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Activated carbons (ACs) were prepared from pomelo peels by K2CO3 activation and used as an adsorbent (PAC) for the removal
of Cu(II) from aqueous solutions. BET, SEM, and FT-IR were employed for the characterization of the obtained ACs. ,e
optimumACs were reported at activation temperature of 850°C, activation time of 60min, and impregnation ratio of 3, which had
a high surface area (1213m2/g) and total pore volume (0.57 cm3/g). ,e resulting ACs were used for the adsorption of Cu(II) from
aqueous solutions in the batch mode and yielded a superior adsorption capacity of 139.08mg/g. ,e pH of optimum adsorption
was determined as 5. Pseudo first-order model, pseudo second-order model, and intraparticle diffusion model were applied to
describe the adsorption processes. ,e adsorption kinetic data were found to follow the pseudo second-order model. ,e
adsorption isotherms data were analyzed using Langmuir, Freundlich, Temkin, and Dubinin–Radushkevich models. ,e
Langmuir model was found to provide the best fit, and the calculated adsorption capacity was 151.35mg/g.

1. Introduction

Heavy metal contamination in municipal or industrial
wastewater has been a global environmental issue [1]. Most
heavy metals (e.g., Cr, Mn, Ni, and Cd) can cause serious
damage for ecological systems and public health when their
concentrations were in excess [2].

Copper (Cu) is a widely used heavy metal and the main
raw material of electroplate, electronics, and cable manu-
factures [3]. It is an indispensable trace metal for the
metabolism and human health in low concentration, but
chronic exposure or excessive ingestionmay lead toWilson’s
disease and damage of digestive system, kidney, or liver
[4, 5]. ,eWorld Health Organization and European Union
propose the maximum level of Cu in drinking water is 2mg/l
[6].

,ere are various techniques for the treatment of
Cu from industrial effluents and wastewaters, such as
chemical precipitation [7], flocculation [8], membrane

filtration [9, 10], ion exchange [11], electrodialysis [12], and
flotation [13]. Among numerous treatment processes, acti-
vated carbons (ACs) adsorption is widely used because of its
simple design, easy accessibility, and high efficiency [14]. ,e
development of cheaper activated carbon is an important part
of promoting its widespread use. Consequently, many recent
studies focus on activated carbons produced from alternative
low-cost waste biomass, such as hazelnut shell [15], Ceiba
pentandra [16], bamboo [17], kenaf fiber [18], apricot stone
[19], and rice husk [14]. Pomelo (Citrus maxima) is a widely
cultivated citrus fruit in South China and Southeast Asia.
China is a large pomelo producer, and about 1.5–2.5 million
tons of pomelo peels are released each year [20]. However,
most of pomelo peels are thrown away, giving rise to wasting
resources and potential contamination.

Following the “treatment of waste by waste” strategy, this
study selected pomelo peels as precursor for preparing ACs
(PAC, defined as powdered AC prepared from pomelo peels)
with two steps. A nonhazardous chemical (potassium
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carbonate, K2CO3) was used as an activating reagent. ,e
effects of three activation factors were discussed. ,e
physical and chemical characteristics of the prepared PACs
were investigated by BET adsorption, SEM, and FT-IR.
Besides, the removal mechanisms of Cu(II) were explored by
initial pH effects, adsorption isotherms and kinetic studies.

2. Materials and Methods

2.1.Materials andRegents. Pomelo peels were collected from
a local fruit shop. ,e fresh peels were first dried in the sun
naturally, followed by drying at 90°C for 24 h.,en they were
smashed to 75–180 μmwith a small disintegrator (Yongkang
Boou 800Y). All chemicals used were purchased from
Sinopharm Group and of analytical grade. Copper sulfate
(Cu2SO4·5H2O) and distilled water were used for prepara-
tion of solutions contained Cu(II).

2.2. PreparationofPACs. ,e preparation processes of PACs
were primarily including carbonization and activation [21].
In the carbonization process, the dried meal was put in a
tubular stove (Hangzhou Zhuochi SK3-2-10-10) with N2
flow at 550°C for 2 h. After carbonization, the material was
impregnated with K2CO3 at different mass ratios (chemical:
sample) for 2 h and then the mixture was put in a stove for
activation at different activation temperature and different
activation time (0.5, 1, 2, and 3 h). After reaction, the ACs
(PACs) were repeatedly rinsed with 0.1M HCl solution and
distilled water to neutralize superfluous alkali [22]. Finally,
PACs were sieved to 75–180 μm after drying at 90°C for 24 h.
PACs obtained under different conditions were denoted as
PACa-b-c, where a (°C) was the activation temperature, b (h)
was the activation time, and c was the impregnation ratio.

2.3. Characterization of PACs. ,e textural characterization
was manifested by N2 adsorption-desorption at -196°C using
an automated surface area analyzer (TriStar II 3020). ,e
specific surface area was obtained by the BET isotherm
equation in the relative pressure of P/P0 � 0.995. ,e pore
size distributions of micropores (<2 nm) were calculated via
the density functional theory (DFT) model. ,e volumes of
mesopores and macropores (>2 nm) were calculated via the
Barrett–Joyner–Halenda (BJH) method. ,e characteristics
of the micropores were determined from the t-plot method.
,e SEM micrographs were using a scanning electron mi-
croscope (FEI Inspect F50) under high vacuum conditions.
,e spot size and acceleration voltage were set at 2.5 and
15 kV, respectively. ,e Fourier transform infrared (FTIR)
spectrum of the PACs surface was investigated by Fourier
transform infrared spectroscopy (Nicolet 380) in the range
of 4000–400 cm−1 wavenumbers. FTIR spectra were recor-
ded using KBr pellet technique with 32 scans at a resolution
of 4 cm−1.

2.4. Zeta Potential Measurements. ,e zeta potential of
PACs was carried out as follows: 0.1000 g PACs was added to
20ml of deionized water. Before adding the adsorbent, 0.1M

HCl was used to adjust the pH ranging from 2 to 5. 0.01M
NaNO3 was used to maintain constant ionic strength of
solution [23]. Subsequently, the PACs suspension was
stirred in a rotary shaker (30°C, 180 r/min) for 24 h and then
filtered by 0.45 μm filtering membrane. Finally, the zeta
potential of the filtrate was analyzed by a particle size and
zeta potential analyzer (Malvern Zetasizer Nano ZS90).

2.5. Adsorption Studies. For the adsorption experiments, the
procedures were conducted as follows: 0.0500 g PACs was
added to 200ml of Cu(II) solution. ,e Cu(II) solution was
prepared by adding the corresponding amount of
Cu2SO4·5H2O to distilled water. ,e mixed suspension was
stirred in a rotary shaker (30°C, 180 r/min) until the ad-
sorption equilibrium was reached. After reaction, the mixed
suspension was filtered by 0.45 μm filtering membrane. ,e
concentration of Cu(II) in solution was analyzed by an ICP-
OES (PE DV7000). Experiments were carried out in
triplicate.

,e amount of Cu(II) adsorbed at equilibrium qe (mg/g)
was figured out by

qe �
C0 − Ce(  × V

W
, (1)

where C0 and Ce (mg/l) were the initial concentration and
equilibrium concentration of Cu(II), respectively, V (l) was
the volume of Cu(II) solution, and W (g) was the mass of
PACs.

2.5.1. Effect of the Initial pHs. ,e effect of pH on the ad-
sorption capacity was investigated by using 0.0500 g of
PAC850-1-3 at 30°C. ACs were added to 200ml of Cu(II)
solution (300mg/l) with the initial pHs of 2, 3, 4, and 5. ,e
pHs of solutions were measured by a desktop acidometer
(Sartorius PB-10).,e pHs were adjusted by adding of 0.1M
HCl and 0.1M NaOH solutions to the initial Cu(II)
solutions.

2.5.2. Kinetics and Isothermal Studies. Kinetics and iso-
thermal studies were helpful to understand the adsorption
mechanisms. Batch experiments of kinetics were carried out
at 30°C with 200ml of Cu(II) solution (100, 200, and 300mg/
l) at pH 5 using 0.0500 g of PAC850-1-3. ,e sampling and
analysis were conducted at specified time intervals. Batch
experiments of isotherms were carried out at 30°C with
200ml of Cu(II) solution (100, 200, 300 400, and 500mg/l) at
pH 5 using 0.0500 g of PAC850-1-3. ,e sampling and
analysis were conducted at equilibrium.

Several common models were used to fit the kinetics
data, and isothermal data and average values were adopted
in analysis. ,e equations, linear forms, and plotting
methods of these models were listed in Table 1.

In the table, qe is the amount of adsorbed Cu(II) (mg/g)
at equilibrium; qt is the amount of adsorbed Cu(II) at time t
(mg/g); t is the contact time (min); k1 is the pseudo first-
order rate constant (1/min); k2 is the pseudo second-order
rate constant (g/mg·min); k3 is the intraparticle diffusion
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rate constant (mg/g·min1/2); Ci is the intercept of intra-
particle diffusion model; b is Langmuir model constant (l/
mg); qm is theoretical maximal sorption value (mg/g); Ce is
the equilibrium concentration of Cu(II) (mg/l); KL is
Langmuir coefficient (l/mg); KF is Freundlich coefficient
((mg/g)×(l/mg)1/n); n is adsorption intensity; AT and BT are
Temkin coefficients; qs is the adsorption capacities (mol/g); β
is the D-R model constant (mol2/kJ2); ε is the Polanyi po-
tential, which was obtained by

ε � RT ln 1 +
1

Ce

 . (2)

,e average relative error (ARE) was used to assess the
fitness of kinetic and isotherm models, which was calculated
as

ARE(%) �
1
n



n

i�1

qi,cal − qi, exp

qi, exp




× 100, (3)

where n is the number of observations in the fit, qi, exp (mg/g)
is the observation from experiments, and qi,cal (mg/g) is the
estimate from kinetic and isotherm equations.

3. Results and Discussion

3.1. Physicochemical Characteristics of PACs

3.1.1. N2 Adsorption Isotherms. ,e adsorption isotherms
help to identify the pore structures by adsorbing inert gases.
Figure 1 presented the N2 adsorption-desorption isotherms
of PACs prepared under different activation temperatures
and impregnation ratios.

According to the isotherm classification proposed by
IUPAC, the adsorption isotherms of all samples basically
belonged to type I isotherm [24]. When P/P0 was relatively
low (<0.05), the adsorption capacity suddenly increased with
the raise of the relative pressure. ,is phenomenon sug-
gested that there were a huge number of micropores in PACs
[25]. In narrow micropores (molecular-sized micropores),
enhanced interaction between adsorbent and adsorbate
caused micropore filling, which increased the adsorptive
capacity at low relative pressures [26].

At higher P/P0, the isotherms appeared relatively flat,
corresponding to monolayer adsorption and micropores
with a narrow size range [27, 28]. When the saturation
pressure was approached (P/P0 > 0.99), condensation oc-
curred, causing the curve to upwarp. Less obvious hysteresis

loops of type H4 were usually found in solids with narrow
fissure pores. ,ese loops were not clearly observed in
Figure 1, suggesting that PACs also had a few mesopores
[14].

3.1.2. Pore Structure. ,e adsorption performances of ACs
were connected with specific surface areas and pore volumes.
Table 2 presented the effect of activation process on specific
surface area and pore volume of PACs. ,ree common
operation parameters were discussed, namely, activation
temperature, activation time, and impregnation ratio. ,e
specific surface area of pomelo peel was only 2.15m2/g. After
the physiochemical process, the specific surface areas of
PACs were significantly increased, in the range from 771 to
1213m2/g.

PACa-1-2s were used to assess the effects of activation
temperature (750, 800, 850, and 900°C) on the textural
characteristics of PACs. When the temperature was in-
creased from 750 to 850°C, the specific surface areas in-
creased from 771 to 1006m2/g. ,e effects of activation
temperature on the micropore volume and total pore vol-
ume followed the same trend. Furthermore, when the ac-
tivation temperature increased from 750 to 850°C, the ratio
of the pore volumes (Vmicro/Vtotal) increased from 48.5% to
72.1%. However, when the activation temperature increased
to 900°C, the specific surface area and Vmicro/Vtotal de-
creased, which might be because that the consumption of

Table 1: Kinetic and isothermal models used in this study.

Kinetics model Equation Linear form Plot
Pseudo first-order model dqt/dt � k1(qe − qt) ln(qe − qt) � ln qe − k1t ln(qe − qt) vs. t
Pseudo second-order model dqt/dt � k2(qe − qt)

2 t/qt � 1/k2q2e + 1/qt t/qt vs. t
Intraparticle diffusion model qt � k3t

0.5 + Ci qt � k3t
0.5 + Ci qt vs. t0.5

Isothermal model
Langmuir model qe � qmbCe/1 + bCe Ce/qe � 1/KLqm + 1/qmCe Ce/qe vs. Ce
Freundlich model qe � kFC1/n

e ln qe � ln KF + 1/n ln Ce ln qe vs. lnCe
Temkin model qe � ln CAT

e eBT qe � BT + AT ln Ce qe vs. lnCe
Dubinin–adushkevich (D-R) model qe � qse− βε2 ln qe � ln qs − βε2 ln qe vs. ε2
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Figure 1: N2 adsorption-desorption isotherms.
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K2CO3 increased and the internal structure of PACs was
destroyed by collapsing. ,ese results were inferred that the
appropriate temperature was helpful to the generation of
new pores. During the formation of holes, themain reactions
were as follows [29]:

K2CO3 + 2C⟶ 2K + 3COK2CO3⟶ K2O

+ CO2 K2O + C⟶ 2K + CO
(4)

When the activation temperature was over the gasifi-
cation temperature of potassium (770°C), the gaseous po-
tassium could access the inside of material and consume the
carbon atoms on the skeleton, which produced fresh pores.

PAC850-b-2s were used to assess the effects of activation
time (0.5, 1, 2, and 3 h) on the textural characteristics of PACs.
It was obvious the surface areas first rose then declined with
increasing activation time. With the increasing activation
time, more new holes were constantly generated, resulting in
an increasing surface area and pore volume. But with much
longer time, excessive burning of pores would occur, and
some formed carbon could be enlarged or destroyed, resulting
in elimination of surface area and pore volume.

PAC850-1-cs were used to assess the effects of im-
pregnation ratio on the textural characteristics of PACs.
From Table 2, it could be see that K2CO3 was a very efficient
activating agent and activated carbons with high porosity
were produced through the activation. Table 2 also showed
that the impregnation ratio had a great influence on the
formation of pores. ,e surface area of PACs increased from
819 to 1213m2/g with increasing the impregnation ratio
from 1 to 3. ,e effects of the impregnation ratio on the
micropore volume and total pore volume followed the same
trend. It was widely believed that low impregnation ratio
caused inadequate contact between activating agent and
carbon [30]. ,us, incomplete activation induced limited
generation of pores. As the impregnation ratio increased,
sufficient contact improved the activation, which was fa-
vorable for enlarging pore volume and pore size [31, 32].

3.1.3. Pore Size Distribution. ,e pore size distribution was
an important clue to reveal the adsorption mechanisms of
porous materials. Figure 2 illustrated the pore size distri-
butions of PACs. ,e pores of adsorbing material were

usually divided into three categories: micropore (diame-
ter< 2 nm), mesopore (2–50 nm), and macropore (>50 nm)
[33]. It could be seen from Figure 2 that all PACs had narrow
pore size distributions, including both micropores and
mesopores. Most pores of PACs were composed of mi-
cropores with sizes ranging from 0.5 to 2.0 nm. All PACs also
contained mesopores with narrow range from 2.0 to 8.5 nm.
Moreover, Figure 2 presented PACs prepared at different
conditions showed discrepant intensity of peaks. Stronger
peaks appeared at micropore and mesopore regions of the
sample prepared at higher activation temperature and bigger
impregnation ratio.

3.1.4. SEM Analysis. ,e surface morphologies and struc-
tural properties of pomelo peel, carbonized pomelo peel, and
PAC850-1-3 were investigated via FE-SEM. Figure 3(a)
showed the external surface of pomelo peel was dense,
neat, and imperforate. After carbonization, the surface was
rougher and had some occasional crevices with few bits of
pores (Figure 3(b)). ,is was probably because high tem-
perature pyrolysis caused most organics (organic acid,
cellulose, hemicelluloses, lignin, etc.) in pomelo peel to
decompose and volatilize, leaving a small number of pores
and the cracked surface of carbon.

On the contrary, PAC850-1-3 showed well-formed pores
and honeycomb-like structure (Figure 3(c)). ,is change
confirmed the successful preparation of PACs samples with
large surface area and high total volume.,e pore structures
made possible more solutions to access the inside of PACs
and were responsible for providing more active sites for
adsorbing metal ions.

3.1.5. FTIR Analysis. ,e FTIR spectrum can provide
valuable information about the functional groups on the
surface of the material. Figure 4 gave the FTIR spectrum of
pomelo peel and PAC850-1-3. It could be seen that PACs
presented less and weaker absorption bands than pomelo
peel, implying some functional groups presented in the
precursor disappeared after physicochemical treatment.

,e absorbance peaks of PAC850-1-3 at about 3410 and
2926 cm−1 indicated the presence of the stretching vibration
of –OH groups (alcohols, phenols, and carboxylic acids) and
C–H groups (alkanes), respectively. ,e peak at 1556 cm−1

could be the characteristics of C�O in the quinone structure.
,e peak of 1042 cm−1 suggested the C−O bonds stretching
in some oxygen-containing functional groups. ,e peak of
673 cm−1 was ascribed to the out-of-plane bending of the
C–H bonds in the arenes [34]. ,e absorbance peaks at
872 cm−1 were ascribed to the out-of-plane deformation of
C−H bonds, which indicated that PAC850-1-3 was more
inclined to chemisorption process [35].

3.2. Adsorption Studies

3.2.1. Effect of pH. ,e pH of the solution and the zeta
potential of the surface had been identified as the key factors
controlling metal ions adsorption because H+ could compete

Table 2: Textural characteristics of PACs.

Material Surface area Vmicro Vtotal Vmicro/Vtotal (%)
Pomelo peel 2.15 — 0.0019 —
PAC750-1-2 771 0.16 0.33 48.5
PAC800-1-2 885 0.25 0.36 69.4
PAC850-1-2 1006 0.31 0.43 72.1
PAC900-1-2 896 0.23 0.37 62.2
PAC850-0.5-2 853 0.25 0.35 71.4
PAC850-1-2 1006 0.31 0.43 72.1
PAC850-2-2 1039 0.32 0.46 69.6
PAC850-3-2 872 0.22 0.36 61.1
PAC850-1-1 819 0.22 0.35 62.9
PAC850-1-2 1006 0.31 0.43 72.1
PAC850-1-3 1213 0.42 0.57 73.7
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(a) (b)

(c)

Figure 3: SEM of (a) pomelo peel, (b) carbonized pomelo peel, and (c) PAC850-1-3.
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with metal cations for adsorption sites and the pH of the
solution influenced the ionization of functional groups. ,e
zeta potential of PAC850-1-3 and the effect of pH on the
adsorption capacity were presented in Figure 5.

As we could see, the zeta potentials of PACs showed
negative values in the pH range from 2 to 5. In further
evaluation, the zeta potential was roughly −10mV at pH 2
but fell fast to almost −40mV at pH 3. As the pH increased
from 3 to 5, the zeta potentials slowly descended to the
lowest value. Lower zeta potential meant more negatively
charged surface, which was in favor of the cations
adsorption.

Figure 5 also showed the adsorption capacity of Cu(II)
was 34.11mg/g at pH 2 and then gradually increased to the
highest value of 139.08mg/g at pH 5. Increase in pH beyond
5 could cause precipitation of insoluble metal hydroxides,
which would interfere with the adsorption process [36, 37].

When the pH was low, more and faster H+ could
compete with Cu(II) for the adsorption sites in ACs. More
H+ ions made the overall surface charge on PACs become
less negative, which impeded the binding of electropositive
Cu(II), resulting in lower adsorption. However, with in-
crease in pH, there was a build-up of negatively charged
surface, thus making for more Cu(II) removal. ,e ad-
sorption capacities increased within the pH ranging from 2
to 5, which might be due to partial hydrolyzation of Cu(II).
,e influence of pHmight be attributed to the interactions of
Cu(II), Cu(OH)+, and Cu(OH)2 with functional groups at
the surface of ACs, which were as follows [38]:

R − OH
+
2⟷R − OH + H

+

R − OH⟷R − O
−

+ H
+

R − O
−

+ Cu
2+⟷R − OCu

+

R − O
−

+ Cu(OH)
+⟷R − OCu(OH)

(5)

where R denoted the surface of ACs; R − O− , R − OH+
2 , and

R − OH denoted different charged hydroxyl functional
groups; R − OCu+ and R − OCu(OH) were the formation of
the bonding complexes. In addition to the competition
between H+ and Cu(II) at low pH values, fewer

deprotonation of functional groups (R − O− , etc.) was ad-
verse to formation of the bonding complexes [39].

,erefore, the best pH for Cu(II) removal was noted to
be 5 and all the batch experiments were carried out at this
pH.

3.2.2. Adsorption Kinetics. Adsorption kinetics were applied
for investigating the efficiency of adsorption at the solid-
solution interface. Figure 6 presented that the adsorption of
Cu(II) onto PAC850-1-3 demonstrated a rapid velocity at
the beginning stage and 50% of the total adsorption occurs
within 10min. ,is was probably because the adsorption
active sites of PACs had not been occupied by Cu(II) at the
beginning. Similar result was also reported by Kocabas-
Atakli et al. [5]. In that report, the anatase nanoparticles was
the adsorbent and the kinetic data of copper also followed
the pseudo second-order model. Figure 6 also presented that
the adsorbed amount increased with increasing initial
concentration of Cu(II). ,is was probably because higher
Cu(II) concentration provided more contact chances be-
tween ions and adsorption active sites.

,e kinetics data were fitted with three models, which
were presented in Figures 7(a)–7(c). Table 3 listed the
corresponding kinetics parameters. Clearly, the pseudo
second-order model gave higher R2 and lower ARE, which
meant better fit. ,is indicated that pseudo second-order
model was more valid to interpret the adsorption behavior.
Similar cases were also reported by other researchers
[40, 41]. It could be concluded that chemisorption seemed to
be the rate-limiting step which was related to bond forces via
electrons sharing or exchange between Cu(II) and PACs.

,e intraparticle diffusion model was fitted to under-
stand the diffusion mechanism. As shown in Figure 7(c), all
the lines had not passed through the origin, suggesting
intraparticle diffusion process was not the rate-limiting step
[42]. But intraparticle diffusion played an important part in
adsorption process at lower concentration (100mg/l), for the
plots show better linearity. ,e plots at higher concentration
(200 and 300mg/l) reflected a two-stage process, with initial
linear segment followed by plateau (black lines in
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Figure 7(c)). ,e initial linear segment implied the exterior
surface adsorption, which was a comparatively quick stage.
Subsequently, the intraparticle diffusion was quickly arrived
and continued to about 70min. Ultimately, 70min later the
adsorption slowly reached equilibrium. ,is indicated that
the adsorption was a comparatively complicated process.
,e intercepts of fitted lines of this model gave an under-
standing of the thickness of boundary layer. ,e Cu(II)
adsorption onto PACs at higher concentration showed
greater boundary layer effect.

3.2.3. Adsorption Isotherms. Isothermal adsorption test is a
very important way to understand the equilibrium rela-
tionship between adsorbate and adsorbent systems at a
given temperature. ,ey are also critical for improving the
use of adsorbents. Different kinds of adsorption isotherm
models have been developed to explicate different isotherm
adsorption behavior. In this study, four well-known iso-
thermal adsorption models were served to fit the equilib-
rium data, namely, Langmuir (Figure 8(a)), Freundlich

(Figure 8(b)), Temkin models, and Dubinin–Radushkevich
(D-R) model.

,e Langmuir model is applied successfully in many
monolayer adsorption processes [43, 44]. ,e Freundlich
model is an empirical equation describing multilayer ad-
sorption [45, 46]. ,e Temkin model also represents mul-
tilayer adsorption process considering the thermal effect of
adsorption [47]. ,e D-R model can be used to determine
whether the adsorption process was performed physically
(E< 8 kJ/mol) or chemically (8< E< 16 kJ/mol) [48]. ,e
mean adsorption energy E (kJ/mol) was expressed as

E �
1
����
−2β

 . (6)

Table 4 listed the isotherm parameters. ,e correlation
coefficient R2 was figured out from the corresponding plots
in terms of Table 1. Besides, another separation parameter RL
computed from Langmuir isotherm parameters was given as
[49]

Table 3: Parameters of kinetic models for Cu(II) adsorption onto PAC850-1-3.
C0 (mg/l)
Pseudo first-order model qe,cal (mg/g) k1 (1/min) R2 ARE (%)
100 62.88 0.0199 0.8742 41.3
200 32.63 0.0209 0.9791 73.2
300 36.49 0.0216 0.9369 73.8
Pseudo second-order model

qe,cal (mg/g) k2 (g/mg·min) R2 ARE (%)
100 111.11 0.000749 0.9985 3.7
200 123.46 0.00172 0.9999 1.5
300 140.85 0.00170 1.0000 1.3
Intraparticle diffusion model

C (mg/g) k3 (mg/g·min1/2) R2 ARE (%)
100 63.74 2.90 0.9361 4.0
200 93.42 1.98 0.7993 3.6
300 107.12 2.27 0.7389 3.8
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Figure 8: Adsorption isotherms of Cu(II) adsorption on PAC850-1-3: (a) Langmuir and (b) Freundlich (PACs dose: 0.0500 g; temperature:
30°C; pH: 5; volume of of Cu(II) solution: 200ml; concentration of Cu(II): 100, 200, 300 400 and 500mg/l).
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RL �
1

1 + C0,maxKL

, (7)

where C0,max (mg/l) was the highest initial concentration in
solution (here C0,max � 300) and KL (l/mg) had been defined
in (2). RL was an indicator showing the adsorption process
was desirable if 0<RL < 1.

Figure 8(a) and Table 4 suggested that Langmuir model
fitted better with the isothermal adsorption data (R2 � 0.990
and ARE� 3.12%), when compared to the rest of models.
,is meant that if a Cu(II) occupied a position, no further
adsorption could occur in that site. According to Langmuir
model, the maximal monolayer adsorption capacity was
calculated to be 151.35mg/g. It indicated that this adsorbent
was a more efficient absorbent than many other biomaterials
in Table 5. RL was calculated to be 0.0943, indicating fa-
vorable adsorption of Cu(II). ,e Freundlich coefficient n
also measured the favorability of the adsorption process. In
this study, n (5.804) was between 1 and 10, also suggesting
favorable adsorption of Cu(II) [16, 57]. Furthermore, D-R
model showed that the adsorption of Cu(II) onto PACs was
supposed to be a chemisorption process because E had
15.0 kJ/mol, which was in line with the result of kinetics
study.

4. Conclusions

Pomelo peel was used to produce activated carbons by
K2CO3 activation. ,e removal of Cu(II) by produced ACs
was studied in this work. ,e effects of activation temper-
ature, activation time, and impregnation ratio on the per-
formance of Cu(II) removal were examined. It was observed
that there was a large amount of micropores in PACs. ,e
best surface area (1213m2/g) and total pore volume

(0.57 cm3/g) were from PAC850-1-3. High temperature was
helpful to the generation of more new pores. Appropriate
activation time was very important to increase the surface
area and pore volume. Higher impregnation ratio was fa-
vorable for larger surface area, pore volume, and pore size.
Most pores of PACs were composed of micropores with sizes
ranging from 0.5 to 2.0 nm.,e pH value had amajor impact
on adsorption capacity and the best pH for adsorption was
determined as 5.

Batch adsorption studies showed that the resulting ACs
yielded a superior adsorption capacity of 139.08mg/g. ,e
adsorption process followed the pseudo second-order model
at different initial concentrations, suggesting chemisorption
seemed to be the rate-limiting step. Langmuir model fitted
more closely to the equilibrium data of Cu(II) adsorption,
which showed the value of Cu(II) adsorption was 151.35mg/
g. K2CO3 was corrosive to equipment, but PACs had a large
adsorption capacity and might be considered as a high-
performance adsorbent for the removal of Cu(II) from in-
dustrial effluents.
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Hazelnut shell 1.0/100 5.0 200 Langmuir, Freundlich [56]

Table 4: Adsorption isotherm parameters.

Model
Constants

qm KL R2 ARE (%)

Langmuir 151.35 0.0320 0.990 3.12
KF n R2

Freundlich 52.16 5.804 0.843 3.03
AT BT R2

Temkin 20.94 19.18 0.840 3.04
qs β R2

D-R 0.00327 −2.219E− 09 0.845 3.03
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“Assessment of toxic copper(II) biosorption from aqueous
solution by chemically-treated tomato waste,” Journal of
Cleaner Production, vol. 88, pp. 152–159, 2015.

[52] S. Vitas, T. Keplinger, N. Reichholf, R. Figi, and E. Cabane,
“Functional lignocellulosic material for the remediation of
copper(II) ions from water: towards the design of a wood
filter,” Journal of Hazardous Materials, vol. 355, pp. 119–127,
2018.

[53] N. Maaloul, P. Oulego, M. Rendueles, A. Ghorbal, and
M. Dı́az, “Novel biosorbents from almond shells: character-
ization and adsorption properties modeling for Cu(II) ions
from aqueous solutions,” Journal of Environmental Chemical
Engineering, vol. 5, no. 3, pp. 2944–2954, 2017.

[54] A. K. Sakhiya, I. Aier, S. Pathak et al., “Copper(II) removal
from aqua solution using rice straw derived biochar,” Ma-
terials Today: Proceedings, vol. 43, pp. 740–745, 2021.

[55] J. C. Ma, W. Huang, X. S. Zhang, Y. C. Li, and N. Wang, “,e
utilization of lobster shell to prepare low-cost biochar for
high-efficient removal of copper and cadmium from aqueous:
sorption properties and mechanisms,” Journal of Environ-
mental Chemical Engineering, vol. 9, no. 1, Article ID 104703,
2021.
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