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Article Info ABSTRACT

Avrticle type: Background and Obijectives: In recent years, due to the large amount of
Full Length Research Paper  agricultural wastes, the production and use of biochar as a carbon-rich
material have become very important in order to recycle plant residues,
reduce greenhouse gas emissions, preserve nutrients and remove pollutants
and heavy metals from the soil. This research was conducted with the aim
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Accepted: 02.13.2024 modification with mineral salts on the characteristics of produced biochars.

Materials and Methods: To carry out the research, a factorial experiment

Keywords: o was conducted in the form of a completely randomized design with three

Biochar characteristics, replications. The experimental factors include the type of feedstock in 2

FMeeg?’]f_OC't(g types (sugarcane bagasse and rice straw), the pyrolysis temperature in 2
odification,

levels (300 and 500 °C) and the type of biochar modification in 4 models
(control or without modification, modification with FeCl;, ZnCl, and
KH,PO,). At first, biochars were prepared (16 samples in 3 replicates) and
then their physicochemical properties were measured and analyzed.

Pyrolysis temperature

Results: The results showed that with the increase of pyrolysis temperature
in control and all modified biochars, the amount of ash, fixed carbon,
electrical conductivity (EC), acidity (pH), specific surface area (SSA),
carbon content and C/N ratio increased and vyield, volatile matter, cation
exchange capacity (CEC), oxygen and hydrogen content decreased. In rice
straw biochars (control and modified), oxygen content, O/C and O+N/C
ratio at both temperatures and CEC value at 500 °C are higher than
sugarcane bagasse biochars, and its SSA was less. Modification with
mineral salts increased the amount of ash, yield, CEC, SSA, EC, oxygen
content, O/C ratio and decreased pH, carbon, nitrogen and hydrogen
content in biochars produced at both temperature levels and two types of
biomasses. The highest amount of CEC was observed in sugarcane bagasse
biochar produced at 300 °C modified with phosphorus (94.58 cmol.kg™),
and the highest SSA in sugarcane bagasse biochar produced at 500 °C
modified with iron (94.49 m?kg). The rice straw biochar produced at
500 °C without modification with a pH of 8.83 had the highest pH value,
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and the rice straw biochar produced at 500 °C modified with iron with EC
of 9.23 had the highest EC value and the highest percentage of ash
(49.07%) compared to other biochars. The most fixed carbon was related to
unmodified 500 °C sugarcane bagasse biochar (51.4%) and 500 °C
sugarcane bagasse biochar modified with zinc (48.7%). The 300 °C rice
straw biochar modified with iron had the lowest percentage of fixed carbon
and the highest ratio of H/C, O/C and O+N/C, and in biochar modified
with zinc produced at 500 °C, these ratios had the lowest value compared to
other biochars, which probably indicates their greater stability.

Conclusion: The results of this research showed that the biochars produced
at 300 °C, especially the types that modified with phosphorus and iron,
have properties that are expected to remove pollutants from water and soil
and improve soil fertility, and the biochars prepared at 500 °C, especially
the types that modified with zinc, have the characteristics required for
application in order to carbon sequestration in the soil. However, more
research needs to be done to provide more accurate results. In general, the
use of mineral salts to modify biochar can be effective in optimizing its
characteristics according to the purpose of application.
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Table 1. results of variance analyses for the effect of experimental factors on yield and approximate analysis
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% Coefficient of variation
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" **and * are non-significant and significant at the probability level of 1 and 5%, respectively
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Table 2. Means comparison of yields, ash, volatile matter and fixed carbon of biochars in different treatments.
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Fixed carbon  Volatile matter Ash Yield "‘“S@L"' Pvrolvsis 2y ) O
Modifier Yrolys Feedstock type
% % % % temperature
38.34° 36.4¢ 25.26" 44.88" (Control) aslz
: Yoo
27.03 38.97° 34" 64.29° FeCls o
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15 (P<e/00) (gl e Dl SSls 3031 bl oS 2k s (glls Lo, Kl

Means with similar letter(s) are not significantly different according to the Duncan’s test (P<0.05)
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Table 3. Variance analysis of the effect of experimental factors on pH, EC, CEC and specific surface area

of biochars.
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Figure 1. Interaction of experiment factors on EC (A) and pH (B) of biochars.
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SB: sugarcane bagasse biochar and RS: rice straw biochar. Fe, Zn, P: modified biochars with FeCl5,
ZnCl, and KH,PO, respectively, 300 and 500 degrees Celsius: pyrolysis temperature
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Figure 2. Interaction of experiment factors on cation exchange capacity (A) and spECific surface area (B)
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Figure 3. Scanning electron microscope (SEM) images of biochar.

I A G IR ATYe | RSP P
Si-O-Si 35 5 (YY) C-Cl Wss @ Lg o 550
sgdme 3 Sy by el (Y sy
ol 5 esle sladles 53 Wee 5 Ve em?
glad> L L C=C o5 o Coja ol
JeS 58 Gles S L hse C=0 5 Sl
Sde 5y ekl edalie S (V) Wil ey ol
Sets sl el AV B VoL emT
C-H wmiv Jl = et Jlol 4 by
St (W) Wil s Lol S i b5 Ssloy )]

Vo

FTIR 53 05l il el i gl ib
23 e S K bales el s sl Ol (8 JSK8)
slasOlis & Cdls sy FErCMT os i
3l (oS 5540) O-H o5 8 oS wlals )
04) il Sy slaes S L5 OF slad S35
sk a3 00 lay 3 S opl Cus &S
b ool ol e s by Oals s 1 oa
s35dome 53 S KK L(E1) Sl 0l (S calsl §
edis0ls gy sdls bl s Ve cm
Sy A) el C-O-C | C-O (slaes S ,pim



AEXA | b)wc‘i b)sb¢)|ég'li4g93'9t5l$%ﬂ.\n Q)m

ovo 9 oYo 63 gd>ws &.Lﬁ&t‘i JM L? a-\-icw‘
Gloos S 5l U iS4 bge & 5l s
53 P-O-P _iis slsyl (Yo) ool PO,SS
D}b)bﬂ;ﬂ;g&)%bbwbwéi
sheve em? sl ((V8) sys e VYo e
edd Pl s gl 53 TaYo-YAocm'™
Pl 4 Gl S 45 W S Iy (65 f DS

V) .L.JJL: Ja.if CH3— 9 CHz— L;.L.IS

e sladles s (reeeem™) O-H o wyy
Glads! 1S 4 Olge |y ool b NETO
sdalie S (W) ols o Ladles mhaw s ool
s IS 55 W oM™t a3 el
5oy i Fe-O 1iS 4 al bsds Sl
sladsi U/ 5 Fe-O la oSS 5 5 5 sdasOlis
5 oo 3Nl Gladle ol 55, S ol
) sadley s (BA) Al e Lgls s L

e ™y SBS00 N WY
e s -\ A —— X P —— \ 2 E
— |'| / ,.j/" \/ SHI00 ™\ o '8 \J/'
\ 1‘ i/ /'Y
— 3 ———— - — f\/'/ LA — o | - A e
FRSS00™"" N/ \ RSSO0~ hVa o N !
2 i/ "‘{{‘l !l } J '}
VY { \if
' — v | | bt \
FRSI // b \ \ I vk 71‘5‘5\ N \i in VAL ﬁ\/
i Ill“ " ’ C-H alphatic \\f \‘ ( CH
\/ V » B cH \ | aromatc
oH b4
C-H alphatic / ' N C=0G=C 508}
N/CH arc co c-ct
B oM c=0 3 A
=G |
T T T : T ' ‘ ‘

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
7SBS0 ¢ N | r,m,“r: W
s N —— NN, p——r— - o~

< " \ / -~/ X —~ \ AT
2585308 v PSEY N VN
\W\_ 7 \ / iy\ AN \ YW
L " L~/
B e\ P |\ v AL ~ ” il of o 3, N ™
ZRSSONL -~ N \ \f l‘ PRS500 ™~ N \y A
‘v n { ||l \ 11 V l ’
£ Y if ! ATATES \i
P—— e y L |‘ P — j__b—‘ | v‘| ey |
v “”*‘-\/\' \v - /‘ \ \, PRk \ n \ |1 /'/\4 \|
” / _ ! \ | /. \}
! [AV4"Y \ | JCH
C-H alghatic \\j \ GCH 4 C-H alphatic L\j \ \ :{.l:onut»:
o4 \ aromati oM ¥
L J 3
cH CoO ¢a ~ -,.:;;
c-0 =
4000 3500 3000 2500 2000 1500 1000 500 4000 00 000 2600 2000 1500 1000 500

Wavenumber (em™)

Wavenumber (cm™')

adliee gl jlod 55 fmsy GBS j0 5 Dgsle slacib —¢ K3
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Table 4. variance analysis of the effect of experimental factors on the elemental composition and atomic ratios

of biochar.
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Table 5. interactions of the effect of biochar type, temperature and modifier on the elemental composition

of biochars.
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Means with similar letter(s) are not significantly different according to the Duncan’s test (P<0.05)
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Table 6. interactions of the effect of biochar type, temperature and modifier on atomic ratios of biochars.
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Means with similar letter(s) are not significantly different according to the Duncan’s test (P<0.05)
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Figure 5. Van Krollen diagram (H/C changes compared to O/C) in different biochars.
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