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Effects of olivine on catalytic reforming of toluene
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Abstract: With toluene as the model compound of tar from biomass gasification, the catalytic properties of
olivine and nickel catalysts supported on the olivine were analyzed for its performance on the reactions of toluene
cracking and toluene/steam reforming in a fixed bed reactor. The catalysts were characterized by SEM, BET,
XRD, and H,-TPR. The results show that calcination changes the physical and chemical characteristics of the
raw ore. The olivine catalysts show a catalytic activity on the reactions of catalytic cracking and steam reforming
of toluene. However, with the addition of Ni the catalytic activity for toluene cracking reaction decreases, the
toluene conversion rate reduces by 2. 2% ~ 9. 8% ; while the catalytic activity for toluene/steam reforming
reaction rise obviously, the toluene conversion rate reaches up to 97. 0% , and nickel catalyst supported on
olivine shows great stability in steam reforming of toluene.
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Figure 1 Schematic diagram of the fixed bed
experimental apparatus
1,2,3. mass flowmeter; 4,5: metering pump;
6. furnace; 7. thermocouple; 8. quartz reactor
9. catalyst; 10: condenser
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Table 1  Surface area and average pore diameter of
the raw ore and olivine catalysts

Surface area Average pore diameter
Sample
A/(m*-g™) d/nm
Raw ore 11.84 7.515
Calcined olivine 16. 81 17.96
1% Ni/olivine 15.05 18.98
2% Ni/olivine 12.64 19.84
3% Ni/olivine 12.67 19.25
4% Ni/olivine 11.24 28.77
5% Ni/olivine 13.91 21.67
6% Ni/olivine 14.08 22.58
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Figure 3 XRD patterns of the olivine catalysts
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Figure 5 Effect of temperature on the toluene cracking reaction
bed material : quartz sand
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Figure 6 Effect of temperature on the catalytic toluene cracking reaction
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Figure 7 Effect of Ni loading on the catalytic activity of the catalysts for toluene cracking reaction (800 C)
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Figure 8 Effect of temperature on the toluene/steam reforming reaction (bed material; quartz sand, S/C=0.48)
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Figure 9 Effect of temperature on catalytic toluene/steam reforming reaction (bed material; olivine, S/C=0.48)

2.3.2 HEEMRCERRMNHRIE

R T H— TR R/ KRR ERRNL, 43 ITE
S/C 3 0.35.0.48.0.60,0.73.0. 81.,0.98 {554 F
BEAT T R AR A4 0 B R, {5 RO A 4R AL
I, AR 800 T, sLIR4ERILE 10, A 10
AIG, A S/C N, B 2R B FRUR R B Wi, e
23.8% WB/NE 11. 1% ; AL R e H 79. 1% 1 i 5
85. 0% Ji5 458 T3 93k 7 K 69. 7% . Nitsch 27
IR, AT RS RN AR it 2 K S S AL A
AT RITE VAL , i#E— 20 M RS2 TR A& 48

HoEERRE, X4 S/Cakat, K=+
CO )& &K, CO, Fl CH, #Y& BAHXT &, X 7T
BB Ay id 2 /K AR B T K SR N AR 5K
IR, ZRAK3E, FESLITEE P, B/ KRS M
L ER R ER S/C K 0.73,
2.3.3 HEHHOBEBRENREERE RN
FER N IR E S 800 T,S/C #0.73 M&MT,
FA TR 404R B R RO A 1 Ao JRE AL 3% HR 2R AT K 28
SR ER RN, B 11 R BRI

W



B8 At & WA PR E R N NEN

813
50 70 —
90 60 '\'\-—/)—_\.
. 140 < —=—H, —e—CH,
8 s 50 p—+—CO ——CO,
= 80 ——
" 30 £ 40 Cas
5 2 3
-1 Q
14 &= a 30
g ™ 120 £
]
60 Q10 10 M'_//,
0 —— = — —e
50 1 i L 1 1 1 L] 0 i 1 B I 1 1 1 1 1
03 04 0.5 06 07 08 09 1.0 03 04 0.5 0.6 0.7 0.8 0.9 1.0
S/C S/C
B 10 S/C % B R4 B 8 SN R T
Figure 10 Effect of S/C on the catalytic toluene/steam reforming reaction
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Figure 11 Effect of Ni loading on the catalytic activity of the catalysts for toluene/steam reforming reaction
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Figure 12 Changes of the toluene conversion rate and gas composition with reaction time
(bed material: 5% Ni/olivine, =800 T, S/C= 0.73)

I 11 AL RO A R TS B B SR/ K P
SEBR R TE R &, i 686 SR Y BRI R
A PR - AR RIRE R SORL AR T, i 1] 10 AT 540, A
AR AL B, B A AL R AR R4 5 R

85.0% .14. 6% , i HEBR BN 1% I, REIEAL
FRFAR R F 0 H L 90. 3% (13. 2% 5 I HL K& B4R
BEHA, FAMERARETI R 97.2% 5ET
fase , R BIRERET. 5% FEARBTRE; M



814

BB b % ¥ M #43 %

Len
me] , (R S AR A A ARIAE H , BURA A e R il
FIef, R/ KEREE RN =P CO W& ER
i WCH, /& BRK. 5/ 7 R 3% RN 152
L7
SN AL TERE . JH B BRI A AL R BT
RIBIHEHEMBTBURERE, AT BB S8 5 A
A Z B 19 Ni-Fe/MgO/ olivine 4578 %541 %
B, B A R EH MgO 7] LI H k&S, iR
KRR E R N, #E AL 2 16 NiO-MgO [ % 4
AR Ni-Fe H7% BER A H1 5 0 AP AR IR B AE RS

2.4

HEE BRI MR WA E TS0 5, )
R B EE 7 800 °C,S/C 4 0.73, HURMEAL R
FEAL AN AR B0 A R R RS [ A S AL AN B 12 e

No

1E97.0% LA, 3 BAAR™ By (0 20 it e A 4 dp
SE , VA IH b st 52 7 A R e - AT 2 ) B4 AL R 1)

WA, RBEENSHYHARILFEEY BB NBRmREN,
3 4 ®

ABXT AP &, MO a VR A, B2
R AR B, I B AR R —
FEBE FBHLIE B ARG AL K o F I TRAR =40, {1 B 2
FUR N TR R, TR A AR )E , Bk
LR T BT B 2R AL R A, B4R 8
I, e B R I i — 25 34, S H B9
SR, BI0IRRR A B R A A
ALFT , B R 2% N I B R R

KBS A HyO B Jin AR LB B 25 i B
B WA VR AL RN TR BE S 800 TR, S i
SEMAEBHIKES(S/C=0.73 i), FAM
163 73. 3% F+E F] 85. 0% , [ Ry By L AR 3R i
35.7% [EIKE] 14. 6% ., S ELFIAE L, 2047
RS EALFRE b B 8/ 7K 28 R B 2 I 7 AR A 3
0, R R — R, R B K, JF AR
B A ML A/ KRR BB RN A B

SRARLE, A O AT R KRR ER

ELFIMBEM
SR 5% Ni/olivine #E{EFR , 76 % [B/K &S

e S BT (4 28 b pA R A R Al B E ME

T, U R A AT SR L R A R
&30k

(1]

(2]
(3]
(4]
(5]
(6]
(7]

[8]

[10]

(11]

[12]

{13]

[14]

B, AW, AR, TR AYRAMGSEEEALHRIRIT]. RREHRSEH, 2013, (4): 1924,
( GONG Yuan-yuan, SHI Jin-ming, LIN Min, WANG Xin. Characteristics of biomass tar and research status on its purification[ J]. Energy
Res Manage, 2013, (4); 19-24.)
SUN Y J, JIANG J C, KANTARELIS E, XU J M, LI L N, ZHAO S H, YANG W H. Development of a bimetallic dolomite based tar
cracking catalyst[ J]. Catal Commun, 2012, 20. 3640.
FURUSAWA T, SAITO K, KORI Y, MIURA Y, SATO M, SUZUKI N. Steam reforming of naphthalene/benzene with various types of Pt-
based and Ni-based catalysts for hydrogen production[ J]. Fuel, 2013, 103 111-121.
CORELLA J, TOLEDO J M, PADILLA R. Olivine or dolomite as in-bed additive in biomass gasification with air in a fluidized bed. Which is
better{ J]? Energy Fuels, 2004, 18(3) . 713-720.
DEVI L, CRAJE M, THUNE P, PTASINSKI K J, JANSSEN F J J G. Olivine as tar removal catalyst for biomass gasifiers: Catalyst
characterization[ J]. Appl Catal A; Gen, 2005, 294(1) . 68-79.
DEVI L, PTASINSKI K J, JANSSEN F J J G, PAASEN S V B, BERGMAN P C A, KIEL J H A. Catalytic decomposition of biomass tars:
Use of dolomite and untreated olivine[ I]. Renew Energy, 2005, 30(4) . 565-587.
CHRISTODOULOU C, GRIMEKIS D, PANOPOULOS K D, PACHATOURIDOU E P, ILIOPOULOU E F, KAKARAS E. Comparing
calcined and un-treated olivine as bed materials for tar reduction in fluidized bed gasification[ J]. Fuel Process Technol, 2014, 124 . 275-285.
VIRGINIE M, COURSON C, NIZNANSKY D, CHAOUI N, KIENNEMANN A. Characterization and reactivity in toluene reforming of a Fe/
olivine catalyst designed for gas cleanup in biomass gasification[ J]. Appl Catal B Environ, 2010, 101(1/2) ; 90-100.
RAPAGNA S, VIRGINIE M, GALLUCCI K, COURSON C, MARCELLO M D, KIENNEMANN A, FOSCOLO P U. Fe/olivine catalyst
for biomass steam gasification: Preparation, characterization and testing at real process conditions[ J]. Catal Today, 2011, 176(1) ; 163-168.
MICHEL R, L.AMACZ A, KRZTON A, MARIADASSOU G D, BURG P, COURSON C, GRUBE R. Steam reforming of o-methylnaphthalene as
a model tar compound over olivine and olivine suppotted nickel[ I]. Fuel, 2013, 109, 653-660.
Vi, B, B, XHCE. REDEMA A XK B ERAEm[I]. AR, 2009, 30(6) : 497-502.
( YANG Xiao-gin, XU Shao-ping, HU Guan, LIU Chang-hou. Effects of olivines from different quarries on the steam reforming of benzene
[J]. Chin J Catal, 2009, 30(6) ; 497-502. )
B, B, XIRE, RUT. BRSO A AL AL R RE R (] BRRMESR2E AR, 2008, 36(4) : 426430,
( WEI Li-gang, XU Shao-ping, LIU Chang-hou, LIU Shu-qin. Effects of precalcination on catalytic activity of olivine in biomass gasification
[J1. J Fuel Chem Technol, 2008, 36(4) : 426430. )
KUHN J N, ZHAO Z K, Larry G, FELIX L G, SLIMANE R B, CHOI C W, OZKAN U S. Olivine catalysts for methane- and tar-steam
reforming[ J]. Appl Catal B: Environ, 2008, 81(1/2): 14-26.
CHEN T H, LIU H B, SHI P C, CHEN D, SONG L, HE H P, FROST R L. CO, reforming of toluene as model compound of biomass tar
on Ni/palygorskite[ J]. Fuel, 2013, 107 699-705.



%78 et 2t S RA N R SR R 815

[15]

[16]

[17]

(18]

VIRGINIE M, COURSON C, KIENNEMANN A. Toluene stearn reforming as tar model molecule produced during biomass gasification with
an iron/olivine catalyst[ J]. C R Chim, 2010, 13(10): 1319-1325. ~

SWIERCZYNSKI D, LIBS S, COURSON C, KIENNEMANN A. Steam reforming of tar from a biomass gasification process over Ni/olivine
catalyst using toluene as a model compound[J]. Appl Catal B: Environ, 2007, 74(3/4) : 211-222.

NITSCH X, COMMANDRE J M, CLAVEL P, MARTIN E, VALETTE J, VOLLE G. Conversion of phenol-based tars over olivine and
sand in a biomass gasification atmosphere[ J]. Energy Fuels, 2013, 27(9) : 5459-5465.

SWIERCZYNSKI D, COURSON C, KIENNEMANN A. Study of steam reforming of toluene used as model compound of tar produced by
biomass gasification[ J]. Chem Eng Process, 2008, 47(3) : 508-513.

MIBIT S 44 % (2016 £ ) (MBHLZ )

(B3R ) £ R B2 A b BRLEB LIPS AR AL 2R SE BT £, B2 AL R AR T, 17
F 1956 4, AF &AT. ATRKEERERSE D EERFAREHT, AP RIR FFRESC IR R LR RN
AR E ., EEREENEREMLE AT R 2 L 2ER R IEREET 5 % ST P R OB st s it g, T B
A B AR KRR A AR 3, BEAZ 3R AR, ST RiA AR B, R T 28 R I R EFRAAE TR

CGREME%¥2HICEEEFARE NI RAL, BES 0. “CA” “EI” “AJ” “International Chemical
Engineering” “Fuel and Energy Abstract” “Coal Abstracts” 3% & “ American Petroleum Institute Central Abstracting and
Information Services”“ 3¢ E ST AL SCHE (CSA) "%, E R IN : E% AR HICH) (P EAEALI ) (HEFR
S5 SOBHRE) (PR SCREERE) (hERSH TS EEEE) ChERBE XS SanEdEE) (hET
M scHiy (R EREBEIT S5 F B ILEARCA” TRER, ERACTESHRIM) ChEZEREHCER
FiR) ) & SCBORIA T o B2 A PISR-6 VA 508 B ) WRB T O J7 8048 AR G A RIEHE 6 ) TR I ), 2001 4 BE AR 7 1)
HER BB BT hEB TGP . HFEWIRER PEB 2R AU R F R TIZ.

CBARHME2E2ER) S A T, Ad PR, 128 T, 28R MR AR ENRR , St 25 JT, @24F 300 JU(EHR¥E) o ARl K
EHTELHBRFIT (MBS : 22 —50) , AFIPIKIRIT, TTHER SR\BHHRER,

BERME . KIETAkRE R 27 5 (RBMEEFEM) HiEEH BB 4% A5 : 030001
= i& : 0351-2025214 4066044 %= H: 0351-2025214
B =4 11hx@ sxicc. ac. cn



