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Abstract−Micro-sized carbon spheres (CNS) were synthesized by hydrothermal process from glucose solution at
443.15 K and two different reaction times. The synthesized CNS samples were surface functionalized with hydroxyl
(-OH) functional groups using NaOH treatment, and were tested in batch adsorption to remove heavy metal ion (Cu2+)
from aqueous solutions. Experimental results revealed that CNS contains mostly amorphous carbon. NaOH function-
alized CNS had significantly higher adsorption capacity of copper ~170×10−3 Kg Cu2+/Kg-CNS as compared to the
untreated CNS. The adsorption isotherms were well fitted by the Langmuir isotherm equation. The surface morphol-
ogy of the native and functionalized CNS samples was characterized by a number of techniques and based on which
the adsorption of copper ion was discussed.
Keywords: Adsorption, Carbon Microsphere, Heavy Metal Ions, Surface Functionalization, Water Treatment

INTRODUCTION

The rapid increases in population and industrialization processes
have seriously contributed to highly toxic heavy metal pollution in
our ecosystems. Various industries such as metal cleaning and plat-
ing baths, paper, paperboard mills, wood-pulp production, cop-
per mine, tire manufacture, and fertilizer industries produce large
amounts of solid and liquid waste containing toxic heavy metal
ions: copper, silver, lead, nickel, mercury, etc. Discharge of these
industrial effluents onto land and into the river increases the level
of heavy metals in the environment and aquatic systems. Exces-
sive intake of copper by humans results in its accumulation in the
liver, leading to copper poisoning, e.g., gastrointestinal problems,
miscarriages, and subtle abortions, while long-term exposure may
cause liver and kidney damage, disorders of nervous system, as well
as brain damage. According to ISI specifications, the discharge limits
for Cu2+ in the effluents onto the land is 3.0 mg/L and above this
concentration limit, the effluents must be treated before disposal
[1,2].

The crude oil extraction and refining systems are accompanied
by the production of large quantity of produced/process water, which
may contain a high concentration of organics/salts/metal ions, etc.
Table 1 presents partial analytical result of the process water from
an oil terminal of the United Arab Emirates. In Table 1 the cop-
per content is the highest among all metal ions. Such waste water
with high content of organics and salts/ions seriously disturbs the
local environment and should be treated before discharge into the

environment.
Physical and chemical treatment processes, such as coagulation,

flotation, chemical precipitation, membrane filtration, and electro-
chemical methods are used to remove heavy metals from indus-
trial effluents. However, these techniques have certain disadvantages,
such as high capital investment and operational costs or the issues
related with the treatment and disposal of the residual metal sludge.
The adsorption process has been shown to be an alternative method
for removing trace heavy metals from water and wastewater [3].

Carbon-based adsorbents are widely used to remove heavy metal
from the industrial effluent [4-10]. Adsorption capacity of carbo-
naceous adsorbents depends on surface texture/chemistry. Often,
surface modification of such materials is recognized as an attrac-
tive approach for enhancement of heavy metal removal. Different
heavy metal ions have different affinities for different surface func-

Table 1. The chemical/metal content of the process water from an
oil terminal

Test Analytical method Unit Result
BOD APHA 5210 B mg/L 200
COD APHA 5220 B mg/L 850
Chlorine APHA 4500 Cl− B mg/L 40,000
Salinity Refractometry % 7.2
Sulphur APHA SO4

2− mg/L 2.2
Iron

APHA 3219 B mg/L

5.6
Copper 44
Chromium ~0.1
Mercury <0.01
Zinc 18
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tional groups. Modifications can be performed by grafting spe-
cific functional groups onto the surfaces of adsorbent. It is well
known that carbonaceous materials are able to effectively adsorb
organic compounds in aqueous solutions. This chemical behavior
leads to immobilization of organic compounds on the carbon sur-
face [8]. Furthermore, modification of carbon adsorbents can en-
hance their natural ion exchange capability [11]. Aydın et al. re-
ported several low cost adsorbents, such as shells of lentil (LS), wheat
(WS), and rice (RS), for the removal of copper ions from the aque-
ous solution. The experimental study revealed that adsorbent derived
from rice shell shows maximum adsorption capacity of 17.4×10−3

Kg/Kg of adsorbent at 313K temperature [12]. Demiral and Güngör
reported copper adsorption from the aqueous solution by using
activated carbon derived from grape bagasse by chemical activa-
tion using phosphoric acid. The adsorbent showed maximum ad-
sorption capacity of copper (II) of 43.47×10−3 Kg/Kg-adsorbent at
318.15 K [13]. Further, in addition to the conventional adsorbent,
adsorptive membrane is also reported in the literature to recover
copper ions from the aqueous solution [14]. Apart from copper re-
moval, adsorbents were also used for the removal of other metal
ions, such as adsorption of silver on activated carbon derived from
coal, coconut shell and polyacrylonitrile have been reported by Jia
et al. [15]. Bentonite clay was found an excellent adsorbent for sil-
ver adsorption, with the maximum capacity of 61.48×10−3 Kg-silver/
Kg-adsorbent at 283 K [16]. Ozdes et al. presents removal of lead
(Pb II) from aqueous solution by using waste mud which was acti-
vated with NaOH to enhance its adsorption capacity. Surface acti-
vated waste mud shows lead adsorption capacity of 24.4 * 10−3 Kg/
Kg-adsorbent with a 10−2 Kg/L of surface functionalized waste mud
concentration [17]. Biosorption procedure can also be used for the
separation of heavy metal ions. Tuzen and Soylak reported nickel(II)
and silver(I) at trace levels on Bacillus sphaericus-loaded Chromo-
sorb 106 column [18].

Recently, there has been a significant research activity for the
preparation of colloidal micro- and nano-sized spheres with spe-
cific intrinsic properties. By varying factors like chemical composi-
tion, crystallinity, diameter and bulk structure, the physical and
chemical properties of the spheres can be tailored. Carbon micro-
spheres contain C-OH and C=O groups, and the density of which
can be further increased by treatment with a suitable reagent and
the resulted micro-spheres presents excellent performance for the
removal of metal ions from aqueous solutions. Song et al. shown
that NaOH-treated CNS is an efficient adsorbent for the removal
of dyes from aqueous solutions [19]. Frusteri et al. reported a sim-
ple and cost effective method for the preparation of CNS from the
glucose solution by using hydrothermal reaction at 473.15 K. The
obtained microspheres are 200-300 nm in size and amorphous
with a surface area of ~600 m2/g. Surface areas of microsphere can
be increased after heat treatment in N2 environment at 1,273.15 K.
Further, CNS can be surface functionalized by using inorganic
acid [20]. Frusteri et al. reported CNS prepared by pyrolysis of
benzene at 1,173.15 K. The spheres were found to contain concen-
tric and incompletely spherical graphitic sheet [21].

Heavy metals such as copper are hazardous not only to the
environment but also to the biological species, and this has led to
more stringent regulations on their discharge into the wastewater

stream. Therefore, our objective was to develop an efficient and
cost-effective adsorbent for the removal of copper from aqueous
solution. Carbon microspheres (CNS) were synthesized by envi-
ronmental friendly hydrothermal process and used as potential
adsorbent for the recovery of copper.

EXPERIMENTAL

1. Materials
D-Glucose (>99% anhydrous), sodium hydroxide, acetic acid, sil-

ver nitrate and copper (II) nitrate trihydrate were obtained from
Fisher Scientific. Deionized water was used for all experimental
purposes.
2. Synthesis of CNS

Carbon microspheres (CNS) were synthesized using the method
reported in the literature [22-24]. In brief, 40×10−3 L of 0.8 M glu-
cose (D-Glucose, 99+%, anhydrous,) was loaded into a Teflon-lined
autoclave (maximum capacity: 0.3 L, Series 4750, Parr Instrument
Company, USA) and maintained at 443.15 K for 14 and 19 hrs.
The obtained CNS microparticles were isolated from the aqueous
solution by centrifugation. Afterwards, the CNSs were washed, and
centrifuged in three cycles by deionized water and ethanol, respec-
tively, before they were dried overnight in oven at 353.15 K.
3. Surface Activation of CNS

The native CNSs were treated with aqueous solutions of sodium
hydroxide (NaOH) to enhance the density of hydroxyl groups on
the surface. About 0.12×10−3Kg of dry CNS powder was dispersed
in 0.1 L of 0.5 M NaOH aqueous solution and stirred at 300 rpm
for 1 h at room temperature. The surface-activated CNSs were col-
lected by centrifugation and washed with deionized water (about
1L) to remove the residual NaOH until the pH of the filtrate reached
nearly neutral. Finally, the -OH functionalized CNS samples were
dried in an oven at 353.15 K for 18 h and denoted as CNS-OH.
4. Characterizations of CNS

The morphology and surface characteristics of CNS samples
were characterized by various characterization techniques. Fourier
transform infrared (FTIR) spectra of all samples were obtained using
a Bruker VERTEX 70 FTIR spectrometer. The samples were finely
ground and pelletized together with KBr. For all samples the num-
ber of scans was set at 64 with a resolution of 4 cm−1. Crystallo-
graphic order and disorder of CNS samples were studied by using
Raman spectroscopy and transmission electron microscopy (TEM).
CNS samples were characterized by using a Raman spectrometer
(labRAM HR, Scientific - HORIBA, USA) in back scattering con-
figuration at 633 nm laser wavelength. Surface morphology of CNS
samples was studied by a scanning electron microscope (Quanta
250 FEG SEM, FEI, USA) at an accelerated voltage of 20 kV. The
crystallographic structure of the CNSs was studied by an X-ray
diffractometer (X’pert Pro MPD, PANalytical - X-ray diffractometers,
USA), with a Cu-Kα radiation. Further, the surface area of the sam-
ples was determined by means of a nitrogen isotherm at 77 K using
a pore and surface analyzer (Autosorb 6iSA, Quantachrome Instru-
ment, USA). All samples were degassed for 8 hours at 423 K prior to
N2 adsorption tests to remove any residual water and/or organics.
5. Adsorption Studies

The adsorption of Cu2+ was measured on the native CNS and
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surface activated CNS (CNS-OH) samples, in a series of batch ex-
periments. About 25 mg of samples were added into 25 mL stock
solution in a flask, and stirred at 250 rpm for 12 h at room tem-
perature before being filtered out by a syringe filter of 0.2µm pore
size. The clear filtrate was then diluted in 2% HNO3 for the analysis
using an ICP-MS (PerkinElmer, SCIEX, ELAN DRC-e).

RESULTS AND DISCUSSION

1. Characterization of CNS
Fig. 1 shows an SEM image of the native CNS sample. The SEM

image reveals nearly spherical shape with larger diameters ranging
from 1-3µm, and small diameters of about hundred to few hun-
dred nm. Small carbon spheres exist in agglomeration form rather
than in a uniform individualized form. Fig. 2 presents the TEM image
of native CNS1 (reaction time of 14 hrs) and CNS2 (19 hrs) sam-
ples. The TEM micrograph reveals that the microspheres are car-
bonaceous and amorphous.

X-ray diffraction (XRD) patterns of the two CNS samples showed
a single broad peak at around 20o (2θ), which corresponds to the
typical graphitic (002) planes [24]. The interlayer distance of (002)
planes were 0.465 nm and 0.433 nm for CNS1 and CNS2 respec-
tively (Table 2), which is larger than that of interlayer distance of
graphite (d002=0.335 nm). This result agrees with the TEM/SEM
results that CNSs are of various sizes and mostly amorphous car-

bon with some crystalline graphitic carbon [25]. Raman spectrum
of CNS shows strong peaks of 1,580 cm−1 and a relatively diffuse
peak of 1,360 cm−1. The 1,580 cm−1 band is attributed to the in-plane
vibrations of crystalline graphite and is commonly known as the
‘G’, or graphite, band. The peak at 1,360 cm−1 is due to a vibrational
mode associated with graphite edges [26] and is known as the ‘D’,
or disorder, band. Surface area and pore volume from BET analysis
confirmed that CNSs are basically nonporous [27]. These struc-
tural characteristics of CNS are summarized in Table 2.

Fig. 3 compares the FTIR spectra of native CNS1/CNS2 against
their functionalized samples (CNS1-OH/CNS2-OH), respectively.
The broad band in the range 3,100-3,400 cm−1 is attributed to hy-
droxyl (-OH) stretching of carboxylic bonds [28]. The band at 1,700
cm−1 is due to the stretching vibration of undissociated carbonyl
(C=O) groups, and the neighboring band at 1,615cm−1 is attributed
to C=C stretching [29-32]. The three peaks found at 1,604, 1,510

Fig. 1. SEM image of native CNS (reaction temperature: 170 oC, reac-
tion time: 14 h).

Fig. 2. TEM images of native CNS: (a) CNS1 (reaction temperature:
170 oC, reaction time: 14 h) and (b) CNS2 (reaction tempera-
ture: 170 oC, reaction time: 19 h).

Table 2. Characteristics of CNS samples

Samples
EDX-TEM BET Interlayer

spacing (Å)*
Raman

peaks (cm−1)
Experimental

time (h)C (wt%) O (wt%) Surface area (m2/g) Pore volume (cc/g)
CNS1 90.4 9.6 08.5 0.007 4.65 ~1360, ~1580 14
CNS2 90.8 9.2 17.9 0.020 4.33 ~1360, ~1580 19

*From XRD 2(θ) data
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and 1,395 cm−1 are the result of bond vibrations of five-member
heteroaromatic rings with double bonds [25,33-35]. The bands at
1,302 cm−1 and 1,023 cm−1 correspond to C-OH stretching and OH
bending vibrations in C-OH, respectively [22,36]. Fig. 3(a) shows
the FTIR spectra of native CNS1, CNS1-OH. CNS1-OH spectra
shows almost no peak at 1,700 cm−1, indicating that C=O stretching
was greatly reduced. Conversely, the peak at 1,385 cm−1 (-COO−)
was noticeably enhanced.

Afkhami et al. [37] suggests that the possible reason for these
changes is the following surface reaction occurring to lactone groups.

Pendleton et al. [38] suggested the following surface reaction of
hydroxyl groups with NaOH also has an effect.

Song et al. [23] reported that treatment with NaOH has no effect
on the pore volume, surface area and morphology of CNS. Fig.
3(b) shows the spectra of native CNS2 vs the functionalized CNS2-
OH. The C-H asymmetric stretching found at 2,925cm−1 was greatly
reduced by the basic treatment. In a similar manner to CNS1,
NaOH-treated CNS1-OH had a diminished C=O peak and an
increased C=C stretching. Also, the surface-treated CNS had an
increase in deprotonated carboxylate groups as well as an increased
peak at 1,023 cm−1 (OH bending in C-OH).
2. Adsorption Studies

The native CNS1 and CNS2 showed similar adsorption capac-
ity as shown in Fig. 4. As the CNSs are nonporous, the main ad-
sorption mechanisms of metal ions have been attributed to chela-
tion and reduction [39-42]. Fig. 5 shows the adsorption isotherm
data (solid circle) and removal efficiency (empty circles) of Cu2+

on CNS1-OH samples. It is seen that, 1) the adsorption follows a
typical type-I isotherm according to IUPAC classification, suggest-
ing a monolayer adsorption on a homogeneous surface; and 2) the
efficiency is high at the lower equilibrium concentration (>99% at
the first point, of which 25 mg of sample is dosed into 25 mL stock

Fig. 3. FTIR spectra of CNS: (A) CNS1 (reaction temperature: 170 oC, reaction time: 14 h): (a) native CNS1 and (b) CNS1-OH (B) CNS2
(reaction temperature: 170 oC, reaction time: 19 h): (a) native CNS2 and (b) CNS2-OH.

Fig. 5. Cu2+ adsorption isotherm and the removal efficiency of the
batch system on CNS1-OH (Room temperature, RPM: 250,
testing time: 12 h).

Fig. 4. Cu2+ adsorption isotherm of native CNS1 and CNS2 samples
(Room temperature, RPM: 250, testing time: 12 h).
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solution) and then gradually decreases. The maximum adsorption
capacity obtained was 172×10−3 Kg Cu2+/Kg-adsorbent, which is
higher than most of the well-known adsorbents, as compared in
Table 3.

The adsorption isotherm and removal efficiency on CNS2-OH
are shown in Fig. 6 as solid circle and dotted circle, respectively,
which is similar to the one on CNS1-OH with the main difference
being the slightly-lower maximum adsorption capacity.

Fig. 7 compares the fitting goodness of two isotherm models to
the experimental data on each hydroxyl functionalized CNS sam-
ple. The dashed lines represent the linear plot of Langmuir equa-
tion ((Ce/qe)=(1/bqm)+(Ce/qm)), while the dotted lines show the
linearized Freundlich equation (lnqe=lnkf +(1/n)lnCe). In these equa-
tions, qm is the maximum capacity, b and kf the affinity, and Ce the
equilibrium concentration, respectively. We see that the Langmuir
isotherm fitted all the data well (R2>0.96 on each CNS). The ad-
sorption capacity of CNS2-OH is lower than that of CNS1-OH, sug-
gesting that the CNS with more regular graphite content (or lon-
ger reaction time) presents no advantage for this application. A
possible reason is that a more graphitized CNS contains less func-
tional groups and unsaturated bonds on its surface. On the other
hand, the Freundlich isotherm gave slightly inferior fittings (R2<
0.95) on each -OH functionalized CNS, suggesting that its under-
lining mechanisms (a heterogeneous surface) differ from our sys-

tem [10]. Langmuir model states that the adsorption is mono-
layered, a homogeneous surface and with no interaction among
the adsorbed species [42], which are more consistent with our ad-
sorption system in which the redox process played a major role in
the adsorption process [19,23,42]

The theoretical maximum adsorption capacity predicted by the
Langmuir equation for CNS2-OH is 144.9mg Cu2+/g, which is very
close to the experimentally determined value of 145.5 mg Cu2+/g-
adsorbent. Also, a nearly perfect correlation coefficient of >0.99 and
an acceptable RL value of 0.007 of CNS2-OH was obtained. Com-
paring the overall CNS1 and CNS2 results reveals that CNS1 is a
better ad- sorbent for Cu2+ ions removal. Therefore, the CNS with
a shorter reaction time and a lower amorphous content resulted in
a higher Cu2+ adsorption capacity.

CONCLUSIONS

Colloidal carbon microspheres were synthesized from a glucose
solution by using hydrothermal synthesis process and were used
to remove copper ions from aqueous solutions which resemble the
refinery effluents. Increasing the reaction time resulted in CNS
with a slightly orderly structure as revealed by XRD patterns and
TEM. N2 adsorption-desorption isotherm confirmed that CNSs
are nonporous and contain low surface area (<20 m2/g). The ad-
sorption of metal ions on CNS samples is mainly a chemisorption
process and surface activation with hydroxyl groups greatly en-
hanced the adsorption capacity. The adsorption isotherms are bet-
ter fitted by the Langmuir model. The more amorphous sample
from a shorter reaction time had a higher adsorption capacity of
~170×10−3 Kg Cu2+/Kg-adsorbent. This study revealed that sur-

Table 3. Comparison of adsorption capacities of Cu2+ on various ad-
sorbents

Adsorbents Capacity
g-Cu2+/Kg-adsorbent Ref.

CNS1-OH ~170 This paper
CNS2-OH ~145 This paper
Cellulose pulp 5.0 [43]
Compost 12.8 [43]
Rolling mill scale 40 [44]
Coal 1.6 [45]
Blast furnace sludge 18 [46]
Molecular-imprinted

chitosan hydrogel
12 [47]

Ion-exchanged zeolite tuff 26 [48]

Fig. 7. Fittings of linearized Langmuir and Freundlich isotherm
models for Cu2+ ion removal on CNS samples; (a) CNS1-OH;
(b) CNS2-OH.

Fig. 6. Cu2+ adsorption isotherm and the removal efficiency of the
batch system on CNS2-OH (Room temperature, RPM: 250,
testing time: 12 h).
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face activated CNS is a promising adsorbent for the removal of
heavy metals for an example Cu2+ from effluents of chemical/petro-
leum industries.
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