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Fig. 1 TG and DTG curves of soybean stalks at

different heating rates

22 Py-GC/MS & #f

221 RAATYREEE R A DL R AR e

FRAE SCRIR[ 14177 280, 38 1 b A s g AR ) /)N
BEA) A B e B fige 7= g vh BT VA BRIE & A AL )
PRI AR DL QIR 2 B, LA BR 4 T AS B
T A B T AR Ry R o Xk S 2 R 7 D A 0 T
FUR AR AT A0 BT o S5 50 21 170 6 0 T AR g 1 %
R, 0 HH S 000 2 mT ¥4 BB R AT LT 0 11 7 3
Py i TR HE AL uek b 1 2 3 [a] 9 AH B R R 4 1)
TR . 24 T, A 250 CHIT 300 CH, g i AR A
1, T 24 T, R 350 CCH, B T AR . X AR
250 CH1 300 CH}, 55—t Rk 1T T 4 R 9 4t
S 2 A R AR R — 2B I AR i
Chatterjee 55 2/ HURFSY , AN 53 1IN FA T AL B AT fE 25
T 27 4 22 19 45 O B B, B4 1 — 25 ) B L X T
AEJE 2L 350 CRF G A /N SR A

151

= / . »m

250 300 351%@:2)0 450 xR

2 A PGE LA RO B2
SRR S AL

Fig.2 Total peak area change of soybean stalk two-step

consecutive pyrolysis and control group
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Fig. 3 Mass loss of soybean stalk two-step consecutive

pyrolysis and control group
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Fig. 4 Relative peak area distribution of all kinds of identified
products from soybean stalk two-step consecutive pyrolysis and

control group
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Table 1 Relative peak area distribution of the identified products from soybean stalk two-step consecutive
pyrolysis and the control group
{5 R RS/ ey AHXTIEETAI AR %
min 7'=250°C  T'=300°C T'=350°C T:=400°C T:=450°C  XJME4H
1.76 2-T Wi 0.58 0.61 0.71 0.71 0.94 0.55
2.52 BR W 0.54 0.60 1.06 — — —
2.77 T 1.21 1.01 1.25 1.26 1.25 1.02
3.02 LR 5.47 5.49 4.99 8.39 8.00 5.11
3.36 n-H LMk 1.12 1.13 0.96 1.25 1.48 1.11
4.66 4-HRE3-TIa-1-B2 0.57 0.48 0.57 0.60 0.58 0.55
4.95 % 0.56 0.55 0.47 0.50 0.49 0.52
5.01 12 E-2-"T il — — — — 0.66 1.05
5.17 2 1.95 2.04 1.97 2.09 1.71 1.05
5.45 T 0.71 0.65 0.70 0.60 0.93 0.67
6.86 RS 231 233 221 2.34 1.99 2.24
7.64 R 0.78 0.83 0.85 1.02 1.07 0.79
8.10 LB HOR 0.70 0.75 0.67 0.87 0.76 0.70
9.40 2-FBE-2- B 3 45 - 1T 0.68 0.71 0.70 0.62 0.53 0.62
9.69 2(5H)-IHk 5 i 0.67 0.65 0.64 0.71 0.85 0.61
10.19 1, 2-3 G i 1.71 1.82 1.65 2.13 221 1.70
11.17 3- P32 2R 3475 - 1- i 0.84 0.81 0.77 0.89 0.81 0.71
12.81 Ay 0.84 0.93 0.93 1.02 0.95 0.88
13.12 2,4- " HIEH O B 0.73 0.74 0.71 0.69 0.73 0.64
14.67 FH LB A Tl st 1.74 1.78 1.65 1.62 1.69 1.70
17.02 [ A 1.22 1.24 1.26 1.39 1.32 1.19
17.51 RIS 1.99 1.96 2.13 2.29 2.03 1.85
17.62 3- T M-2-i 0.46 0.50 0.44 0.53 0.76 0.47
18.88 IR 0.91 0.93 0.95 1.09 1.05 0.94
20.38 3,4- IR 1.27 1.35 1.25 1.39 1.52 1.30
22.31 4-HI LA AR B 0.99 1.01 1.09 0.97 0.96 0.97
22.99 4B 2K 1.58 1.50 1.60 1.83 1.92 1.47
25.59 2,6- R 0.68 0.66 0.69 0.71 0.75 0.63
26.22 4-2 SRR 0.55 0.55 0.60 0.60 0.59 0.52
27.74 bopaYyiE SigtlEND) 3.25 3.13 3.22 2.80 3.08 2.99
29.38 TR 1.85 1.72 2.00 1.98 2.00 1.69
29.64 4475 P9 -2 H AR R 0.58 0.60 0.58 0.49 0.50 0.55
31.32 HFER 0.59 0.59 0.52 0.45 0.47 0.55
33.48 5T 1.77 1.67 1.55 1.42 1.52 1.52
38.10 4-FRBE3RUT - 2R H Tk 1.90 1.77 1.93 1.78 1.87 1.79
43.16 4-JEN L2, 6- H AR IR I 1.10 1.09 1.13 1.05 1.13 1.05
44.40 T 3.00 2.69 2.40 1.53 1.56 2.82
52.04 RRAYSHL 1.01 0.96 0.73 0.86 0.83 0.85
52.57 3,4- B 0.85 0.84 0.76 0.42 0.36 0.81
54.59 MR 0.65 0.68 0.52 0.53 0.55 0.62
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Fig. 5 Absolute peak areas of acetic acid and furans
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RESEARCH ON TWO-STEP CONSECUTIVE PYROLYSIS
CHARACTERISTICS OF SOYBEAN STALKS

Zhang Liqiang, LiKai, Song Feiyue, Zhu Xifeng
(Anhui Province Key Laboratory of Biomass Clean Energy , University of Science and Technology of China,
CAS Key Laboratory of Urban Pollutant Conversion , Hefei 230026, China)

Abstract: A new form of pyrolysis called the two-step consecutive pyrolysis was investigated by using pyrolysis- gas
chromatography/mass spectrometry (Py-GC/MS) with soybean stalk to optimize the biomass pyrolysis and obtain higher
quality bio-oil. The thermal gravimetric characteristic of soybean stalk was also studied at heating rates of 10 to 30 °C/min
by the use of thermogravimetric analyzer (TG ). The results indicate that the thermal decomposition process is composed
of four stages, and the second stage of which from 200 C to 450 °C has the maximum weight loss because of the
decomposition of cellulose and hemicelluloses completely. Compared with the control group of single step pyrolysis, the
two- step consecutive pyrolysis can improve the yield of total volatile organic products ascribed to fewer interactions
among the three components and secondary reactions in the pyrolysis process. The yields of each kinds of products are
enhanced at T, of 250 and 300 °C, and especially the yields of lignin derivatives (phenols and aromatic hydrocarbons )
are remarkably improved. The yields and contents of holocellulose derivatives (acids, furans and cyclopentenones) and
are both improved at T, of 400 and 450 °C, thus improving the quality and utilization of bio-oil.

Keywords: thermogravimetric analysis; pyrolysis; biomass; two-step consecutive



