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Table 1

Ultimate and proximate analysis of the experimental materials

T %, wt

TEE %, wt

sk}
KAy War RSy WERE LHVIM] kg [c] [H] [0] [N] [S]
MAARAE 9.43 2.85 72.64 15.08 17.52 44.40 491 38.29 0.02 0.10
IKFEFGFF 7.61 14.88 64.41 13.11 14.40 32.22 5.83 38.58 0.65 0.23
N, B ) T AR — Al R B vk T 4% R Rl 43 1 A
© L b A A3, O AT 000 4 414 197 56
B
Ylat.i = Ylar X Wi (2)
Kb, v, — A A S8R melke;
SRR o o v ot 21 A
Y, — IR TR me/kg; W, —— R A4 5
(AR BT 53 4K, %6 o
FEIMZH A3 3 QP2010 SE #A0RH (8,33 5 3% A%
(GC-MS, By A D #4750 o M 2R FH 40T
- HERE AMEEE A 110, AR AR S AR
T S e RRIF R M 35 CHAG , FHEFEZ K 30 C/min, T+ 5
Fig.1 Schematic representation of the experimental system
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Fig.2 Tar collection system
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Table 2 Classification of tar compounds

e P P
1 GC ICiEIAS WAL, B AR ()
2 B T HELAG R R K, ARy ) vk it
3 SRR (15 F%% E{%_E@ﬁj%ﬁf’iﬂt%%  ANKE] FRC G T 200 R g 1 ] A
LB SN L NP S
4 BREZHTIE(2~33F) TR A B e AR VR B, L N (B PR IR
5 HfEZH IR (4~6 1) FEARMR RE R BE A5 RSB 2R , LA i
x3 HHARES
Table 3 Components of tar
PR YELAAFR s e PR YL FR s e
N Benzene CeHs — B Indene CoHs 4
Mk i Pyridine CsHsN 2 %% Naphthalene CioHs 4
WEWY Thiophene CH.S 2 1-HIEEE Naphthalene, 1-methyl- CiiHio 4
EN Phenol CoHO 2 2-HI3EZE Naphthalene, 2-methyl-  C,Hy 4

AR Benzonitrile C7HsN 2 JE Acenaphthylene CiHy 4

oK H Benzaldehyde CHO 2 RN Biphenylene CiHj 4

PO p-Cresol C-H;0 2 Vi Acenaphthene CiHo 4

AR HT Phenol, 2-methyl- C;H:0 2 PR Biphenyl CiHio 4

(i) P iy Phenol, 3-methyl- C-H;0 2 il Fluorene CisH,yo 4
ASFFIL IR Benzofuran CsHsO 2 J=! Anthracene Ci:Hyo 4

e o 2 qg Phennbrene  Cul 4

4- HK By Phenol, 4-ethyl- CsHis0 2 2-RHLZE Naphthalene, 2-phenyl- ~ CH,, 4

IRk Isoquinoline CoHN 2 P Fluoranthene CieHio 5

2 Rpsesgzs | ophthalene, (- CiHuO 2 i Pyrene CisHuo 5
methylethenyl )-

TIRFEIR Dibenzofuran C.H0 2 ﬁﬁgj D Benzo[ ghi [fluoranthene  CysHyo 5

EP/S Toluene C;Hy 3 AIFLATE Benz| a Janthracene CisHy 5

KL Phenylethyne CsH, 3 AIF[CIEE Benzo[ ¢ Jphenanthrene ~ CisHy 5

ENA Styrene CsHy 3 RIFZE Triphenylene CisHp 5
RS Benzene, 1, CaHuo 3 HI(B)WM Bens[blfluoranthene  CuHa. 5

3-dimethyl-

V%N Ethylbenzene CsHo 3 KIFE]EE Benzo[e}pyrene CooHis 5
4B IR o-Xylene CsHyo 3 ARIFRETE Benzol j ]fluoranthene CaoHp 5
Xof T p-Xylene CsHyo 3 Ik e Benzol k Jfluoranthene CaoHix 5

LB LR 2 2-vinyl CoHio 3 it Perylene CaoH 2 5
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il T 22 (10 2 S A R T AN A AR IR
Jr = (3) s
C.H, +xC0,——2xCO +(y/2)H, (3)
1T 65 A ) 3 Tl ™ SR DR S 18 I R AR, R 1) 2
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R4 CO/CHEMF=RINASHIFM
Table 4  Effects of CO./C on tar yield and composition

— FARAJE CO./C/mol - mol ™ JKFEFEFF COo/C/mol »mol ™
0 025 050 075  1.00 0 025 050 075  1.00
BN mg kg 4076 3211 2657 2083 1850 910 1009 965 933 493
H/mg kg 1936 1456 988 464 831 385 602 437 321 267
5235 M/mg ke 162 70 266 304 20 54 33 18 74 19
95 32 /mg - kg 104 137 124 64 87 25 17 22 39 13
55 42 /mg - kg™ 1285 1073 878 523 61l 326 272 335 322 153
5 5 04 /mg kg 590 476 400 728 301 120 84 154 176 40
[ 2 4 AT, JCIe A AR AR T RIFS AT A2, R 70r T=1000 °C, ER=0.25
P i, X S AT AW R A5 2, jﬁ 60F
2 S8 B RN T AR I AR 1 B4 KoK LT TR 4z sor
01, ECN X 43 4140 43 2 I A HE R . 4 2~565 5 E 40f
SR ORI B RO A0 3 P AR = o
TR S A RIS 4 R 5 R, R 5;20 §
SEREFF AR, TET A CO/C T WA T 5 4 2600 a 107
555 AR R B i 2 R R 80% . A A o0 o2s 050 075 100
—E 1 CO, B, FAA RIS AT £ v & 28 R 41 3 1Y C0,/C/mol-mol
01 71000 'C, ER=0.25 T b. AKARERT
s LEES B3 COJ/C ELXT AR A3 AH XS 5 B 5
;LH; sol e Fig. 3 Effects of CO,/C on the relative content of
E;E wl tar components
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®5 BEXEMATRNAS KRN (mg/ke)
Table 5 Effects of temperature on tar yield and composition (mg/kg)
A IAARARE IKAEREFE
700°C  800°C  900°C  1000°C  1100°C  700°C  800°C  900°C  1000°C 1100 °C
FEIH R 15198 15983 5980 3223 2271 4047 4450 1216 1009 458
S 2337 5254 2094 1476 1076 828 1658 529 602 301
2 4135 1875 529 64 174 1362 461 121 33 6
53 A 3413 3256 675 139 56 1091 934 137 17 5
AR 4739 4838 2059 1088 558 641 1285 381 272 104
EERES ¥ 573 760 623 455 407 126 112 48 84 41
S i B XA AR RS A ARl rh o 2~55 5 254k 70 B2 C0/C=0.25, ER=0.25
AT & AR 4 B o SR A = 6ol
K M 13 53 0 S 0 T 5 2 0 6 125 1 o =7
55 2 R AEINTERIE K 1000 CHE O LA KA . 11745 = o
4 ZSFE AR 5 f bl A O RS 1 R T TR N, O § 30t
76 1000 CHF S EIR R (., 55 5 B Hx 5 i < 20
SR R R e S N i I VA N2 o St D R e & 10r L
ST 5 AR R 5 L BB 5 SRR S0 28 5 "0 b oo oo
i J&Z/°C

FEAEIAR X 5 AR AR X R e, (R
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Fig. 4 Effects of temperature on the relative content of

tar components
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Fig. 5 Effects of CO./C on tar dew temperature
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Fig. 7 Effects of reaction temperature on tar dew temperature
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STUDY ON CHARACTERISTICS OF TAR FORMATION DURING
BIOMASS GASIFICATION WITH CO,/AIR

Yu Haimiao, Chen Geng, Ma Tong, Chen Dezhen
(School of Mechanical Engineering , Tongji University, Shanghai 200092, China )

Abstract: The characteristics of tar formation derived from pine sawdust and rice straw during biomass gasification with
COy/air were studied in a bench-scale entrained-flow gasifier. The effects of CO./C ratio, temperature, and biomass type,
on the composition and yield of tar as well as dew point temperature were investigated. Results showed that compared
with pure air gasification, CO./air as gasifying agent could reduce tar yield, and adjust tar components, especially for
heterocyclic compounds and heavy PAHs. With the increase of CO./C ratio, the tar dew point of both pine and straw
generally increased first and then decreased. The improvement of syngas quality and tar elimination could be effectively
obtained with the addition of a corresponding amount of CO; to different biomass types.

Keywords: biomass; CO»/air; tar; dew point temperature ; GC-MS



