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Experiment on Microwave Pyrolysis of Biomass Induced
by Compound Absorber

FAN Yongsheng' HOU Guangxi' XIONG Yonglian' CAI Yixi° ZHAO Weidong®
(1. School of Automotive Engineering, Yancheng Institute of Technology, Yancheng 224051, China
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Abstract; Bio-oil organic phases were prepared by microwave pyrolysis of biomass with the compound
absorber of TiC/SiC. The effects of mass ratios of TiC to SiC, absorber to biomass and microwave power
to biomass on the yield of organic phase were analyzed by response surface methodology. The effects of
pure SiC and compound absorber on the yields and chemical compositions of organic phase were analyzed
and compared under the optimal conditions, and the characterization and analysis of bio-char were also
carried out, to explore the properties and potential of organic phase and bio-char. The results showed that
all factors had obvious effects on organic yield with interactions between the factors. The optimal yield
was 28. 60% under conditions of TiC to SiC mass ratio of 20% , absorber to biomass mass ratio of 53%
and microwave power to biomass mass ratio of 9.5 W/g, which was similar to the predicted value of
28.69% . When the pure SiC was used under the optimal conditions, the organic yield was reduced to
23.35% . The pyrolysis products from cellulose and hemicellulose could be retained more by introducing
appropriate amount of TiC, which could increase the organic yield and reduce the relative content of
acids, ketones and phenols at the same time. A relatively large number of furans, alcohols and phenols
and their relatively concentrated carbon atom distribution made organic phase have high potential as
chemical raw materials. The NMR analysis showed that the ratio of aliphatic hydrogen/carbon to aromatic

hydrogen/carbon in organic phase obtained by using compound absorber was increased significantly,
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which verified the accuracy of the analysis. In addition, the bio-char obtained by using the compound

absorber had higher carbonization degree and adsorption performance, and its specific surface area and

pore volume were 360 m”>/g and 0. 22 em’/g respectively. It had high potential to make active materials.

The research result provided experimental and theoretical basis for further industrial application research.

Key words: compound absorber; microwave pyrolysis; biomass; response surface
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Fig.1 Experimental setup of biomass microwave pyrolysis
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Fig.2 Response surface and contour plots of factors on organic yield

99. 55 % ¥ W0 IS 11 A2 A , 4045 i B2 B, TN it i 58 Oy
FEG T, SR 25 IR B R I p BN T
0. 05, UZ I . 3 1), S W IA 2% . th 3R 3 ]
R B A TR B /N T 0,05, 3R AR R 45 100 %) A
BUAH ™ RIS A B3 10

=3 EREPHFESW

Tab.3 Analysis of variances for model
Sk 5 ForM A ¥r F p
X, 0.28 1 0.28 7.08 0.044 8
X, 2.89 1 2.89 73. 80 0. 000 4
X5 3.56 1 3.56 90. 96 0. 000 2
X, X, 1.48 1 1.48 37.67 0.0017
X, X5 0.29 1 0.29 7. 44 0.0414
X, X, 3.31 1 3.31 84.53 0.000 3
X% 16. 64 1 16. 64 424. 63 <0.000 1
X% 8. 68 1 8.68 221.40 <0.000 1
X§ 10. 74 1 10. 74 274.03 <0.000 1
EE] 43.21 9 4.80 122.51 <0.000 1
R 2% 0.20 5 0. 04
S 43.41 14

H itk ,3 IR XA WU R B B m, H
S EbcEATE A RN IS SUREIN i D
S 52 ] 119 ) 7 T FR A e Zean 18] 2 B, TiC & Sic
JoT it 43 L R R I AR 5 AR T S LA LA
77 T W) 7 T R4 R 2R A 8] 2a TR, 24 TiC
55 SiC i {4 HL R AR I Bl 0 3 R 5 A 0
WE AT T R A HURE R SR S BRI T 2 %
W5 A ) T R 4y BOR AR B B 25 TiC 5 Sic
JOT R A3 e T A LA 7 SR S AR AL R
W 50 5 A 0 JBE L A9 T v A R B T LA B L I ()
PR WAL T 22 ) I8 s S, T A A SR FAGERE S LB v
F18) 2o A XoF 17 A ) I B i A 2 3] 3 o B s B B
22 119 W 302 79 2 3 B PR RO . — R H BB

ABURP R
BRRRYRY

55 o

S 50
9 YOMW‘?

% o 8 ‘1,\\,:37’\()\ 0
.é,\,) 2 fd;[;; W@J\ @ /ﬁ&

(c) X,=0



%5 1

B 5 . SA W TiC/SiC 35S Slo Bl A= 1 Bl 36 F 90 335

TiC /] DA il A6 9 Joe ) S99 ot O 1% I 2 Sic iy
R RO AR ) T A A A AR v R R O A
A T8 B T il % R AR R R L A R TR A ML Y
A 85 T3 R L ) Y TRC 3 s W i ) A Y A% AR
Jo P RE AL, o A A 2o R 11 TR 3R S g TR 2
B, IF H T TiC J& —Fhicas i ik 7, i 20
TiC 235 W A= 1) o A B 19 B0 I8 R AC g, 3 T 52 i)
A7/ DT I A AT O A 7 TR M Tl Wi B L 2
AR TR 2 2R W £ A R T 4R R AR K
N 7= A B i A8 HAE

TiC 5 SiC i A 43 b R B 2R 5 A ) i
it E A AL A S R e Y e R T R AR R 2k
Bl 2b iR .4 TiC 5 SiC Jit i [ 4 LA AR B, Bl %
Tl T 28 5 A 4y o 5 Sk BE 0 TH v A BILAE S R S
NG BEAR s S0 P % 5 A= W) T I & L AS B B, TiC
55 SiC i E 43 HoxE A BRS80S e 2 A R
AR o TR ) 2R 5 A O o LU T v TR PR
JoT A ) T 22 B 0T 2 1 RE R I R R A S
{18 W I8 ) AT AR S A 2 T P P O R O R DR .
A0 o AR TR B AR S TR B AR R =
157 B PRI BE , JFAE — 8 TR DX TR 9 R HE BN
SHASHG TR o SR IR BE A 181 9% 18l T ER R T
A B B JB A ) A2 0 0% B R S e R LA B R
WA B 1 S PP RE B 07 T 1 A2 ) A2 3 Y B
I Ty R g 2 (] 3R R R R B AR, i AR
JOT )2 P AR IR B o v, o R R TR TG L B e, S
Br i — 20 s TR B RE ), OB TR L B RE
S U R R B, P Z A 7
AH 114 28 B0 o

W 5055 A 0 B B T 0 b RO B R A )
JOTJ5 St EE R A AL R 7 25 5 W ) I N7 T R AR R R
Bl 2¢ FTom o 24 W 90 5 26 0 oo 43 BRI
A HURE 7 FERE X A, HL W & T 2 2% 5 A ) o ot
e LU T e N S R AR 0 A Sy Y S T 24
W5 A A A H A R N AT MU R
HBE % 00k T 28 5 A6 Wy oot Eb 1) T v, B i 3
AT 1 T AR S AR W o A MR R L 491
B AN B 5T o 2B ) IO A2 B 1 TR0k e G iR
JE T e 2 o R AR BT A RN SR T . 3
k[ 1S VAT 2 B, W 70 5 A= W Joi S0k 1) 389 50 43 A
A LR 1) B0 T 25T S B T A AR IR R . T
W) 2R 5 A W I o B 1 T o AR M ST 4 M I I
El 8] A AV i 7 DA 1) 44 A L B BRI, 3 B0 LA = %
BTG 5 TH A I 4 S 5 2 R WA AR L 8] ) R R AR 2%
o A B 7 B F W i I ELAS iR Ak B0 A 8500 3R
fiff 0 DX TR), I HLAH P R A, L, i 2

Vi) [F) A5 A A 5 35 19 3 BRI
2.3 BREMUE5RKEIE

FE A 25020 A 1B PN X A5 8 Ty B AR AT A ML
RIRKAL I BT, 5 B I Hl & T2 &R TIC 5
SiC Jit it A 43 b 20. 13% , Wik 751 5 A6 9 o o o 4%
It 52.80% i R 5 EY R L 9. 47T W/ g, H
LR BEE 77 R g 28.69% .y B iF K040 9 A 58 1,
JFEET S BT 0 B, I TIC 5 SiC i [ 43 tb
20% , W i 710 5 A W T A 4 LR 53% , 1T
REAY B HR 9.5 W/ g, 4T IR Bk M 1K
5, A ALAR P 2 7= 80 28.60% , 5 1IN (B AH 22
0.31% , iR 22 3/, I AL H B S v o SCHR[ 16 ]
ZEIR T AW A B 1 B 5 IR B 9 A Ak 2 A
FEH X 20 ZH0E DLA YT, R N b AL 31 4
AR S5 AR 22 248 TR () W JBE R R AT T A A A e Ak
5E, HR A A AEA 7 L B KR FE RN 22 7 1 55 A 0 T
FH= 2R3 40% , 5] Bk Hovh 30% ~40% 114K, A L
FHP= LT F AR R A MU ™= %, Ik, R
F TiC 5 SiC 21 B A W AR AT I SR 78 I R
fiff T LA 8 A ML A B A X v B AR
FFNWETT o
2.4 FHHUHESWH

A HLAHPfLF A an 18 3 iR o SR A4k SiC A
W T A ATUAR P 2R R 2 23.35% , R WTER N
i TiC i 45 W B AL A o ik RE AT B T THAE W)
BB AL A% . AR S B RE A S AL K A HLAH Ak
B R T T LK TR R T S TR
. HIE 3a W UL, Bio —oil T W&y e ds B, U T FR
K 59.99% , T | W WK I 55 e AR 4 0 0 1T RS
B4 13.96% 10.76% FI 10. 48% |, [5) i} iF 4 45 /b &
Pt R ANTR k. SCHRL6 ] WF 58 K3, 1 ] SiC "] LA
P& 2E 2 Wl 1) 26 B, A R T B e 7 0 v T R g
i, GAMIR A KRB . YRR A R T
Bio — oil T "} 2 . i 1 My e 187 FX 43 501 % & 1.00%
10. 27% 1 36. 97 % 5 5 . Wk Weg 01 75 / Ik 0 181 AR 43 531) T
% 28.08% 17.55% F1 6. 17% 5 A< ¥ I 2 8 . m A
I TiC 8 ) 3 R BEAR T AR 0 o A A 0 0 Y
AR o 38 E TR B AE — o B AR OR T
ST 2R FR 0w 5 A B (0 S A 48 R 2R O UKL P
FLBRZEH A R F )5 22 3 % B Bo A LNy 77
PR TG 7 A RIRE JIC , TEE 1 g D ik 55 i T 4 4 R R
S RIEFERER Y. W2 R ATFHERME
LR YL RS, W] LLAE B A HUAH 7 Y [
WAV IR T R0 73 %) AR 5 o 5 T B B HL A BT Y 45 4
Fag M BR T BRI T ORI R 19 LA S , T 2
W4 T AL 25 A U, G B N Ry A AR R Y



336 & A Bl B ¥ i

2020 4

BRI, M e R R R A W o 2R S
Ry FE S T 8l 3b AT L, Bio —oil T A5
PLW ok 5t 5 2 A S B &), SR B G WO IS
Bio —oil I A i Jit % 3= & 43 Ay X ] 42 %%, jﬁ/ﬂ\:a
10 S DL EWAE DLy B s/, 7 Fn 8 4 o ] filk JE £
B DL BRI, BRI O A i 7 A B
— IR T BIRE B, BB TiC 51 AL AW
Jor AR AR I Yt R S B e 4 BNGE T . AL

T B AER YRR o BB 3e AT L A ALAR b AR

éﬁﬁﬂ@”’“ﬂ'&%ﬂ@ SRR I o0 A 1) 2SR I A
L, & 4 AT KU B s S S AL EEE Tic
(9 5T IS R AR, 3 2 2R A4 21 1) Bio — oil I 1,
62.06% KA HLYI & 3 AT, R = R A HLA

4 5 SBT3 0 T R AR A AU R 2
ANFEY  (E = ARk R T R g R HC AR S 4 o 8 5k i
TR AT X TR A AU ™ AR R A A T 50

BRI Ao e b, O Ja SR SR ORI 82 SR BRI T .
70 701 701
60 I:IBm—oll I 60 [ IBio—oil 1 60 [ Bio—oil I

T T T T 3
&)
)

50k B Bio—oil T 50r

E= Bio-ail I

78 9 10 11 12 1 2 3 4
R4
(b) (©)

3 AL R

Fig.3 Chemical compositions of organic phases
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