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Abstract

Abstract

A great deal of concern and research have been dedicated to biomass which is thought of as
a kind of green and renewable resource owning to the drain of traditional fossil energy and
drastic environment problems. Among various biomass utilization technologies, gasification
process is the key one. Through biomass gasification, various solid biomass could be gasified
into combustible gas, which will be transformed into liquid fuel, chemicals or generates
electricity using internal combustion engine or gas turbine. However, tar forms during the
gasification process that eliminates the gasification efficiency, fouls downstream pipelines and
equipments, influences the functions of power generating facilities, and undermines the
promotion of biomass gasification technology. So, developing a high-efficiency low-cost process
applied to reducing tar is more meaningful than before. As an effective way purifying the product
gas, increasing attention has been paid to catalytic decomposition of biomass tar. Dolomite, as a
kind of effective catalyst used to catalytic cracking biomass tar, notwithstanding the widely
distribution and low cost, a common disadvantage is inevitable that under the working condition,
dolomite’s mechanical intensity decreases, especially in the fluidized bed.

In order to handle the disadvantages of low intensity, easy wore-out, etc. This dissertation
developed the porous granular dolomite (PGD), utilizing dolomite powder and other materials,
following the procedures of mix, granulation, desiccation and calcinations. The porous granular
dolomite’s intensity was 13.3N, specific surface area was 17.8m?/g, and specific pore volume
was 0.78cm’/g.

A set of experiments were performance to inspect the catalytic properties of porous granular
dolomite, Ni catalyst and biomass tar. These experiments inspected the affects of temperature
(600°C~900C) and contact time (0.3s~2.0s) on the conversion and selectivity rates of acetic
acid and benzene as feedstock (tar model compound) using PGD, Ni-based catalyst and char as
catalysts; The deactivation and regeneration attributes of Ni-based catalyst and PGD were also
tested. Results indicated that the conversion and selectivity rates of acetic acid and benzene
increased with increasing temperature and contact time: the acetic acid and benzene conversion
rates using PGD as catalyst reached their maximum 99.8% and 18.7% at 850°C, 0.5s,
respectively. When using Ni-based catalyst and char, the benzene conversion reached their

maximum 90.2% and 48.3% at 850°C, 1.1s, respectively.
11
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There generated little carbon deposition when PGD was select as catalyst at 600°C~700°C,
while the temperature increased to 850°C, the carbon deposition accounted for almost a half of
the total converted benzene. When Ni-based catalyst was selected, the carbon deposition
accounted for less than 10% of the converted benzene at 700°C where contact time was larger
than 0.9s, while the carbon deposition accounted for less than 20% at 0.5s where temperature
was larger than 800°C. When char was selected as catalyst, values of selectivity rates were quite
small, so almost all of the benzene cracked was converted to the form of carbon deposition.

A mathematical analyst of the dynamic experiment data was performed; as a result, a
macroscopic reaction dynamic model was established, based on the hypothesis that a one-order
reaction, plug flow model and Arrhenius equation were acceptable. Results were the active
energy of cracking acetic acid and benzene using PGD as catalyst were 71.4kJmol” and
94.5kJmol™, A’s were 6680s™' and 2930s™, respectively. The active energy of cracking benzene
using Ni-based catalyst and char were 50.69kJmol™ and 57.27kJmol™, A’s were 1268.77s" and
283.7s”, respectively. At last, by comparison, the calculated values agreed well with the

experimental data.

KEY WORDS: Biomass, tar, porous granular dolomite, catalytic cracking, kinetic

model, Ni based catalyst, char
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Fig. 1-2 Composition analysis of biomass gasification tar
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Fig.2-1 Comparison of the Strength, specific area and pore volume of the porous granular
dolomite and nature dolomite
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2 AL 1 AR DERIATE

(1) CnHm - Cn-le-x + CHX
— CpoHmox + CHy
— Cn-3Hm-3x + CHX

(2) CHx+H,O0 — CO + (1+2X)H,
(3) CHx+ (4-X)H — CO + (1+2X)H;
(4) CO+H,0— CO, +H>
(5) CO+H; — CH4 +H;0
(6) CO; +4 H, — CH4 + 2H,0

Z501 B4 Ni SEFEALFURO B PE SO 2-1, HB & WL 2-2:

A 2-1 Ni LA REAY B 5
Table 2-1 Basic physical properties of Ni-catalyst

M HfH
TEAR [ AR
Fw ®5x5mm

i, L
HERRES B 0.95~1.15kg/L
00 171 47 1 98 2 >120N/cm

Ni fi#s= EAA ND >50%

] 2-2 7501 %% Ni KA fb 771
Fig. 2-2 Ni based catalyst (model: Z501)
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HE P G AR (0 e ELAARHI 4% 7V
(1) Ikt 4 900°C .
(2) B0 300mL Al a5t 3 4N, ARSI SATR 90% /A Ay, #lPInas, E TR AL
by BN 900°C I I HE A R R AR . P BREIK SIS FF AR N ¥ 3min KR 2 900+1°C.,
(3) 7£ 900°C b e O BY 22410 P9 AR AN FRAT HE R AR BT
(4) W, B RE 5~6min, BEEBATESN, BRI (49 20min).

T BN, TR P IR AR AN P A R 0 AT R (R A 13 o R 40300 S e fid
RIZE A A A A be AT, RSP SE BAC G AR I S o A3 IR P 18] 2-3 Foms,
HE R 0.14g/em’,

K] 2-3 AW 2R

Fig. 2-3 Biomass char produced from wood flour
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Fig.2-4 Schematic diagram of a fixed-bed reactor for biomass gasification tar catalytic cracking

Forbe R EAT AP SN INAOF R R ORI D& 23— AN T
TR A E I Tt R i NS0 R = R | R = 1 2 7| RS R & SV B35 R U 9572
A e m YT SE L

R AP AR S b s T ANER AN 7 T, AR 45 mmix K 300mm . i 3 A8 i vz
A A e AU P A BOE IR, A2 AN A ME 460mm 1) B HRA RS S
I DRl 9D TR L PR AN LRI o e I AR I A A 9 20 B, L i 6
BRAR [N E , A AN B A 0 DA (MR AL MM o B N HE RN T 25 ke — A
AN XIS RS J R, B ISME ©=39mm. 75KV E 1 P BRCERUCCREE, Xt
RN JEHAMARE 8T (K 2-5). HARSERE WK 2-6:
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Fig. 2-5 Front view of reactor-1
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Fig. 2-6 Photo of experimental equipment-1
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Z AL H = ATVRORAE AR BT LA VT

1. 20 3- AURBCRIETE 4- EREMEN S 5- Ubd 6- AR NE 7- InIEm AR

HLBPRL 8- “CHIEE 9- fiie
2.7 SR 2 R

Fig. 2-7 Schematic diagram of experimental equipment-2

Bl 2-8 SEE A E 2 SE

Fig.2-8 Photo of experimental equipment-2

FEXSSEIARE 1 AL, ERHRE 2 T 7R S0

1.

M S A ALK, BT RAHE AU DRI, 84l LB UAERAE, Tkl &4
PE R EE R

it PRRUE R BRI DR B, DA DA S WA s PR A A = 0 A el o 1T 3 ol
W

% BB T B RMAAEBOR IR ZZ, DT LAASINTES 52, SRt R TR0 .
FERENTACAS I REREAE H 1 Ab 2By b ot R A B AL 5 ) A A A Hh 28 R B
M BTN R HIEN SN N IEAT 4 S B, X PR sl e 1 AR ARG T sUE A
S R DR S BRI AR B N RE SR R T RRUE

Rk B 1 A BN AN B N SO AT, XA REML SR B S B A RR I TS oL, B
L) T AR G < R R T B A R AR A AR S L PR AN RS o

FEATHEE S IR, BB TAR A INAEAL T, R BRI I s, AR,
RN TROE A R AR A SR IR R A TR IR, R AL
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FRUPR T2 1R AAIR: P8 10 e {1 v 2 K 1 - A 70 PRS2 L P e 5 o
7. 4T HERR BN AR 1B BN AR SR A, N AR HLAR L A AL TR FL AR d, LE VY. 6<
di/dg <129, HFASCTh A2 LA 240 BURCIUR A d3x4mm, T LA R 1) P 4%
d, Y 18< d,<36mm. JT AR E 2 38 SIS N N AR RN TR SR P R
BO R, SN AE AN B AT N o
SR B2 HAN & 2-9 s, TARI S as BRI ) 300°C, AHBIHTE
(MR Rk A INAL PICR . A i S e, EAROT DR ZER 1, fRalii Ak 5 1)3d
R BRI BE N AR N TR R FINAE D 3N SN

K 2-9 AL Bt
Fig. 2-9 Front view of the gasifier

e N A R v 2 B & 2-10 fros.
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Fig. 2-10 Installation diagram of the reacto
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B 2-11 Je B N I it it
Fig. 2-11 Inlet structure of the reactor
S N SRR B KT 120 H A e beghin e, [ e AR A R s AR AL A e,
2-12 Pz

&l 2-12 fifid
Fig.2-12 Sieve plate in reactor

FEAGEE [ DA DA Bevk— XS e ke, H e e . i 2-13 Pios.
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B 2-13 1 F- [l e 2 (ke
Fig2-13 Pins used for stabilizing the plug

e AL B2l 2w A U B I R AR, RS R 2-2 Bk

R 22 PURGRIIZH

Table 2-2 Parameters of the mass flow controllers (MFC)

RS WA BOKEME mL/min & J) MPa
SY-9302B N, 1500 0.3
SY-9302B 0, 600 0.3
SY-9302B CO, 600 0.3

TSI R 8 AR AL PR > wl A2, 528 LSPO1-1A. d/MEAEE 0.01pL/min.
2.3.3.2 RNFRENT

IR BN IF M RIVEN RN B ) 25 S50 5 BEORAE AL S N T AL (iR E AR e, BT DU V2%
e B A7 B AR BRSBTS bR 2 — o O T3 BT vt i S b s
TR B DL, T B0 % BN 2 1R RE 43 A o
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Fig 2-14 Temperature profile along the reactor height
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TCVE A2 HEAL PPN SE AL 2 By g 27 SER A T S TG SN I S e, H R 2 R H
R AR A, TS 5w A A SR VA O 2.3.1 TRUR . 1K b s 3t ) s o
FELEIL I — e AR, AN R E R E R R (e 22 ik, K
I Ry, A SN BN s P EAT
B 1 SR N AAE RN REAZ 0L, 1R R A N FAL T BB T, BERER
B, TR R B SRR AR (T R HE N AR SN A A R A
BRSNS (07 IEAT o3 4, AT A5 38012 A T T R e P A5 25
2.4.2 XWHE
AP THACE S8 BAMBAL S YIRS LRIV, A SCRHARB L 5%1H
RELLIRI 95% N A TR A AR A HERL . VB 600°C~900°C, % fi i 1] i [F]
0.3s~2.0s. HEALFIMIEAAIN: 85 1 d0h 250mL; %% 2 ok 18.9mL. HEASLE 5
PIANBTBL, SR BrBUEREE 1 BT 24010 oA ORISR S R B ) 2 s B T B
TEAEE 2 FREAT 241 F1 25 A0 UKL IR 30 R AR SEG DL S NTER A AL AR AR TR DR S50 AN 2
PAEE
— ZALASABRLE MERZ) ) A SR
SCICHT S ENEEE 1, S5O0 2.3.2 75, ¥ 250mL (117.1g) Z5LA = A BWUREA &
g e AR SHEAB R GY AR K, FREERL 25min, #BUON R ETUE R
FERNEEAb I 0] R AT 9250 . AERERITLA G 1 18min, 20min. 25min /4 RAE . A4
AR (REEGC2010-A) 73T E 25y : Hay CHa O+ CoH4. CORICO,,
RAF AT MR RR A R LU, RIS S5 1R 22 4L 1 2o A RORE LA R S I 245 A B A
i, JFHHFIRTRRE, 19308 .
T ZALA AR R E AR AR TR e S L A N AR AL R IR PN S R B ) 2
S
SEIG TR E N E 2, SO0 2.3.3 75,
SEHG U
1. {ERMNAE NI 18.9mL ML (8.83g ZFLIH &A1 ik, 14.9gNi JEMENA]. 2.69g Y-
.
2. IS B TR SRR .
3. ARG EIEASE, BNy, COy « Oy, ASZEGEFIHNE FE LN, WA
fht. BRI SRS HLE 2-3.
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4. JEVERFR MR SPIREN T RS, RN PRV, AF A
PFR AT TR WAR 2-40 HERITFAAHT 10minHE s, ZJE BNV, BB 6 23 8h.
VE: B TAEZ AL 2 A BRI AT NI FEAE AL ) R0 SE 36 o A IR AE LR T 4R

1T 7 73 Bk N YERFRUE IR AT I, RIS TR R Ak I 18] 551 0.9s AT 1.1s I B BRI

BN, BRI T I o B R ST 1 BRI TRL, B USVAREER R IR 5E D 6

Gy MAEAE R E 1 IR IN AR HERE AR E , 2030 PRS0 L 18min Ji5 EIAEE , T LA 18min

JEIHIRIRE, #EAF 25min.

5. BEARMNATTIAIMFES 1380 55 3 0 BPAIEE 5 b AUARIESE U =1k,

% 2-3 L SH
Table 2-3 Experimental parameters

iy

W C At E] s N, ¥t = mL/min At uL/min
0.3 1097.39 209.50

0.5 658.43 125.70

700 0.7 470.31 89.79
0.9 365.80 69.83

1.1 299.29 57.14

0.3 1043.76 199.26

0.5 626.26 119.56

750 0.7 447.33 85.40
0.9 347.92 66.42

1.1 284.66 54.34

0.3 995.13 189.98

0.5 597.08 113.99

800 0.7 426.49 81.42
0.9 331.71 63.33

1.1 271.40 51.81

0.3 950.84 181.52

0.5 570.50 108.91

850 0.7 407.50 77.80
0.9 316.95 60.51

1.1 259.32 49.51

0.3 910.31 173.79

0.5 546.19 104.27

900 0.7 390.13 74.48
0.9 303.44 57.93

1.1 248.27 47.40

VSN ADE S ST, AINIDINIOR B A TE Sk b A FH AT RR XINIO

BEATTIOA J5UA BEBEANALT T o 3 T AT ) AR U 5 R B S AR UAUR R T
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Fig. 2-15 Photo of 3-way valve for inlet gas sampling
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Fig.2-16 Photo of 3-way pipe for outlet gas sampling
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Fig. 3-1 Effect of temperature on thermal cracking of benzene
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Fig.3-2 Effect of temperature on acetic acid conversion during catalytic cracking over porous
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Fig.3-3 Effect of temperature on benzene conversion during catalytic cracking over porous
granular dolomite
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Fig. 4-2 Linear relationship of Ink vs. 1/T of the acetic acid and benzene catalytic cracking
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Table 4-1 Value of E and A of tar-cracking reaction
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g FS 57.27 283.7
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