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ABSTRACT

One of the major pollutants in water resources are organic dyes that are widely used by different industries. Methylene blue (MB)
is one of them which is quite harmful for aquatic life. This pollutant must be removed with proper methods. Adsorption is one of
the most popular methods because of its high purification yield and known as a cost effective process if the sorbent is inexpensive.
In this study, biochar which is used as an adsorbent has been produced from hazelnut shells used as the raw material. Chemical,
thermal and surface characteristics of raw hazelnut shell were investigated by FT-IR, TG/DTG, SEM and elemental analysis.
Biochar characteristics were determined by FT-IR, BET and SEM analysis. The effect of different adsorption parameters such as
pH, initial dye concentration, contact time, adsorbent dosage and temperature on the adsorption of MB onto hazelnut shell char
were examined in batch experiments. The equilibrium of adsorption was modeled using Langmuir and Freundlich isotherm models.
The maximum adsorption yield of MB was found to be 83% at pH 4.0, adsorbent dosage of 4 g/L, contact time of 300 min., initial
dye concentration of 15 mg/L and temperature of 45 °C. In addition, the Freundlich isotherm was found to be the best fitting
isotherm model for the adsorption process. The pseudo-first-order and pseudo-second-order kinetic models were applied to the
experimental data and thermodynamic parameters such as Gibbs free energy, enthalpy and entropy were determined.

Keywords: Adsorption, methylene blue, hazelnut shell, carbonization, biochar.

Findik Kabugundan Biyokomiir Hazirlanmasi ve
Karakterizasyonu ve Metilen Mavisi Boya I¢in
Adsorpsiyon Ozellikleri

0z

Su kaynaklarindaki en biiyiik kirleticilerden biri, farkli endiistriler tarafindan yaygin olarak kullanilan organik boyalardir. Metilen
mavisi bunlardan biri olup, sucul yasam i¢in olduk¢a zararlidir. Bu kirletici uygun yontemlerle uzaklastirilmalidir. Adsorpsiyon,
yiiksek saflagtirma verimi nedeniyle en popiiler yontemlerden biridir ve sorbent ucuz oldugu takdirde uygun maliyetli bir islem
olarak bilinmektedir. Bu ¢alismada, adsorbent olarak kullanilan biyokomiir, hammadde olarak kullanilan findik kabuklarindan
dretilmigtir. Ham findik kabugunun kimyasal, termal ve yiizey oOzellikleri FT-IR, TG/DTG, SEM ve elementel analiz ile
arastirilmustir. Biyokomiiriin 6zellikleri ise FT-IR, BET ve SEM analizi ile belirlenmistir. Metilen mavisinin findik kabugundan
iiretilen komiir lizerine adsorpsiyonuna pH, baslangi¢ boya konsantrasyonu, temas siiresi, adsorbent miktar1 ve sicaklik gibi farkli
adsorpsiyon parametrelerinin etkisini belirlemek icin kesikli deneyler gerceklestirilmistir. Adsorpsiyon dengesi Langmuir ve
Freundlich izoterm modelleri kullanilarak modellenmistir. Metilen mavisi i¢in maksimum adsorpsiyon verimi; pH 4.0’ de, 4 g/L
adsorbent miktarinda, 300 dakika temas siiresinde, 15 mg/L baslangic boya konsantrasyonunda ve 45 °C’de %83 olarak
bulunmustur. Buna ek olarak, Freundlich izoterminin adsorpsiyon islemi ig¢in en uygun izoterm modeli oldugu bulunmustur.
Deneysel verilere yalanci birinci derece ve yalanci ikinci derece kinetik modeller uygulanmis ve Gibbs serbest enerjisi, entalpi ve
entropi gibi termodinamik parametreler belirlenmistir.

Anahtar Kelimeler: Adsorpsiyon, metilen mavisi, findik kabugu, karbonizasyon, biyokomiir.

1. INTRODUCTION
Today, over 100,000 synthetic dyes are used

because of they contain hazardous organic substances at
high levels. When considered the residual amount of dye

commercially and 700,000 tons of dye is produced
annually. These synthetic dyes are widely used in textile,
paint, paper, printing, food, plastics and cosmetics
industries and cause serious environmental problems
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used in these industries, environmentally importance of
coloured wastewater come out [1, 2]. The presence of
dyes in water, even at very low concentrations, represents
a serious problem due to their negative ecotoxicological
effects and bioaccumulation in wildlife [3]. Methylene
blue which is the most commonly used substance for
dyeing cotton, wood and silk is one of them. It has
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harmful effects on living organisms on short periods of
exposure [4].

There are many processes available for the removal of
dyes by conventional treatment technologies such as
chemical, biological and photocatalytic oxidation,
coagulation-flocculation, filtration, adsorption,
membrane separation and ion-exchange [5]. Amongst
these techniques, adsorption which is an environmentally
friendly and cost effective procedure is widely
acknowledged as the most efficient method because of its
ability to remove toxic pollutants from aquatic systems
[6]. Activated carbon is the most commonly used
adsorbent for dye removal by adsorption because of its
large surface area, microporous structure and high
adsorption capacities [7]. Especially it is very effective
for the adsorption of cationic dye, mordant and acid dyes
[8]. The biggest disadvantages of commercial activated
carbon is its relatively high cost. Therefore, many
researchers has focused on the inexpensive alternative
substitutes to commercial activated carbon.

Lignocellulosic materials such as almond, coconut,
walnut and hazelnut shells, apricot, olive and cherry
stones, rice husk, sawdust are very good precursors
because of their availability, cheapness and physico-
chemical characteristics for the production of carbon
adsorbents based on agricultural wastes [4, 9-11]. The
choice of a precursor for the production of effective
biochar by pyrolysis or carbonization of raw material is
based on low cost, high carbon and low inorganic content
because of during carbonization process organics
contained in raw material are changed into primary
carbon, tar and ash [10, 12].

In this study, hazelnut shell which is the one of low cost
agricultural waste by-products was utilized as the raw
material for the production of biochar by carbonization
process and its adsorption capacity for removal of
methylene blue from aqueous solution was evaluated.
Contact time (up to 550 min), temperature (25-45 °C),
pH of solution (2-10), adsorbent dosage (1-4 g/L) and
initial concentration of dye solution (15-45 mg/L) were
considered as variables for the adsorption experiment.
The equilibrium of adsorption was modeled using
Langmuir and Freundlich isotherm models.

2. MATERIAL AND METHOD
2.1. Materials

Hazelnut shell used as the raw material is one of the
highly available cellulosic agricultural wastes in Turkey.
In this study, the sample of hazelnut shell (HS) was
obtained from the province of Ordu which is located in
the north of Turkey. HS was composed of lignin (43%),
hemicellulose (30%), cellulose (26%) and extractive
substance (1%). The sample was dried by standing for 12
hours at a temperature of 70 °C (UNITERM, mst 55). The
dried sample was reduced in size by passing it through a
stainless steel blade mill (Waring, USA). Those with
dimensions less than 250 um were used in experiments.

Methylene Blue (MB) dye used in this study was
purchased from Merck which was of analytical grade and
it was used without further purification. The detailed
information of MB is given in Table 1.

Table 1. Details of the dye used

Dyestuff Basic Blue 9 (BB 9)
TUPAC Methylthioninium chloride, 3,7-
Name Bis(dimethylamino)phenothiazinium chloride,
Tetramethylthionine chloride
Commercia | Methylene Blue (MB)
1 Name
C.L 52015
Number
Appearance | Dark green crystalline powder
Empirical C16HsCIN;S
Formula
Molecular 319.86 g/mol
Weight
Molecular N
Structure =
HsC. + CH
N S N
| |
CHs ClI~ CHs

Amax 663 nm

2.1.1. Characterization of raw material

Proximate analysis of the sample was carried out using
an ash furnace (E871, D1102-84). For the determination
of the volatile matter of the hazelnut shell, the sample was
placed in a preheated ash furnace at 950+5 °C for 8-10
minutes and analysis was performed. Ultimate analysis
of raw hazelnut shell was performed on the LECO brand
CHNS-932 model analyzer. Quantities C, N, H and S
were measured simultaneously. The ash content of the
hazelnut shell was analyzed at 250 °C for 3 hours and 550
°C for 3 hours. An oxygen bomb calorimeter (e2k) was
used when the upper thermal value was determined.

FT-IR spectra of raw hazelnut shell was recorded by
Perkin Elmer USA FT-IR spectrometer between 400 cm
'and 4000 cm™.

Thermal behaviors of crude hazelnut shell sample was
examined by TG, DTG analyzes TA brand and
DMAQS800 model thermal analyzer. TG and DTG curves
were recorded under the specified conditions (Heating
rate: 10 °C/min, Heating range: 30-800 °C).

Scanning electron microscopy (SEM) analysis of the
hazelnut shell was carried out to examine its surface
morphology by using FEI/Quanta 450 FEG.

2.2. Preparation of Hazelnut Shell Char (Pyrolysis
Experiment)

10 g of sample was placed in the chamber and the
pyrolysis of the hazelnut shell was carried out in an
electric heated pyrolysis reactor with a volume of 600
cm®. Pyrolysis experiments were conducted by passing
inert nitrogen gas at a heating rate of 10 °C/min at a flow
rate of 100 mL/min at temperatures of 400, 500 and 600
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°C. The reactor temperature was supplied by the heat-
couple placed inside the reactor from the top of the
furnace. After the pyrolysis temperature reached the
desired values, it was held at the desired temperature for
60 minutes so that the pyrolysis process could be
completed and then the experiment was terminated.
Pyrolysis experiments were performed in two times to
examine the reusability. The value of mean standard
deviation (SD) was 0.15 for reproducibility of
carbonisation experimental data. This value indicated
that all results exhibited the advantages of high
reproducibility and good reusability.

2.3. Characterization of Hazelnut Shell Char

The BET surface area was obtained from nitrogen
adsorption  isotherms at 77 K by using
Quantachrome/IQ-Chemi Surface Area Analyzer. Prior
to gas adsorption measurement, the sample was degassed
at 200 °C under vacuum for 12 h. The adsorption datas
were obtained in a relative pressure. The BET surface
area was calculated from N, adsorption isotherms by
using Brunauer-Emmett-Teller (BET) equation.

Scanning electron microscopy (SEM) analysis of the
hazelnut shell char was carried out to examine its surface
morphology and porosity by using FEI/Quanta 450 FEG.
For the observation of surface microporous structure,
prior to scanning the samples were coated with a thin
layer of gold to make it conductive.

FT-IR spectra of hazelnut shell char was recorded by
Perkin Elmer USA FT-IR spectrometer between 400 cm”
'and 4000 cm!.

2.4. Batch Adsorption Experiments

To determine the applicability of produced hazelnut shell
char as an adsorbent for water treatment, the batch
adsorption experiments were performed using MB dye as
the adsorbate. The dye stock solution (250 mg/L) was
prepared by dissolving accurately weighed quantity of
the dye in distilled water and all working solutions for the
dye sorption experiments were obtained by diluting the
stock solution with distilled water to the desired
concentration. Batch equilibrium adsorption studies were
performed using 250 mL of dye solutions. Parameters
affecting the adsorption process such as pH (2-10),
adsorbent dosage (1-4 g/L), initial dye concentration (15-
45 mg/L), contact time (up to 550 min) and temperature
(25-45 °C) were studied in a batch system. pH of the
solutions was adjusted by 0.1M HCI and 0.1M NaOH
solutions. In each adsorption experiment, the mixtures
were agitated in a water bath shaker at 150 rpm. The
samples were collected at predetermined time intervals
and adsorbent separated from the samples by filtering.
The filtrate was analyzed by a UV-visible
spectrophotometer (Thermo, Genesys 10S) at Amax to
determine the residual dye concentration. Based on the
acquired values, the amount of dye adsorbed per unit
mass of the adsorbent (q.) was calculated according to the
following Equation (1) and the adsorption yield was
calculated by using the Equation (2) [13, 14].

14
ge= (CoC)x % (1)
Dye Removal (%) = ““C—“” x100 )
0

where q. is the amount of adsorbed dye per gram of
adsorbent (mg/g), C, and C are the initial and final dye
concentration in solution phase, respectively (mg/L), V
is the volume of dye solution (L) and m is the weight of
adsorbent (g).

In order to ensure the reproducibility of the results, all the
adsorption experiments were performed in triplicate and
the average values were used in data analysis. Relative
standard deviations were found to be within + 2%.

3. RESULTS AND DISCUSSION
3.1. Characterization of Hazelnut Shell

The proximate and ultimate analysis and higher heating
value of hazelnut shell are shown in Table 2, taken after
drying the samples at 70 °C.

As seen in Table 2, HS has a high content of volatile
matter (84.22%) which can be regarded as suitable for
pyrolysis processes [15]. Another important property,
ash content, is small in HS (1.32%). High ash content is
a disadvantage because it causes the sample not to burn
well enough to accumulate [15-17]. The S and N contents
of the raw material in the literature varied between 0-4.1
and 0.1-12.2, respectively [17]. According to ultimate
analysis results of N (1.09%) and S (1.67%) contents are
low. Low N and S contents are important because higher
N and S contents can cause toxic NOyx and SOx emissions
during disposal [15, 17]. Because of with high volatile
matter and low ash content, hazelnut shell may be
considered as a suitable precursor for preparing biochar.
The thermal value of HS was calculated to be 18.79 MJ
kgl

Table 2. Proximate and ultimate analysis of hazelnut shell
(dry, ash-free basis)

Proximate analysis (W/w %) Hazelnut shell
Moisture 2.83
Ash 1.32
Volatile matter 84.22
Fixed carbon” 14.46
Ultimate analysis (w/w %)
C 47.77
H 5.82
N 1.09
S 1.67
o 43.65
Higher heating value MJ kg™’ 18.79

*By difference
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FT-IR spectra of HS are shown in Figure 1. When the FT-
IR spectra of the raw hazelnut shells are examined, the
broad vibration at 3,341 cm™ is the O-H stretching
vibration of the water. The peaks observed between
2,933-2,862 cm! are C-H tensile vibrations of aliphatic
hydrocarbons. In the spectrum, the strong peak of the
C=0 asymmetric stretching vibration is observed at
about 1,618 cml. This peak shows that the compounds
are of aldehyde, ketone and acid groups. The peaks
observed between 1,410-1,315 cm’! indicate the C-H
bending vibration of the aliphatic hydrocarbons [18-20].

other components, the decomposition reactions of these
components proceed at the same time. However, it shows
that the most resistant component of wide peak
lignocellulosic ~ biomass  observed is  lignin
decomposition. The results are consistent with the
decomposition curves of lignocellulosic biomasses such
as sugarcane bagasse, corn cobs, pine wood, rice husks,
etc., which have previously been reported in the literatiire
[22-24].

0.08 -
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0.04 1

0.02 1

Absorbance

2E-17
4000
-0.02 -

3400 2800 2200 1600 1000 400

Wavenumber (1/cm)

100 A (a)

80 A

TGA %
-
S S

0 200 400 600 800
Temperature (°C)

Figure 1. FT-IR spectrum of raw hazelnut Shell

Thermogravimetry (TG) and differential
thermogravimetry (DTG) curves of hazelnut shell
thermal decomposition at 10 °C min™! heating rate under
an inert nitrogen atmosphere are shown in Figures 2a and
2b, respectively. As can be seen from the TG curve given
in Figure 2a, moisture and the low molecular weight
substances on the surface were removed from the sample
up to about 210 °C and the stable structure was not
decomposed. Between 210 °C and 400 °C temperatures,
most of the sample was separated from the structure and
a mass loss of about 63% occurred. The ratio of the
sample resulting from the pyrolysis process was
determined to be approximately 21%. The differential
thermogravimetry curves (DTG) given in Figure 2b were
used to determine the mass loss steps of the hazelnut shell
in the pyrolysis process. In general, biomass pyrolysis
consists of three steps. Dehydration occurs at
temperatures of 120 °C. Decomposition of hemicellulose
and cellulose, the main components of the biomass,
occurs between 120-350 °C. Decomposition of the lignin
takes place at temperatures above 350 °C [21]. When the
DTG curve of the hazelnut shell shown in Figure 2b was
examined, a mass loss of about 65 °C was observed and
the moisture was removed from the sample. The first
peak, observed at temperatures of 210 °C to 310 °C, is
due to hemicellulose decomposition. The second peak
observed at high temperatures is related to the
decomposition of cellulose, which is more stable than
hemicellulose. The molecular weight of cellulose is
higher than that of hemicellulosic, and therefore the
decomposition of cellulose occurs at a higher
temperature than hemicellulosic (322-398 °C). Although
lignin decomposition occurs at higher temperatures than

768

(b)
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Temperature (°C)

Figure 2. The raw hazelnut shell (a) TGA and (b) DTG curves
(10°C/min)

3.2. Characterization of Hazelnut Shell Char

The quality and physicochemical characteristics of
hazelnut shell char depend on the physical and chemical
properties of raw material used and also the carbonization
conditions [12]. Especially carbonization temperature is
one of the most important parameters because of it
changes the surface area of biochar and also its
adsorption capacities. In this study, the pyrolysis process
was occurred separately at carbonization temperatures
between 400-600 °C under the nitrogen flow of 100
mL/min. Specific surface areas of activated carbons
obtained by carbonization of hazelnut shells at different
temperatures were determined by Brunauer-Emmett-
Teller (BET) method. The effect of carbonization
temperature on the BET surface area and hazelnut shell
char yield are given in Figure 3.
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Figure 3. Effect of the carbonization temperature on the surface
area and hazelnut shell char yield

As can be seen from Figure 3, with an increase in the
carbonization temperature from 400 to 500 °C, the
surface area of the hazelnut shell char increased from
5.579 to 124.347 m*/g and then decreased to 81.541 m?/g
at 600 °C. To occuring some compounds produced from
the cross-linking reactions was resulted in increase
surface area with temperature up to 500 °C. The decrease
above this temperature was attributed to the collapse of
the resultant carbon samples. As a result high
temperature has an unfavorable effect on the surface area.
Therefore the BET surface area of the hazelnut shell char
reach its maximum values at a temperature of 500 °C. In
this condition, total pore volume of the biochar was 0.146
cm’/g. Additionally Figure 3 shows the effects of the
carbonization temperature on the yield of hazelnut shell

char. The yield was calculated from the weight of
resultant biochar divided by the weight of hazelnut shell.
According with carbonization temperature increased, the
yield of hazelnut shell char decrease. This result can be
explained as the weight loss rate is higher primarily due
to the initial large amount of volatiles that can be easily
released with higher temperature [7].

To determine the surface morphology of the raw hazelnut
shell and hazelnut shell char, SEM analysis was used.
When compared to raw hazelnut shell’s images, the most
porous surface structure was clearly observed in the SEM
images for bioadsorbent shown in Figure 4b. From these
figures, it is clear, there is a good possibility for dye
molecules to adsorbed into these pores. Further, the pores
on the surface of the adsorbent had highly heterogeneous
structure which was provided a large surface area for the
adsorption of MB.

The FT-IR spectra was obtained to evaluate qualitatively
the chemical structures of hazelnut shell char and is
shown in Figure 5. The spectrum displayed the following
bands which indicated various surface functional groups.
O-H stretching at around 3,500 cm™' was typically
attributed to hydroxyl groups. The region of the spectrum
of 1,560 cm’! was attributed to carbonyl groups (C=0).
C-O stretching was observed at around 1,400 cm™'. This
compounds is an evidence of the lignocellulosic structure
of hazelnut shell [25].

3.3. Determination of Adsorption Capacity of
Hazelnut Shell Char

A biochar which is used in adsorption process as an
adsorbent should possess high surface area. Therefore
the removal of methylene blue (MB) from aqueous

Figure 4. SEM images at different magnification ratio a) raw hazelnut shell b) hazelnut shell char which was carbonized at

500 °C
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In adsorption, comparable consequences of various
parameters influencing the dye removal process from
aqueous solution is an important need. Therefore batch
experiments were carried out to determine the effect of
pH, initial dye concentration, contact time, adsorbent
dosage and temperature in this study.

3.3.1. Effect of contact time and temperature

To evaluate the adsorption characteristics of the
produced hazelnut shell char for MB, the change of
adsorption rate with time and temperature has been
investigated and presented in Figure 6. Experimental
results showed that the contact time necessary for
maximum adsorption was 300 minute approximately. In
addition, MB showed a fast rate of adsorption during the
first 180 min of the dye-sorbent contact. This result can
be explained due to the large amount of initial surface
area and high active binding sites for adsorption of the
dye molecules. At higher contact time the rate of
adsorption decreased due to decrease in total surface area
and reached the equilibrium in 300 minute
approximately. After the equilibrium, the amount of dye
adsorbed did not change with contact time [3, 26].

Figure 6 indicates that the adsorption of MB as a function
of temperature. As depicted in Figure 7, the percentage
removal of MB dye increases with increasing
temperature. This may be attributed to the increase of
diffusion rate of the dye molecules in the solution with

Adsorption Capacity, ge (mg/g)

o o—T—F—mr—r———T—T"—TTTTTTTT T
5 15 25 40 60 100 150 210 300 400 500

Contact Time (min)

=298 K e=l==3(08 K 318 K

Figure 6. Effect of contact time on adsorption of MB at
different temperatures (pH= 4, Adsorbent Dosage=
2 g/L, Co=15 mg/L)

temperature. Because the adsorption controlled by the
diffusion process from the bulk to the surface. And also
strengthening of the bonds between the dye molecules
and the binding sites which are activated at higher
temperatures of the sorbent might be enhanced the
adsorptive interactions. This increasing trend in dye
removal capacity with increasing temperature confirmed
the endothermic nature of the ongoing process [27].

770



PREPARATION AND CHARACTERISATION OF BIOCHAR FROM HAZELNUT SHELL AND... Politeknik Dergisi, 2018; 21 (4) : 765-776

]

5‘ % - 69% 72%

= 59%

g 60 -

e

g

& 40

")

g

= 20 -

3

S

&~ 0 T T f
298 308 318

Temperature (K)

Figure 7. Effect of temperature on percentage removal of MB
(pH= 4, Adsorbent Dosage = 2 g/L, Co= 15 mg/L,
Contact Time = 400 min)

3.3.2. Effect of initial dye concentration

Initial concentration of the adsorbate is an important
factor to be considered for effective adsorption process.
The effect of different initial dye concentration on
percentage removal of MB and adsorption capacity are
presented in Figure 8. It was seen that percentage
removal of dye decreased with increase in initial dye
concentration. At higher concentrations, all dye
molecules in the solution do not interact with the binding
sites of the adsorbent due to adsorbent has a limited
number of active binding sites, which become saturated
at a certain concentration [13]. However, the adsorption
capacity at equilibrium increased with increase in initial
dye concentration. This was so because the initial dye
concentration provides an important driving force to
overcome the resistance to the mass transfer of dye
between the aqueous and the solid phase [28].

80 - 12
72
70 - L 10 g
§ 60 - 54 10.44 g
> L >
250 - 8 £
E 8.121 46 g
< 40 - F6 =
3 %
g 30 5.402 -
5} =
& 20 - s
L, 2
10 - <
0 r r 0
15 30 45
Initial Dye Concentration (mg/L)

Figure 8. Effect of initial dye concentration on percentage
removal of MB (pH= 4, Adsorbent Dosage =2 g/L,
T =45 °C, Contact Time = 400 min)

3.3.3. Effect of initial solution pH

pH of solution is an important parameter for adsorption
because of affecting the surface charge and/or surface

771

characteristics of adsorbent [29]. In this study, effect of
initial pH of solution was investigated at various pH
values which are changed between 2-10. As seen from
Figure 9, there are no excessive variation in adsorption
capacity at each pH studied. As the pH increases, it is
usually expected that the adsorption of MB which is a
cationic dye increases due to decreasing the number of
positively charged sites. However, the high adsorption of
MB are favourable at alkaline medium because of
electrostatic attraction [4, 30]. But in the experiments,
the MB adsorption was not clearly changed with
increasing pH of solution [31]. Highest percentage of dye
removal (69.07%) was observed at pH 4.0.

5.18
5.2 1 5.15
5.12 509

4.4 1 4.39

2 4 6 8 10
pH

Figure 9. Effect of initial pH of solution on adsorption capacity
(Co= 15 mg/L, Adsorbent Dosage =2 g/L, T =35 °C,
Contact Time = 400 min)

3.3.4. Effect of adsorbent dosage

Adsorbent dosage strongly influences the adsorption
process by affecting adsorption capacity of the adsorbent.
Therefore the influence of adsorbent dosage on MB
adsorption by hazelnut shell char was investigated in the
range of 1-4 g/L. Results are shown in Figure 10. The
adsorption efficiency increased from 36% to 83% as the
adsorbent dosage increased from 1 to 4 g/L. This increase
could be attributed to an increase in the adsorbent surface
area and number of active sites available for adsorption
[3, 28].
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g 80
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f 2 60 - 36%
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&
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Figure 10. Effect of adsorbent dosage on percentage removal
of MB (Co= 15 mg/L, pH= 4, Contact Time = 400
min, T =45 °C)
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3.3.5. Adsorption isotherm models

The adsorption isotherm is an equation relating the
amount of solute adsorbed onto the solid and the
equilibrium concentration of the solute in solution at a
given temperature. There are several models for
predicting the equilibrium distribution. However, the two
models which are Langmuir and Freundlich models are
most commonly used for water and wastewater
treatment. The Langmuir adsorption isotherm is based on
monolayer, uniform, and finite adsorption site
assumptions. However, Freundlich isotherm is an
empirical equation for multilayer, heterogeneous
adsorption sites [32]. The linear form of the Langmuir
(Equation 3) and Freundlich (Equation 4) equations are
commonly given by:

1/qe = (1/K1qm Ce) + (1/qm) 3)
logge = logK¢ + n"'logCe 4
_Langmuir
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where C. is the equilibrium concentration of solute in the
bulk solution (mg/L), q. is the amount of solute (dye)
adsorbed per unit mass of adsorbent (mg/g), qm is the
maximum adsorption capacity (mg/g), Ky is the constant
related to the free energy of adsorption (L/mg), K; is a
Freundlich constant indicative of the relative adsorption
capacity of the adsorbent [mg/g (L/mg)1/n] and 1/n is the
heterogeneity factor which is the constant characteristics
of the system [33].

In this study, to quantify the adsorption capacity of
hazelnut shell char for the removal of MB from aqueous
solution, the Langmuir and Freundlich isotherm models
were used to define the equilibrium datas. Linear plots
obtained for 1/q. versus 1/C. and log q. versus log C. at
each temperature for adsorption of MB onto hazelnut
shell char are shown in Figure 11. It was observed that
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Figure 11. Adsorption isotherms for MB removal using hazelnut shell char
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Table 3. The Langmuir and Freundlich isotherm constants for MB adsorption

Temperature (K)

Isotherm Model Parameters 298 308 318
gm (mg/g) 1.927 2.249 3.785
Langmuir Ki (L/mg) 0.0194 0.0205 0.0394
R? 0.9771 0.9635 0.9686
K¢ [mg/g (L/mg)"/n] 12.73 20.72 37.45
Freundlich n (g/L) 2.597 2.933 7.576
R? 0.975 0.9837 0.9798

the Freundlich isotherm model fitted better than the
Langmuir isotherm model at all studied temperatures.

The Langmuir and Freundlich isotherm constants for MB
adsorption are given in Table 3. The results showed that
the values of n lie between 1 and 10 at all studied
temperatures, which indicated that the MB dye was
favorably adsorbed by hazelnut shell char. In addition,
the values of Kr, qm and n increased with the increase in
temperature for MB. So these adsorption isotherms
provided some insight into the adsorption mechanism
and the surface characteristics of adsorbent [34]

3.3.6. Adsorption kinetics modeling

In order to examine the mechanism of adsorption
process, the pseudo first order and the pseudo second
order adsorption models were used to adjust kinetic
experimental data. The linear form of pseudo first order
and pseudo second order rate equations were presented in
Equation 5 and 6, respectively.

(qe_qt) — K1 (5)
qe 2.303
t 1 t

L + —
qt  Kyqe? ' qe

log

(6)

where, q; and g. denote the sorption capacity (mg/g) at a
given time and at equilibrium, respectively, K; is the
pseudo first order rate constant (min''), K5 is the pseudo
second order rate constant (g mg-'min’') and t is the time
(min) [5]. The linear graphs of log(qc-q:) versus t and t/q;
versus t are shown in Figure 12. The values of kinetic
parameters (the rate constants of the two models with the
correlation coefficients) of linear form of both rate
equations are presented in Table 4.

As can be seen from Table 4, the R? values of the pseudo
first order model are closer to 1.0 and higher than those
of the pseudo second order kinetics. These results shown
that the adsorption of MB dye in aqueous solutions using
the hazelnut shell char can be described by pseudo first
order kinetic model.
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Figure 12. Linear plots of a) pseudo first order and b) pseudo
second order model for the adsorption of MB onto
hazelnut shell char

Table 4. Rate constants of pseudo first order and pseudo
second order models with correlation coefficients

Pseudo First Order Pseudo Second Order
Temperature K, R? K; R?
K) (min ") (g/mg.min)
298 0.086 0.99 0.0084 0.86
308 0.094 0.99 0.0183 0.93
318 0.151 0.97 0.0200 0.91
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3.3.7. Thermodynamic study

Thermodynamic parameters such as AG°, AH® and AS°
for the adsorption system were calculated using the
following equations (7-9):

— Cads
K=t )
AG= -RTInK. 8)
InKe= 2 — == )

where R (8.314 J/mol K) is the universal gas constant and
T (K) is the absolute solution temperature. The values of
AH° and AS° were determined from the slope and
intercept of the Van’t Hoff plot of InK. versus 1/T which
are shown in Figure 13 [35]. The calculated
thermodynamics parameters are given in Table 5.
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Figure 13. Van’t Hoff plot for the adsorption of MB onto
hazelnut shell char

Table 5. Thermodynamic parameters of MB adsorption on
hazelnut shell char at different temperatures

Temperature K. AG® AH° AS°
(K) (kJ/mol) (kJ/mol) (J/mol.K)
298 1.439 -0.902
308 2.233 -2.057 242 10.69
318 2.575 -2.501

As can be seen from Table 5, K. (equilibrium constant)
values increased with an increase in temperature. The
positive value of AH® showed the endothermic nature of
the process. The positive value of AS° indicated an
increase in the randomness at the solid/solution interface
during the adsorption of the MB dye on hazelnut shell
char. When temperature increased with considered
positive values of AH® and AS°, AG® was going to get a
negative value and the process are spontaneous. The
decrease in AG° values showed the feasibility of
adsorption as the temperature increased.

4. CONCLUSIONS

This study aimed to determine the effectiveness of non-
commercial activated carbon which is produced from
hazelnut shell for the removal of MB dye. Using this
material as an adsorbent instead of high cost commercial
activated carbon is very important to contribute to
industrial ecology at local level because of an alternative
green approach for removal of MB is developed. The
following conclusions could be made based on the
analysis of the results obtained in this work.
Experimental results showed that the contact time
necessary for maximum adsorption was 300 minute
approximately. Highest percentage of dye removal was
observed at pH 4.0. It was found that the percentage
removal of methylene blue was dependent on the dose of
adsorbent. The percent removal of dye increased rapidly
with increase in the dose of the adsorbent due to the
greater availability of surface area.The kinetics of
adsorption process showed that an increase in adsorption
capacity with the increasing temperature. This result
confirmed the endothermic nature of the ongoing
process. It was observed that the adsorption of methylene
blue decreased with increasing of the initial dye
concentration. The Freundlich equation was found to
have the higher applicability (best fit) to the experimental
data obtained in this work. The kinetic behaviors of the
adsorption of MB dye followed the pseudo first order
model and also the adsorption process of MB was
spontaneous. As a result, biochar produced from hazelnut
shell had sufficient binding capacity to remove
methylene blue from water.
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NOMENCLATURE

Co,: Initial dye concentration in solution phase, (mg/L)
C: Final dye concentration in solution phase, (mg/L)

C.: Concentration of the dye solution at equilibrium,
(mg/L)

Kr:Freundlich constant indicative of the relative
adsorption capacity of the adsorbent, [mg/g(L/mg)1/n]
Ki: Constant related to the free energy of adsorption,
(L/mg)

K : Pseudo first order rate constant, (min'")

K: : Pseudo second order rate constant, (g mg™! min'")
m: Weight of adsorbent, (g)

1/n: Heterogeneity factor

ge: Amount of dye adsorbed per unit mass of adsorbent at
equilibrium, (mg/g)

gm: Maximum adsorption capacity, (mg/g)

q: : Sorption capacity at a given time, (mg/g)

R?: Correlation coefficient

t: Contact time, (min)

T: Temperature, (K)

V: Volume of dye solution, (L)

774



PREPARATION AND CHARACTERISATION OF BIOCHAR FROM HAZELNUT SHELL AND... Politeknik Dergisi, 2018; 21 (4) : 765-776

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

Caligkan M., Degirmenci M. and Ciner F. "Kot boyama
tekstil atiksuyunda kalict KOI’nin belirlenmesi", DEU
Fen ve Miihendislik Dergisi, 4(1):1-9, (2002).

Poon C.S., Huang Q. and Fung P.C.
kinetics of  cuprophenyl yellow RL by
UV/H202/Ultrasonication (US) process in aqueous
solution", Chemosphere, 38:1005-1014, (1999).

Chakraborty S., Chowdhury S. and Saha P., “Adsorption
of crystal violet from aqueous solution onto NaOH-
modified rice husk”, Carbohydrate Polymers, 86:1533—
1541, (2011).

Rafatullah M., Sulaiman O., Hashim R and Ahmad A.,
“Adsorption of methylene blue on low-cost adsorbents: A
review”, Journal of Hazardous Materials, 177:70-80,
(2010).

Mohammadi A. and Karimi A.A., “Methylene blue
removal using surface-modified TiO2 nanoparticles: A
comparative study on adsorption and photocatalytic
degradation”, J. Water Environ. Nanotechnol.,
2(2):118-128, (2017).

Gaouar-Yadi M., Tizaoui K., Gaouar-Benyelles N. and
Benguella B., “Efficient and eco-friendly adsorption
using low-cost natural sorbents in waste water treatment”,
Indian Journal of Chemical Technology, 23:204-209,
(2016).

Demiral 1. and Aydin Samdan C., “Preparation and
characterisation of activated carbon from pumpkin seed
shell using H3PO4”, Anadolu University Journal of
Science and Technology A-Applied Sciences and
Engineering, 17(1):125-138, (2016).

Sharma S.K., “Green Chemistry for Dyes Removal from
Waste Water: Research Trends and Applications”, Wiley,
India, (2015).

Aygiin  A., Yenisoy-Karakas S. and Duman I,
“Production of granular activated carbon from fruit stones
and nutshells and evaluation of their physical, chemical
and adsorption properties”, Microporous and
Mesoporous Materials, 66:189-195, (2003).

"Degradation

[10] Alade A.O., Amuda O.S., Afolabi A.O. and Adelowo F.E.,

(1]

[12]

[13]

“Adsorption of acenaphthene unto activated carbon
produced from agricultural wastes”, Journal of
Environmental Science and Technology, 5(4):192-209,
(2012).

Savova D., Apak E., Ekinci E., Yardim F., Petrov N.,
Budinova T., Razvigorova M. and Minkova V., “Biomass
conversion to carbon adsorbents and gas”, Biomass and
Bioenergy, 21:133-142, (2001).

Kim J.W., Sohn M.H., Kim D.S., Sohn S.M. and Kwon
Y.S., “Production of granular activated carbon from
waste walnut shell and its adsorption characteristics for
Cu?*ion”, Journal of Hazardous Materials, 85:301-315,
(2001).

Saha P., Chowdhury S., Gupta S. and Kumar I., “Insight
into adsorption equilibrium, kinetics and
thermodynamics of malachite green onto clayey soil of
Indian origin”, Chemical Engineering Journal, 165:874-
882, (2010).

[14] Ferrero F., “Dye removal by low cost adsorbents: Hazelnut

shells in comparison with wood sawdust”, Journal of
Hazardous Materials, 142:144-152, (2007).

775

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Ceylan S., Topgu Y., “Pyrolysis kinetics of hazelnut husk
using  thermogravimetric  analysis”,  Bioresource
Technology, 156:182-188, (2014).

Sait H. H., Hussain A., Salema A. A., Ani F. N,,
“Pyrolysis and combustion kinetics of date palm biomass
using  thermogravimetric  analysis”,  Bioresource
Technology, 118:382-389, (2012).

Saidur R., Abdelaziza E. A., Demirbas A., Hossaina M.
S., Mekhile S., “A review on biomass as a fuel for
boilers”, Renewable and Sustainable Energy Reviews,
15:2262-2289, (2011).

Li S., Chen X., Liu A., Wang L., Yu G., “Co-pyrolysis
characteristic of biomass and bituminous coal”,
Bioresource Technology, 179:414-420, (2015).

Odeh A. O., “Oualitative and quantitative ATR-FTIR
analysis and its application to coal char of different
ranks”, Journal of Fuel Chemistry and Technology,
43:129-137, (2015).

Plis A., Lasek J., Skawinska A., Zuwala J.,
“Thermochemical and kinetic analysis of the pyrolysis
process in cladophora glomerata algae”, Journal of
Analytical and Applied Pyrolysis, 115:166—174, (2015).

Ghaffar S.H. and Fan M., “Structural analysis for lignin
characteristics in biomass straw”, Biomass and
Bioenergy, 57:264-279, (2013).

Chen Z., Hu M., Zhu X., Guo D., Liu S., Hu Z., Xiao B.,
Wang J., Laghari M., “Characteristics and kinetic study
on pyrolysis of five lignocellulosic biomass via
thermogravimetric analysis”, Bioresour. Technol.,
192:441-450, (2015).

Hu M., Chen Z., Wang S., Guo D., Ma C., Zhou Y., Chen
J., Laghari M., Fazal S., Xiao B., Zhang B., Ma S.,
“Thermogravimetric kinetics of lignocellulosic biomass
slow pyrolysis using distributed activation energy model,
Fraser—Suzuki deconvolution, and iso-conversional
method”, Energy Convers. Manag., 118:1-11, (2016).

Biswas B., Pandey N., Bisht Y., Singh R., Kumar J.,
Bhaskar T., “Pyrolysis of agricultural biomass residues:
Comparative study of corn cob, wheat straw, rice straw
and rice husk”, Bioresour. Technol., 237:57-63, (2017).

Aljeboree A.M., Alshirifi A.N., Alkaim A.F., “Kinetics
and equilibrium study for the adsorption of textile dyes
on coconut shell activated carbon”, Arabian Journal of
Chemistry, 10:S3381-S3393, (2017).

Ahmad R., “Studies on adsorption of crystal violet dye
from aqueous solution onto coniferous pinus bark powder
(CPBP)”, Journal of Hazardous Materials, 171:767-
773, (2009).

Luk C.J., Yip J., Yuen C.M., Kan C. and Lam K., “A
comprehensive study on adsorption behaviour of direct,
reactive and acid dyes on crosslinked and non-crosslinked
chitosan beads”, Journal of Fiber Bioengineering and
Informatics, 7(1):35-52, (2014).

Chowdhury S., Chakraborty S. and Saha P., “Biosorption
of basic green 4 from aqueous solution by ananas
comosus (pineapple) leaf powder”,  Colloids and
Surfaces B: Biointerfaces, 84:520-527, (2011).

Dawood S. and Sen T.K., “Review on dye removal from
its aqueous solution into alternative cost effective and
non-conventional adsorbents”, Journal of Chemical and
Process Engineering, 1(104):1-11, (2014).



Nihan KAYA, Zeynep YILDIZ, Selim CEYLAN / POLITEKNIK DERGISI, Politeknik Dergisi,2018;21(4):765-776

[30] Dogan M., Abak H. and Alkan M., “Adsorption of
methylene blue onto hazelnut shell: Kinetics, mechanism
and activation parameters”, Journal of Hazardous
Materials, 164:172-181, (2009).

[31] Karaca S., Giirses A., A¢ikyildiz M. and Ejder Korucu M.,
“Adsorption of cationic dye from aqueous solutions by
activated carbon”, Microporous and Mesoporous
Materials, 115:376-382, (2008).

[32] Belhachemi M. and Addoun F., “Comparative adsorption
isotherms and modeling of methylene blue onto activated
carbons”, Appl. Water Sci., 1:111-117, (2011).

[33] Kumar P.S., Anne Fernando P.S., Ahmed R.T., Srinath
R., Priyadharshini M., Vignesh A.M. and Thanjiappan A.,
“Effect of temperature on the adsorption of methylene
blue dye onto sulfuric acid-treated orange peel”,
Chemical Engineering Communications, 201(11):1526-
1547, (2014).

[34] Aksu Z. and Kabasakal E., “Adsorption characteristics of
2,4-dichlorophenoxyacetic acid (2,4-D) from aqueous
solution on powdered activated carbon”, Journal of
Environmental Science and Health, Part B, 40(4):545-
570, (2005).

[35] Al-Rubayee W.T., Abdul-Rasheed O.F., Mustafa Ali N.,
“Preparation of a modified nanoalumina sorbent for the
removal of alizarin yellow R and methylene blue dyes
from aqueous solutions”, Journal of Chemistry, 1-12,
(2016).

776



