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Fig.1 Technical schedule of wheat straw stagewise pretreatment with steam-explosion and solid-fermentation
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Table 1 Chemical composition and proximate analysis of wheat

straw, steam-exploded wheat straw and fermented
wheat straw (%, dry matter)

Steam-exploded ~ Fermented wheat

Sample Wheat straw wheat straw straw
Cellulose 404 45.6 26.3
Hemicellulose 20.7 11.3 8.5

Lignin 19.8 23.2 44.2
Moisture”) 4.1 4.0 4.0

Ash 11.9 11.8 13.6
\olatility 71.0 68.9 67.7
Fixed carbon 17.2 19.3 18.8

Note: 1) Based on moist matter.

2.1.2 {43

TG A {#[E Netzsch /A ] STA449C AL, FTIR b/ 5
Bruker 2 7] Equinox55 7!
2.2 KWHZE
2.2.1 TG-FTIR 4t

KH TG-FTIR BEHI A3 A%, TG 1 Hh H A pk a4
I NE] FTIR M4y, SEmheREER I, JFiRf

100 f— (@) TG — | Raw
90 [ Steam-exploded
L Fermented

80 -

70
[ st
60 |-

50 |
40 [

4th

Mass percentage (%)

30 - e

20 7\ 1 L L 1 L 1 L 1 L 1 L 1 L 1 L
100 200 300 400 500 600 700 800 900

Temperature (C)

I 1) (55 il BERE I) AT H AR ZE A% o pr 45 R,
DA ) B SRASAE o R AR SRR P AT R . B Ik S
HUORE /4(8.71440.020) mg, Fif2/N T 0.154 mm; 4k
KA, W 60 mL/min; HAHTiEE e 30~900
C, JHEHEAE 40°C/min; TG 5 FTIR &b 2 114%
el B AR MR T 190°C 5 LA I 2% ) 52 3 Rl
4000~400 cm™, Z¥ER 4cm™, FIHEUREL 32 K.

3 EREWH

3.1 £FE. RIEETE. ABETENTC M

FRE VUREERE . RIS R B 2 fir
IR AEH RSy, 3 MRS ACRE L BTk 4 A
BrBe: 28 1B TR B PR K (0 M B,
JEJEH 30~150°C, KREIRL N 4%; H 2 BBk ERY
B, BRI 150~200°C, JLFEAA RE; B 3B
IR B 5B 4 W BOh A (A SR AP B RS IR
TFUET 200°C, F= %K FEAE 305~376 C, 4 59.7%, 347.4
CIRER R RIS T 180°C, F
FLRHEAE 307.2~376°C, 4 55.3%, 349.3 C i} H K
R REEZFEIMRME IR T 200°C, FERELE
308.5~399°C, & 53.6%, 364 CIi K Hifi K k. FELM
900 °CHf, ZMh. VFBER . REEERIRR RS
Sk 27.9%, 31.5%, 34.1%.

(b) DTG

4th

dm/dt

Raw
Steam-exploded
Fermented

40 : o :
100 200 300 400 500 600 700 800 900

Temperature (C)

B2 2R, VURERE. AR R 2k

Fig.2 The thermogravimetric curves of wheat straw, steam-exploded wheat straw and fermented wheat straw
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Fig.4 Influence of steam-explosion and fermentation on
the yields of bio-oil, gas and carboxylic acids from
wheat straw pyrolysis
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Pyrolysis of Straw Obtained from Stagewise Treatment
YANG Chang-yan*?, YANG Xue-min!, LU Xue-song’, YAO Jian-zhong®, LIN Wei-gang®

(1. Multi-phase Reaction Lab., Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China;
2. Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The pyrolysis characteristics of wheat straw with steam-explosion and solid fermentation treatment were investigated by the
thermogravimetry coupled with the Fourier infrared spectroscopy to analyze the evolved gasses. The pyrolysis process with the increase
of temperature from TG can be divided into four stages, including drying stage (30~150 C), transitional stage (150~200°C), pyrolysis
stage (200~600°C), and carbonization stage (600~900 C). The results of pyrolysis from TG—FTIR show that the process can be divided
into two steps: (1) splitting of hydroxide radicals, chain scissions and depolymerization, accompanied by evolution of water, acids,
aldehydes, compounds containing C—O—C groups and CO, CO,, CHy, etc.; (2) aromatization and formation of graphite layers,
accompanied in turn by evolution of CH,, CO, and CO. The yields of uncondensable gases and carboxyl compounds decrease after steam

explosion/solid fermentation treatment, but the yield of pyrolysis liquid increases by the stagewise treatment.
Key words: wheat straw; stagewise pretreatment; steam-explosion pretreatment; solid-fermentation pretreatment; pyrolysis mechanism;

TG-FTIR



