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Evaluation on Combustion Characteristics of Straw Hydrothermal Bio-char

MA Teng' HAO Yanhui® YAO Zonglu' ZHAO Lixin' CONG Hongbin' MENG Haibo'
(1. Key Laboratory of Energy Resource Utilization from Agriculture Residue, Ministry of Agriculture and Rural Affairs,
Chinese Academy of Agricultural Engineering, Beijing 100125, China
2. School of Mechanics and Electrics Engineering, Hainan University, Haikou 570228 , China)

Abstract: Hydrothermal bio-char ( ht-biochar) produced from hydrothermal carbonization at different
temperatures (200°C , 240°C , 280°C , 320°C and 360°C ) were used as material. Chemical composition,
kinetic parameters, combustion index were applied in evaluating the combustion characteristics of
ht-biochar. The effects of hydrothermal temperature on the combustion characteristics were also studied.
It can be concluded that with the temperature increasing from 200°C to 360°C , the weight ratio of fixed
carbon to volatiles in ht-biochar was increased from 0. 34 to 1. 2, accompanying with the decrease of O/C
(mol/mol) and H/C (mol/mol) from 0.5 and 1. 17 to 0. 07 and 0. 67, respectively. The increase of
temperature deepened the coalification degree of ht-biochar. When the hydrothermal temperature was
amounted to 320°C, the chemical composition of ht-biochar resembled that of bitumite. At elevated
temperature, combustion index Z of ht-biochar was decreased from 3.49 x 10 ° to 6.64 x 1077,
indicating that the increase of temperature reduced the combustion activity, which could be confirmed by
the variation of chemical composition and calculation results of kinetic parameters. This proved that
dimensionless combustion index Z could be used to rate the combustion characteristics accurately.

Key words: straw; hydrothermal bio-char; combustion characteristics; dimensionless combustion index
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Tab.1 Proximate and element analyses results of wheat straw %
i TS TR 4L B
HA
/J(ﬁ?’d ﬁ:_zix/ﬁ,: miﬁk}%l» 7‘)—(%6 c? H? Oh N® ]
INFEFEFT 4.386 73.18 12.38 9.57 40.97 3.80 42.33 1.57 1.58
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Fig. 1  Definition of ignition temperature of biomass

hydrochars
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Fig.2 Proximate analysis of wheat straw hydrochars

3 NNEREFEKIAEY) b € H L0 TR i
TR EAE R R A R . W 3a IR, BlE K
R AL IR B 200°C 351 % 360°C , K #E Y B h C
JCHE I O JUR & - BUZE AR 2,0 St &R DL H,0 F
CO, IR , C J0 3R ot £ 73 Bk 51.. 0% 3 fn &=
71.7% ,0 TTE T B A5 H 33.7% B % 7.0% ., 6
B, 5 [ R Bk R % A 4 AR AR R ZEBL, C ST R M O T
K AE 200 ~ 240°C 5 [l N A A2 AL 2R, C SR O
TG ER T 43 HOTE 2 T BE IXC ) o 1 2 Ak e B 4 ) o
200 ~360°C i 72 1k Wi B2 1) 58. 9% H1 63.7% . it —
Aot CH L0 TR [ A7 3] 45 (8] 3b) |, Bl 4 7K 44
HALTERJE H 200°C B4 0in 2 240°C , K # AWy ok B C
H.0 ST [EAE R4 Bk 78. 6% .79. 1% F1 50. 1% ,
% 60.5% 42.4% Fll 15.5% o X 32 B, 24 /K $1 k
AR E S 240°C I, 75 /N 22 7 AT B K BR i # vpr
FEFFAEY) T 84.5% (1) O 1 57.6% 1) H 8 BLER,
MR E 4> C L RA A T KA b o Bl KR
HAGIRE #E— 238, C H 0 JTER BAF 3B HFEAR

SR B8 A W) e v T e 5 A R O T R AT B H
PR BREL LG , AT HT T P 4 sl A= 9 ¢ 10 B AL R
PRBE P BRI, A= W o 1) A R vy, L A
P TR Y o SR 2, H/C T O/C W TR
L A T R K IR R AR, R 2 R
R [R5 0 B A e i RO Y L gk 2 B
N 2K R BAG TR BE Ry 200°C 1, /N 22 Bl AT 1Y HR R o

(=)

Gy E%

200 240 280

[l 7%
(9] £ W
== =]

)
==
T T

=]

200 240 280 320 360
REE/C
(b)

B3 NEFSFRSAEY R CH L0 JT R & ik S A A7 5

Fig.3 Weight content and remaining ratios of C, H and

O in biomass hydrochars
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Tab.2 Properties of various types of coal and

hydrothermal char

- . H/CHi O0/C ¥R RN/
1 i H Y & e (MJ-kg™ ")
e 1 1.10 ~2.40 0.20 ~0.50
ey 1 0.60 ~1.50 1.00~1.70 0.15~0.30 25.1~30.6
K- e i 1.00 ~1.70 0.70 ~1.00 0.09 ~0.15 30.1~33.5
vy 1.00~2.30 0.70 ~1.10 0.07 ~0.11 32.2~35.6
£ 2.00 ~4.60 0.60~0.70 0.03 ~0.05 35.2~37.0
T J A 9 ~29 0. 60 0.02 32.2 ~36.2
WHC - 200 0.34 1.17 0.50 20.0
WHC - 240 0.81 0. 82 0.20 25.3
WHC - 280 0. 87 0. 80 0.14 28. 1
WHC - 320 0.99 0.78 0.11 28.7
WHC - 360 1.20 0. 67 0.07 28.9
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Fig.4 Weight loss and weight loss rate curves of

biomass hydrochars
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Tab.3 Combustion characteristic parameters and dimensionless combustion index of biomass hydrochars

. He KR R/ AR/ SRV B/ AR (] 5 BRI [ ALJAL YRR
(%K') < T At,/min At,/min L 7

WHC - 200 ~0.46 312.6 500. 2 14. 8 3.9 3.8 3.49 x 10 2

WHC — 240 ~0.50 323.9 517.8 14.0 5.4 2.6 2.24 x10 2

WHC — 280 ~0.54 351.5 532.9 12.6 5.5 2.3 1.67 x 10 2

WHC - 320 -0.55 366. 5 555.8 11.9 7.1 1.7 1.12 x 10 -2

WHC - 360 -0.62 379.2 562.9 9.5 8.9 1.1 6. 64 x10 3

Nz 3 Frow , B K R AL TR B 200°C 3
B 360°C , K I W ¢ 14 A IR JEE AR JS AR 4 93
i1 312.6°C F1 500. 2°C #4 i 5 379.2°C fl 562.9°C ,
i Ae,/An 1 3.8 FEE L1, TR NBEEIEE Z t
3.49 x 10 B Z 6. 64 x 10 77 JK A W o 1 R B L
PG PEAE 22 o X5 R A W A~ 03 A2 A Y 43
SR — B, K R oA B T R AR R TR
K BRSO R R A A i R A e o) R AR B
AL 73 MRS 5 H 0 32 28 IR, 7K B A W I R e X ]
BTG R , KA W) e L SR AR B, A= ) A O 498

e ST PR A
2.4 BRI NFESW

FEF K IAAE Py e Sk Jod aot A vl 1) % T il 2R RR FE
HR ML, 2R ] Coasts — Redfern 2 15 K $4 4= s
TERRE IR BE X (] P4 1Y) K 66 1% Ak R, L 11 53 45 AR
F 4R,

WM 4 FroR, KA e AR I B 1 5 b i 1L RE
0 EALF s B A RIS TR BE X = B, AR AR
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Tab.4 Combustion activation energy of biomass hydrochars
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