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Effects of different pyrolysis temperatures and feedstock
types on biochar quality based on the application scenario for
heavy metal contamination control

FU Xiao', XU Qiang', HUANG Xiaowei', LI Zhiwei', TAN Tiansu', YI Zili"**, XUE Shuai'**
(1. College of Bioscience & Biotechnology, Hunan Agricultural University, Changsha 410128, China;

2. Hunan Engineering Laboratory of Miscanthus Ecological Applications, Hunan Agricultural University, Changsha 410128, China;

3. Hunan Branch, National Energy R&D Center for Non-Food Biomass, Hunan Agricultural University, Changsha 410128, China)

Abstract This study was designed to comprehensively evaluate the effects of pyrolysis temperatures and
feedstock types on the biochar quality from 17 feedstocks under 600 C, 800 C and 1 000 C, respectively.
Based on the application potential of biochar in the remediation of heavy metal pollution, the principal
component analysis was used to analyze the impact of pyrolysis temperature and feedstock type on the
physicochemical properties of biochar. The core indicators of biochar were selected through correlation

analysis. Subsequently, the grey relational grade (RI) was utilized to comprehensively evaluate the
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potential of these 51 biochars in remediating heavy metal pollution. The results showed that the feedstock
types were more important on the physicochemical properties of biochar than that of the pyrolysis
temperatures. The core indicators comprehensively expressing the biochar quality include biochar vyield,
specific surface area, H and C molar ratio, acid functional group and ash content. The results of gray
relational degree (RI) comprehensive evaluation showed that the heavy metal remediation potential of
biochar increased with the increase of pyrolysis temperature. The biochars from tall grass biomass

pyrolyzed at 1 000 C generally showed a good quality as suggested by the high Rl of Bambusoideae (Rl=

2024 4F 55 29 %

0.697), Miscanthus lutarioriparius (RI=0. 676) and Panicum virgatum (RI1=0.671), respectively.

Keywords biomass; agricultural wastes;

remediation
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Table 1 Normalization of core indicators for different biochar types
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BY represents biochar yield; Aci represents acid functional group content; M (H)/M (C) represents molar ratio of hydrogen to carbon; Alk

represents alkaline functional group content; CEC represents cation exchange capacity; EC represents electrical conductivity; AC represents ash

content; pH represents acidity or alkalinity ; Ssa represents specific surface area.
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Fig.1 Principal component analysis of physicochemical indicators for the study produced 51 biochar types
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Table 2 Correlation analysis of the physicochemical indicators of 51 kinds of biochar
AL 8 B
Physi- 5% BOER BT as e SRR B AC BROVE R RE M MRYEE BEM LR T AR
chemical BY EC CEC MH)/MCC) Alk Aci Ssa
indicator
BY 1 —0.193"  0.007 0.033 0.334™ 0.253"  0.008 0.349"  —0.233"
pH 1 0.698" 0.589™ 0.072 0.505™  0.272" —0.372 —0.038
EC 1 0.913" 0.409™ 0.527"  0.576" .053 —0.319”
CEC 1 0.266™ 0.587"  0.776" L2827 —0.2927
M(H)/ . .
AMCCY 1 —0.053 0.095 0.181 —0. 546
AC 1 0.424" .123 —0.055
Alk 1 0.564"  —0.204
Aci 1 —0.204"
Ssa 1

T R4 B 7R 15 P<<0. 05 Fl P<<0. 01 /K 5 40 5 .

Note: * and ** indicate significant correlation at the P<<0. 05 and P<Z0. 01 levels, respectively.
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Table 3 Evaluation results of comprehensive quality of 51 biochars at different pyrolysis temperatures

p— 600 C 800 C 1000 °C
: $ KUK B Helw KUK Hey UK B ey
Bichar types
RI Order RI Order RI Order
ﬁ@ . 0.510 34 0.532 29 0.583 12
MiscanthusXgiganteus
AT
0.502 35 0. 556 23 0.608 8
Arundo donax
ﬁ‘ﬁﬁi o 0. 584 11 0.622 7 0.676 2
Miscanthus lutarioriparius
7
.62 .641 5 . 1
Bambusoideae 0.627 6 0-6 0 0. 697
ANE 0.489 37 0.546 26 0.578 14
Saccharum narenga
ﬂ,_pt oo 0. 556 24 0.545 27 0.571 18
Miscanthus floridulus
T
. . . 0.492 36 0.530 30 0.547 25
Miscanthus sinensis
i 1
B ﬁ_& . 0.598 9 0.653 4 0.671 3
Panicum virgatum
ZE%% ) 0.466 44 0.488 38 0.535 28
Pennisetum alopecuroides
ARAT 0.472 41 0.462 46 0.445 48
Corn stalk
THRFY 0.447 47 0.419 51 0.466 45
Rape stalk
I B AT
4 42 .51 2 .572 1
Tobacco stalk 0.467 0518 3 0.57 0
AR 0.479 39 0.473 40 0.571 17
Cassava stalk
R 0.431 50 0. 440 49 0. 467 43
Rice stalk
35*‘0 0.572 16 0. 564 19 0. 589 10
Corncob
&R
.51 . 1 Y 21
Camellia shell 0.516 33 0. 580 3 0. 559
7]‘&1";1 0.521 31 0. 556 22 0.559 20
Rice husk
RO X
FHRKE 0.513 3 0.537 2 0.570 1

Total average RI
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AC 1 J910.537% .M(H)/M(C) 4 0. 215, Ssafti h
52. 104 m®/g MHE T AR TR =9, H ACEAR T
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Table 4 Average comprehensive evaluation results of 3 types of biochar at different pyrolysis temperatures

600 C 800 C 1000 °C
T EQ31 HERe KT g HEF? IR HEFe
e
P RI Order RI Order RI Order
SRS . .
) 0.536 3 0. 568 2 0. 607 1
Tall grass biomass
RAFYIFERT
. 0.459 3 0.462 2 0. 504 1
Crop residue
0 T
0.536 3 0. 567 2 0. 569 1

Process residue
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(r=0.489,P<C0.05), 1000 ‘CF =¥ % i Aci i
}9°0. 494 mmol/g.Ssa A 76. 888 m*/g #1 % F 600 °C,
H Aci fHAIK 40. 688% , Ssa {H J& 600 “CH: ¥ 7 11 4. 264
P o 1000 °CF MY 2E ¥ B AR AL T 800 °C, H: Aci {H fik
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