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Toluene Cracking and Reforming over Biomass-derived Char
under Microwave Heating
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(1. College of Mechanical and Electronic Engineering, Shandong University of Science and Technology, Qingdao 266590, China
2. National Engineering Laboratory for Coal Combustion Pollutants Reduction, Shandong University, Ji’ nan 250061, China)

Abstract; From the point of developing a new approach for the disposal of tar derived from biomass
gasification, microwave-assisted tar cracking and reforming were performed over a biomass-derived char,
with toluene as a model compound of tar aromatic substances. And the reaction rules, production
distribution and changes of biomass char in process of toluene cracking and reforming were studied. The
results indicated that biomass char had a catalytic effect on toluene cracking, and it was approved that
microwave heating could favor toluene cracking. By analyzing the results, it was observed that toluene
conversion and hydrogen selectivity were directly correlated to bed temperature in cracking reaction.
Toluene cracking was optimized at 750°C , and the greatest toluene conversion and hydrogen selectivity
were obtained, which were 92.77% and 91.94% , respectively. Afterwards, changes in toluene
conversion and hydrogen selectivity were insignificant. It was further revealed that the introduction of CO,
could reform toluene into syngas production. At 700°C, the highest conversion rate of 92.03% was
reached at CO, flow rate of 80 mL/min, accompanied by a maximal syngas yiled rate of 91.30% . And
increasing CO, flow rate decreased the ratio of H, to CO dramatically. The lowest ratio of 0.22 was
obtained at CO, flow rate of 120 mL/mm. The introduction of CO, also brought about a loss of carbon in
biomass char. And carbon loss was maximized to 5.42% at 700°C. At the same time, the depleted
carbon was further converted into additional syngas production, which provided the highest contribution of

15.40% for total syngas production. Finally, it was demonstrated that an excess of CO, could slow down
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the negative effect of carbon deposition on toluene conversion.

Key words; Tar Biomass char Microwave
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U 4 i R 4 B B AR R B R AR R I A AE AN
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3 kW [H] ST A5 AR S8 AT X 2 A T iR
IR LR K B R HEA TR 5, B R A TR
Difie. WS HBE T YR i 30 g IR AR
800°C JmFAMF[A] 30 min, X 4 s F A7 PR U T4 A
0 T 55 i ST A B 75 0 R B A 0. 35 ~ 0,53 mm 4 4E
DA S T IR0 X8 A A 2R, £ ok RS T
1,

SRR T S AR SO MR B R 99. 5% iy R
FERLTEAFE R A AR BE IR R R OR A AR FRIR
MBS A RN #4o HE T &2 R ELEMIR, i &
e 3% & B 10. 6 mL/min, Xt 1 28 % 15 B 60°C
ME A i 200 mL/min, HZRRRILE RSN N,,
FARI N LN, 1 CO, NEEAHA ., HIREIRE
IR 2 B 45 B BRI I AE 1.5 s

Tab.1 Characteristic of biomass char
S8 BET HEMA/ (m*-g™") MILLLEmMB/ (m*-g™") MALAE/ (em® - g7") WALFLA/ (em® g™ ") LR/ nm
Vgl 39.00 26.10 0.129 0. 121 1.322
LR Si K Fe Mg Al Na P
SR 5 % 0. 008 1. 351 0.234 3.107 0. 244 0.431 0.016

H 2R 2 A 3 ) E B0 i #4 ( Microwave heating,
MH) F14 #hn % ( Electrical heating, EH) & 4t | i
1o MH REG(E 1) AR WL —3S BRI, i
PR (A5 2 19 28 20 A S0 R 2 38 2 . EH R 48
N A B O R R RR A b 2 | A R SK -
G06143 R4 A AL, 2300 4 2 SR e 1 00 3 e

T AR R AR JZ b T A TSR AR 5 TR B
S I E IR R 1400°C, 2 ENRR
G548 U R SE 2 @40 mm x 200 mm 1) 37 20 A7 5
RS AR by 1] 5 IR B 2%, U A 6 g 1 £ R
Y50 V- Bl A S NE A PRI 04 A XUBR b B S S 4% I
PR 5 B2 40 mm 5§ R 2 I BE K B 3% 8 T R
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Fig.1 Schematic diagram of microwave-assisted
reforming system
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Tab.2 Effect of char and SiC on toluene cracking
under electrical heating %
g T/ o i Al ik
« Hedbx WRBTEE HfkR IRETRZE
X L& d, X AR d,
650 45.98 5.72 40. 42 7.31
750 76.74 7.46 68.91 8.92
850 84.32 9.25 80. 52 10. 54
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Fig.2 Effect of temperature on toluene cracking
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Fig.3  Effect of temperature on hydrogen selectivity
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ST X, FHE, FUER o CO, 138 A BERS 4R B 46
BTN BE S B0 I B o 2 A R BRI T
FER N HORBAL B S R . E— 22 B, W 2% A MH
AN B AL P /9 CO, i AR & T EH 5
G RMPA B PEZ CO, 2Z 5 WK BN, il
UM SR BE ARG, AT/ VBt o AR AR 3R




£ 10 3]

Plez e U B A Y A T S R S A R 233

0 20 40 60 80 100 120
COL i BF/(mL -min ™)

& 4 700°CH} CO, 38 A X} 2K & 4k i1 5% i
Fig.4 Effect of CO, flow rate on toluene conversion at 700°C

2.2.2 WIZRE B Y) 0 B

MH "~ AN [F] CO, T8 AR I AY 88 SR 45 i<
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BRI E ) ) A G O AT B . T HL
R CO, il A, Y R Z Tk HAE CO, 1@ A &4
80 mL/min I 3% | i K AE 91. 30% , F B g T ALTEAR
RARSE b AT LS 3 HY R TR 1) o A U
pro EREFIEIA 3 5 - & CO, il A B
THARRERE, @ CO, FHu ¥ WMk
A A @ CO, Ji A BB RS A ] T S i R
BN £ 3¢ B ST SE W o [R)IRE, I €O, Sl A E T 3
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ik, (H BTk (8 IR SR CO, 2 5 ER R, LAk,
SR Jon e 0 feE AR i 5 RE N T, AN R T R R
A, FrLL,CO, AR T 80 mL/min J5 , 4k 2k
RS PE YA RS WK 3 ek, COo,
AT AR 3 IR A A R R B A
@ CO, ERER A Y CO P Hxe T H,,H, 5
CO b2 it B Bz3T 0.29, @ <Ak S g 72 B ok
2K CO ik, B WKL S 5% , ¥ 43 H,
HAEAE & & CO, CO, Y& K 120 mL/min B, F
REAETEYIN R A 0. 22, IAAMR T CO, SAR F K
FRAL A BE fe /M EL 0. 29, 8] 4% 00E 58 & 180 R
CO g A S 830 7K AR A S B BT
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Tab.3 Effect of CO, flow rate on syngas
production at 700°C

BIRER Y/ %

CO, ikt F/(mL-min"") BT R

0 72.17

20 82.50 1.56
40 86. 40 0.94
60 89.71 0. 66
80 91.30 0. 48
100 91. 00 0.28
120 90. 21 0.22

2.2.3 BRI B
(1) g A2 fk
F 2 2k AR e L S 04 i B R A, €O,
R R AR R B B B (3 PR R ) oK T R £
B B A (9 A2 Ak i XE T B A B (TR B ) AR
S T Bl D) 5 BB S5 Y S A o R TR B
(I 1E] 2 20 min ) J& 45 ¢ e it it ) A2 AL i Am S H:
AR d WA 4o WK A TR, SR TN Bk R
B, de R 7.25% . @A CO, BAK b BT 9K
A I AR BEE CO, @ A &A1 e i, £
SR AT B S N0 s B 2. CO, il A &M
20 mL/min3% fil £ 120 mL/min, d, f 1.49% F} &
5.42% o TG AR FE Y Bk I8 Al S AR AR
CO &M= /A HE Tk, £ 4 4507 KW, <
PERBLIY) CO i S & U™ R M LS €O,
WA IEM G, CO, i AN 120 mL/min, AL 1K
B IK) CO J7 RS & ™ A I TTHR R K 5 15. 40% .
Z5 AT LB BRI i gk phe PP R 23 R 52 B T
SERAR, T B I b 78 B 1 D0 2 R IE PR R R kAR R T
BAEETE
4 TOCHEEMA TRERTLEME RS SE
Tab.4 Change of carbon weight and syngas production

from carbon consumption at 700°C under microwave heating

€O, MOFEA BEE OEBRCRE WA
wil P/ bR Ames AEfEE Feo/ Tk R
(mL- min ") mg de/% (mLemin~") &/ %
0 189. 23 7.25 0 0
20 38.79 1.49 7.24 4.61
40 49.02 1.88 9.15 5.57
60 67.93 2.60 12. 68 7.43
80 87.96 3.37 16. 42 9.46
100 114. 38 4.38 21.35 12.33
120 141. 54 5.42 26.42 15.40

(2) g e A

SRR B I i 45 AL B AR 9 A2 A, S
73 0T J& 90 min f) F 2 2 M R E R, OF X
IO I 4 £ ¢ BEAT T AU A, SRS TR S . R
L IEIE 5 S iers TS ey 39 20 TR ARG, 2 SR 2 BB B
FESLIE R LR . AN G , S, W1 FEAG, T
S oo JC M LA T HBE SN S B9 R AR 2
TS s WD BT, R Sy - (D CO, 3T BR U T %
LA BB . @ Ak B o £ e B A 1R AR T
A RE S BORR > G AL AR B o A B A B, R O e
S e Y R W B S8/ T 22400 SN, Ui W AL CO, AT
B B 0 BB, — 5 e BE b T 9 2% AU AT L 25 A 1Y
Bk
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Tab.5 Measuring results of specific surface

area for biomass char at 700°C mz/g

. BET 3% AL RE A fL LRI R
R i TR Sy S ire S meso
J 0 48 e 39.00 26. 18 12. 82
S it FiT FH 5.18 1.98 3.20
R T ] AR ok 16.70 4.36 12.34

(3) R IE A

Xf 223 90 min (1) 2L fifE I E RE B W S A R i A
FHA i d T & 4 5% ( Scanning electron microscope,,
SEM) HEATIEARAE . ANEl S Firzs , S 45 o I £
AR A TR B, RS8R AE AR o HEAL
I, B BN I B e 3% T 0 AR A HE R R B 3
B, 5 U BN R BRI TV T BR LA G [ I B e
T CO, MR AR o

5 700°C i A= ¥ i £ ¢ SEM [
Fig.5 SEM images of biomass-derived char at 700°C
(a) RN (b) i BN
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BEVE IO AR W 35 7E 750°C 43531 3K 3 92. 77% Fi
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A AT MR E .

(2) 51 A CO, {115 H R E L fb & R T
JHA TR AE CO, ¥t 2y 80 mL/min F ik 1) 5z = 7% 1k %
92.03% Flfe KA AR 91.30% |, 5 ik €O,
3 A 230 55 R OR R RN . A R H,/CO {8
5 CO, il A 2 AHC, Je/ME R 0. 22,
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