Applied Water Science (2022) 12:271
https://doi.org/10.1007/513201-022-01797-y

ORIGINAL ARTICLE q

Check for
updates

Adsorption of acetic acid onto activated carbons produced
from hazelnut shell, orange peel, and melon seeds

ibrahim Metin Hasdemir'© . Emre Yilmazoglu' - Senem Giingér? - Belma Hasdemir®

Received: 1 February 2021 / Accepted: 18 October 2022 / Published online: 2 November 2022
© The Author(s) 2022

Abstract

In this study, hazelnut shells, orange peel, and melon seeds were selected as raw materials in the preparation of activated
carbon. Various activators at different concentrations under two activation temperatures of 300 °C and 500 °C were utilized.
All produced adsorbents and a commercial activated carbon as a reference were used for the adsorption of acetic acid from
its aqueous solutions in the various initial concentrations. The effect of the amounts of adsorbents was also studied. Removal
efficiencies (R.%) and adsorption capacities (Q,) were experimentally determined. Langmuir, Freundlich, and Temkin iso-
therms were modelled, and their parameters were calculated. The surface area, pore volumes, and average pore width of the
activated carbons were characterized by N, adsorption at 77.35 K using the BET, t-plot, and BJH methods, respectively. The
highest BET surface area of the activated carbon from hazelnut shells was obtained as 717.738 m?/g at 500 °C activation
temperature and 60% H;PO, concentration. SEM images and FTIR analyses were investigated. It was found that activated

carbons of hazelnut shells and orange peel showed higher efficiencies than commercial activated carbon.

Keywords Agricultural waste - Activated carbon - Adsorption - Chemical activation

Introduction

Activated carbon is the common name of carbonaceous
materials having a large surface area, high surface reactiv-
ity, and suitable pore structure. It is widely used not only as
an adsorbent for the removal of organic chemicals and metal
ions from air, gases, potable water, and wastewater, but also
as a catalyst or a catalyst support in the catalytic processes
(Yahya et al. 2015) Therefore, an activated carbon can play
important roles in the chemical, pharmaceutical, and food
industries. Although there is no limit for the raw materi-
als to produce activated carbon, cheap materials with lower
inorganic and higher carbon content are preferred. A raw
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material used for this purpose can be mineral, botanic, or
polymer-based. Particularly, wastes of agricultural materi-
als are highly favoured as raw materials (Alaya et al. 2000;
Singh et al. 2003; Ghorbani et al. 2020). In this way, some
of the wastes are removed during the low-cost production of
activated carbon (Muhammad et al. 2020; Belhamdi et al.
2016; Naushad et al. 2016). In the literature, there are many
studies on the production of activated carbon from vari-
ous agricultural wastes such as coconut husk (Kirubakaran
et al. 1991), rice bran (Suzuki et al. 2007), pomegranate seed
(Ucar et al. 2009), and nutshell (Hayashi et al. 2002). In the
previous study of our group, we investigated the removal of
biophenols from olive mill wastewater by activated carbon
(Senol et al. 2017).

The activation process is very important because of
determining the adsorbent characteristics. Production of
activated carbon is carried out with a physical or chemical
activation stage and a carbonization stage processing at
temperatures of 300—-800 °C under an inert atmosphere. In
the physical activation method, a raw material is treated
at high temperatures (800—1000 °C) under a CO, or steam
atmosphere. On the other hand, some compounds such
as H,PO,, H,SO,, ZnCl,, MgCl,, AICl;, KOH, K,CO;,
KC10;, NaOH, Na,CO;, and NH,C] are used in the
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chemical activation of raw materials (Ozsin et al. 2019;
Amirza et al. 2017; Saygili et al. 2015; Karaboyaci et al.
2017). According to the comparative articles, chemical
activation has many advantages in the preparation of acti-
vated carbon and adsorption processes. For example, car-
bonization occurs at lower temperatures, on larger surface
areas, in shorter times, and finishes with higher yields.
However, this kind of activation includes a washing stage
and can cause corrosiveness (Soleimani and Kaghazchi
2007; Gémez-Serrano et al. 2005; Ahmadpour et al. 1996).

In the point of acetic acid adsorption onto agricultural-
based activated carbons, there are some studies working
with maize cobs (Dina et al. 2012), sweet lemon peel, pine-
apple peel (Bhoy et al. 2018), watermelon peel (L6pez-
Velandia et al. 2014), Acacia nilotica (Elhussien and Isa
2015), and bitter leaf (Vernonia amygdalina) (Sintayehu
et al. 2016). According to earlier studies, adsorption
capacity grows with the adsorbent amount and initial acid
concentration at the first, but then it reduces significantly
because acid molecules aggregate onto adsorbent mate-
rial (Adekola et al. 2017). Interaction between sorbate and
sorbent systems is gravitational, and operation is heteroge-
neous and exothermic (Bi et al. 2008). In several studies,
Langmuir, Freundlich, Temkin, and Dubinin—Radushk-
evich isotherms were employed for adsorption of activated
carbon prepared from agricultural wastes (LOpez-Velandia
et al. 2014; Sintayehu et al. 2016; Chukwuemeka-Okorie
et al. 2021; Adekola et al. 2017; Zhanga et al. 2020).

In this study, we investigated whether hazelnut shell,
orange peel, and melon seeds are available as raw materi-
als to prepare activated carbons for recycling of acetic
acid from an aqueous medium, how activation parameters
such as temperature, type, and concentration of chemical
activator, adsorbent amount affect activated carbon yield
and adsorption capacity, and which adsorption isotherm
is useful for the processes. The specific surface area,
pore volume, and pore size of samples were investigated.
To determine the effectiveness of the activated carbons,
functional groups of the products were detected by FTIR
analyses. SEM images were used for the visualization of
surface porosities.

Materials and methods

Agricultural wastes used in this work were obtained from
different cities in Turkey. Hazelnut shells, orange peels,
and melon seeds were brought from Giresun, Fethiye, and
Adana, respectively. H;PO, and ZnCl, were purchased
from Merck Millipore and used as chemical activators
separately. Commercial activated carbon and glacial acetic
acid were also purchased from the same firm. Carbonization
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and activation processes were performed with an Elektro-
mag branded high-temperature furnace under a nitrogen
atmosphere.

Preparations of the raw materials

All raw materials were washed with distilled water to
remove the impurities, dried at room temperature, crushed,
and sieved into a particle size of 50—100 pm. After this pro-
cedure, they were stored in closed containers in a dry, cool,
and dark place.

Preparation of the activated carbons

Activated carbons were prepared in three ways. In one of
these ways, a chemical activator was not used. In the other
two ways, the effects of H;PO, and ZnCl, were investigated
as chemical activators on the carbonization and adsorption
processes.

Without activator

Subsieve particles of 100 um sieving of prepared raw mate-
rials were weighted at 20 g. One gram of each was carbon-
ized in the preheated furnace at temperatures of 300 °C and
500 °C under an inert atmosphere. During the one-hour
carbonization and the cooling after the carbonization, the
nitrogen flow rate was set to 50 mL/min. The cooled sam-
ples were washed with distilled water until their neutraliza-
tion and dried in an oven at 100 °C. Then, all samples were
sieved to 50 um, and subsieve products were stored.

With ZnCl,

The prepared raw materials were sieved to 100 um and
weighed at 20 g. One gram of each subsieve material was
wetted with 2 g of ZnCl,/water solutions prepared at the
concentrations of 30% and 60% (w/w). Wet mixtures were
dried in the oven heated up to 100 °C. Dry samples were
carbonized and cooled in the same way as the procedure
for activated carbon production without an activator. After
the operation, cool samples were washed with 0.5 M HCI
solution to remove excess ZnCl, and then distilled water
several times. At the end, all washed samples were dried
again, crushed, sieved to 50 um, and stored.

With H,PO,

Experimental procedure for activation of raw materials using
H,PO, to produce activated carbon was parallel to the pro-
cedure written above. However, the samples were washed
with only distilled water to clean from an excess activator
chemical.
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Adsorption of acetic acid

For the comparison of adsorption capacities of the produced
activated carbons, experiments were started with different
initial concentrations (4%, 6%, 8%, and 10% (w/w)) of ace-
tic acid. Four millilitres of each acid solution and 0.1 g of
each activated carbon were added into an Erlenmeyer flask.
All mixtures were shaken for 2 h in a water bath at ambi-
ent temperature until the equilibrium. The mixtures were
filtered with filter paper, and the filtrates were titrated with
0.1 N NaOH.

Characterization of the activated carbons

Specific surface areas of activated carbon samples were
determined with N,—BET method at 77.35 K using Quan-
tachrome Instrument NOVA 3200e. The BET surface areas
(Sger) of the activated carbon samples were calculated
from the N, adsorption isotherms using the BET equation
(Sger=S/m,, where S, is the total surface area and m, the
mass of the sample). The adsorption data were obtained in
a relative pressure, P/P,, range of 107 to 1. The micropore
volumes of the activated carbon samples were calculated by
applying the t-plot method. Besides, the total pore volume
(V,) and the average pore width of the samples were deter-
mined by using Barrett, Joyner, and Halenda (BJH) method.
The average pore width was calculated by assuming a cylin-
drical shape of pores from the BET surface area and pore
volume, d=4V,/Sger. The FTIR spectra were recorded using
an infrared spectrometer (Perkin Elmer100). Scanning elec-
tron microscopy (SEM) analysis of samples was performed
with FEI Quanta FEG-450.

Results and discussion
Activation yields

Activation yields for each raw material and experimen-
tal condition were calculated with Eq. 1 and are given

in Table 1. The higher temperatures bring lower yields.
The reason is the separation of volatile ingredients from
the raw materials during carbonization. According to
the yields, hazelnut shell has a lower amount of volatile
substances and a larger amount of carbon than other raw
materials. The yield also increased with the activator con-
centration due to the amount of the activator absorbed in
the raw material. Besides these, whether using an activator
and type of the activator affected the raw materials differ-
ently. In many instances, using an activator decreases the
yield at higher temperatures especially. A possible reason
for this case can be the volatility of activator chemicals. It
is seen that ZnCl, is useful for hazelnut shells and H;PO,
is useful for orange peel in general. On the other hand,
melon seeds were very unstable at 500 °C. As a result
of activation experiments, it was figured out that hazel-
nut shell is the most available agricultural waste with and
without an activator chemical. Temperature is the major
parameter. The activation stage processed at 300 °C gave a
better yield than at 500 °C. The concentration of the acti-
vator chemical comes after the temperature, but it affects
the yield positively in contrast to the temperature. Accord-
ingly, the hazelnut shell showed the best result (64.22%)
after the activation at the 300 °C with the ZnCl, activator
in the concentration of 60%.

Weight of produced activated carbon

Yield (%) = X
teld (%) Weight of raw material with activator

ey

Adsorption capacities

We selected four instances from Table 1 for the comparison
of activator types, concentrations, and temperatures for each
raw material and compared them with a commercial acti-
vated carbon. As another parameter of the process, the initial
concentration of acetic acid was also changed. Adsorption
capacity (Q,) and removal efficiency (R,) at the equilibrium
were calculated with Eqs. 2 and 3 and are presented in Fig. 1.

Table 1 Activation yields

Activator Concentration Temperature Yield (%)
%) ¢ Hazelnut shell Orange peel Melon seeds

ZnCl, 60 300 64.22 33.85 28.65
H,;PO, 60 300 56.18 35.08 31.48
ZnCl, 30 300 54.93 26.51 27.99
H;PO, 30 300 36.84 31.49 28.69
ZnCl, 60 500 27.52 22.40 9.49
H;PO, 60 500 23.33 23.20 25.71
ZnCl, 30 500 19.65 15.20 17.15
H,;PO, 30 500 21.88 21.66 8.42

@ Springer



271 Page4of13

Applied Water Science (2022) 12:271

16
14|75

0

13]78 = 40000

= 60000

= 80000

W 100000

Fig. 1 Removal efficiencies (%) of various activated carbons for different initial concentrations of acetic acid solutions (mg/L)—error bars repre-

sent standard errors
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Adsorption capacity (Q,) equals the amount of adsorbate
per unit weight of adsorbent at the equilibrium and its unit is
mg/g or mole/g depending on the concentrations of adsorb-
ate in the solution at the initial conditions (C,) and the equi-
librium (C,). Adsorbate concentrations are given with the
unit of mg/L or mole/L generally. V is the volume of the
adsorbate solution in the unit of L. It was used that g for the
adsorbent amount and mg for the adsorbate amount in this
study. Removal efficiency (R,) is a percentage that represents
the operation yield.

It was appeared that hazelnut shell-based activated car-
bon is more powerful than others for the adsorption. Acid
removal efficiencies of the adsorbents from hazelnut shell
and orange peel are higher for the diluted acid solutions
in all processes. Maximum efficiencies were 14.75% and
13.78% for hazelnut shell and orange peel processed with
H;PO, activator in the concentration of 60% at the tempera-
ture of 500 °C for 4% initial concentration of acid solution,
respectively. The adsorbents prepared in this condition have
better efficiencies than the commercial material.

It seems that hazelnut shell is a better raw material to
produce activated carbon and the removal of acetic acid.

@ Springer

The temperature of carbonization and concentration of acid
solution have important roles in the operation. The effi-
ciency of the adsorption is related to temperature directly
but to saturation adversely. These behaviours are alike to the
knowledge from early studies (Dina et al. 2012; Sintayehu
et al. 2016; Adekola et al. 2017; Mundhe et al. 2015). The
type of activator chemical shows different effects on various
raw materials.

Carbonization temperature was the major parameter
of the adsorption stage. Processing at the temperature of
500 °C gave better results by a wide margin in just the same
way as in activation yield. In fact, removal efficiency has
a higher value in this case because a very porous structure
forms while volatile compounds are vanishing. For this rea-
son, adsorption capacities and removal efficiencies are going
up at the higher temperatures.

With regard to chemical activators, H;PO, is a prefer-
able compound for first two raw materials at the same tem-
peratures. A high concentration of the activator affected the
efficiency positively in general due to the same way of the
temperature. On the other hand, ZnCl, is more useful for
activation of melon seeds. Melon seeds are also different
from those in the view of the initial acid concentration. It
was determined that removal efficiencies of activated car-
bons from melon seeds did not affect from initial concentra-
tions of the acid solution.

Effect of the adsorbent weight was studied for acti-
vated carbon produced from hazelnut shell (Fig. 2). The
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Fig.2 Removal efficiencies (R,) and adsorption capacities (Q,) for
different adsorbent amounts

experiment which we used 0.1 g of activated carbon has
the minimum removal efficiency (14.75%) but the maxi-
mum adsorption capacity (590 mg/g). With the increase
of adsorbent amount, higher percentages were achieved.
The efficiency remained at the same value (43.3%) for
the adsorbent after 0.9 g. On the other hand, adsorption
capacity decreased. In our studies, the amount of the acetic
acid adsorbed was 590 mg onto 0.1 g of adsorbent, while
1772 mg of acetic acid molecules adsorbed onto 1 g of
adsorbent. Briefly, the more amount of adsorbent gets the
more amount of adsorbate until removal efficiency remains
unchanged. The results in this topic are matching with those
in the literature (Sintayehu et al. 2016; Adekola et al. 2017).

Adsorption isotherms

According to the Langmuir isotherm, a monolayer of adsorb-
ate occurs in some places of adsorbent and there is no energy
transfer between adsorbate molecules on the surface. It is
useful to explain the transportation of metal ions between
liquid and solid phases. Langmuir isotherm is given by:

On XK XC,

R FYTo @

A linear form of the equation is

&—;+LXC 5)
Qe QmXKL Qm ¢

or

l1__ 1

Qe B QmXKLXCe Qm (6)

where Q,, is the monolayer adsorption capacity (mg/g or
mol/g), K; is a constant related to the free energy of adsorp-
tion, and meanings of other terms are same with in the cal-
culation of the adsorption yield.

A dimensionless separation factor is denoted with R; and
calculated with Eq. 7.

R — 1
LT 1+ 0, %K, @)

Langmuir isotherm is favourable for an adsorption pro-
cess and has an R value between 0 and 1. If R| is greater
than 1, Langmuir isotherm is unfavourable. Besides, R; =0
indicates irreversible adsorption and R; =1 indicates linear
adsorption.

Freundlich isotherm is used for adsorption onto the het-
erogeneous surface and expressed that the adsorption rate
reduces from the beginning of adsorption to the equilibrium
due to saturation of adsorbate. Its equation is

Q. =Kpgx C/" 8)

and when we take its logarithm, it transforms into
log Q. = log K + 1 X log C, 9)
n

In this Eq. (9), K and 1/n are constants about the rela-
tive adsorption capacity of an adsorbent and intensity of the
adsorption, respectively. In the case of 1/ equal to 1, the
distribution of adsorbate among the phases is independent
of the concentration. 1/n is less than 1 for normal adsorption
and bigger than 1 for cooperative adsorption.

Temkin isotherm is another widely used adsorption iso-
therm. However, this isotherm overlooks the very lower and
higher concentrations. It is stated that the heat of adsorption
decreases linearly. It is expressed with the equation of

_RxT

T

0. X In (K x C,) (10)

to simplify the equation,

RXT
B= b (1)
Then,
Q. =BXIn (KT) + B X In(C,) (12)

where R is 8.314 I xmol™' xK~!, T is the temperature in
Kelvin, by is the Temkin isotherm constant for a sorb-
ate—sorbent system, and K is the Temkin isotherm constant
about uniform binding energy (Dada et al. 2012; Alade et al.
2012).

In the light of the knowledge above, we illustrate Lang-
muir, Freundlich, and Temkin isotherms for acetic acid
adsorption onto three activated carbons in Figs. 3, 4, and
5, respectively.

It is explained that a single layer of the adsorbate mol-
ecules occurs onto adsorbent by Langmuir isotherm. The
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Fig.3 Langmuir isotherms
of acetic acid adsorptions
onto three activated carbons
after four different activation
processes

Fig.4 Freundlich isotherms
of acetic acid adsorptions
onto three activated carbons
after four different activation
processes

isotherm supposes that heat of energy distributes homogene-
ously and there is no energy transfer between adsorbate mol-
ecules. As can be seen from Table 2, R values of Langmuir

@ Springer
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isotherms which drew for hazelnut shell have higher values
but maximum adsorbate amount adsorbed until the equilib-
rium was nearly same for first two raw materials. However,
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Fig.5 Temkin isotherms of ace- 350
tic acid adsorptions onto three
activated carbons after four dif-
ferent activation processes 300
250
E 200
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E
[
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e CAC
Table2 Adsorption isotherms Langmuir Ry Freundlich Temkin
Oum K R? Kg n R? B Ky R?

a, 38461 1.03x107 0931 0996 0213 1.682 0986 88.446 8.99x10™ 0.960
a, 23256 3.98x107° 0.997 0.991 6.80 3478 0996 46.129 553x10™* 0.991
a; 31250 2.54x107° 0922 0992 691 2.777 0.839 69.008 2.62x10™* 0.837
a, 43478 3.95x107° 0981 0983 0.155 2868 0.882 98377 3.59x10™* 0.898
b, 357.14 4.25x107 0.543 0998 0.014 1261 0957 59.385 5.90x10™ 0.907
b, 196.08 1.72x107 0918 0.997 0275 1872 0.891 50455 121x10* 0914
b, 31250 1.15x107 0.908 0.096 0.133 1.607 0.939 75.643 9.13x107 0.959
b, 476.19 229x107 0942 0.089 2.36 2313 0918 116670 1.82x10™* 0.906
¢, 476.19 241x107° 0.173 0999 0.007 1212 0.905 54205 5.34x10° 0.884
¢, —1250 —1.03x107° 0.043 0999 0.0004 0.902 0920 89.257 4.56x107° 0.959
c;  250.00 4.10x107 0975 0494 0.019 1353 0991 48.089 6.63x107 0.999
¢, —1666 7.86x107° 0210 0.998 0.0008 0.903 0.976 169.700 4.47x10° 0.994
d 344.83  2.12x107° 0.861 0.993 237 2.058 0.793 74,583 221x10™* 0.773

*Hazelnut shell

®Orange peel

“Melon seeds

dCommercial activated carbon
1 With 30% ZnCl, at 300 °C
,With 60% ZnCl, at 300 °C
;With 60% H;PO, at 300 °C
4With 60% H;PO, at 500 °C
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the isotherm has no meaning for adsorption onto activated
carbon from melon seeds. Therefore, it can be declared that
acetic acid molecules do not occur a single layer on melon
seed-based activated carbons.

Freundlich and Temkin isotherms of all experiments have
R? values between 0.90 and 1. It is understood that the pres-
sure is an important factor for the saturation in the experi-
ments. According to Table 2, Freundlich isotherms drew
for hazelnut shell have bigger n values. It means that sorp-
tion surface is very heterogeneous. Sorption process on the
material needs more energy because its K values are bigger
which means that binding energies are higher.

It is found that adsorption capacity is related to many
parameters strongly. Thus, a specific sorbate—sorbent sys-
tem can be in accordance with different isotherms in various
conditions. In some experiments, process might be finished
even though equilibrium has not consisted. In that case, the
situation causes unrealistic shaped isotherms.

Nonetheless, our findings about heterogeneity of the sorb-
ate—sorbent systems, tendency to gravitational interaction,
and Langmuir separation factors (R| ) are in a similar manner
with the literature (Elhussien and Isa 2015; Sintayehu et al.
2016; Bi et al. 2008).

BET analyses of the produced activated carbon

In this study, it was seen that activated carbons from hazel-
nut shells showed better removal efficiencies than the acti-
vated carbon from orange peel and melon seeds. For this
reason, BET surface area measurements of activated carbons
from hazelnut shells were carried out. BET surface area,
total pore volume, and micropore volume of the activated
carbons prepared at different conditions are given in Table 3.
It was observed that the samples impregnated with 30%
H,PO, solution at 300 and 500 °C had lower values of sur-
face area (Table 3, entries 1 and 3). In addition, the samples
carbonized at 300 °C gave relatively lower results (270.872
m?/ g). The activated carbon from the hazelnut shell, which
was impregnated with 60% H,PO, and carbonized at 500 °C,
had the highest BET area, 717.738 m?%/g. The specific sur-
face area of commercial powdered activated carbon used
in this study is Sgpp>800 m*/g. It was determined that the

Table 3 Surface properties of the activated carbons from hazelnut shell

BET surface area values increased as the H;PO, concentra-
tion and carbonized temperature increased (Table 3, entry
4). Micropore volume and total pore volume were similarly
increased. As it is shown in Table 3, as the activation tem-
perature increased, micropore volumes increased. However,
the effect of H;PO, concentration was lower on micropore
volume. The N, adsorption isotherms of activated carbons
prepared with different H;PO, concentrations and activation
temperatures are shown in Fig. 6.

In the literature, it was shown that using higher concen-
trations of phosphoric acid in the impregnation process
resulted in higher BET surface areas but likely tended to
decrease after the maximum point was reached. Besides,
activation temperature is an important parameter of the
BET surface area. Studies have shown that as the activa-
tion temperature increases, the surface area increases but
decreases at very high temperatures. The maximum activa-
tion temperature is usually reported as 500 °C. The decrease
in surface area above 500 °C may be due to the degradation
of the phosphate and polyphosphate bridges or precipita-
tion of the obtained carbon samples. (Yang et al. 2011; Guo
and Rockstraw 2006; Patnukao and Pavasant 2008; Demi-
ral and Samdan 2016). Although the surface area of acti-
vated carbon is generally between 400 and 1000 m?/g, this
value may change in special-purpose productions (Morgan
and Fink 1989). In a study by Kumas and Sayin, the high-
est BET surface area was obtained as 1071.29 m*/g for the
material carbonized at 500 °C and 65% H;PO, (Kumas and
Sayin 2016). Cuhadar (2005) investigated the pore struc-
tures and surface areas of activated carbons produced from
hazelnut shells at relatively low temperatures (300, 400, and
500 °C) and for different H,PO, concentrations (30, 40, 50,
and 60 wt%). It was determined that the sample impreg-
nated with 60% H;PO, and carbonized at 400 °C had the
highest BET area of 596 m?/g (Cuhadar 2005). Ozer and
Cam (2002) produced activated carbon from sugar beet pulp
treated with H,PO, (30%) and carbonized at different tem-
peratures (300-500 °C). The highest BET value (104.6 m?
/g) was obtained when the carbonization temperature was
500 °C (Ozer and Cam 2002). In another study by Yagsi,
the surface area of activated carbon produced from apricot
stones by chemical activation technique using phosphoric

Entry  Concentration  Activation tem- Cumulative Average Micropore Specific surface

%wt HyPO ture (°C S ¥l
(%wt H;PO,) perature (°C) Surface area of Volume of pore width (nm)  Volume t-plot (cm®/g) area (Sper) (m7g)
pore (m?/g) pore (cm’/g)

1 30 300 76.756 0.0391 2.0376 0.0139 270.872

2 60 300 143.378 0.0895 2.4970 0.0144 317.418

3 30 500 149.013 0.0992 2.6628 0.0891 481.462

4 60 500 272.884 0.1983 2.9067 0.1573 717.738
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Fig.6 N, isotherms for differ-
ent H;PO, concentrations and

activation temperatures 250
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Fig.7 SEM images of activated carbons from (above) hazelnut shell and (below) orange peel a untreated, b treated with ZnCl,, and ¢ treated

with H;PO, in the concentrations of 60%.
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acid was investigated and the highest BET area was found
at 709 m?/g at 500 °C (Yagsi 2004). The results obtained in
this study are similar to those obtained by other researchers.

SEM analyses of the produced activated carbon

Images of the raw materials and products were taken by
scanning electron microscopy (SEM) and examined their
pore structures. SEM images of hazelnut shell and orange
peel taken before the activation processes are shown in
Fig. 7a. In Fig. 7b, ¢, SEM images of the activated carbons
produced from hazelnut shells and orange peel using ZnCl,
and H;PO, chemical activators in the concentration of 60%
are also shown. The differences in the morphology of the
untreated and treated materials were observed clearly. Sur-
faces of untreated raw materials were found to be highly
regular except for a few cracks. Figure 7b, ¢ shows that pores
and pinholes with a wide range of dimensions occurred with
the effects of the activation processes, and in particular, the
adsorbent in Fig. 7c had high surface areas.

Hazelnut shell and orange peel raw materials resulted
in better yields during the activation stages than the melon

M
ara
| \

gl

65.0. s - = - |
4000.0 3000 2000 1500 1000 650.0
cm-1

(a)

seeds. Although the highest yields were observed at the
temperature of 300 °C with two activator chemicals in con-
centrations of 60%, it was determined that the surface area
increased at 500 °C in SEM images. There is an inversely
proportional interaction between carbon yield and surface
area. This observation is supported by the BET surface
area of the activated carbon. In addition, these results are in
agreement with the literature data (Kumag and Sayin 2016;
Cuhadar 2005).

FTIR analyses of the activated carbon

FTIR spectrum analyses of untreated and treated hazelnut
shells were used to determine the chemical bonds of the
raw materials (Figs. 8, 9). The differences were observed
in the major functional groups of the raw materials in addi-
tion to the physical structure. Figure 8 shows FTIR spec-
trums of the materials untreated and treated with ZnCl, in
the concentration of 30% (w/w). The broad band at nearly
3300-3400 cm™! shows the presence of O-H stretching
vibration of alcohol, phenol, or carboxylic acid. The band
between 2700 and 2900 cm™! represents C—H stretching
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Fig.8 FTIR spectra of the hazelnut shell sample a before activation and b after ZnCl, activation
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Fig.9 FTIR spectra of the hazelnut shell sample a after 30% H;PO, activation and b after 60% H;PO, activation

vibration in the methyl group. The band at 1700 cm™!
shows C=0 vibrations from carbonyl compounds (esters,
ketones, or carboxylic acids). The strong band at about
1600 cm™! can be assigned to C=C aromatic ring stretch-
ing vibration. Another strong band at 1200 cm™! can be
caused by from C-O stretching vibration of alcohols, ali-
phatic ethers, and phenols. It was observed that the peaks
at 1700 cm™! and 1600 cm™' weakened and the bands at
3300 cm™', 2700-2900 cm™', and 1200 cm™" became more
noticeable after being treated with ZnCl,.

Figure 9 shows the FTIR spectrums after the activation
with H;PO, in two different concentrations. The spectra
are approximately very similar for two different concentra-
tions. The peaks at 900—1200 cm™! represent the hydro-
gen-bonded P=0, O-C stretching vibrations in P-O-C
linkage, and P=0O (OH). It was observed that some bands
(3300 cm™! and 1700 cm™!) in the active carbon without
an activator disappeared or weakened after the activation
with H;PO,.

Conclusion

Activated carbon has a wide range of usage as a natu-
ral adsorbent. In this study, the removal of acetic acid
from an aqueous medium was accomplished using acti-
vated carbons prepared from hazelnut shells, orange peel,
and melon seeds. The maximum removal efficiency was
found at 14.75% with the hazelnut shell which was acti-
vated using 60% H;PO, at 500 °C (Fig. 1). Both activated
carbons from the hazelnut shell and orange peel showed
better removal efficiencies than the commercial activated
carbon. We found that activation yield was affected by
the carbonization temperature negatively because of vola-
tile compounds and from the concentration of activator
chemicals positively due to the increasing weight of raw
material. Removal efficiency increased with the increasing
temperature in contrast to the increasing initial acid con-
centrations. At higher temperatures, volatile compounds
of raw materials moved away from the materials under
activation and a higher extent of porosity was achieved.
Higher concentrations of the activator chemical resulted in
higher adsorption capacities. Morphologies of adsorbents
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were observed in the SEM images, and the FTIR analy-
ses of the materials showed the presence of phosphoric
acid groups. The specific surface areas of activated car-
bon samples from hazelnut shells were determined with
the N,—BET method. The highest BET surface area of the
activated carbon was obtained as 717.738 m?/g at 500 °C
activation temperature and 60% H;PO, concentration.
Adsorption capacity increased with rising the adsorbent
amount; however, removal efficiency decreased. Effects of
the activator chemicals had a great effect on the adsorp-
tion isotherms and efficiencies of sorbent—sorbate systems.
According to the isotherms, it was understood that acetic
acid molecules do not occur monolayer onto activated car-
bon produced from melon seed and binding energies are
higher onto heterogeneous surface of hazelnut shell based
activated carbon especially.
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