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Research on coal tar catalytic cracking over hot in-situ chars
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Abstract: A comparison of coal tar catalytic cracking over hot char from in-situ coal pyrolysis and cooling char
was investigated. The results show that the in-situ char has a higher capability of removing tar than the cooling
char under the same reaction conditions. The tar content in the product gas is reduced to as low as 100 mg/m’
when the temperature of the in-situ char bed and the gas residence time in the bed are 1 100 C and 1.2 s,
respectively. BET analysis shows that the in-situ char has larger specific surface area and more micro pores than
the cooling char, while the uniformity of the carbon crystallite structure in the cooling char increases, causing the
decrease of the char’s catalytic activity for tar removal. With the increase of gas residence time in the char bed or
of cracking temperature, the tar content in the product gas decreases greatly, while the difference of catalytic
activity for tar cracking between in-situ char and cooling char also decreases. The activity of the spent char is
decreased significantly. However, the activity of the spent char can be basically recovered when it is partially
gasified with steam.
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Table 1 Proximate analysis and ultimate analysis of the tested coal

Proximate analysis w,,/ % Ultimate analysis w,./%
M 14 FC A C H 0) N S
12.52  31.66 41.22 14.60 54.14  3.11 14.02  0.79 0.82
CaO MgO Si0, Al O, SO,
Ash w /% 24.16 19.22 17.19 15.91 14.16
Fe, O, Na,O P,0O; TiO, K,O
2.51 2.18 1.97 1.43 0.41
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Table 2 Preparation conditions and characterization of the tested cold chars

Preparation conditions Aggr A icro pore Vtotal pore Average
Chars Temp. /C  ER UUyg  /(m*-g™) /(m*-g") /(mL-g™')  diameter d/nm
C1 cold char 850 0.15 2.35 280.45 170.07 0.077 9.69
C2 cold char 850 0.05 2.35 82.70 66. 86 0.032 17.35
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Figure 1 Schematic diagram of the pyrolysis gasification setup
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Figure 2 Effect of gas residence time on tar
catalytic cracking over Cl char
hot char: W : Hz; o CO; A COZ; v: CH4; » . tar
cold char; O0: H,; 0: CO; A: CO,; v: CH,; > tar

&) 3 R 2L EE 1100 C A5 B8 I R] 6 C2
VAR 2R AR T AR B2, (B 3 RT AN B E
AARAE R B TR A RSP i AT B i AR A
AR S 1 2 g5 R ILAARIR], (AN,
C2 - FE M 1k 24 i A2 9h 10 36 ME I AR T C1 24,
fan, GARIE R BRI E D 1.2 s B %6 C2 2k,
AP AR AR S AR F G X BRSBTS
0,69 Fl1.06 g/m’; X T C1 2F 4 &
2 A TR 25 2 1R S X6 Iz )RR HP 1) £ 3 5 2 )
35125 0.10 #10.13 g/m’* . C1 1 C2 P Hfi L 2L
fif ke 22 5 5 H b 3R T AR AL 25 A %, R T
TR, T L5 A8 1 36 A ) 1 Tk 1 O I 15 e
L2
2.2 HFBRENZIMm

1 AR S G R e A AR ) T2 P B 582 ih i
TREAL 2L TR FR I R T R B IR BE 40 900 ~
1 100 CAREIR BB = A HR | Fr AAS L85 % 58
TR SRS X R 2R g, KB4
RS RE I R] 1.2 s B EEEXT C1 2 A fb 24 i
IR A2

¥ 415
1.6
15 - |
L4
X 1 =
e 10 1 -2 2
& [ 1o <
2 1 =]
2 08 2
£ 1 o)
=} 5L o
(5] 0.6 =
172} <
s b =
o 04
0+ 0.2
1 " 1 " 1 " 1 n 1 " 1 n 1

025 050 0.75 1.00 125 150 175 2.00
Gas residence time  #/s

P 3 AR TRIX C2 2 A A 27 SR RCR 1 5
Figure 3 Effect of gas residence time on tar
catalytic cracking over C2 char
hot char: m: H,; @: CO; A: CO,; v: CH,; »: tar
cold char; O0: H,; 0: CO; A: CO,; v: CH,; > tar
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Figure 4 Effect of reaction temperature
on tar catalytic cracking over Cl char
hot char; m: H,; @: CO; Ao: CO,; v. CH,; »: tar
cold char; OJ: H,; 0: CO; A: CO,; v: CH,; > tar
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Figure 5 Effect of reaction temperature on
tar catalytic cracking over C2 char
hot char: m: H,; ®: CO; Ao: CO,; v. CH,; » . tar
cold char; OJ: H,; 0: CO; aA: CO,; v: CH,; > tar
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Figure 6 SEM photograph of hot C1 char and cold C1 char
(chars were prepared from the fluidized bed at 850C , ER=0. 15)
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Table 3  Structure characteristics of hot C1 char and cold C1 char

Ager/(m’-g™) Ao pore’ (M €7) Vipore/ (mL-g™) Average diameter d /nm
CI hot char 444.96 218.58 0.090 2.10
Cl cold char 280. 45 170. 07 0.077 9.69
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Figure 7 Effect of temperature on secondary
pyrolysis of C1 cold char
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Table 4  Structure characteristics of cold C1 char and the secondarily pyrolyzed C1 char
( SCC representing chars after secondary pyrolysis)

Agr/ (m*+g™") A icro pore” m-g") v pore’ (ML g™h) Average diameter d/nm
FC 280.45 170.07 0.077 9.69
900 C SCC 240.25 138.12 0.056 10. 12
950 T SCC 150.21 80.07 0.045 15.62
1000 € ScC 55.10 42.03 0.022 22.17
1100 € ScC 50.05 30.24 0.012 25.55
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Figure 8 Effect of temperature on crystalline phase
of secondary pyrolysis C2 char

( SCC representing chars after secondary pyrolysis)

a: 850 C fresh char; b; 900 C SCC;
c: 1000 C SCC; d; 1100 T SCC
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FC 280.45 170.07 0.077 9.69 C 95.98 98.36% 14.04
SC 139.45 111.17 0.02 5.81 0 2.63 1.62 35.79
RC 176.33 102. 67 0.046 1.87 Na _ _ 1.36
e Mg - - 0.90
[RIRsE, F P 10 38 A, 287K 28 R o Sk AR Al _ _ 4.76
R RTE RIS B TR E CRERARTER 1 Si 0.24 0.12 21.42
(58 R HEA T SR E A 1,000 T, KBk LE S/C 2 - - (1) ‘3‘2
A 1.0, 1EARET R R 20 min, X SRR 1 TPV K _ _ 4:43

A2 B SR B I SE B T A A e e i) Ca 0.22 - 13.03




1048 wooR 4k

g,
¥

L
&

il B4l %

3R 5 30, e K ZR R IR, CL R AR Y
Ho AR AL A5 A1 8 T AR IO IRAL . st
I 1 YRR A B R AE SR A AR
SRAEXS AR AT A AL 2L 9 R B, B 5 K Z Rl AT
ELRA SN, R S B, AR
T RAX R SO B SR AR 2R R R AL T 1

6 JyHf Cl B RUKZR LR C1
FERTTCH M EDS 237, Hi4e 6 I, 2k 7%
SUFEJR I C1 A, HRIE i 3T 0962 )8 A
TR ROTRIO B, AP RS R AL SR
FORP AR AL A TR, Rt oA By o
SEHEALIR PR
3 4 ik

GIRNNESS 0 S G AT S U AR S8 X ]
SSR REAL AR AR I BE ), B 220 S AR i AL

PR ARl S R R RIA ] 100 mg/m’

JE A B N 1) B o R R R £
il e 0T N SR PR S I P o <R (i
PR 25 SR WAL /0, ] A i 7 o AR SR A A 2
fifp 2 o 2 AR T R A — E S, AT 2 /A A AR
GRS S R P o

ISR HOR S A HORAY AR i NI 22
A RCFLAS A s R BRI RE T v AR A R Tk
P R RE IR, 5 BBCH b 3 T AR LA AR D
XRD 737 W], B R AR L S5 H A R
BERGIN, R AT PERRAT, DL BRI A e ok
ARAEAL T P 5 A B A

SR 3 SRy e R T N R SRS L
BB R TE—E A T SOKZE R AR AN
J& , R T AR AN LA mT LIS BIAR AR B A5, A

S5 T AR BRI A B AR, Ir SR H,
1 CO F MMM E R, HRMIEE 1100 T,
(UNE

TS PR T ARG R i H 2 K 2 A
Ja cREEFR s B T e R M R OUR N E

RN 1.2 s B, Sk gy T R

S Sk

(1]

BRAGE C, YU Q Z, CHEN G X, SJIOSTROM K. Tar evolution profiles obtained from gasification of biomass and coal[ J]. Biomass

Bioenergy, 2000, 18(1) : 87-91.

2 MILNE T A, EVANS R J. Biomass gasifier “tars” ; Their nature, formation, and conversion[ R]. Colorado: Nrel, 1998.
[3] HANJ, KIM H. The reduction and control technology of tar during biomass gasification/pyrolysis: An overview[J]. Renew Sust Energ Rev,
2008, 12(2) : 397416.
[4] BAKER E G, MUDGE L K, BROWN M D. Steam gasification of biomass with nickel secondary catalysts[ J]. Ind Eng Chem Res, 1987, 26
(7). 1335-1339.
[5] KINOSHITA C M, WANG Y, ZHOU J. Effect of reformer conditions on catalytic reforming of biomass-gasification tars[ J]. Ind Eng Chem
Res, 1995, 34(9) : 2949-2954.
[6] ARAUZO J, RADLEIN D, PISKORZ J, SCOTT D S. Catalytic pyrogasification of biomass. Evaluation of modified nickel catalysts[ J]. Ind
Eng Chem Res, 1997, 36(1) . 67-75.
[7] MIYAZAWA T, KIMURA T, NISHIKAWA J, KADO S, KUNIMORI K, TOMISHIGE K. Catalytic performance of supported Ni catalysts in
partial oxidation and steam reforming of tar derived from the pyrolysis of wood biomass[ J]. Catal Today, 2006, 115(14) : 254-262.
[8] DELGADO J, AZNAR M P, CORELLA J. Calcined dolomite, magnesite, and calcite for cleaning hot gas from a fluidized bed biomass
gasifier with steam: Life and usefulness[ J]. Ind Eng Chem Res, 1996, 35(10) ; 3637-3643.
[9] DELGADO J, AZNAR M P, CORELLA. Biomass gasification with steam in fluidized bed: Effectiveness of CaO, MgO, and CaO-MgO for
hot raw gas cleaning[ J]. Ind Eng Chem Res, 1997, 36(5) : 1535-1543.
[10] HOSOKAI S, NORINAGA K, KIMURA T, NAKANO M, LI C Z, HAYASHI J. Reforming of volatiles from the biomass pyrolysis over
charcoal in a sequence of coke deposition and steam gasification of coke[ J]. Energy Fuels, 2011, 25(11) ; 5387-5393.
[11] CHEMBUKULAM S K, DANDGE A S, KOVLLU RAO N L, SESHAGIRI K, VAIDYESWARAN R. Smokeless fuel from carbonized
sawdust[ J]. Ind Eng Chem Prod Res Dev, 1981, 20(4) . 714-719.
[12] HOSOKAI S, HAYASHI J, SHIAMADA T, KOBOYASHI Y, KURAMOTO K, LI C Z, CHIBA T. Spontaneous generation of tar
decomposition promoter in a biomass steam reformer[ J]. Ind Eng Chem Res, 2005, 83(9) : 1093-1102.
[13] BRANDT P, LARSEN E, HENRIKSEN U. High tar reduction in a two-stage gasifier J]. Energy Fuels, 2000, 41(4) . 816-819.
14] HOSOKAI S,KISHIMOTO K,NORINAGA K, LI C Z, HAYASHI J. Characteristics of gas-phase partial oxidation of nascent tar from the
rapid pyrolysis of cedar sawdust at 700-800°C [J]. Energy Fuels, 2010, 24(5) : 2900-2909.
[15] ABUE-R Z, BRAMER E A, BREM G. Experimental comparison of biomass chars with other catalysts for tar reduction[ J]. Fuel, 2008, 87
(10-11) ; 2243-2252.
[16] HAYASHIJ I, IWATSUKI M, MORISHITA K, TSUTSUMI A, LI C Z, TADATOSHI C. Roles of inherent metallic species in secondary
reactions of tar and char during rapid pyrolysis of brown coals in a drop-tube reactor[ J]. Fuel, 2002, 81(5): 1977-1987.
[17] ZENG X, WANG Y, YUJ, WU S S, ZHONG M, XU S P, XU G W. Coal pyrolysis in a fluidized bed for adapting to a two-stage
gasification process[ J]. Energy Fuels, 2011, 25(3); 1092-1098.
[18] ZENG X, WANG Y, YUJ, WU S S, ZHONG M, XU S P, XU G W. Gas upgrading in a downdraft fixed-bed reactor downstream of a



559 1 XIGRIE 25 . PGS AR AN 25 i AL R R DT 5 1049

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

fluidized-bed coal pyrolyzer[ J]. Energy Fuels, 2011, 25(11) ; 5242-5249.

HENRIKSEN U, AHRENFELDT J, JESEN T K, GOBEL B, BENTZEN J D, HINDSGAUL C, SORENSEN L H. The design, construction
and operation of a 75 kW two-stage gasifier[ J]. Energy, 2006, 31(10-11) ; 1542-1553.

GILBERT P, RYU C, SHARIFI V, SWITHENBANK J. Tar reduction in pyrolysis vapors from biomass over a hot char bed[ J]. Bioresource
technology, 2009, 100(23) : 6045-6051.

SENNECA O, SALATINO P, MASI S. Microstructure changes and loss of gasification reactivity of char upon heat treatment[ J]. Fuel,
1998, 77(13) ; 1483-1493.

FENG B, BHATIA S K, BARRY J C. Structural ordering of coal char during heat treatment and its impact on reactivity[ J]. Carbon, 2002,
40(4) ; 481-496.

SHARMA A, KADOOKA H, KYOTANI T, TOMITA A. Effect of micro structural changes on gasification reactivity of coal chars during low
temperature gasification[ J]. Energy Fuels, 2002, 16(1) ; 54-61.

YIP K, WU H, ZHANG D. Effect of inherent moisture in collie coal during pyrolysis due to in-situ steam gasification[ J]. Energy Fuels,
2007, 21(5) ; 2883-2891.

SENNECA O, SALATINO P, MASI S. Heat treatment-induced loss of combustion reactivity of a coal char; The effect of exposure to oxygen
[J]. Exp Therm Fluid Sci, 2004, 28(7) . 735-741.

SHENG C D. Char structure characterized by Raman spectroscopy and its correlations with combustion reactivity[ J]. Fuel, 2007, 86(15) ;
2316-2324.

MIDITEIEE 42 %5 (2014 F) (AR FE2IR)

CRRRME 240 S P AR 2 A eh R Be L PR R AL~ E 5T o 200, Bk H RO R RS 2 RPE T, B 1)
T1956 4 AT RAT . ATETR E RIS B Z A FRYEWI T, B BT DR BFFEIR S0 BFSE TR R AR
AR E . FERE E A TERREME 7 AT A SR SR AT 57 45 U A 19 BB st AN e ik g, T8 B
A A ARACE IR AN B AR ST, BRARR IR, ST s AR SIAR, SUPEdE 1 2858 R I B 32 A A VE ST

(BRBME %2 MY B EELZFEANEE NI R RS, A, “CA” “Ei” “AJ” “International Chemical
Engineering” “Fuel and Energy Abstract” “Coal Abstracts” 3¢[E “ American Petroleum Institute Central Abstracting and
Information Services” * 3¢ & SUHFFHH S (CSA) " 45, R A AN (AR RISCH) ChEf A TOCH) ChER
FHISCBAR Y (R R SCIREARE ) (P ERHEIN RIS B ) ChEBHR ST S A B ) (b E
A SCHEY (P EBHE S SIS ) A S UAE A CA” TR, B CREIITIR Y (b E 2 A 80 O
J) ) 2 SCHSESRABI I o Bl 2 AR T2 5 PP A Bl 2 ) W5 1) Oy 800 2R e 0 RIBSCHE 2 ) R 401 ), 2001 4 B2 2R [
RSBV B T 09 B DT U T R ZUGREZE b R B e b XL T

CRREME 22 30) 9 H ), A4 TFAS 128 BT, 48 i RRARED R , R0 E A 25 T, 424 300 JE (T HRSE ) o 6™ K
FEETE BB T B (MR EL K S : 22 —50) . AR PIss 1T, AT BT 5 9048 AR R .

BEZ M. KIETIBEE R ES 27 5 (RRHMEFR) RiEES BREI4RES : 030001
] 3 03512025214 4066044 & BH. 03512025214

B F{548: rlhx@ sxicc. ac. cn



