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Fig. 1 Preparation of magnetic solid acid catalyst based on

biomass of flow chart
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Table 1  Factor levels of orthogonal experiment
=
$ Btk H?L ) WAL iR WHD
A/min B/% C/W
10 140 500 1:5
15 150 600 1:6
20 160 700 1:7

2 HR5HR

21 EFEXRBEFHESEDH

2P EARFFIT G PR 4R KR
RN 77.76% , Hh PR 52 4R 5 A
HHHK .
®2 EXRBEFHEZERS (%)
Table 2 Components of the main content of corn straw(% )
G LR EE ARERSE ARRSE
FORAGAF 27.97 31.55 18.24
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Fig. 2 Characteristics of biomass based magnetic

solid acid catalyst
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Fig. 3 Effect of liquefaction time on liquefaction rate
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Fig. 4 Effect of liquefaction temperature on liquefaction rate
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Fig. 6  Effect of solid-liquid ratio on liquefaction rate
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Table 3 Orthogonal experiment analysis of microwave assisted

liquefaction of corn stalk

TH WAL AR R B W

k5 A/C B/min CIW D Y%
1 140 10 500 1:5 9212
2 140 15 600 1:6  94.84
3 140 20 700 1:7  90.18
4 150 10 600 1:7 9562
5 150 15 700 1:5  96.04
6 150 20 500 1:6 9211
7 160 10 700 1:6  85.06
8 160 15 500 1:7 9418
9 160 20 600 1:5 9592
Ko 9238 90.93 92.80  94.69
K. 9459 95.02 95.46  90.67
Ks 9172 92.74 90.43  93.33
R 2.87 4.09 5.03 4.02
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Wt B 7 X BRI AL Y R 20 A S
& X F 43 A BT, 1500~2000 em™! 1 670~900 ¢m™
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Az W 2R T A TR e A A R AR 5 i 0D, 36
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Infrared spectrum analysis of corn straw and

liquefaction products

3 4 i

1) AR AR BE R AR i) Bist o %6 | BV L
S 2R DAV R A HE A, 3 3k B R 3 S0 50 R I
A SR AT < 4 A P FORFE AR A R 5
B BT R < R sionse>R swrensin>R i >R s , B
T2 5 0 - WAL TR E 150 °C, AL ] 15 min, 3%
PIF 600 W, W 1:5, TR AE T2 4000 F widk
R 99.67%. HBILLIANETE /M AT, B KFEAFAE
Tkl B R A =2 )5 AR 58 4 R A FLAT OB B R AR
B WAL= W B R (E N 314.16 mg (KOH) /g, BR{H
45.78 mg (KOH)/g, 2 W Ak 7 4 114 v (L A6 ) T 2 43t
HLSARSE AR FIEEm TR

2) R 3 Rl Bh R OK RS IR AL T 2 A 5
A BE A5 B w5 1 AR 40 e YA st T T L Y
o= S AR 5 For B T Re T FE .
W5 Bh A W RS AL LB A 20 T T R R 3
] Sy A 40 S5 TR P ) P B R AR

[ 2% 30k ]

(1] TI/NALL T RrE R R A N 1T & X 5 IR A S
URZIFSE [ D], PRRIE Y NS R, 2014,

(1]

[2]

(3]

(7]

(8]

(8]

Men Xiaohong. Study on impace of the development of
China’ s population on resource and environment based
on sustainable development [D]. Hohhot: Inner
Mongolia University, 2014.

PRI, TEER, B, 55 RAFREIRAL A HoR
ZRARLT] TTVGA A4, 2014, 26(12) : 66—69.
Chen Mingbo, Wang Yuzhang, Yang Xiaodong, et al.
Summary of straw energy utilization technology [J]. Acta
Agriculturae Jiangxi, 2014, 26(12) : 66—69.

ERT, AN, PEAE, 4. AL E R
fFE TP 5 L] M=% 5 Tl , 2013, 33(4)
27—31.

Li Xiangyu, Zou Yigang, Pang Jiuyin, et al.
Liquefaction of corn stalk using multi-composite solvent
[J]. Chemistry and Industry of Forest Products, 2013,
33(4): 27—31.

WG, 12, maAE, S — P A SRS AT AE R
SRR R L[ P ] R [ £ 201420217615.5, 2014-
09-10.

Pan Zhicheng, Ran Hu, Gao Yongzhong, et al. A lot of
kinds of biomass straw burning power generation fuel
system[ P]. China: 201420217615.5, 2014-09-10.

B K, EREL, XUmAR. AP SR AR AT A R
P B TALPERESCIRAITFELT ], AL TAREHA - Frae R
7k, 2014, (8): 21—23.

Hu Zhu, Wang Chengkai, Liu Xiangdong. Research on
experimental  of biomass
fluidized ~ bed
Agricultural Engineering Technology
Industry, 2014, (8):21—23.

W A=W g el A 1 i 5 R
5L (D] U - WITTRE, 2015,

Chen Chao. Study on multi-staged high temperature

fluidization  performance

pyrolysis  liquefaction reactor [J].

- New Energy

gasification of biomass foe syn-gas[D]. Hangzhou:
Zhejiang University,, 2015.

FORE, GG, BHE, SFORAUT B R R
LA R B ARSI )] RBLAERESE , 2015,
(8):230—233.

Wang Xiang, Li Zhihe, Li Yanmei, et al. Experiments
on down flow tube reactor for biomass pyrolysis
liquefaction [J]. Journal of Agricultural Mechanization
Research, 2015, (8): 230—233.

MM, wEd, X Wk, A — R B e
Yy R AT S £ N R R A 5 vk [P R
201410367137.0, 2014-07-29.

Xiao Weihua, Han Lujia, Liu Huan, et al. The method



1458 K FH fie % 38%:

of microwave- assisted liquefaction of biomass straw to 6729.
levulinic acid ester  synthesis method [ P]. [11] E@mFA, k%, BRI, & TR 2RI
201410367137.0, 2014-07-29. L) ] LE s TR, 2007, 41(1): 14—18.
(91  EAex, skkoak, B0 A, 5. mEPERIERE IR 1k [F 4 [11] Wang Gaosheng, Zhang Jihong, Chen Fushan, et al.
PR A AR ) ) 5 S ALK fR T A R L) ). Wy B Ae=r Study on the polyhydric alcohol liquefaction of corn stalk
3R, 2010, 26(7): 1873—1878. [J]. Biomass Chemical Engineering, 2007, 41 (1) :
[9] Wang Huayu, Zhang Changbin, He Hong, et al. 14—18.
Preparation of magnetic sulfonated carbon-based solid (12] 3 3, B, R, & LR 20
acid catalysts for the hydrolysis of cellulose[J]. Acta LT Bl Bl , 2009, 37(27): 13428—134209.
Physico-chimica Sinica, 2010, 26(7): 1873—1878. [12] Liang Ying, Liang Lingyun, Xu Fengying, et al. Study
[10] Li Xueqin, Li Xiangyu, Qi Wei, et al. Preparation of on the liquefaction technology of corn stalks[J]. Journal
magnetic biomass-based solid acid catalyst and effective of Anhui Agricultural Sciences, 2009, 37 (27) :
catalytic conversion of cellulose into high yields of 13428—13429.

reducing sugar[]]. Bioresources, 2015, 10(4): 6720—

RESEARCH ON FLEXIBLE MICROWAVE ASSISTED
LIQUEFACTION AND CHARACTERISTICS OF CORN STRAW

Li Xiangyu', Li Xueqin'®, Duan Xixin', Qi Wei*, Shi Junyou', Lei Tingzhou®’
(1. Jilin Province Key Laboratory of Wooden Material Science and Engineering (Beihua University) , Jilin 132013, China;
2. Energy Research Institute Co., Ltd. of Henan Academy of Sciences, Zhengzhou 450008, China;
3. Key Biomass Energy Lab of Henan Province , Zhengzhou 450008, China;
4. Guangzhou Institute of Energy Conversion, CAS; CAS Key Laboratory of Renewable Energy, Guangzhou 510640, China)

Abstract: In order to explore the liquefaction process and characteristics of the flexible microwave assisted corn straw,
this paper used biomass corn straw as raw material, liquefaction temperature, liquefaction time, microwave power, ratio
of solid-liquid as influence factors to design single factor experiment and orthogonal experiment, using liquefaction rate
as index to study on the liquefaction and characteristics of microwave- assisted corn straw, and the physic- chemical
properties of liquefied products are analyzed. At the same time, the change of absorption peak of functional group was
analyzed by infrared spectrum (FT-IR). The result showed that the optimum process conditions for the liquefaction of
corn stalk with the flexible microwave assisted is the liquefaction temperature at 150 °C, the liquefaction time of 15 min,
the liquefaction power of 600 W and the ratio of solid-liquid is 1:5. Under the optimum process conditions, the liquefied
rate is 99.67%, the hydroxyl value of liquefaction product is 314.16 mg(KOH)/gand the acid value is 45.78 mg(KOH)/g;
By FT-IR analysis, the corn stalk is completely degraded after microwave assisted liquefaction and has very high
liquefaction rate; the new functional groups are also formed, which improved the activity of the liquefaction products and
is beneficial to the subsequent processing and utilization.

Keywords: biomass; corn straw; flexible microwave; liquefaction rate



