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Study on the Physical and Chemical Properties of Forestry-waste
Biochar under Different Raw Material Sources and Pyrolysis
Temperature

LUO Qing', KOU Liyue', WEI Zhongping’, WU Huiqiu', HE Qin', FANG Xu', ZHANG Xinyu'
(1. Key Laboratory of Regional Environment and Eco—remediation of Ministry of Education, Shenyang University, Shenyang 110044, China;

2. Liaoning Academy of Agricultural Sciences, Shenyang 110136, China)

Abstract: Forestry—waste is regarded as an ideal raw material for biochar preparation because of its environmentally
friendly characteristics and wide distribution. In order to realize the multistage utilization of forestry—waste, give full play to
its renewable characteristics. In this study, the biochar was prepared from Populus alba X P. berolinensis leaves, Pinus
sylvestris var.mongolica leaves, Populus albaXP. berolinensis branches, and Pinus sylvestris var.mongolica. branches under
anaerobic conditions at 300, 500 and 700 ‘C.And then using SEM, XRD and XPS to explore the influence of different raw
material sources and pyrolysis temperature on the properties of forestry—waste biochar, and provide a reference for the high—

value utilization of forestry—waste. The results show that the pH of biochar is alkaline. With the increase of pyrolysis
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temperature, the four kinds of biochar have the same pattern of change, all of which are the decrease of average pore size,
the increase of specific surface area and total pore volume. The total amount of acidic oxygen—containing functional groups
(-OH, C-00H, 0=C-0 and-COOR) on the surface of biochar also decreases with the increase of pyrolysis temperature,
and the biochar becomes more aromatic and less polar and hydrophilic. Leaf biochar has higher ash content and CaCO,
content; while branch biochar has higher aromatic degree, hydrophobicity and weaker polarity. The surface of biochar from
Populus alba X P. berolinensis has abundant C-C, which is more aromatic than the biochar from Pinus sylvestris var.
mongolica. Therefore, the raw material source and pyrolysis temperature have significant impacts on the physical and
chemical properties of forestry—waste biochar.

Key words: biochar; forestry—waste; physicochemical properties; source of raw materials; pyrolysis temperature
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Table 1 Naming of the forestry-waste biochar

JEUR %' PIREE/C FREE A 6] /h
Material Number Pyrolysis temperature Sustained pyrolysis time
YY300 300 6
PR
Populus albaxP. berolinensis leaves YY500 500 6
YY700 700 6
7ZY300 300 6
e AT
4 BPRET ZY500 500 6
Pinus sylvestris var. mongolica leaves
ZY700 700 6
YZ300 300 6
R AL
Populus albaXP. berolinensis branches YZ500 500 6
YZ700 700 6
77300 300 6
TR AL
Pinus sylvestris var. mongolica branches 77500 500 6
72700 700 6
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Figure 1 SEM images of forestry-waste biochar (x3 000)



% 3 ¥ O RE KRB R R IR AR E T AR E A R B E SRR -289—

FEAR LAY e ikl . Y B IE E T 2= 700 CHE, JFUE AR R IR TE 51 358 00 Bl w3 3£ A 2
LRSS, FEDHDRE H R 0 ORI HOIR AR o R W e A R 05 B A (IR, 1 30/ ]
FLBRES R . A 300 CHIHR H Az A W) i 2 S HES 2 55 9 FLBR 254 HLFLAR /0N, ks T A A= W e M LA
R B FLBRGERE o Bl AR B T i RS AR W e e T A T R AT R B FLBR &5 44 -

22 TEARERILRERSILESWH

ANEIBRO 2P AEAS R AR R T A e R AL S K L R B S LA R 2. Ay C ot
F5 o By Bl A B 0 T o i o, R th B R R AR Wk CoT R i i, R 73.42% 3 &
89.93%. 1M H.OJCHE & it NFE, X T HICZ R Ut , 1 Fatsf it 2E Wy i T R W 5k, DA 5.64% i /b
2 1.19% ;%5 T 0 JTTE KU, #R g B AE W) o T REIT i, DA 17.85% 18070 %2 0.85% . oAb, AW i IR 4
o A A U S P v N, H R A A e AR i R 4y e R, R 19.10% 35 % 29.95% . A=
Py 1) S ALK FRURD b3 T AR5 PR e T B8 52 T A DG, e R A R A ) e S LR R B 0.02 em® - 7' 1
Hn30.30 em®- g™, LR H AL 5.34 em?- g B AN 3] 448.02 em?- o', JE 4 KA W P G N B B R . SEEY
FLAR I IR B 2 AR O , PR AARE I A ik A8 A B W B, i 18.09 nm R P 2.53 nm.,

I TC R A AT LATHE A 0% R A LAY O/C VH/C B (O+N)/C B L an e 2. R igh Rk
Y15y O/C F(0+N)/C HUIEZS A3 W 5, i1 0.18 F10.20 4351 F 4 22 0.01 F10.02 5 45 T HA B 1A= 4 7k H/C
FEAE T RER I S, B 0.99 T REZ 0.18, FLEAIRARM 858 B AT LA B, B 2R AW sk O/C LhfH R 0.18~
0.01 .H/C HAH M 0.61~0.11 LL K2 (O+N)/C HAE A 0.20~0.02, T H-2E2E ¥ 7% O/C HAE 4 0.20~0.03 \H/C
{H40.99~0.18 LA K (O+N)/C FLAE 4 0.23~0.06, FH L AT UL, &2 A4 1k O/C \H/C LA K (O+N)/C () FL{E
T2, RZEY R CICR &N 72.729%~89.93% , M2 AW 5 C IE R &N 60.26%~80.76% , K
KW Co R & B m T2, Hid 700 CHR MR E Y ik C TR & i, 8 89.93%. 454
Yy o pH ¥ 2 08PE HBERRAR IR B T = i K, X 5 K A AR A AR ], S AR e pH B 7.50~
10.10, H:H 700 “CAR HAz A6 iF A= 9 e 1) pH B B 1, oM 10100 BE2RAEW R 1Y pH (B K 6.88~9.76, I3
AW ) pH B 2B 1.03~1.09 1%

R2 MUEFWEMRPTRARRERERSILE

Table 2 Elemental composition and specific surface area and pore size of forestry-waste biochar

AN[RIML B 5 A

Biochar from different forestry waste

AR A (LR VN IR 7/P/3 LS IRV [ SRNUEERTYS

Nrﬁlka )l:fre Biochar from Populus alba Biochar from Pinus sylvestris Biochar from Populus alba Biochar from Pinus sylvestris
XP. berolinensis leaves var. mongolica leaves XP. berolinensis branches var. mongolica branches
YY300 YY500 YY700 ZY300 ZY500 ZY700 YZ300 YZ500 YZ700 ZZ300 ZZ500 77700
C/% 60.26 6275 6325 68.13 77.14 80.76 7342 83.88 8993 7272 81.87  88.69
H/% 471 1.80 1.45 5.64 2.67 1.19 3.76 2.13 1.20 372 2.76 0.83
N/% 2.98 2.61 2.49 2.49 2.97 243 1.10 1.21 1.22 1.16 1.03 0.89
0/% 1289 449 2.86 1772 130 3.15 1785 820 0.85 1698 749 2.57
H/C 0.95 0.35 0.28 0.99 0.42 0.18 0.61 0.31 0.16 0.61 0.41 0.11
0/C 0.16 0.05 0.03 0.20 0.07 0.03 0.18 0.07 0.01 0.18 0.07 0.02
(0O+N)C 0.20 0.09 0.07 0.23 0.10 0.06 0.20 0.09 0.02 0.19 0.08 0.03
JK 4y Ash content/% 19.10 2835 2995  6.03 9.93 1248 388 4.58 6.80 543 6.85 7.03
pH{E 7.80 9.78 10.10  7.50 9.49 9.79 6.88 7.09 9.57 7.01 7.97 9.76
L& Surface areal(m?-¢™') 467 3964 9790 348 1623 19272 6.12 21190 310.15 534  146.19 448.02
MALAR Total pore volume/(cm®+g™") 002 005 009 002 003 012 002 014 018 002 010 030
F-H 142 Average pore width/nm 1633 523 3.55 1809 638 2.53 1117 257 2.32 1350 2.84 2.66
2.3 XRD##

X 2R 2 S AT SRR A% DU A BT AR A R T T R AT o BT 2 AN JEURE B B I B R ARl
JE S AE VR 1 XRD B . 4 FobRoll 15 55 90 A6 W o A A Ui B AR B 34 5 32 19 CaC,0, 847,
500 CHJAEP i HFIRTE 260=29.39 °Ab tH B CaCO, 7 05 , HBE % PAR IR BE T 157 , CaCO, T 5T AT i1 oi8
FEF AN A AT 26=29.39 “Ab 1) CaCO, AT HTIEY SR T AR P A% . 11 CaCO, 737 5 I8 55 RE A% FRAE CaCO, 7
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Figure 2 XRD of forestry-waste biochar
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Figure 3 FTIR spectrum of forestry-waste biochar
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Figure 4 XPS full spectrum of foresty-waste biochar
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Table 3 Binding statesand relative atomic percentage of Cls and Ols on the surface of biochar

T H 80 %
Atomic percentage
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%3 ZEOfEleV Chemical Biochar from Populus alba Biochar from Pinus Biochar from Populus Biochar from Pinus

Peak Binding energy bond/Functional sylvestris var. mongolica  albaXP. berolinensis  sylvestris var. mongolica

XP. berolinensis leaves

group leaves branches branches

YY300 YY500 YY700 ZY300 ZY500 ZY700 YZ300 YZ500 YZ700 ZZ300 77500 77700
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532.3 O-H 33.82 3349 3346 3242 30.75 28.28 29.66 29.56 29.01 27.70 27.65 2743
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