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ABSTRACT 

Converting feedstock into biochar is a popular approach to overcome the disposal 

problem, yet the role of waste type and pyrolysis temperature on biochar properties is not 

understood well. In this study, biochars were produced from various feedstock such as tea 

waste, apple wood, wheat straw and walnut shell at 300, 400, 500 and 600°C with 1-hour 

residence time. The results showed that increase in pyrolysis temperature significantly 

decreased biochar mass yield. The maximum and minimum mass yields were observed in 

walnut shell at 300˚C and apple-wood-derived biochars at 600˚C by 69 and 20%, 

respectively. The produced biochar had pH range between 5.3 to 9.7, and its pH value and 

ash content increased significantly with increasing pyrolysis temperature, except for 

walnut shell. Total concentrations of P, Ca, K, Na, Fe, Zn, Cu, and Mn and available 

concentrations of K, Ca, Mg, and P increased with pyrolysis temperature increasing in all 

samples, except at walnut shell-derived biochar. According to CHN analysis, by 

increasing pyrolysis temperature, the total carbon concentration increased but total 

nitrogen and hydrogen concentrations decreased. The pH value decreased with time until 

72 hours, beyond which a near steady-state condition was attained. Relationships between 

pH and CaCO3-eq content of biochars were close and linear. The FT-IR spectra showed 

that aromatic C increased by increment in heating. Also, by increasing pyrolysis 

temperature, the mean pore diameter decreased but micropores volume increased and led 

to increase in the specific surface area of biochars. The results of this study suggest that 

biochars produced at 300 and 400˚C may have potential as fertilizer in calcareous soils 

because of low pH and EC, with high mass yield.  

Keywords: CHN analysis, FT-IR spectra, Organic waste. 

INTRODUCTION  

Nowadays, attention to biochar as a 

solution for mitigating global-warming 

effects and low-cost applicant for organic 

and non-organic pollutant decontamination 

is gradually increasing (Beesley et al., 

2011). In addition, biochar can be used as a 

soil amendment for improving biological, 

chemical, and physical attributes of soil 

(Bera et al., 2016 and 2019). The structural 

and physicochemical properties of biochars 

can directly regulate the intent of use 

alongside the final impacts (Sandhu et al., 

2017; Zhang et al., 2019). The 

thermochemical decomposition of feedstock 

under highly oxygen-limiting conditions is 

known as pyrolysis, a common process of 

biochar production. Two main factors 

govern properties of biochars: source of 

feedstock (Enders et al., 2012; Cantrell et 

al., 2012; Bera et al., 2018; O’Connor et al., 

2018) and the pyrolysis conditions such as 

pyrolysis temperature, heating rate and 

duration (Mohan et al., 2006; Shen et al., 

2019; Rens et al., 2018; Rostamian et al, 

2015). Thorough acquaintance with biochar 

production and knowledge about pyrolysis 

process details and feedstock constituents is 

key to prediction of biochar behavior for any 
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particular application purpose. The type of 

feedstock is an important factor that 

influences biochar morphological and 

structural properties. Otherwise, because of 

the different constituents of feedstock 

elements, biochars are widely varied in 

chemical compositions (Liu et al., 2018). 

Some characteristics of biochar such as pH, 

Cation Exchange Capacity (CEC), and 

Electrical Conductivity (EC) are affected by 

nature of the feedstock. In general, feedstock 

comprises three types of natural polymers: 

cellulose (50% of dry matter), hemicellulose 

(10-30% in woods and 20-40% in grass 

materials), and lignin (20-40% in woods and 

10-40% in grass materials). Generally, CEC 

in biochar derived from woody material is 

lower than manure originated type (Singh et 

al., 2010). Woody biochars also have a 

greater volatile content than grass materials 

(Jindo et al., 2014).  

Besides feedstock nature, the pyrolysis 

temperature has a primary role in biochars 

characteristics. The temperature of pyrolysis 

and maintenance of a specific progress to 

produce biochar makes great difference 

among final products. Changes in pyrolysis 

temperature from low to high due to 

decrease in aliphatic groups, increase in 

surface area, and more development in 

aromatic compounds has been reported 

(Jindo et al, 2014; Jia et al., 2018), but 

reference to source of feedstock difference 

between surface areas could be more 

significant (Ghani et al., 2013, Luo et al., 

2015). 

The aim of this study was to compare 

physicochemical characteristics of biochars 

derived from different feedstock 

(agricultural wastes) through changing in 

pyrolysis temperature. The residuals from 

harvesting and pruning of tea, wheat, apple 

tree, and walnut are among the major 

agricultural wastes in Iran that are produced 

over thousands of tons every year 

(Banitalebi et al., 2019; Karimi Alavijeh and 

Yaghmaei, 2016). Therefore, pyrolysis could 

be a magnificent way in management of 

wastes and production of useful amendments 

to soil to inhibit greenhouse gas emission 

(Mukome et al., 2013) and improve soil 

properties (Yu et al., 2019). The 

thermochemical properties of different 

agricultural wastes obtained at the 300–

600˚C temperature range differ. While some 

reports indicate pyrolysis temperature 

effects on biochars physicochemical 

properties, it seems more research is needed 

to complete observation of relationships 

between some morphological and important 

characteristics of biochar. 

MATERIALS AND METHODS 

Feedstock Pyrolysis  

Initial feedstock samples included Tea 

(Camellia sinensis L.) harvesting procedure 

waste (TwBC), Wheat (Triticum aestivum 

L.) straw husk (WhBC), Apple (Malus 

pumila) tree wood pruning waste (ApBC), 

and Walnut (Juglans regia L.) shell waste 

(WsBC). These were obtained as by-product 

from agriculture wastes. All the feedstocks 

were washed by distilled water and then 

oven dried at 60°C for 24 hours to reduce 

the moisture to less than 10% w/w (Liu and 

Han, 2015). Dried feedstock was milled to 

less than 2 mm for biochar production. The 

sieved feedstock was placed in a ceramic 

covered crucible and located inside an 

electrical furnace under Ar gas atmosphere 

(5 L min
-1

 of Ar flow) was heated from 

room temperature to different final 

temperatures (300, 400, 500 and 600°C). 

The heating rate was 10°C min
-1

 in all 

treatments (slow pyrolysis) and feedstocks 

were kept in furnace 1-hour after reaching 

the final temperature. The bio-oil was 

negligible and by-product gases exhausted 

from the furnace during pyrolysis process. 

To inhibit oxidation reactions of biochars in 

contact with atmosphere, the biochars were 

stored at room temperature in a desiccator 

until all analyses were made (Yang et al., 

2017). 

Yields, Ash Content, pH and Electrical 
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Conductivity (EC)  

The biochar mass yield was calculated as 

the proportion of produced biochar to initial 

weight of original feedstock (105°C) before 

pyrolysis. The ash content was measured by 

combusting biochar at 750°C for 6 hours and 

measuring the residue after combustion 

according to D1762-84 (ASTM, 2007). 

Weighting was taken after sample cooling in 

a desiccator for 1 hour. The pH and EC were 

measured (AZ 8301, AZ instruments, 

Taiwan) at 1:10 ratio of biochars to distilled 

water after 1-hour shaking by end-to-end 

shaker (Li et al., 2013). Furthermore, to 

identify the pH variability versus time (pH 

dynamic), pH was measured in suspensions 

at 1, 4, 24, 48, 72 and 168 hours. 

Elemental Composition 

Total concentration of Carbon (C), 

Nitrogen (N) and Hydrogen (H) were 

measured by CHN analyzing on Vario EL 

(Elementer Co, Germany). The available 

concentration of Calcium (Ca), Magnesium 

(Mg) and potassium (K) were determined by 

digestion in standardized 1M HCl solution 

(Singh et al., 2017) and biochar available 

Phosphorus (P) by standardized 0.5M 

solution of NaHCO3 (Singh et al., 2010). 

The total concentration of each element was 

measured by dry digestion method 

(Westerman, 1990). The concentrations of 

elements were determined by AAS, using 

Shimadzu AA-6300 instrument (Shimadzu 

Inc. Japan) and P by Spectrophotometer at 

730 nm.  

Calcium Carbonate Equivalent 

A solution with 0.5 g of biochar and 10 

mL of standardized 1M HCl was prepared 

and shaken for 2-hours by end-over-end 

shaker, and left for 16-hours. Then, it was 

titrated using standardized 0.5M NaOH 

solution until reaching pH~7.0. The volumes 

of NaOH solution consumed for sample (a) 

and blank solution (b) (without biochar) 

were recorded. The CaCO3 Equivalent 

content (CCE) was determined as follows 

(Singh et al., 2017): 

% CaCO3-Eq = 
                                       

                 
 

Fourier-Transform Infrared (FT-IR) 

Spectroscopy 

The pellet technique was employed by FT-

IR spectroscopy method using a Tensor 27-

FTIR (Bruker Optics, MA). To obtain pellets, 

1 mg of dried biochar/feedstock was mixed 

with 300 mg of KBr (pre-dried, spectroscopic 

grade) and the spectra were obtained with 60 

scans with wave numbers ranging from 400 

to 4,000 cm
-1

 and resolution of 4 cm
-1

. The 

following broad-band assignment was used to 

identify functional groups: 3,400 to 3,410 cm
-

1
, H-bonded O–H stretching vibrations of 

hydroxyl groups from alcohols, phenols, and 

organic acids; 2,850 to 2,950 cm
-1

, C–H 

stretching of alkyl structures; 1,620–1,650 

cm
-1

, aromatic and olefinic CDC vibrations, 

CDO in amide (I), ketone, and quinone 

groups; 1,580 to 1,590 cm
-1

, COO- 

asymmetric stretching; 1,460 cm
-1

, C–H 

deformation of CH3 group; 1,280–1,270 cm
-1
, 

O–H stretching of phenolic compounds; and 

three bands around 460, 800, and 1,000 –

1,100 cm
-1
, bending of Si–O stretching. All 

feedstocks/biochars were ground into 

powders prior to the spectral acquisition (Wu 

et al., 2012; Guo and Chen, 2014; Sun et al., 

2017). 

Surface Area and Morphology 

Based on Brunauer, Emmet, and Teller 

(BET) theory, surface area and pore volumes 

were calculated using multi-point adsorption 

data. Surface morphology was measured 

using a BELsorp-mini (BEL Japan, Inc.). 

The N2 adsorption isotherms were measured 

at 77 K from the 0.01–0.3 P/Po linear 

segment. Samples were degassed at 180°C 
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Table 1. Analysis of variance for mass yield, CCE, ash content, pH, and EC of the tested biochars as affected by 

pyrolysis temperature.
a
  

 Mean of Square (MS) 

Source of variation df 

Mass 

yield CCE  df 

Ash 

content pH EC 

Feedstock type 3 3.002** 2.299**  3 23.279** 0.132** 32.439** 

Pyrolysis temperature 3 5.073** 20.554**  4 1.566** 0.332** 2.526** 

Feedstock type×Pyrolysis temperature 9 0.433** 0.092**  12 0.417** 0.008** 1.432** 

Error 16 0.04 0.197  20 0.004 0.00005 0.002 

CV (%)  3.33 11.77   2.20 0.30 3.30 

a
 Ash content, pH, and EC measured with in biochars and initial feedstocks, and df= Degree of freedom.  

** Significant at P≤ 0.01. 

 

for at least 24 hours under vacuum 

conditions prior to nitrogen adsorption at 

liquid nitrogen temperature (Singh et al., 

2017). The Scanning Electron Microscopy 

(SEM) method was used to analyze 

morphology for biochars pyrolyzed at 300 

and 600˚C. The MIRA3 FEG-SEM (Tescan 

Co, Czech) was employed with a theoretical 

resolution of 1 nm and an acceleration of 30 

kV. 

X-Ray Diffraction 

X-ray diffraction was performed on the 

biochars using a Bruker D8 X-Ray 

diffractometer (Germany). Three grams of 

each char was granulated for powder 

diffraction using Cu Kα1 radiation (40 kV, 

40 mA) from 5° to 60° (2θ) with 0.25 

second measurement interval at 25°C. 

Statistical Analysis 

All of the experiments were conducted in 

duplicate or triplicate, and the average 

values were reported. Data were analyzed 

using the statistical package MSTAT-C 

(MSTAT-C, 1989). Analysis Of Variance 

(ANOVA) as a factorial experiment based 

on completely randomized design was 

employed to determine significant 

differences among treatments including type 

of feedstock, pyrolysis temperature and their 

interactions, and the means were compared 

by the Duncan’s multiple range tests at the 1 

and 5% probability level. The diagrams were 

drawn by the Excel software. 

RESULTS AND DISCUSSION  

Analysis of variance showed that the main 

effects of pyrolysis temperature and 

feedstocks and interactions between them on 

mass yield, ash content, pH variation, EC 

and CCE of biochars were significant (P≤ 

0.01) (Table 1). The mean yields of the 

biochars decreased by increasing pyrolysis  

temperature from 300 to 600˚C in all 

feedstock (Figure 1-a). The maximum mean 

of yield for biochars at 300˚C was 49.6% 

followed by 38.7, 31.8, and 27.05% for 400, 

500 and 600˚C, respectively. At low 

temperature, less compaction of aliphatic 

compounds and waste of CO2, H2 and CH4 

lead to the maximum mass (Amonette and 

Joseph, 2009; Bera et al., 2017). By 

increasing pyrolysis temperature, the yield 

declined owing to dehydration of hydroxyl 

groups and thermal decomposition of ligno-

cellulose structures (Antal and Gronli, 

2003). In this study, there was significant 

difference in mass yields and feedstocks 

between pyrolysis temperatures (Figure 1). 

The maximum mass yield belonged to 

WsBC at 300˚C (69.3%) and the minimum 

value was for ApBC at 600˚C (19.8%). 

There was a significant difference among 

treatments because of heating that led to 

volatile pyrolytic materials turn to organic 

molecules with low weight and a wide range 

of gases (Thangalazhy-Gopakumar et al., 
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(a) 

(b) 

 
(c) 

 

Figure 1. Interaction effects of pyrolysis 

temperature and feedstock on mass Yield (a), 

Ash content (b), and Electrical conductivity of 

biochars (c). 

 

2010). 

WsBC and WhBC samples had the lowest 

and highest ash content, respectively (Figure 

1-b), which increased with pyrolysis 

temperature. A significant difference (P≤ 

0.05) between pyrolysis temperatures was 

observed in ash content. The pyrolysis 

temperature of 600˚C had the highest ash 

content (14.8%) among other heating 

treatments. Singh et al. (2017) reported 

21.2% for 550˚C and 23.8% ash content for 

700˚C at the end of the wheat straw 

pyrolysis process. Tsai et al. (2012) 

suggested that the concentration of mineral 

fraction gradually increased by increasing 

pyrolysis temperature.  

The Electrical Conductivity (EC) of 

biochars was higher than the original 

feedstocks (Figure 1-c). Generally, the EC 

increased with pyrolysis temperature from 

300 to 600˚C. This phenomenon probably 

resulted from higher ash content at high 

pyrolysis temperature (Claoston et al., 2014) 

and loss of volatile compounds and increase 

in mineral fraction, especially K
+
 ion in ash 

contents with high mobility (Kim et al., 

2012, Joseph et al., 2007). In this study, 

there was a significant linear relation (r= 

0.97, P≤ 0.01) between EC and ash content 

for all biochars. Also, there was a significant 

relation between pH and ash content in the 

four prepared biochars (r= 0.56, P≤ 0.05), in 

which correlation increased after excluding 

WsBC (r= 0.72, P≤ 0.01). 

In this experiment, pH of biochars ranged 

from 5.2 to 9.7. The value of pH in WhBC 

was high compared to others samples and 

ApBC was lowest. Also, by increasing the 

pyrolysis temperature from 300 to 600˚C, 

pH of biochars turned more toward alkaline 

reaction. The pH measurement in biochars 

may be influenced by other factors like 

solid/ solution ratio, background solution 

and shaking time prior to measurement, like 

in soil measurements. In this study, 

significant differences in pH of the produced 

biochars were observed at the same 

conditions. At the carbonization process, 

acidic functional groups relatively decreased 

by rise in temperature (Reeves et al., 2007) 

and alkaline elements content enriched, 

which led to alkaline pH. The pH was also 

affected by feedstock type in the experiment. 

The TwBC had acidic pH resulting from 

dissolution of silicate containing minerals 

and hydroxide of Fe and Al in solution, 

whereas alkalinity of pH in biochar could be 

because of dissolved carbonate, oxides, and 

hydroxides functional groups. Amounts of 

ash play a main role in pH, however, 

mineral fractions was primary determinant 

of variations among different feedstock 

(Figure 2). 
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Figure 3. Relationships between pH and CaCO3-eq content of biochars. 

 
 

Figure 2. Relationships between ash content and pH of TwBC (left) and WsBC (right). 

The CaCO3-Eq amounts (CCE) had a 

strong positive linear correlation (r= 0.90, 

P≤ 0.01) with pH (Figure 3) among all 

biochars. The relationship indicated the role 

of CaCO3 on biochars pH. 

The pH dynamic curves showed that pH 

decreased in time steps, and beyond 72 hours, 

a near steady-state condition was achieved as 

shown in Figure 4. The maximum and 

minimum pH variations were observed at 

ApBC at 300 and 600˚C by 0.8 and 0.02, 

respectively. Mineral fraction dissolution and 

carbon oxidization could affect pH values. 

Curves variations of temperature were fixed in 

biochars among incubation time, except for 

300˚C. At the 300˚C, a fast decrement 

occurred in pH values until 72 hours, and 

continued similarly for other temperatures. 

The use of pH-dynamic curves makes it 

possible to predict biochar behavior by time. It 

can be used in management of combined 

fertilizers in calcareous soils to reach optimum 

efficiency.  

Elemental analysis results are shown at 

Table 2. The H/C and C/N atomic ratio are 

major characteristics of biochars. Aromaticity 

of biochars could be evaluated from H/C ratio 

(Zhang et al., 2019). In this study, with 

increase in the pyrolysis temperature from 300 

to 600˚C, H/C ratio decreased (Table 2). 

Sufficient transforming of material from its 

feedstock must possess H/Corg< 0.7 to be 

considered biochar, based on the requirement 

of the International Biochar Initiative (IBI, 

2015). The decline in H content was a sign of 

dehydration reaction at high temperatures in 

all biochars after the H/Corg ratio decreased. At 

high temperature, depolymerization of 

feedstock happens, which is due to 

productions of lower molecular weight 

molecules. The highest and lowest content of 

H/C was observed at wheat straw feedstock at 

25˚C and WhBC at 600˚C, respectively (Table 

2).  

According to our results, feedstock type and 

pyrolysis temperature significantly influenced 
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Figure 6. Relationships between available 

and total concentration of Mg of TwBC, 

WhBC, WsBC and ApBC at four pyrolysis 

temperatures. 

 

Table 2. Elemental composition of feedstock (25
o
C) and produced biochars at different pyrolysis temperature. 

Feedstock Pyrolysis temperature (˚C ) 
Elemental composition Atomic ratio 

C (g 100 g
-1

) N (g 100 g
-1

) H (g 100 g
-1

) H/C C/N 

TwBC 

25
 a
 50.04 3.748 6.603 1.57 15.57 

300 54.57 5.481 3.370 0.74 11.61 

600 58.81 5.246 2.555 0.52 13.07 

WhBC 

25
 a
 39.70 1.503 6.267 1.88 30.80 

300 47.73 1.717 2.212 0.55 32.42 

600 53.62 1.692 1.252 0.28 36.96 

ApBC 

25
 a
 49.60 0.434 6.040 1.45 133.28 

300 62.63 0.682 3.060 0.58 107.09 

600 66.69 0.525 1.997 0.36 148.14 

WsBC 

25
 a
 48.06 0.708 5.655 1.40 79.16 

300 57.55 0.917 4.114 0.85 73.19 

600 81.09 0.736 2.347 0.34 128.49 

 
a
 Initial feedstock. 

  

Figure 4. pH dynamic in TwBC.  

 

the total concentration of elements (Table 3). 

In relation to the feedstock, the maximum 

concentration of total P was measured in Tea 

waste biochar and the highest concentration of 

total Ca, Mg, K and Na were measured in 

WhBC. For micronutrients, the highest total 

concentration was observed at the pyrolysis 

temperature of 600˚C. Concentration of the 

micronutrients increased by pyrolysis 

temperature, except in WsBC. This trend had 

been observed for Fe, Zn, Cu, and Mn 

concentration. The TwBC had a higher 

concentration of Zn, Cu and Mn among 

feedstock, whereas WhBC had more Fe. The 

600˚C treatment had the maximum 

concentration of elements concentration 

(Table 3).  

The correlation between available and total 

P concentration was not strong (Figure 5) and 

there was a systematic departure from 

linearity, (r= 0.59, P≤ 0.05, left), but by 

removal of the TwBC data, a close relation 

between available and total P was observed in 

biochars (r= 0.97, P≤ 0.01, right).  

Results showed significant correlations 

between available and total concentrations of  
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 (a) 

 (b) 

 (c) 

 (d) 

Figure 7. Scanning Electron Microscopy (SEM) micrographs (2500X magnification) of TwBC (a), 

WhBC (b), ApBC (c) and WsBC (d) biochars pyrolyzed at 300 (Left) and 600˚C (right), respectively.  

Table 3. Specific surface area and pore size diameter for biochars produced at 300 and 600˚C. 

Feedstock 
 Surface Area (m

2
 g

-1
)  Pore size diameter (nm) 

 300˚C 600˚C  300˚C 600˚C 

TwBC  5.40 70.83  5.97 3.05 

WhBC  18.72 98.72  4.59 2.34 

ApBC  1.93 147.66  9.35 2.91 

WsBC  4.44 335.43  5.47 2.92 
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(a) (b) 

  

(c) (d) 
Figure 8. Fourier Transfer infra-red spectra (FT-IR) of TwBC (a), WhBC (b), ApBC (c) and WsBC (d), lines 

represented Feedstocks at 25˚C (blue) and biochars pyrolyzed at 300 (black), 400 (brown), 500 (pink) and 

600˚C (red), respectively. 

 

Figure 9. Relationships between the pore diameter and specific surface area for the produced biochars. 

  
Figure 10. XRD patterns for TwBC at 300 (left) and 600˚C (right). 
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elements, but linear correlation coefficient 

varied for K
+
 (r= 0.97, P≤ 0.01), Ca

2+
 (r= 0.86, 

P≤ 0.01) and Mg
2+

 (r= 0.86, ns). The 

relationship between available and total 

concentration of Mg was non-linear and 

indicated that more available Mg (extracted 

by standardized 1M HCl solution) could be 

released from the total sources between 1 

and 5 g kg
-1

 (Figure 6), and outside this 

range, total Mg has less effect on Mg 

availability.The specific surface area and 

pore size diameter values are given at Table 

4. The highest amount of surface area was 

for WsBC at 600˚C, approximately 9-fold 

compared to 300˚C. More pores and long 

channels appeared in WhBC (Pituello et al., 

2015), and in WsBC the large number of 

micropores became visible at a higher 

temperature. Relation between pore diameter 

and specific surface area for biochars is 

illustrated in Figure 9. It seems that without 

considering feedstock and pyrolysis 

temperature, the relation between pore 

diameter and specific surface area is in 

inverse logarithmic form.  

Also, the surface area at 600˚C was 

markedly more than biochars produced at 

300˚C, because of extinguishing volatile 

organic materials from feedstock structure 

that led to more void space on biochars 

(Lehman and Joseph, 2009). However, at the 

temperatures more than 700˚C, the 

micropores breakdown and total surface area 

declines (Chun et al., 2004). Because of the 

amorphous carbon and collapsed crystalline 

structure, XRD patterns were not clear to 

identify (Figure 10).

CONCLUSIONS 

This study showed the structural and 

physicochemical dependency of biochars on 

nature of feedstock and pyrolysis 

temperature. By increments in pyrolysis 

temperature, the total and available 

concentration of elements in the produced 

biochars increased, except at walnut shell 

derived biochar. Strong positive linear 

relationships exist between available and 

total concentration of P, K, Ca in biochars, 

except Mg that showed nonlinear relation. 

The surface area of biochars increased by 

pyrolysis temperature but it was higher in 

woody materials than plant feedstock. Mean 

pore diameter decreased gradually, while 

surface area increased. These results of the 

chemical composition, structural properties, 

and surface bounding compounds suggest 

that biochars produced at 300 and 400˚C 

could be useful for calcareous soils because 

of low pH, low EC and high mass yield. 

Future characterization efforts could 

combine information of elemental contents 

and functional groups. Also, further research 

is recommended on the biochar effects on 

nutrients availability in calcareous soils.  
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 های فیسیکو شیمیایی بیوچار تاثیر دمای پیرولیس و منبع زیست توده بر ویژگی

 . اوستانشرمضانساده، و ع. ریحانی تبار، ا. فرهادی، ح. 

 چکیده

ّای رایج غلثِ تز هؾکل دفغ ضایؼات آلی حاصل اس فؼالیتْای کؾاٍرسی تثذیل آًْا  یکی اس رّیافت

تِ تیَچار اعت. اها ًقؼ ًَع پظ هاًذ ٍ دهای پیزٍلیش تز ٍیضگیْای فیشیکَؽیویایی تیَچار ٌَّس تِ خَتی 

تیَچار اس تیَهاط ّای اٍلیِ هختلف ّواًٌذ تفالِ چای، درک ًؾذُ اعت. در ایي هطالؼِ ًوًَِ ّای 

درجِ علغیَط تا سهاى  300ٍ400ٍ500ٍ600چَب درخت عیة، کاُ گٌذم ٍ پَعتِ گزدٍ در دهاّای 

هاًذگاری یک عاػت تَلیذ ؽذًذ. ًتایج ًؾاى داد کِ تا افشایؼ دهای پیزٍلیش، ػولکزد تیَچار کاّؼ 

درجِ ٍ چَب  300کزد در تیَچار حاصل اس پَعتِ گزدٍ در دهای هؼٌاداری یافت. تیؾیٌِ ٍ کویٌِ ػول

درصذ حاصل ؽذ. ج ّاػ تیَچارّای تَلیذ  6/16ٍ  2/66تِ تزتیة تزاتز  600درخت عیة در دهای 

تَدًذ ٍ هقذار ج ّاػ ٍ هحتَای خاکغتز در توام ًوًَِ ّا تا افشایؼ دهای  6.7تا  5.3ؽذُ دارای داهٌِ 

فغفز، کلغین، پتاعین، عذین، آّي،  عت گزدٍ افشایؼ یافت. غلظت کل ػٌاصزپیزٍلیش تِ اعتغٌای پَ

رٍی، هظ ٍ هٌگٌش ٍ غلظت قاتل جذب پتاعین، کلغین، هٌیشین ٍ فغفز تا افشایؼ دهای پیزٍلیش تِ 
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، تا افشایؼ دها غلظت CHNاعتغٌای تیَچار حاصل اس پَعتِ گزدٍ افشایؼ یافت. تز طثق ًتایج آًالیش 

عاػت کاّؼ ٍ عپظ  72ایؼ ٍ ًیتزٍصى ٍ ّیذرٍصى کاّؼ یافتٌذ. ّوچٌیي ج ّاػ تا کل کزتي افش

تقزیثا تِ ؽزایط پایذار رعیذ. راتطِ تیي ج ّاػ ٍ هقذار کزتٌات کلغین ًشدیک ٍ خطی تَد. طیف 

ًوًَِ ّا ًؾاى داد کِ کزتي آرٍهاتیک تا افشایؼ دها افشایؼ یافت. ّوچٌیي تا افشایؼ  FT-IR عٌجی 

یزٍلیش هتَعط قطز هٌافذ کاّؼ اها حجن هیکزٍپَرّا افشایؼ یافت کِ هٌجز تِ افشایؼ عطح دهای پ

 400ٍ  300ًتایج ایي هطالؼِ ًؾاى هی دّذ کِ تیَچارّای تَلیذی در دهای  ٍیضُ ًوًَِ ّای تیَچار ؽذ.

ی ّا پاییي ٍ ػولکزد تالا هوکي اعت اس پتاًغیل کَدی در خاک pH  ٍECدرجِ علغیَط تِ دلیل 

 آّکی تزخَردار تاؽٌذ.
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