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ABSTRACT
Copper ion in aqueous solution is an essential nutrient for humans, animals and microorganisms.
However, the excess of copper ion in aqueous solution produces many toxic and harmful effects on
living organisms. Therefore, it is necessary to remove the copper ions in aqueous solution prior to
discharge into water bodies. The main aim of this study is to test biochars obtained from the modified
corncob as adsorbent for copper ion from aqueous solution. The operating parameters, such as
adsorbent dosage, initial solution pH, contact time and pyrolysis temperature of the biochars, were
investigated in detail. The operation parameters have an important effect on the removal of copper ion
from aqueous solution by biochars derived from the modified corncob. The biochars derived from the
modified corncob exhibited an excellent adsorption performance of copper from aqueous solution and
can be applied in the removal of copper ions in aqueous solution.
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INTRODUCTION

With the rapid development of industrial activities, a large
amount of industrial effluents containing heavy metals is
released into surface and underground water, which has
resulted in a number of environmental problems (Astals et
al. 2015, Jin et al. 2016). Heavy metals, such as copper,
lead, cadmium and so on, are toxic and non-biodegradable.
They can accumulate in living organisms, and may thus
pose a threat to human health (Barakat 2011, Cantu et al.
2014). Copper ion in aqueous solution is an essential nutri-
ent for humans, animals and microorganisms. However, the
excess of copper ion in aqueous solution produces many
toxic and harmful effects in living organisms (Regmi et al.
2012, Wang et al. 2015a). So, many countries have strin-
gent standards for copper ion discharge in the effluents
(Budinova et al. 2006, Cao et al. 2009). In China, the per-
missible limit for copper ion for electroplating effluents that
are to be discharged to surface water is 0.5 mg/L (Shen et al.
2015). Therefore, it is necessary to remove the copper ions
in effluents prior to discharge into water bodies. It is also
very important to develop effective technologies to treat
copper ion polluted wastewater (Meng et al. 2014).

A number of purification methods have been applied.
Conventional methods for the removal of copper ions from
wastewater are based on ion exchange processes, chemical
precipitation, separation techniques through membranes,
electrochemical techniques and adsorption (Kaušpëdienë
et al. 2010, Fernando et al. 2011, Duan et al. 2014). How-
ever, most of these methods are expensive, because they
require specialized reagents and apparatus, and they may

also produce a large amount of waste. Adsorption is consid-
ered a cost effective choice for copper ion removal from aque-
ous solution, especially at medium or low ion concentrations
because it is economical, easy to handle and highly efficient.
The use of adsorbents involving activated carbon, natural
clay minerals, green plant waste, synthetic inorganic materi-
als, synthetic nano-particles and bio-adsorbents have all been
optimized for the removal of copper ion from aqueous solu-
tion (Martin et al. 2011, Vanessa et al. 2014). In recent years,
the investigation of low cost materials such as biochars has
been studied (Wu et al. 2011). They are generated from agri-
cultural residues and may be used as adsorbents for the re-
moval of heavy metals from aqueous solutions. Natural mate-
rials such as plant waste are widely available in large quanti-
ties and they also have great potential as low cost and, most
importantly, environmentally friendly adsorbents. The pro-
duction of biomass derived materials also has several posi-
tive effects on environmental conditions and climate protec-
tion (Tong & Xu 2013, Jiang et al. 2016).

The main aim of this study is to test biochars obtained
from the modified corncob as adsorbent for copper ion
removal from aqueous solution. The possibility of enhancing
the adsorption process was investigated by optimizing the
adsorbent dosage, initial solution pH, the contact time and
pyrolysis temperature of the biochars.

MATERIALS AND METHODS

Materials

The corncobs were obtained from croplands in a suburb of
Shaoxing, China. They were washed with the distilled wa-
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ter, dried at room temperature, ground into powder and sieved
into 40 meshes for the experiments.

A stock solution of copper ion concentration was
prepared by dissolving CuSO

4
·5H

2
O in deionised water,

which was diluted to achieve the desired ranges of copper
ion treatment.

Experimental Methods

Preparation of biochars: The ground corncob samples were
placed in ceramic crucibles, which were covered with a
tightly fitting lid and pyrolyzed for 8 h under oxygen limited
conditions in a muffle furnace. The pyrolysis temperature
was raised to 773 K. Then, the biochars were allowed to
cool to room temperature and ground to pass through 80
meshes. The biochars were obtained, and stored for
adsorption experiments.

Adsorption of copper ion in aqueous solution by biochar:
Adsorption experiments were conducted in a set of 250 mL
Erlenmeyer flasks containing 0.1 g biochar and 200 mL of
Cu2+ ion solutions with various initial concentrations be-
tween 10 mg/L and 50 mg/L. The initial pH was adjusted to
3.0 with 1 mol/L HCl. The flasks were placed in a shaker at
a constant temperature of 298 K and 200 rpm. The samples
were filtered and analysed.

Analytical methods: The concentration of Cu2+ ion was
analysed by atomic absorption spectrophotometry.

The amount of adsorbed Cu2+ ion q
t
 (mg/g) at different

time, was calculated as follows:

m
VCCq t

t



)( 0         ...(1)

Where, C
0
 and C

t
 (mg/L) are the initial and equilibrium liq-

uid-phase concentrations of Cu2+ ion respectively. V (L) is
the solution volume and m (g) is the mass of adsorbent used.

Statistical analyses of data: All experiments were repeated
in duplicate and the data of results were the mean and the
standard deviation (SD). The value of the SD was calculated
by Excel Software. All error estimates given in the text and
error bars in figures are standard deviation of means
(mean±SD). All statistical significance was noted at =0.05
unless otherwise stated.

RESULTS AND DISCUSSION

Characterization of Biochar

The surface physical morphology of biochar was observed
by a scanning electron microscope. The surface morphol-
ogy of biochar is shown in Fig. 1.  It can be seen that the
biochar contains irregular and porous structures, indicating
that the biochar presents adequate morphology for copper

ion adsorption. They can be applied to the treatment of
copper wastewater. In this study, the obtained biochars will
be tested for their adsorption ability.

Effect of Contact Time

In the adsorption process, the contact time is an important
operation parameter. To test the effect of contact time on
the adsorption of copper ion in aqueous solution, the
following adsorption experiment was carried out.
Adsorption experiments were conducted in a set of 250 mL
Erlenmeyer flasks containing 0.1 g biochar and 20 mL of
Cu2+ ion solutions with initial concentration of 20 mg/L.
The initial pH was adjusted to 3.0 with 1 mol/L HCl. The
flasks were placed in a shaker at a constant temperature of
298 K and 200 rpm. The contact time was ranged from 0 min
to 480 min. The samples were filtered and analysed. The
effect of contact time on the adsorption of copper ion in
aqueous solution by the biochars is shown in Fig. 2.

From Fig. 2, it can be seen that the contact time had an
important effect on the adsorption capability of copper ion
in aqueous solution by the biochars. The removal rate of
copper ion was increasing with the increasing of reaction
time. When the reaction time reached 200 min, the adsorp-
tion process reached to equilibrium. At the beginning of the
adsorption, there are many vacant positions on the surface
of the biochars. The removal rate of copper ion was increased
quickly at this stage. When the adsorption process reached
to equilibrium, there were no vacant positions on the sur-
face of the biochars.

Effect of Initial pH in Solution

The initial pH conditions in the solution had a significant
impact on the copper ion adsorption capacities of the
biochar. It is a key factor determining the efficiency of cop-
per ion removal in solution. The amount of copper ion pre-
cipitation at different pH values in solution is generally a

Fig. 1: SEM micrograph of biochar.
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Fig. 2: The effect of contact time on the adsorption of copper
ion in aqueous solution by the biochars.
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Fig. 3: The effect of initial pH in solution on the adsorption of
copper ion in aqueous solution by the biochars.

concern in distinguishing the copper removal phenomenal
because of adsorption. Therefore, the effect of solution pH
on copper ion precipitation in the absence of biochar was
first confirmed. To test the effect of initial pH in solution on
the adsorption of copper ion in aqueous solution by the
biochars, the following experiments were carried out: Ad-
sorption experiments were conducted in a set of 250 mL
Erlenmeyer flasks containing 0.1 g biochar and 200 mL of
Cu2+ ion solutions with initial concentration of 20 mg/L.
The initial pH was adjusted from 2.0 to 5.0 with 1 mol/L
HCl. The contact time is 200 min. The flasks were placed in
a shaker at a constant temperature of 298 K and 200 rpm.

The samples were filtered and analysed. The effect of initial
pH in solution is shown in Fig. 3.

From Fig. 3, it can be concluded that the initial pH in
solution had an important influence on the adsorption ca-
pacity of copper ions in aqueous solution by the biochars.
Along with the increase of the initial pH value in solution,
the adsorption capacity of copper ion in aqueous solution
was increased slowly. This result is similar to some other
researches. At low initial pH value in solution, the copper
ions on the biochar surfaces might be positively or neu-
trally charged, which hindered the adsorption of positively
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Fig. 4: The effect of biochar dosage on the adsorption of copper
ion in aqueous solution by the biochars.
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Fig. 5: The effect of the pyrolysis temperature on the adsorption of
copper ion in aqueous solution by the biochars.
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charged copper ions. As a result, increase in pH of the solu-
tion promoted the removal the copper ions (Ahmad et al.
2014, Wang et al. 2015).

Effect of Biochar Dosage

The effect of biochar dosage on the adsorption of copper
ion in aqueous solution by the biochars was studied by
varying the amount of biochars from 0.1 g/L to 1 g/L. The
other reaction parameters were maintained constant. The
initial pH was adjusted to 3.0 with 1 mol/L HCl. The flasks
were placed in a shaker at a constant temperature of 298 K
and 200 rpm. The contact time is 200 min. The initial
concentrations of copper ion in solution is 20 mg/L. The
effect of biochar dosage is shown in Fig. 4.

As seen from Fig. 4, adsorption of copper ion in aqueous
solution was increased with the increase of the biochar
dosage. This suggests that the biochar was acting as adsorb-
ent and the increase in removal was related to the increased
availability of exchangeable sites or sites for surface
complexation.

Effect of Biochar Pyrolysis Temperature

To test the effect of the pyrolysis temperature on the adsorp-
tion capacity of biochar, the following experiments were
carried out. The pyrolysis temperature was raised to 573 K,
673 K, 773 K and 873 K respectively, and then the three
biochars were obtained. The adsorption experiments were
carried out in order to test the adsorption capacity for cop-
per ion. The removal rate of copper ion by three biochars is
shown in Fig. 5.

From Fig. 5, it can be seen that the pyrolysis temperature
was beneficial to enhance the adsorption capacity of cop-
per ion in aqueous solution by the biochars. This indicated
that the pyrolysis temperature might have different effects
on the copper ion within the biochar structure.

CONCLUSIONS

The biochar was obtained from the modified corncob as
adsorbent for copper ion removal from aqueous solution.
The possibility of enhancing the adsorption process was
investigated by optimizing the adsorbent dosage, initial
solution pH, the contact time and pyrolysis temperature of
the biochars. The experimental results suggested that these
operation parameters had an important effect on the removal
of copper ion from aqueous solution.

ACKNOWLEDGMENTS

This study was financially supported by the project of
Science and Technology Plan in Shaoxing City
(2014B70041).

REFERENCES
Ahmad, M., Rajapaksha, A.U., Lim, J.E., Zhang, M., Bolan, N., Mohan,

D., Vithanage, M., Lee, S.S. and Ok, Y.S. 2014. Biochar as a
sorbent for contaminant management in soil and water: a review.
Chemosphere, 99: 19-33.

Astals, S., Musenze, R.S., Bai, X., Tannock, S., Tait, S., Pratt, S. and
Jensen, P.D. 2015. Anaerobic co-digestion of pig manure and
algae: impact of intracellular algal products recovery on co-
digestion performance. Bioresource Technology, 99: 19-33.

Barakat, M.A. 2011. New trends in removing heavy metals from
industrial wastewater. Arabian Journal of Chemistry, 4: 361-377.

Budinova, T., Ekinci, E., Yardim, F., Grimm, A., Bjõrnbom, E.,
Minkova, V. and Goranova, M. 2006. Characterization and
application of activated carbon produced by H3PO4 and water
vapor activation. Fuel Processing Technology, 87: 899-905.

Cantu, Y., Remes, A., Reyna, A., Martinez, D., Villarreal, J., Ramos,
H., Trevino, S., Temez, C., Martinez, A., Eubanks, T. and Parsons,
J.C. 2014. Thermodynamics, kinetics and activation energy studies
of the sorption of chromium (II) and chromium (VI) to a Mn3O4

nanomaterial. Chemical Engineering Journal, 254: 374-383.
Cao, X., Ma, L., Gao, B. and Harris, W. 2009. Dairy-manure derived

biochar effectively sorbs lead and atrazine. Environmental Science
and Technology, 43: 3285-3291.

Duan, X.H., Srinivasakannan, C. and Liang, J.S. 2014. Process
optimization of thermal regeneration of spent coal based activated
carbon using steam and application to methylene bluedye
adsorption. J. Taiwan Inst. Chem. Eng., 45(4): 1618-1627.

Fernando, M.M., Carlos, P.B., Thais, H.M.F., Eder, C.L., Betina, R.,
Tatiana, C. and Solange, B.F. 2011. Adsorption of reactive red
M-2BE dye from water solutions by multi-walled carbon
nanotubes and activated carbon. J. Hazard. Mater., 192(3): 1122-
1131.

Jiang, S.S., Huang, L.B., Nguyen, T.A.H., Ok, Y.S., Rudolph, V.,
Yang, H. and Zhang, D.K. 2016. Copper and zinc adsorption by
softwood and hardwood biochars under elevated sulphate-induced
salinity and acidic pH conditions. Chemosphere, 142: 64-71.

Jin, H.M., Hanif, M.U., Capareda, S., Chang, Z.Z., Huang, H.Y. and
Ai, Y.C. 2016. Copper(II) removal potential from aqueous
solution by pyrolysis biochar derived from anaerobically digested
algae-dairy-manure and effect of KOH activation. Journal of
Environmental Chemical Engineering, 4: 365-372.

Kaušpëdienë, D., Kazlauskienë, E., Gefenienë, A. and Binkienë, R.
2010. Comparison of the efficiency of activated carbon and neu-
tral polymeric adsorbent in removal of chromium complex dye from
aqueous solutions. J. Hazard. Mater., 179(1-3): 933-939.

Martin, M.A., Thomas, J.R. and Carla, M.K. 2011. Assessing Cd, Co,
Cu, Ni and Pb sorption on montmorillonite using surface
complexation models. Appl. Geochem., 26: S154-S157.

Meng, J., Feng, X., Dai, Z., Liu, X., Wu, J. and Xu, J. 2014. Adsorp-
tion characteristics of Cu(II) from aqueous solution onto biochar
derived from swine manure. Environmental Science and Pollution
Research, 21: 7035-7046.

Regmi, P., Moscoso, J.L.G., Kumar, S., Cao, X.Y., Mao, J.D. and
Schafran, G. 2012. Removal of copper and cadmium from
aqueous solution using switchgrass biochar produced via hydro-
thermal carbonization process. Journal of Environmental Man-
agement, 109: 61-69.

Shen, Z.T., Jin, F., Wang, F., Mcmillan, O. and Al-Tabbaa, A. 2015.
Sorption of lead by Salisbury biochar produced from British
broadleaf hardwood. Bioresource Technology, 193: 553-556.

Tong, X.J. and Xu, R.K. 2013. Removal of Cu(II) from acidic elec-
troplating effluent by biochars generated from crop straws. Jour-
nal of Environmental Sciences, 25: 652-658.



937COPPER ION REMOVAL BY BIOCHAR DERIVED FROM MODIFIED CORNCOB

Nature Environment and Pollution Technology  Vol. 17, No. 3, 2018

Vanessa, E.D.A., Jarbas, R.R., Solange, C., Giberto, A. and Marco,
T.G. 2014. Montmorillonite and vermiculite as solid phases for
the preconcentration of trace elements in natural waters: adsorp-
tion and desorption studies of As, Ba, Cu, Cd, Co, Cr, Mn, Ni, Pb,
Sr, V, and Zn. Appl. Clay Sci., 99: 289-296.

Wang, H.Y., Gao, B., Wang, S.S., Fang, J., Xue, Y.W. and Yang, K.
2015a. Removal of Pb(II), Cu(II) and Cd(II) from aqueous solu-
tions by biochar derived from KMnO4 treated hickory wood.
Bioresource Technology, 197: 356-362.

Wang, S.S., Gao, B., Zimmerman, A.R., Li, Y.C., Ma, L., Harris,
W.G. and Miglicaccio, K.W. 2015b. Removal of arsenic by mag-
netic biochar prepared from pinewood and natural hematite.
Bioresource Technology, 175: 391-395.

Wu, P.X., Zhang, Q., Dai, Y.P., Zhu, N.W., Dang, Z., Li, P., Wu, J.H.
and Wang, X.D. 2011. Adsorption of Cu(II), Cd(II) and Cr(III)
ions from aqueous solutions on humic acid modified ca-
montmorillonite. Geoderma, 164: 215-219.


