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Abstract

By determining the degraded and limiting properties
of the soil, producing solutions for the improvement
of these properties will be able to provide
sustainable and efficient use of soil. Especially, low
organic matter content of soils causes many
problems. Studies on increasing the organic matter
content of soils by using various plant residues and
organic fertilizers constituted the subject of many
researches. However, in recent years, the use of
biochar obtained by pyrolysis of various plant
materials at high temperatures has become popular.
With the use of biochar, both the characteristics of
soil are improved, and greenhouse effect is reduced.
Furthermore, it provides the production of various
biofuels. The attributes of obtained biochar vary
with pyrolysis material and temperature. The aim of
this study was to produce biochar by pyrolyzing
diverse plant residues in different temperature
conditions and determine some physical and
chemical properties of the biochar. For this purpose,
sunflower stalk, sunflower head, corn stalk, corn cob
and wheat straw were converted to biochar’s at 300
°C, 400 °C, 500 °C, and 600 °C temperatures. Biochar
yield, surface area, C/N ratio, pH and electrical
conductivity (EC) values and water holding
capacities of the experimental samples were
determined. In the light of results, the highest
surface area was found in sunflower stalk at 300 °C,
while the lowest surface area was detected as in
wheat straw at 300 °C. The C/N ratios increased in
all the samples except corn stalk and corn cob.
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Farki bitki artiklarindan ve degisik sicakliklarda
elde edilen biyokémiirlerin 6zellikleri

0z
Topragin bozulmus ve sinirlayict 6zelliklerini
belirleyerek, bu o6zelliklerin iyilestirilmesi i¢in

coziimler liretmek, topragin strdiiriilebilir ve verimli
kullanimini saglayabilecektir. Ozellikle, topraklarin
diistik organik madde igerigi bircok soruna neden
olmaktadir. Cesitli bitki kalintilar1 ve organik
gibreler kullanilarak topraktaki organik madde
iceriginin artirllmasina yonelik calismalar bircok
arastirmaya konu olmustur. Bununla birlikte, son
yillarda, ¢esitli bitki materyallerinin yiiksek
sicakliklarda pirolizi ile elde edilen biyokomiir
kullanimi popiiler hale gelmistir. Biyokomiir
kullanimi ile hem topragin 6zellikleri iyilestirilir hem
de sera etkisi azaltilir. Bunlarin yani sira cesitli
biyoyakitlarin  lretimini saglar. Elde edilen
biyokoémiiriin 6zellikleri piroliz materyali ve sicaklik
ile degisir. Bu calismanin amaci, farkli sicaklik
kosullarinda farkli bitki artiklarinin pirolize edilerek
biyokémiir liretilmesi ve elde edilen biyokdmiirlerin
bazi fiziksel ve kimyasal ozelliklerinin
belirlenmesidir. Bu amagla aycicegi sapi, aycicegi
basi, misir sapi, misir kogani ve bugday samani,
300°C, 400°C, 500°C ve 600°C sicakliklarinda
biyokémiire dontstiiriilmiistiir. Kullanilan materyal-
lerin biyokdmiir verimi, ylizey alani, C/N orani, pH
ve EC degerleri ve su tutma kapasiteleri
belirlenmistir. Sonuglar 1s18inda en yiliksek yiizey
alan1 300 °C'de aygicegi sapinda bulunurken, en
diisiik ytizey alani 300 °C'de bugday samani olarak
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tespit edilmistir. Misir sap1 ve misir kogcani haric¢ tiim
orneklerde C/N oranlari artmistir.
bitki

Anahtar Kkelimeler: artiklan,

piroliz, sicaklik

Biyokémdir,

Introduction

Biochar is the transformation product of biomass
that occurs as a result of a thermochemical
transformation in the presence of oxygen or in an
oxygen-free environment. It is a material rich in
organic carbon, which is obtained by heating a
variety of organic matter such as wood, manure or
leaves in a closed environment of low oxygen or an
oxygen-free environment. The thermal decompose-
tion of organic matter with limited oxygen occurs at
relatively low temperatures (< 700 °C). Biochar has
received an increasing interest with the popularity of
the need for soil regulator on a global level and also
of the idea to use the soil as a carbon sink Lehmann
et al. (2006). Biochars, with increasing use as soil
and ecological regulator in recent years, when used
together with organic and inorganic fertilizers as a
soil conditioner, increases the soil aeration, product
fertility, availability of plant nutrients, nutrient
retention, and regulates soil pH and increases cation
exchange capacity (CEC) by improving the physical
properties of soil Lehmann et al. (2006); Novak et al.
(2009); Song et al. (2014). The use of biochar in
agricultural areas results in a slower decomposition
of the organic carbon in the soil and an increase in
the amount of organic matter in the soil; also, it has
been reported that it helps to prevent global
warming by reducing various greenhouse gas
emissions such as COz and N20 and can cause
improvements in soil properties. With these
features, biochars with both environmental healing
effects and the soil regulating characteristics in crop
production are considered to be state-of-the-art
materials used to recycle different types of organic
waste which cannot be used in any other way. The
aim of this study was to produce biochar from
different plant residues in different temperature
conditions via pyrolysis process and determine some
physical and chemical properties of the biochar.

Materials and Methods

In this study, biochar was produced by the pyrolysis
of 5 different plant materials (wheat stalks, corn
cobs and stalks, sunflower tray, sunflower, corn
stalk) under different temperature conditions (300
°C, 400 °C, 500 °C and 600 °C). The materials

collected from Konya region were first oven-dried at
70 °C. Before beginning the process of pyrolysis,
plant materials are chopped into smaller parts,
wrapped in aluminum foil in an airtight manner, and
burned for an hour (Figure 1).

Figure 1. Preparation of samples

The conversion rates of the resulting products into
biochar were calculated as a percentage, and the
surface area (Figure 2), C/N ratio, according to
Wright and Bailey, (2001) pH and electrical
conductivity, according to Gugino et al. (2009) and
water holding capacity are examined.

Figure 2. Surface area measurements

The results were analyzed using one-way ANOVA in
Minitab software version 9 (State College, USA). All
data were expressed as a mean of the three
replicates. To identify significant differences
between means of samples, Tukey's Multiple Range
Test with a confidence interval set at 95% was
carried out Minitab (1995).

Results and Discussion

The inspected properties of the biochar made from 5
different plant materials are given in Table 1. Based
on the burning temperatures (Figure 3), the surface
areas of the Biochar's made from sunflower stalk
and the sunflower head at 300 °C, surface areas of
those one made from corn stalk at 400 °C and those
made from wheat straw at 500 °C and corn cob at
600 °C were found to be the highest. The value of
surface area of biochar produced from different
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agricultural materials changes between 210
(sunflower stalk 300 °C) and 102 m? g1 (wheat
straw 400 °C). Surface area value is one of the
important physical properties that enable
interaction between biochar and soil. Novak et al.
(2009) stated in their study that the surface area of
biochar made from peanut hulls, pecan shells,
poultry litter and switchgrass at 250-750 °C varied
between 0.40-222 m?2 gl. Spokas and Reicosky
(2009) indicated that the value of surface area of 16
biochar types obtained in the different temperature
(415-850 °C) varied between 0.1- 286 m2 g! and
differences in surface area of biochar was dependent
on used material and temperature. Glaser et al.
(2002) reported that biochar produced at a high

temperature represent tremendous charge densities.
Additionally, Downie et al. (2009) pointed out that
the surface area of biochar increases with increasing
in pyrolysis temperature. The resulting biochars’
C/N rates are with the lowest rates of 41% in
sunflower head stalk (600 °C) and with the highest
C/N ratio of 180% obtained in wheat straw (300°C).
The values of C/N ratio varied depending on the
material from which the biochar was obtained and
the temperature. Bayram (2015) indicated that the
C/N ratio of biochar produced from 22 different
materials varies between 42.62 and 362.18. The
high carbon content causes the biochar applied to
the soil to remain intact for many years Lehmann et
al. (2006); Brewer (2012).

Table 1. Different plant residue and different pyrolysis temperatures mean physical and chemical attributes

of biochar
. Temperature Surface area o 1 Water holding

Raw material C) (mz g'l) C/N (%) pH EC(dSm") capacity (%)
300 2104 11.05E 17.23 5204
Sunflower stalk 400 166° 10.87 ) 390¢
500 137) 10.58H - 340FEF
600 130K 11.23P 9.17 340F
300 190¢ 11.38¢ 12.03 190N
Sunfl head 400 177¢F 11.638 - 250
untiower hea 500 154 10.756 - 196M
600 145! 12.47A 6.18 196M
300 1988 6.81° 2.46 5204
Corn stalk 400 2028 8.950 3.38 391¢
500 191¢ 43LM 10.55H 4.13 344E
600 146! 43LM 10.53H 4.20 341EF
300 1800 10.30) 1.83 266!
C b 400 170F 10.726 1.22 222K
orh co 500 178pE 88er 10.14K 1.81 207t
600 190¢ 10.41! 1.96 1840
300 110WM 1804 10.08k - 4688
Wheat straw 400 102N 110¢ 9.54N 375D
500 115t 1208 9.62M 3336
600 108MN 1000 9.75L 3234

*- no measurement

Biochar's pH contents varied between 12.47 and
6.81. The high pH value of biochar is due to
accumulated basic cations within biochar (Chan and
Xu, 2009). Probably due to the relative concentration
of non-pyrolyzed inorganic elements that are found
within original feedstocks, the pH value of biochars
scaled up with temperature Novak et al. (2009).
Jindo et al. (2014) indicated that the pH value of
biochar made from apple tree branch, oak tree, rice
husk, and rice straw at 400-800 °C ranged from 6.43
to 10.47. All biochars’ salinity was higher and had EC
ranged from 1.22 (corn cob, 400 °C) to 17.23 dS m
(sunflower stalk at 300 °C). Overall, EC values
seemed to increase with pyrogenic temperature.
This is in line with Kloss et al. (2012), who similarly

revealed results for biochars produced at 400 and
525 °C. When water retention capacity which is an
important feature of biochars was examined, it was
seen that all samples had high water retention
capacities due to their high surface areas. The water
holding capacity of biochar produced from different
agricultural materials changed between 190
(sunflower head 300 °C) and 520 % (sunflower stalk
300 °C). The porosity and surface area show the
most critical physical properties of biochar for
improving soil properties, namely soil adsorption
ability and water holding capacity Kalderis et al.
(2008). The study of the properties of the resulting
biochar varied by the plant varieties, plant parts and
incinerator temperatures used for producing
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biochars. It has been observed that one of the
examined properties, the surface area increases after
the burning process, but decreased by temperature
except for corn cob. When C/N ratios were
examined, increasing or stable rates have been
observed depending on the temperature pH and EC
values and could not be read due to the fact that
some biochar materials have high surface area and
high water-holding capacity. When pH values were
examined, it has been found that the biochars have
high pH and should be used as the regulator of soils
with low pH. The first priority is to use the available
water potential in arid and semi-arid climate areas
with the highest efficiency. It is seen that the
obtained biochar has high water retention capacities.
For this reason, it is recommended to use biochar for
more efficient use of the water and more storage in
the soil found in arid and semi-arid climatic zones.

Figure 3. Corn cob and wheat have been
seeing after from burning

Conclusions

As a result, biomass energy source could be used,
when transformed into Biochar, as a versatile and
advantageous material in many areas such as energy
storage, and removal of organic and inorganic
contaminants. The most important point in the use
of biomass energy is that it should not be used as
raw material of the foods used in human nutrition.
Wastes should be used instead. The recycling of
biomass waste, mostly left to decay, and its
transformation into high value-added products also
contributes to the removal of pollutants.
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