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Abstract: To counter inadequate disposal of green wastes resulting in nutrient loss and environmental pollution,
four types of woody green wastes (Platanus orientalis, Osmanthus fragrans, Photiniax fraseri, and Cinnamomum
camphora) were collected to determine the effects of pyrolysis temperatures (350, 500, and 650 °C) on yields
and physicochemical properties of resulting biochars. Results showed that biochar yield decreased with an in-
crease of pyrolysis temperature, especially in the range of 350-500 °C. The ash content of biomass materials
had a remarkable effect on the yield of biochars with the yield of Platanus orientalis leaf biochar being the
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highest and branch biochar yield the lowest. As pyrolysis temperature increased, biochar aromaticity increased
and hydrophilicity and polarity decreased. Branch biochars of Photiniax fraseri and P. orientalis pyrolyzed at
650 °C had higher aromaticity than the other biochars, and P. orientalis leaf biochars prepared at 350 “C had
the highest hydrophilicity and polarity. Total N from Osmanthus fragrans and Cinnamomum camphora leaf
biochar was higher than in other biochars. Total S content of leaf biochar was higher than branch biochar. Both
types and quantities of functional groups on the surface of biochars decreased with the increase of pyrolysis
temperature, although functional groups were still observed on the surface of P. fraseri leaf biochars pyrolyzed
at 650 °C. Scanning electron microscopy and X-ray diffraction analysis showed that compared to other biochars,
P. ortentalis and C. camphora branch biochars had greater porosity, and P. fraseri leaf biochar had higher con-
centrations of P, Mg, K, and Ca. In conclusion, characteristics of these biochars, derived from woody green
waste, mainly affected by raw biomass materials and pyrolysis temperatures, could provide references for uti-
lization of woody green wastes through pyrolysis on a commercial scale as well as practical implications for use
with soil amendments, carbon sequestration, emission reduction, and plant growth promotion. [Ch, 3 fig. 3 tab.
36 ref. |
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Table 1 Proximate and ultimate analyses of raw biomass materials.

o T4 /% TEE %
PR Koy RS K5y I8 A Wk it £l A B £}

HEEM Rty 8.95 76.40 7.33 7.32 46.43 5.21 0.83 0.23 47.30
FEAEIE gy 3.50 89.49 5.21 1.81 46.73 6.22 1.32 0.17 45.56
LA A hy 5.29 82.32 6.77 5.62 45.69 5.93 0.98 0.10 47.30
R A xy 5.86 81.35 8.48 431 4591 591 1.56 0.15 46.47
% [ R A R 4% (2 3.03 89.60 1.40 5.96 45.13 5.92 0.42 0.04 48.49
HEAE R 5% oz 3.78 88.01 1.71 6.50 45.75 6.06 0.40 0.03 47.76
LN A SS hz 391 85.82 2.10 8.17 44.46 5.89 0.47 0.02 49.16
TR A 55 xz 7.94 83.50 3.21 5.35 44.80 5.90 0.49 0.03 48.78
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Figure 1 Effect of pyrolysis temperature on yield of biochars derived from woody green wastes
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Table 2 Proximate and ultimate analyses of biochars derived from woody green wastes
7| Tl o3 1% JLR 3T 1% JE T H
Bk Koy FER 5y I 7 Tk Bk E A it £ H/C O/C (0+N)/C
fy350 13.74+1.1 € 57.40£0.4 b 25.03:+0.6 h 61.10+0.0 1 4.5120.1 cde 1.4420.0 ¢ 0.20£0.0 d 32.74+0.1a 0.89 0.40 0.42
fy500 16.84+2.4 d 38.24x1.1 de 40.52+2.2 ef 65.14x1.7 1) 3.10+0.0f 1.27+0.1 d  0.20£0.0 de 30.29+1.8 b 0.57 0.35  0.37

fy650 20.84+0.4 b 29.57+1.7 ghi 46.20£2.9¢ d 67.10+1.4 jh 1.89+0.1 hi 0.93%0.1 efgh 0.17+0.0 f 29.92+1.4 b 0.34 033  0.35
gy350 8.74+0.3 hi 62.73£2.0 a 24.37+1.9h 66.23+0.3 ghi5.17+0.3 a 2.21+0.1 b 0.26£0.0 ¢ 26.13+0.7 c¢d 0.94 0.30  0.32
gy500 14.79+0.4 e 30.36+1.2 hi 50.89+1.4 a 68.02+0.0 fg 2.98+0.0 f 2.23+0.0b 0.32£0.0 a 26.45+0.1 c¢d 0.53 0.29  0.32
gy650 15.85+0.2 d 27.56+1.7 hi 50.82+1.7 a 70.17+0.5 ¢ 2.00+0.0 ghi 1.47£0.1 ¢ = 0.29£0.0 b 26.07+0.4 ¢ 0.34 0.28  0.30
hy350 14.23+0.7 e 56.67+10.6 b 24.64+10.6 h 61.72+2.2 kl 4.71+0.3 bec 1.52+0.1 ¢ 0.03£0.0 j  32.02+2.6 ab 0.92 0.39  0.41
hy500 19.91+0.3 b 36.76+0.7 de 38.96+£0.6 f 64.06+0.7 j 2.89+0.0f 1.52+0.0c¢ 0.03£+0.0j 31.50+0.8 ab 0.54 0.37  0.39
hy650 22.78+0.2 a 32.71+1.1 fgh 40.73£1.0 ef 63.94+04 j 1.81+0.1 i 1.05+0.1 ef 0.05£0.0ij 33.16+0.4 a 0.34 0.39 0.40
xy350 11.93+0.3 f 59.40+1.3 ab 24.50+1.5h 61.98+1.2kl 4.85+£0.0 bc 2.41+0.0 a  0.17+0.0 ef 30.59+1.3 b 0.94 0.37 0.40
xy500 18.28+1.4 ¢ 38.89+2.5 def 38.44+1.7f 63.29+0.1 jk2.87+0.0f 2.25+0.1 b  0.15+£0.0 fg 31.44+0.3 ab 0.54 0.37 0.40
xy650 18.28+0.7 ¢ 33.64+0.8 efg 42.44+0.9 def 66.00+0.2 hi 1.88+0.0 hi 1.51+0.1 ¢  0.13+0.0 g 30.48+0.3 b 0.34 0.35 0.37
2350 4.22+0.11 4595+1.8 ¢ 46.07+1.8 c¢d 70.34+0.3 de 4.36+0.0 ed 1.01+0.0 efg 0.08+0.0 h 24.21+0.4 de 0.74 0.26  0.27
{2500 6.01+0.1 k 31.29+3.1 ghi 58.86+3.0 a 78.79+0.1 b 3.12+0.1f 1.08£#0.0e 0.09+0.0h 16.92+0.2h 048 0.16 0.17
{2650 6.96+0.3 jk 26.71+4.31 61.83+4.2a 82.81+02a 2.11+0.0 gh 0.86+£0.0 gh 0.08+0.0 hi 14.15+0.21 0.31 0.13 0.14
22350 4.17+04 1 47.90£1.9 ¢  44.06+1.8 de 72.14+0.5 d 4.63+0.0 be 0.90+0.0 fgh 0.06+0.0 ghi 22.28+0.6 ¢ 0.77 0.23  0.24
22500 6.71+0.5 jk 32.35+2.5 fgh 57.30+2.7 a 79.36x1.1 b 3.11+0.1 f 1.03+0.1 efg 0.06+0.0 ghi 16.43+0.9 h 0.47 0.16  0.17
92650 6.83+0.4 jk 28.72+4.3 ghi 59.00+4.4 a 82.74+1.7a 2.17+0.0 g 0.80+0.1 h  0.08+0.0 hi 14.21+1.81 0.32 0.13  0.14
hz350 6.05+0.2 k 45.38+2.7 ¢ 45.34+2.5 de 67.95+0.8 fg 4.27+0.0 e  0.94+0.0 efgh 0.06+0.0 hij 26.78+0.8 ¢ 0.75 0.30  0.31
hz500 8.15+0.7 ij 29.77+1.7 ghi 59.07+0.6 a 76.76+0.1 ¢ 3.04+0.0 f 1.03+0.0 efg 0.06+0.0 hij 19.12+0.2 fg 0.47 0.19  0.20
hz650 9.56+0.7 jh 27.46+£5.3 hi 58.24+4.8 a 78.82+0.8 b 2.07+0.0 gh 0.90+0.0 fgh 0.05+£0.0 ij 18.17+0.8 gh 0.31 0.17  0.18
xz350 7.44+0.5 jk 55.86+3.1 b 33.85+2.0 g 69.58+0.1 ef 4.53+0.2d 1.02+0.1 efg 0.05+0.0 ij 24.83+0.0 cd 0.78 0.27  0.28
xz500 10.42+0.4 ¢ 39.98+2.4 d 46.33+1.7 cd 75.87+0.1 ¢ 2.92+0.1 f 0.95+0.0 efgh 0.04+£0.0 j 20.22+0.2 f 0.46 0.20 0.21
xz650 11.44+0.3 { 33.75+3.2 efg 51.42+2.3 b  69.58+0.1 ef 4.53+0.2 ¢d 1.02+0.1 efg 0.05+0.0 ij 24.83+0.0 cd 0.78 0.27  0.28

VLI : [ BIAS ) 5 B A SR b L) 22 S W 25 (P<<0.05)

AT R, 1k B R R % e R AR AE AR 2% C—H 1 C=0 FfEF1 (2 380 em™); #A Mk JE T3] 500
C, BAERBHFANNIZE C—H F1 C=0 FHER (2 380 cm™), ZLM- A A 7E 885 em™ Ab 1 J5 75 ik
C—H 25 P o e 5k 1 B S 8 - LAt 25 9 5 e 5 AR TP K 31 650 °C, (N 21 Iy AR s % o 328 T FE 38 A7 7
55 C—H %45 PR3 (2 920 em™ A1 2 852 em™) ., BUAN, AIREIE S MF T Hl& B L0 A B 7E 1 440
em™ Qb 05 B i C=C 45 IR A5 53y Bt
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X A I3 e (R FLBR EAT A3 BT, wT DA E R T A AN [ JsbA ek il 8 1) A 0 e () 25 A R AIE o 1 BCZE 500
CHME T il & 1 A2 0 e AT H A R b e TR S, 25 SR AN IE] 3 i o 3k L RE A I R e R 2% e 24
TREE T AW R A B AL, AR ERE AR R Sk iR I S e ek, R A B R R A, HAHES)
B5), RGN, WA A% i RNk ] R A % e 1 L R T R 43 156 49.05 1 38.25 mP-g™, REAEAL Ak AL
A A 1 7 B BL 2 100 FRL AT 3k 24.98 1 18.72 mP g™ LD A MAR S %« REAE I R . L0 M A R A
FRER O e 22 TDALRS . SRABURCIR, ALBRZSM AR &, H R BRIy 7.58, 7.64, 10.24 il 6.50 m’-
g'o RATRE I X G ER S W AN [F) A ) I e 22 1T ) 0 R AL T B B, SR A3 3 Fion . R R
TTRAMZE TR, Hpb, iRt RAMRFE, IR ABMRETEAE, artamnt i
BER L E L BERIEE TR B S R i 3.95%, 7.09%, 0.68%F1 0.84%, & T HAWA Y B . 15 E R
A R e B R O A B, R L T3% . S R R B, ASEAR R R T R A O R, 3 85.00% LA I
Hrp, HAEB Rk ik 90.28%
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Figure 3 Scanning electron microscopic image of biochars pyrolyzed at 500 °C
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Table 3 Elemental composition of certain site at surface of biochars pyrolyzed at 500 “C determined by EDS
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