the table, 7 values are greater than 0 and in-
crease with a rise in initial concentration. This fact also con-
firms that the rate controlling of Cu(Il) adsorption by GWNC
affects not only the intra-particle diffusion step but also the
diffusion in the boundary layer.

3.4 Isotherm modeling

For isotherm modeling of GWNC-Cu(Il) adsorption system,
isotherm data in Fig. 1 d were evaluated in the linear equations
of widely used Langmuir [26], Freundlich [27], and Dubinin-
Radushkevich (D-R) [28] isotherm models. The mathematical
expressions of these isotherm models are

C. 1 1

_:—+—Ce (8)

Langmuir :
de Gmb 4w

1
Freundlich : Ing, = InKf + n—lnCc 9)
F

DR : 1nq61an—<%)2.(1n(1+cie)>2 (10)

where ¢, (mg g ') is the Langmuir maximum adsorption
capacity of adsorbent, b (L mg ") is the Langmuir constant
related to the adsorption equilibrium, and Ky ((mg gfl) (L
mg_l)l/") and n are Freundlich constants which are the mea-
sure of adsorbent capacity and adsorption intensity, respec-
tively. gp.r (mg/g) is the D-R maximum adsorption capacity
of adsorbent, and £ (J mol ™) is the mean energy of adsorption
per molecule of the adsorbate. The most suitable model was
determined according to R? and Agq (%) values.

Ry, the dimensionless separation factor, is usually used to
evaluate the adsorption feasibility and was calculated using
Eq. (11). The value of Ry indicates irreversible (R = 0), fa-
vorable (0 < Ry < 1), and linear (R = 1) adsorptions or unfa-
vorable adsorption (R > 1) [29].
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The parameters of Freundlich, Langmuir, and D-R iso-
therm models were determined from the intercept and slope
of'the plots (not shown) of In g, vs. In C,, 1/g. vs. 1/C,, and In
gevs. In[(1 + 1/CHTA respectively, and are listed in Table 3. It
is observed from the table that the Langmuir isotherm model
best defines the GWNC-Cu(ll) adsorption system since it has
the highest R? values (>0.9907) and the lowest Agq (%) values
(< 0.55) at all temperatures. As it is noticed from Table 3, the
¢m and b Langmuir constants increase with temperature, im-
plying that the adsorption intensity is higher at higher temper-
atures and that the process is endothermic. Also, this table
shows that maximum Cu(ll) adsorption capacity determined
from the Langmuir linear isotherm of GWNC is 80.0 mg g~
at a solution pH value of 5.0, GWNC dosage of 50.0 mg, and
temperature of 50 °C. This high Cu(Il) removal value of
GWNC depends not only on its surface chemical property
but also on the pore structure. The mesoporosity and mean
pore diameter of GWNC are 94.61% and 6.81 nm (Table 1),
respectively, and the ionic radius of copper is 0.073 nm [30].
These data clearly show that Cu(Il) ions can easily penetrate
into the pores of GWNC, causing its high adsorption. Table 4
lists a comparison of GWNC maximum Cu(Il) adsorption
capacity with other adsorbents that exist in the literature
[31-39]. This table shows that GWNC has a Cu(Il) adsorption
capacity comparable to some adsorbents reported in the liter-
ature and is a potential and promising adsorbent. The Ry
values in the range of 0.0-1.0 at 2050 °C verify the favorable
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adsorption of Cu(Il) onto GWNC. It was also observed that
these values decreased with increasing adsorption

Table3  Isotherm and thermodynamic parameters for Cu(II) adsorption
onto GWNC
T (X)
293 303 313 323

Langmuir

G (mg g " 47.85 56.50 62.11 80.00

b(@Lmgh 0.0500  0.0363  0.0283  0.0179

R 09979 09979  0.9965  0.9907

Ag (%) 0.22 0.36 0.40 0.55

RL 0.1225  0.0812  0.0644  0.0476
Freundlich

Kp ((mg g™ LmgH'"™) 19.01 18.61 16.20 11.58

l/n 0.1505  0.1788 02165  0.3088

R 0.7824  0.8336  0.8497  0.8241

Ag (%) 9.02 12.42 11.96 14.45
D-R

gpr (mg g™l 45.71 52.78 56.97 70.15

E (kJ mol ") 0.05 0.04 0.04 0.03

R 09819 09580  0.9532  0.9821

Ag (%) 6.32 8.10 8.45 6.01
Thermodynamic parameters

AG° (kJ mol ™) -0964 —-1439 -1.810 —2.159

AHP (kJ mol ™) 10.90

AS® (Jmol ' K™ 50.64
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Table 4 Comparison of the maximum adsorption capacity of various
adsorbents for Cu(Il) ion removal

Adsorbents qm (mg gﬁl) pH T (K) Reference
Grape bagasse carbon 43.47 50 318 [3]
Natural zeolite 8.97 6.0 303 [31]
Kaolinite 10.79 50 298 [32]
v-AL O3 3.52 6.0 298  [33]

Rice husk carbon 25.25 5.0 313 [34]

Date stone carbon 31.25 6.0 293 [35]
Carbon nanotube 28.49 5.0 298  [36]
Commercial granular carbon  5.12 5.0 303 [37]
Commercial powder carbon ~ 4.48 5.0 303 [37]
Spartina alterniflora biochar 48.49 6.0 298  [38]
Muskmelon peel biochar 78.74 7.0 303 [39]
GWNC 80.00 5.0 323  Present study

temperature, which confirms that the adsorption of Cu(Il) is
favorable for higher temperatures. This is also confirmed by
the fact that the values of 1/n in Table 3 determined from the
Freundlich linear isotherms at studied temperatures are less
than 1.0. In addition, the £ values obtained by evaluating the
equilibrium data in the D-R isotherm model give information
about the physical or chemical properties of the process. The
adsorption behavior is attributed to physical when E value is
between 1.0 and 8.0 kJ molfl, but to chemical when it is
higher than 8.0 kJ mol ' [40]. As seen in Table 3, the E values
determined at all temperatures studied were found to be < 8 kJ/
mol, which indicates that adsorption occurs physically.

3.5 Thermodynamic evaluation

The thermodynamic behavior of the GWNC-Cu(ll) system
was explained by thermodynamic parameters comprising free
energy (AG®°, kJ mol "), mean enthalpy (AH°, kI mol '), and
mean entropy (AS°, J mol ' K'). These parameters were
calculated by evaluating the ¢, and b values obtained from
the linear Langmuir isotherms drawn according to the iso-
therm data obtained at the studied temperatures in the follow-
ing equations, and these parameters given in Table 3.

K =q.b (12)

AG® = —RTInK (13)
AH® AS°

InK ===+ — (14)

where K is the adsorption equilibrium constant, R (8.314 J
mol ' K™) is the universal gas constant, and 7 (K) is the
absolute temperature.

The negative AG® values (—0.964, —1.439, — 1.810, and
—2.159 kJ mol ! at 20, 30, 40, and 50 °C, respectively)

displayed that the Cu(Il) adsorption process by GWNC was
applicable and spontaneous. Further, the values of AG® with
rising temperature are more negative, which confirms that the
process is more favorable at high temperature and is endother-
mic. The endothermic character of the process was verified by
a positive AH° (10.90 kJ mol™") value. The positive AS°
(50.64 T mol ' K") value showed increased randomness,
which showed good affinity between the GWNC surface
and Cu(Il) during the adsorption process.

3.6 Spectral analysis of Cu(ll) adsorption on GWNC
3.6.1 SEM-EDX

The SEM and the corresponding EDX images of GWNC be-
fore and after adsorption are reported in Fig. 3 a and b. As
shown in Fig. 3 a, the surface of the GWNC exhibited widely
distributed porous surface structure, which suggested a greater
potential to uptake Cu(Il) ions [41]. After adsorption (Fig. 3b),
a substantial alteration in the morphology of the surface has
occurred, probably owing to the interaction of metal ions with
the functional groups on the surface of porous carbon [42].
According to EDX results, before adsorption, the major ele-
ments on the surface of the material are carbon and oxygen.
After the adsorption process, the appearance of new peaks for
copper indicates the adsorption of Cu(Il) ions on the GWNC
surface [43]. Thus, the SEM-EDX analysis confirms that the
GWNC has an ability to remove metal ions from the aqueous
medium.

3.6.2 FT-IR

Figure 4 displays the FT-IR spectra of GWNC before and after
Cu(Il) adsorption. These spectra showed a narrow and weak
peak at between 3700 and 3200 cm ™" attributed to the charac-
teristic O—H stretching in alcohols, phenols, and carboxylic
groups [44, 45]. The signals appearing at 2979 and 2903
cm ! were attributed to the stretching vibrations of asymmet-
ric and symmetric C—H in methyl group [46]. The peak at
1584 cm ' belongs to the typical stretching vibration of the
skeletal C=C in aromatic rings [47]. The signal at 1392 cm™'
shows the C—H symmetrical bending from methyl groups or
the —CH, scissoring vibration [48]. The relatively intense
band observed at 1249 cm™ ' could be assigned to C—-O—C
stretching in ethers [49]. The band appearing at 1067 cm '
is C-O stretching peak in heterocyclic rings [S0]. The signals
at about 883 and 755 cm™ ' display C—H out-of-plane bending
in an aromatic ring [51]. After Cu(Il) loading, some variations
occurred on the surface of GWNC. Figure 4 shows that many
functional groups shifted to different frequency levels or dis-
appeared after adsorption, indicating that the hydroxyl groups
on the surface of GWNC are included in adsorbent-adsorbate
interactions.
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Fig. 3 SEM images and EDX spectra of GWNC before and after Cu(Il) adsorption

3.6.3 XPS analysis surface [52]. Figure 5 ¢ shows the high-resolution XPS spectra

of Cu 2p after adsorption were three peaks; Cu 2p3/2 at
The XPS spectra of the GWNC sample with and without ~ 933.83 eV and two shake-up peaks at 941.5 and 953.2 eV
adsorbed Cu(Il) ions are displayed in Fig. 5 a—c. Itis clear that ~ can be observed [53]. These peaks are formed by the interac-
the existence of Cu 2p peak in survey spectra for GWNC-Cu  tion between the hydroxyl groups and Cu(Il) ions, which
indicated that copper ions were adsorbed on the GWNC  agreed with the result obtained from the FT-IR analysis [54].

Fig. 4 FT-IR spectra of GWNC
before and after Cu(II) adsorption
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Fig. 5 The XPS spectra before and after adsorption and Cu 2p spectra after adsorption of the GWNC

3.7 Desorption and reusability

In this research, the desorption efficiency of Cu(Il) with
0.1 mol L™! of various eluents (HC1, HNO3, H,SO,4, H3PO,,
CH;COOH, C,H40, C¢HgO~, and H,0) was investigated and
is graphically presented in Fig. 6. As seen in this figure, the
desorption yield of Cu(Il) was 58.56% with HCl, 64.98% with
HNOs3, 89.14% with H,SOy, 62.64% with H3POy, 45.94%
with CH3;COOH, 2.04% with C,HgO, 67.94% with C¢HgO,
and 7.92% with H,O. The highest desorption yield of H,SO4
is likely to cause the ion exchange of Cu(II) adsorbed to active

centers on the surface and the protons of sulfuric acid, which
are more acidic than other desorption agents in water.

4 Conclusions

The removal amount of Cu(Il) ions was found to increase with
increasing solution pH, contact time, initial Cu(Il) concentra-
tion, and temperature and to decrease with increasing GWNC
dosage. The kinetic and equilibrium data were well obeyed by
the pseudo-second-order kinetic and Langmuir isotherm
models, respectively. The maximum adsorption capacity of

Fig.6 Effectof various desorbing

! 1001
agents on desorption percentages
of Cu(I) from GWNC 201
(temperature, 298 K; time, 1 h; —_
desorbent concentration, 0.1 M; i
GWNC dose, 0.1 g) = 60
2
£ 401
1]
=
201
01

CgHz05

HCl  HNOs HsPOs C:Hi0; H,50, H:0 CzHeO
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the GWNC measured to be 80.0 mg g ' under optimized
conditions of the solution pH of 5.0, GWNC dosage of 50
mg, contact time of 120 min, and solution temperature of 50
°C. The adsorption mechanism was a very complex process,
and intra-particle diffusion was not the only rate control step.
The thermodynamic parameters determined for the Cu(Il) ad-
sorption process by GWNC showed that process was favored
at higher temperature. The maximum desorption efficiency
was observed as 89.14% with 0.1 M H,SO, solution.
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