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Abstract—Active carbon can be obtained from agricultural
sources. Due to the high surface area, the production of activated
carbon from cheap resources is very important. Since the surface area
of 1 g activated carbon is approximately between 300 and 2000 m?, it
can be used to remove both organic and inorganic impurities. In this
study, the adsorption of Zn metal was studied with the product of
activated carbon, which is obtained from pomegranate peel by
microwave and chemical activation methods. The microwave process
of pomegranate peel was carried out under constant microwave
power of 800 W and 1 to 4 minutes. After the microwave process,
samples were treated with H,SO4 for 3 h. Then prepared product was
used in synthetic waste water including 40 ppm Zn metal. As a result,
removal of waste Zn in waste water ranged from 91% to 93%.

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

1. INTRODUCTION

CTIVATED carbon which has highly developed porosity

and surface area is a black solid charcoal [1]. Using
physical method, chemical method or two methods together
can be produced activated carbon from lots of raw materials
such as coal, wood, industrial waste products and some
agricultural products [2]. Physical activation has two steps:
carbonization step (thermal decomposition of the raw
material) and activation step (the activation of the carbonized
structure) [3]. By the chemical activation, a raw material is
impregnated with an activating reagent and the impregnated
raw material is heated under an inert atmosphere. In industry,
zinc chloride (ZnCl,), phosphoric acid (H;PO,4) and potassium
hydroxide (KOH) are most commonly used chemicals [4].
Chemical activation is generally carried out at a lower
temperature and shorter time comparing with physical
activation. Chemical activation process is more effective for
development of a porous structure [5].

In literature it is reported that microwave process can be
used instead of pyrolysis [6]-[8]. Microwave heating has lots
of advantages, such as high heating rates, controllable and
selective heating; energy and time savings as compared with
conventional heating [9]. Microwave processes in pilot scale
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and industrial scale is very important for the production with
stability and purity of the extracts of plant materials [10], [11].
Several researchers studied the parameters such as;
temperature of decomposition, heating rates and requirement
for feedstock pre-processing (e.g. shredding or drying) with
microwave and convection heating [12]-[16].

All living organisms at food chain are affected from heavy
metals on industrial waste water which has severe toxicity.
Before waste water is released to environment, heavy metals
should be made to remove from waste water with aim of the
regulatory safe discharge standards [17]. Removal of heavy
metals from aqueous solution is performed with several
methods such as membrane separation, chemical coagulation,
adsorption, ion exchange, extraction, and chemical
precipitation [18]. Initial cost, simple design, and easy
operation are important for adsorption process [19]. Activated
carbon (as powder, granular or fiber) is the most widely used
adsorbent because of having large surface area, porous
structure, high adsorption capacity and large reactive surface
[20]. Among various heavy metals, Zn(I) is a common
pollutant in different industrial applications such as natural
ores, acid-mine drainage, galvanizing plants and municipal
waste water treatment plants [21].

In this study, the effect of microwave process is
investigated for the removal of Zn metals from aqueous
solution. First of all, pomegranate peel was subjected to 800
W microwave power for 1 to 4 minutes. Then the chemical
activation with H,SOy is conducted. Finally removal of Zn(II)
from waste water was measured by obtained activated
carbons.

II. EXPERIMENTAL

A.Materials and Method

Pomegranate peel was obtained from local juice bar. The
residual parts inside pomegranate peel in the end of juicing
process are discharged. After pomegranate peel was washed
with tap water, it was dried overnight at 70 °C. Then it was
grinded and eliminated from 20 mesh sieve. Dry pomegranate
peel was put into low density polyethylene bags.

The MW treatment of dry pomegranate peel was carried out
using a Robert Bosch HMT72G420 Microwave Oven which
has maximum power of 800 W with an operating microwave
frequency of 2.45 GHz (wavelength 12.2 cm).

Dry pomegranate peel (1 g) was put into two watch glasses
and placed in microwave oven. Microwave process was done
for 1 to 4 minutes. Process was carried out under constant
MW power (800 W) and air condition. At the end of
microwave process, samples were weighed and loss weight

76 1SN1:0000000091950263



Open Science Index, Environmental and Ecological Engineering Vol:13, No:2, 2019 publications.waset.org/10010046.pdf

World Academy of Science, Engineering and Technology
International Journal of Environmental and Ecological Engineering
Vol:13, No:2, 2019

was noted.

At this step, 3 ml of H,SO, was added for each 1 g of
pretreated samples. At the end of 3 h, it was rinsed with
deionized distilled water several times until pH 5.5. Same
chemical activation process was carried out for dry
pomegranate peel without microwave treatment. Product dried
over night at 105 °C.

Adsorption of Zn was examined by mixing 0.25 g of the
product with 40 ppm of Zn solutions (50 ml) at room
temperature (22+0.5 °C). Stirring speed and time were
selected as 500 rpm and 2 h, respectively. At the end of
adsorption experiment, solution was separated from activated
carbon by filter paper.

Characterization

Fourier Transform Infrared Spectroscopy (FTIR) spectra
with Universal ATR sampling accessory — Diamond / ZnSe
Crystal were recorded in the 1800650 cm™ region by a
Perkin Elmer Spectrum One (Fig. 1 (b)).

(b)

Fig. 1 (a) Perkin Elmer 35 Lambda UV/Vis Systems, (b) Perkin
Elmer Spectrum One FT-IR

III. RESULTS AND DISCUSSION

For measurement of equilibrium concentrations of Zn,
Perkin Elmer 35 Lambda UV/Vis Systems spectrophotometer
(Fig. 1 (a)) was used at wavelength 300 nm.

Results of Microwave Pre-Treated Samples

After microwave process, loss weight results of samples are
shown in Fig. 2.

International Scholarly and Scientific Research & Innovation 13(2) 2019

oy - (=] ] L2
= h = hn =

Weight loss (%)

tn

1 2 3 4

Microwave time (min)

Fig. 2 Weight loss of the samples with increasing microwave
treatment time

As shown in Fig. 2, loss weight depends on time of
microwave. Because of volatilization of some volatile
substances, loss weight can increase with increasing time.

Characterization of Activated Carbons

FTIR spectra and spectroscopic assignment of synthesized
activated carbons and raw material are shown in Fig. 3 (a).
Also FTIR spectra of commercial activated carbon are given
in Fig. 3 (b). The numbers used as symbol in Fig. 2 (a) are the
microwave times as min.

In Fig. 3 (a), transmittance peaks are approximately 1715
and 1595 cm™ of the wave number for activated carbon and
1014 cm” of the wave number for raw material. Also
commercial activated carbon has peaks about 1580, 1100 and
790 cm’. Also due to C=C tensions, many carbonaceous
materials make absorption in the region of approximately
1600 cm™ peak. The small peak at about 1700 cm™ results
from C = O tensions. Kinonik groups (1550-1680 cm™),
carboxylic acid (1665-1760 cm™) and lactones (1675-1790
cm’) show absorbance in this region. And in the FT-IR
spectrum of raw material, C—-O—-C (1057 cm™) tension is
observed.

In the FTIR spectra, all samples have similar bands. But
observed peak around 1000 cm” in the band of raw and
commercial material disappears in bands of the activated
carbons.

Results of Adsorption of Zn (I1) by Activated Carbon

In Fig. 4, the removal of zinc (II) solution with respect to
microwave treatment time is given. Numbers using for
synthesized activated carbon in Fig. 4 represent microwave
times.

As seen from the results the maximum absorption was
occurred at the 1 min microwave treated sample and the
minimum absorption was occurred at the 3 min microwave
treated sample.
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Fig. 3 FT-IR spectrum (a) synthesized activated carbon and raw material, (b) commercial activated carbon

IV. CONCLUSIONS In the future studies, firstly chemical agent then microwave

Activated carbon is most popular material for removal of ~ Process will be used to produce activated carbon.

heavy metals from waste water. For this reason, investigations
oriented reducing cost are continued. In recent years,
researchers have been directed towards production of activated
carbon with microwave energy due to advantage saving
energy and time.

In this study, H,SO4 was used as an activation agent after
the microwave pretreatment for pomegranate peel. And
obtained activated carbon was used for adsorption of Zn (II)
ions in the Zn solution. Although significant weight loss is
observed in the microwave process, there is substantially no
effect on the zinc removal. Produced activated carbon by
using only chemical activation is quite successfully for
adsorption.
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Fig. 4 Removal of Zinc (II) solution with respect to microwave
treatment time
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