
 

 

 
Abstract—Activated carbon is an amorphous carbon chain which 

has extremely extended surface area. High surface area of activated 
carbon is due to the porous structure. Activated carbon, using a 
variety of materials such as coal and cellulosic materials; can be 
obtained by both physical and chemical methods. The prepared 
activated carbon can be used for decolorize, deodorize and also can 
be used for removal of organic and non-organic pollution. In this 
study, pomegranate peel was subjected to 800W microwave power 
for 1 to 4 minutes. Also fresh pomegranate peel was used for the 
reference material. Then ZnCl2 was used for the chemical activation 
purpose. After the activation process, activated pomegranate peels 
were used for the adsorption of Zn metal (40 ppm) in the waste water. 
As a result of the adsorption experiments, removal of heavy metals 
ranged from 89% to 85%. 
 

Keywords—Activated carbon, chemical activation, microwave, 
pomegranate peel. 

I. INTRODUCTION 

HERE are effective method as adsorption which is 
relatively useful and economical for quickly lowering the 

concentration of pollutants such as organic compounds, metal 
ions and dissolved dyes in an effluent [1]. Because of their 
mechanical stability, low specificity, fast adsorption kinetics 
and high adsorption capacities, activated carbon is accepted as 
one of the most popular material for adsorption [2], [3].  

Activated carbon which has great capacity of adsorbing for 
various organic compounds such as dyes, heavy metals, 
pharmaceutical and surfactants are the most commonly used 
adsorbent. But price of activated carbon is relatively high. For 
this reason initiative have been started to study reduced cost 
and made of natural sorbents to remove impurity from 
wastewater. About production of activated carbon using lower 
cost methods and materials from renewable resources have 
been searched by many researchers. In some of this research, 
activated carbon using agricultural and industrial waste 
materials was produced. [4]–[10]. Activated carbon can be 
produced from all carbon-containing lignocellulosic 
agricultural waste as lignin [11], macro-algal [12], defective 
coffee press cake [13], palm shell [14], rice husk [15] wastes 
of vegetable origin (e.g. nut shells and fruit stones) [16]. 
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Solid waste of peel/skin, stones or seeds obtained from 
processing of fruits can be used production of activated 
carbon. One of these fruits is pomegranate (Punica granatum 
L.) and the total production of pomegranate in the world is 
about 1 million tonnes [17]. Turkey which the annual 
production of pomegranate in is about 60,000 tons is one of 
the world’s largest producers [18]. 

Activated carbons are produced by physical or chemical 
activation. Chemical activation can be carried out by thermal 
decomposition of raw material with chemical reagents. 
Chemicals as zinc chloride (ZnCl2), phosphoric acid (H3PO4), 
and potassium hydroxide/carbonate (KOH/K2CO3) is used 
commonly. An example of chemical activation with ZnCl2 is 
that Olivares-Marin et al. prepared activated carbon from 
cherry stones [19]. In another study, Angin et al. produced 
activated carbons were from biochar of safflower seed press 
cake by chemical activation with ZnCl2. It was reported that 
activation temperature and impregnation ratios are more 
influence on the porosity, surface area and adsorption capacity 
of activated carbons [20].  

As the investigations, used microwave process instead of 
pyrolysis [21]-[23] provide lots of advantage as high heating 
rates, controllable and selective heating; energy and time 
savings [24]. 

In this study, pomegranate peel was subjected to 
pretreatment with microwave power for different times. As the 
reference material fresh pomegranate peel was used. Activated 
carbons were prepared by chemical activation with ZnCl2 of 
the biochar obtained through microwave of pomegranate peel. 
After the activation process, adsorption capacities of the 
activated carbons were investigated.  

II. EXPERIMENTAL METHOD 

Pomegranate peels (Fig. 1) were collected from local juice 
bar. The residual dreg after juicing process is separated from 
pomegranate peel. Then pomegranate peel was washed with 
tap water to remove dusts and dried over night at 70ºC. It was 
granulated and then sieved through a 20 mesh sieve. Dry 
pomegranate peel powder was stored in food storage bag at 
room temperature. Pomegranate peel powder is shown in Fig. 
2. 

The MW treatment was carried out using a Robert Bosch 
HMT72G420 Microwave Oven (Fig. 3). Sample was exposed 
to a maximum power of 800 W with an operating microwave 
frequency of 2.45 GHz (wavelength 12.2 cm). 

A gram of sample of dry pomegranate peel was placed in 
each of watch glass. Two watch glasses so as to opposite with 
each other were placed in microwave oven. Microwave oven 
was started under constant MW power (800 W) and air 
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atmosphere. Process was carried out for 1 to 4 minutes.  
Samples which had exposed to microwave, were added into 

ZnCl2 solution (weight ratio=1:3) and stirred at 500 rpm. This 
process is shown in Fig. 4. After 2 h, mixture was decanted 
and then solid phase was added to HCl. After 1 h stirring, 
rinsed with deionized distilled water several times until pH 
5.5. Product was dried over night at 105ºC. Dry pomegranate 
peels without microwave pretreatment was implemented same 
chemical activation. It was used as a reference material. 

 

 

Fig. 1 Pomegranate peel 
 

 

Fig. 2 Pomegranate peel powder 
 

 

Fig. 3 Robert Bosch HMT72G420 Microwave Oven 
 

 

Fig. 4 Mixture of sample and ZnCl2 

 

Fig. 5 Perkin Elmer Spectrum One FT-IR 
 

Then samples were characterized with Perkin Elmer 
Spectrum One Fourier Transform Infrared Spectroscopy (FT-
IR), (Fig. 5) with Universal ATR sampling accessory – 
Diamond / ZnSe Crystal. Working region of FTIR spectra was 
selected between 1800 and 650 cm-1. 

For the adsorption process (Fig. 6), 0.25g of the activated 
carbon products was mixed with 40 ppm of Zn solutions (50 
ml). The mixture was stirred at 500rpm for 2h at room 
temperature (22±0.5 °C). Zn solution and activated carbon 
was separated from each other by using filter paper. The 
equilibrium concentrations of Zn were measured by using 
Perkin Elmer 35 Lambda UV/Vis Spectrophotometer (Fig. 7) 
at wavelength 300 nm. 

 

 

Fig. 6 Adsorption process 
 

  

 Fig. 7 Perkin Elmer 35 Lambda UV/Vis Spectrophotometer 

III. RESULTS AND DISCUSSION 

A. Results of Microwave Pre-Treated Samples 

After microwave process, results of loss weight of samples 
shown in Table I.  
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TABLE I 
RESULTS OF LOSS WEIGHT OF SAMPLES 

Time of Microwave Weight Loss (%) 

1 8 

2 17 

3 23 

4 28 

 
As a result, weight loss of the samples increased with 

increasing time. This situation may be due to volatilization of 
certain volatile component. 

B. Characterizations of the Activated Carbons 

FT-IR spectra of prepared activated carbons and raw 
materials are shown in Fig. 8. In Fig. 8 the numbers at the 
right hand side represents the exposure time of samples in the 
microwave. Fig. 9 represents the FT-IR spectrum of 
commercial activated carbon. 

 

 

Fig. 8 FT-IR spectra of synthesized activated carbons and raw 
material 

 

 

Fig. 9 FT-IR spectrum of commercial activated carbon 
 

In all of spectra placed Figs. 8 and 9; vibration of C–O–C 
(1000-1100 cm-1) is observed. Different from the prepared 
activated carbon samples, in activated carbon, ester C=O 
(1713 cm-1) and aromatic C=C and C=O (about 1600 cm-1) 
were seen. 

C. Results of Adsorption of Zn (II) by Activated Carbon 

Adsorption of Zn (II) by activated carbons is presented in 
Table II.  

 

TABLE II 
RESULTS OF LOSS WEIGHT OF SAMPLES 

Synthesized Activated Carbon  Remaining Zn (II) in Solution (ppm) 

Reference material 6.06 

1 5.73 

2 5.34 

3 5.31 

4 4.63 

 
From the results it is seen that the increase in the microwave 

exposure time leads to better adsorption of Zn (II).  

IV. CONCLUSIONS 

Because of used activated carbon as most commonly 
adsorbent, investigation about reducing cost of activated 
carbon has been the major objective. For this reason, 
especially as alternative method and raw materials has been 
focused on a microwave energy and bio-waste. While 
microwave process has advantages like saving energy and 
time; bio-waste is low cost raw material. 

In this study, the adsorption capacities of activated carbon 
obtained by exposure microwave energy at different times 
were investigated. When reference material is compared with 
activated carbons, the capacity of adsorption of Zn is 
increased with the increasing microwave exposure time.  

In the future studies, activated carbon will be obtained by 
changing the sequence of process and ratio of chemical agents 
and raw materials. 

REFERENCES  
[1] V. K. Gupta and S. Suhas, “Application of low-cost adsorbents for dye 

removal—a review,” Journal of Environmental Management, vol. 90, 
no. 8, pp. 2313–2342, 2009. 

[2] A. A. Halim, H. A. Aziz, M. A. M. Johari, K. S. Ariffin, Comparison 
study of ammonia and COD adsorption on zeolite, activated carbon and 
composite materials in landfill leachate treatment, Desalination, vol. 
262,31–35, 2010. 

[3] S.L Wang, Y.M. Tzou, Y.H. Lu, G. Sheng, Removal of 3-chlorophenol 
from water using rice-straw-based carbon, J. Hazard. Mater., vol. 147, 
313–318, 2007. 

[4] D. Mohan, K. P. Singh, V. K. Singh, Wastewater treatment using low 
cost activated carbons derived from agricultural by products—A case 
study, J. Hazard. Mater., vol.152, 1045–1053, 2008. 

[5] M. Aliabadi, I. Khazaei, M. Hajiabadi, and S. Fazel, Removal of 
rhodamine B from aqueous solution by almond shell biosorbent, Journal 
of Biodiversity and Environmental Sciences, vol. 2, 39–44, 2012. 

[6] B. K. Singh and N. S. Rawat, Comparative sorption equilibrium studies 
of toxic phenols on flyash and impregnated flyash, Journal of Chemical 
Technology and Biotechnology, vol. 61, 307–317, 1994. 

[7] D. H. Lataye, I. M. Mishra, and I. D. Mall, Pyridine sorption from 
aqueous solution by rice husk ash (RHA) and granular activated carbon 
(GAC): Parametric, kinetic, equilibrium and thermodynamic aspects, 
Journal of Hazardous Materials, vol. 154, 858–870, 2008. 

[8] D. Mohan, K. P. Singh, S. Sinha, and D. Gosh, Removal of pyridine 
derivatives from aqueous solution by activated carbons developed from 
agricultural waste materials, Carbon, vol. 43, 1680–1693, 2005. 

[9] J. M. Salman, V. O. Njoku, and B. H. Hameed, Adsorption of pesticides 
from aqueous solution onto banana stalk activated carbon, Chemical 
Engineering Journal, vol. 174, 41–48, 2011. 

[10] I. Bhatti, K. Qureshi, R. A. Kazi, and A. K. Ansari, Preparation and 
characterization of chemically activated almond shell by optimization of 
adsorption parameters for removal of chromium (VI) from aqueous 
solution, International Journal of Chemical and Biological Engineering, 
vol. 1, 149–154, 2008. 

World Academy of Science, Engineering and Technology
International Journal of Materials and Metallurgical Engineering

 Vol:9, No:5, 2015 

479International Scholarly and Scientific Research & Innovation 9(5) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
at

er
ia

ls
 a

nd
 M

et
al

lu
rg

ic
al

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
5,

 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

01
22

6/
pd

f



 

 

[11] L. M. Cotoruelo, M. D. Marques, J. Rodriguez-Mirasol, J. J. Rodriguez, 
T. Cordero, Lignin-based activated carbons for adsorption of sodium 
dodecylbenzene sulfonate: Equilibrium and kinetic studies, J. Colloid. 
Interf. Sci., vol. 332, 39–45, 2009. 

[12] R. Aravindhan, J. R. Rao, B. U. Nair, Preparation and characterization of 
activated carbon from marine macro algal-biomass, J. Hazard. Mater., 
vol. 162, 688–694, 2009. 

[13] A. A. Nunes, A. S. Franca, L. S. Oliveira, Activated carbons from waste 
biomass: An alternative use for biodiesel production solid residues, 
Bioresour. Technol., vol. 100, 1786–1792, 2009. 

[14] S. Sumathi, S. Bhatia, K. T. Lee, A. R. Mohamed, Optimization of 
microporous palm shell activated carbon production for flue gas 
desulphurization: Experimental and statistical studies, Bioresour. 
Technol., vol. 100, 1614–1621, 2009. 

[15] S. Kumagai, Y. Noguchi, Y. Kurimoto, K. Takeda, Oil adsorbent 
produced by the carbonization of rice husks, Waste Manage., vol.27, 
554–561, 2007. 

[16] A. Aygun, S. Yenisoy Karakas, I. Duman, Production of granular 
activated carbon from fruit stones and nut shells and evaluation of their 
physical, chemical and adsorption properties, Micropor. Mesopor. 
Mater., vol. 66,189–195, 2003. 

[17] M. K. Sheikh, The Pomegranate, International Book, Lucknow, India, 
2006. 

[18] F. Muradoglu, M. F. Balta, K. Ozrenk, Pomegranate (Punica granatum 
L.) genetic resources from Hakkari, Turkey, Res. J. Agric. Biol. Sci., 
vol.2 (6), 520–525, 2006. 

[19] M. Olivares-Marin, C. Fernandez-Gonzalez, A. Macıas-Garcıa, V. 
Gomez-Serrano, Preparation of activated carbon from cherry stones by 
chemical activation with ZnCl, Appl. Surf. Sci., vol. 252, 5967–5971, 
2006. 

[20] D. Angın, E. Altintig, T. E. Kose, Influence of process parameters on the 
surface and chemical properties of activated carbon obtained from 
biochar by chemical activation, Bioresour. Technol., vol. 148, 542–549, 
2013. 

[21] J. M. V. Nabais, P. J. M. Carrott, M. M. L. R. Carrott, J. A. Menendez, 
Preparation and modification of activated carbon fibres by microwave 
heating, Carbon, vol. 42, 1315-1320, 2004. 

[22] W. Li, L. Zhang, J. Peng, N. Li, X. Zhu, Preparation of high surface area 
activated carbons from tobacco stems with K2CO3 activation using 
microwave radiation, Industrial Crops and Products, vol. 27, 341-347, 
2008. 

[23] H. Deng, L. Yang, G. Tao, J. Dai, Preparation and characterization of 
activated carbon from cotton stalk by microwave assisted chemical 
activation- Application in methylene blue adsorption from aqueous 
solution. Journal of Hazardous Materials, vol. 166, 1514-1521, 2009. 

[24] D.A. Jones, T.P. Lelyveld, S.D. Mavrofidis, S.W. Kingman, N.J. Miles, 
Microwave heating applications in environmental engineering- A 
review, Resources, Conservation and Recycling, vol. 34, 75-90, 2002. 
 
 

Seyma Nur Turkmen was completed education as 
Chemical Engineer at Yildiz Technical University in 
2013. She is M. Sc. student at same department of same 
university. She is working on improvement production 
methods of the activated carbon from various fruit peels. 
 

 
 
Azmi Seyhun Kipcak was graduated from Department 
of Chemical Engineering in Ege University in 2002. 
After completing the university studies he graduated 
from Bilgi University from the department of Master of 
Business Administration in 2004. He worked in Kultur 
University from 2003 to 2007 as a research assistant 
then he transferred to Yildiz Technical University at 

2008, where he started his M.Sc. studies about Chemical Engineering in 2006. 
He completed his M.Sc. studies at Yildiz Technical University in 2009 and 
Ph.D. studies in 2013. Now he is studying on different types of borate 
synthesis from different raw materials and wastes.  
 
 
 
 

Nurcan Tugrul was born in Gaziantep in 1973. 
Tugrul was graduated from B.Sc.,M.Sc. and Ph.D. in 
Chemical Eng. Department at Yildiz Technical 
University, Istanbul. Her research interest is in the area 
of chemical technologies, evaluation of industrial 
wastes, food drying. She has many articles and studies 
in international and national conference proceedings 
and articles. 

 
 

 
Emek Moroydor Derun was born in Istanbul in 1976. 
Moroydor Derun graduated from B.Sc. in 1998, M.Sc. 
in 2000 and Ph. D. in 2005 from Chemical Engineering 
Department at Yildiz Technical University, Istanbul. 
Her research interest is in the area of waste 
management, lightweight concrete, semi conductive 
materials and boron technology. She has many articles 
and studies in international and national conference 

proceedings and articles. 
 
 

Sabriye Piskin graduated from Istanbul Technical 
University on Chemical Engineering with M.Sc. 
degree in 1974. She completed a Ph.D. degree at the 
same department in 1983. Her research interests 
include boron minerals and compounds, hydrogen 
storage technologies, fuel cell applications, materials 
characterization, coal, waste management, corrosion, 
implants and synthetic materials production. She has 

more than fifty articles and eighty conference manuscripts pressed at the 
international area. 

World Academy of Science, Engineering and Technology
International Journal of Materials and Metallurgical Engineering

 Vol:9, No:5, 2015 

480International Scholarly and Scientific Research & Innovation 9(5) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
at

er
ia

ls
 a

nd
 M

et
al

lu
rg

ic
al

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
5,

 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

01
22

6/
pd

f


