Korean Chem. Eng. Res., 51(4), 506-512 (2013)
http://dx.doi.org/10.9713/kcer.2013.51.4.506

LiTEl, SR H0|20iAR}F HEle| 37| JIA=iHiS S A+

21 *

ZIAS* - Vergel C. Bungay* - SEE*T - X|QEf** - O|HH+**
isales T AR e
573-701 A5 kA tskz 558
A7) A T URAARIAT T
331-822 T XM AlET ™ 7|24 89
540-850 A A SIEH £ AP 95
(201319 42 129 <, 20139 5€ 14U AE)

A Kinetic Study of Steam Gasification of Woodchip, Sawdust and Lignite
Kyungwook Kim*, Vergel C. Bungay*, Byungho Song*'", Youngtai Choi** and Jeungwoo Lee***

*Department of Chemical Engineering, Kunsan National University, 558 Daehang-no, Gunsan, Jeonbuk 573-701, Korea
** Energy System R&D Group, Korea Institute of Industrial Technology,
89 Yangdaegiro-gil, Ipjang-myeon, Seobuk-gu, Cheonan, Chungnam 331-822, Korea
***SeenTec Co., Ltd., Block 9, 1st Ind. Complex Yulchon, Haeryong-myeon, Suncheon, Jeonnam 540-850, Korea
(Received 12 April 2013; accepted 14 May 2013)

o oF
RS =

Hlo| QmliA B A5 ARl Aeke o] F oA YO o5 7kAgsle] 7R dow WS shAL
TH5E ARE A 5= i), B Ao x= Akt E33 ¥H-87] (thermobalance)oll Al woodchip, B4, 28] 45
7] 7}2~3hkE-9] kineticsE ZAFFATE. 7FA8E £ 600~900 °C, 7571 5 20~90 kPa W 91ollA 57] 7k} ik
&= TSIt Al 7A€ 71Al-1A gk ElEe] 7hAENEE-S] AsS HARBRE 8= Hlwsilth. ol 5
oA gAHEE2] WEE 7P 2 YERYE modified volumetric modelS ARE-3F0] 7F~3PES-9] kinetic RS =
Z3I30tt. Arrehenius plot® 2 HE] o3l Al252] EAstUA =l de] MY dlellx] o4l om F45F > woodchip
> ko] =07 UERTE ZF ARl tiste] 571 Eetoll tish WAl S AAsksi o, hasked AAIS) V)%
tlolE| 24 HRY] §ESEEAS AABIGIT

Abstract — Biomass and low-grade coals are known to be better potential sources of energy compared to crude oil and
natural gas since these materials are readily available and found to have large reserves, respectively. Gasification of these
carbonaceous materials produced syngas for chemical synthesis and power generation. Woodchip, sawdust and lignite
were gasified with steam in a thermobalance reactor under atmospheric pressure in order to evaluate their kinetic rate
information. The effects of gasification temperature (600~900 °C) and partial pressure of steam (20~90 kPa) on the gas-
ification rate were investigated. The three different types of gas-solid reaction models were applied to the experimental
data to predict the behavior of the gasification reactions. The modified volumetric model predicted the conversion data
well, thus the model was used to evaluate kinetic parameters in this study. The observed activation energy of biomass,
sawdust and lignite gasification reactions were found to be in reasonable range and their rank was found to be sawdust >
woodchip > lignite. The expression of apparent reaction rates for steam gasification of the three solids was proposed to
provide basic information on the design of coal gasification processes.
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Table 1. Ultimate and proximate analysis of sawdust, woodchip and coal

Sawdust ‘Woodchip Lignite
Ultimate analysis, (wt%, dry basis)

C 47.99 60.91 62.0

H 5.93 4.58 4.1

N 0.15 0.86 0.9

S 0.00 0.00 0.3

O* 4391 29.93 18.0

Ash 2.02 3.72 14.7

Proximate analysis, (Wt%)
Moisture 3.92 5.73 23.4
Volatile 78.76 76.36 30.1
Fixed Carbon 15.28 14.40 354
Ash 2.04 3.51 11.1
HHV™, keal/kg 4,980 5,144 5,433
*by difference

**HHV: higher heating value calculated by Dulong's formular
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Fig. 1. The schematic diagram of thermobalance.
1. distilled water 7. hatch
2. micro pump 8. electrical balance
3. steam generator 9. DC motor and winch assembly
4. gas preheater 10. cold trap
5. sample basket 11. vacuum pump
6. electric heater
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Fig. 2. Specific reaction rate with time for the gasification of wood-
chip and lignite char (T=800 °C, Py,0=0.5 atm).
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Fig. 3. Carbon conversion curve with various temperature for the steam
gasification of (a) woodchip, (b) lignite, and (c) sawdust at
Pp,0=0.5 atm.

Fiell wet A7) WA o wekd
T FPPEES vISA B2

2]
o}, AE} o] gl
}o o

A9 ol o] %
e obpalE therh, BT B Aol RN 2
22 71dst] ) RS AAS AE YA F o] F
& Zhgirgel Folz17l Bk webd o] Hi= dusl tE
94 4L =) Ak 53 /13w, MERA, 137E, 1ela
BelseA 2, e BAAG syl gkl & ik 7

23}e] AEe ﬂgs el Axg] 271el wat wiskst 2= gt

b Hl‘ﬂi‘ﬂ%/l Z5o] whe} 7hspks & r s el Flold)
/\17] 1_ EOE:] 1:111——%0]7] UZH_,_oﬂ H _2__9_‘1;_7}_ _‘::Q]_x]

A 7h3} H}%E FH A3HEo] oA ¥k W) =
ot W AR el —Zroi 71 BkA 3o dojax] whE vkE
&5 YERdL of 2] X204 Aoj7] woodchip?h A &HS] 8-
=& Fig. 3¢l RI3IGIT & 2581 900 °Co] AHE-5& A

7] 7W3hke S A 509
1

--P=0.2atm

-2 P=0.4atm Lo
< 0.8 7/, p=0.6atm P
N -0-p=0.8atm PR
S 0.6 N Sy
2 ™ o et
v -7 Y
< o et e
[ e T &
E 0.4 - 7 L 57
S . .
o

! —-P=0.2atm i
-m-P=0.4atm et x
08 | _, p=0.6atm % -4
-o-P=0.8atm | 4
o« L

Conversion, X

——P=0.3atm P A e
- P=0.5atm P AA o
0.8 |-~ P=0.7atm R N M

Conversion, X

()

Q..
0 o T T T

0 5 10 15 20
t(min)

Fig. 4. The effect of steam pressure on the steam gasification of (a)
woodchip at 800 °C, (b) lignite at 800 °C, and (c) sawdust at
850 °C.

Et’q 2312 woodchipe] AgtETh o WH-E Hh-& Kol glrt. F
AgAtolel] AgHE=A0] A Aol vA] FobA] vlwslr] 4]
%D]-. w2k o]$-of| Arrehenius plotollA H] w3 7102 v|&T},
571 232 Wl w2 woodchip®] 7EASHMS- B4 A3
AES A8 71 AE Fig. 40 BIATH 25 800 °CollA 71~
3} 95 3k 571 S 0.2~0.8 atm S 2 WISIA|FATE HE
& 27l 'k A3 gt S5 wEC) gkg SRR vh
WA T H7F =83t $57] #9k0] soAH 22 AReA
o 52 A3ES 98 7 Qlrh RESAIRE 1%01 ARl Zghg
A Xé SO 1/]r

Korean Chem. Eng. Res., Vol. 51, No. 4, August, 2013



510 71742 - Vergel C. Bungay -

23kgel felatths Zle dEFaL glor, w2 dd

8 LETh: $57]9] £9J0] F o 9% Fau

N

o N
¥
pac
&
off
&
jus}
5
fo
2
[
1o
N
[~
oty
>
oo
-°
>
rlr

>y

(RN A 1o/

Y Bl o &

=
=S 739 AaAsto] ATl Axr) wAysle] A A
T 39 5719 weto] oA 5719 B89
Al F7¥ste] REg7] Ul AElZE Eebgsil 4= Sl wekA 5
2oro] Wizt W9 on] A8 Ax2HFE 0.2~0.9 atmC.E 4
L=

=
N oo O E e

NN e o

4-2. 7|H|-2x| BFSZHO| H|W

HES kinetics®] RS =] flsto] £l AlxlE Al 7F
28] Z1A)-2 A W RS A-8-8to] Bottt Wk Elo] Folxl
5 Fe] 7RAse-S drht & Ak ks BEolA FoAlE
|7kl w3 Sl $HE-0) 5ol A ulolHE A gal v et
Stk vl E S8 =571t 0.5 atmellA] woodchip2] 71~3}
& HlolEl S Aeailet. & Fxdelr] 7h Bdoflx] Fojx]i= vt
S X7kt Aekgo] BAIZ Shrinking core model?] 2] (4), volumetric
reaction model®] 2] (5), modified volumetric reaction model®] 2]
(6)°] Feloll o] =215l Avlole] 18 W A= Fig. 5,
60l B3It} o] ¥AXE A= A E S vYeRlaL Qlo v s e
28Hg-o] dlolel7t Aol 7S 5 R kel 19l 7k
5 11 5do] Agkg AsE 2 vEhdivtar splch. oA gal R?
o] #rol 10l 77k vt Folxl A 2le] dHiolelE 2 st
= Fxolth. o] ITHEeIA e BElEe] 0.95 Bl & R?
s UeRd A3 dlolgE Z BARIR: 2S & 5 Qi) 1y
U RS2 57F ol oSt ogE WolX|i= FoR Kl
t} ofg] Xl R29 #HES A E W modified volumetric
model®] &5l gHglo] 7P LR o5 Ao Hols Flow
Lrebseh. whebA B A zdelA vlo] emiA Wl deke] kst
9] A% YERY= & modified volumetric model©] 718 R
‘d5-S Helrt st

~

=

4-3. EMS10f4 K|

FS71EY 0.5 atm®] Z7dol|x] vlo] emj Aol ARl 28] 7]
7} 3WES-S SRS o WS- whE HAHESE (A (10)E
Arrehenius plot® % Fig. 70l UEFTE. 27181550 Bainke5ae
7t EA S 7 & sk 2102 VERG modified volumetric
model®] 2] (6)F AH8-5to] ARSI 1ol b WHe-510] A
5 12 FAE Fl Ao xdE 4 i), o] AL V)
S7]25E] TR gkl st 2 sleluxE Alakst = ik A
A dolHE2 HluA & Ao g R Ik, THoA &
S=°] woodchip BT} ZElo] 1] 52 W335 Hol= A& ¢ F
Att. Arrehenius plotel] =A3k] @ojzl 54, woodchip, AEHe]
7k gHEg-of] thgl kinetic VAL, & /3 gl A &} HIE1AL
(frequency factor)E Table 201 33T, Hi-2 262.2 ki/mol,
woodchip 168.0 kJ/mol, ZEH 62.8 kJ/mol2] &/ slel L =x]7} A
R} FHR EEEe ThE vl ool vlE) Hlw A =2 &
A3l iAE B3AT) Sun 5 [101 woodchip®] 4571 7143t
2o/ 171.2 kI/mol2] 3t #XSII L, Lee S[11] Z2 A vlo]
QUIAE CO, 78} HESollA 1526 ki/mol®] 8733} oluA] 3k
A2 ©™ Sonobe®} Worasuwannarak[12]> B121-2- 170 kJ/mol, 2+

o N, 7

Korean Chem. Eng. Res., Vol. 51, No. 4, August, 2013

1
(a)
0.8 . -,
R%=0.9678 R2=0.9817" %
2 06 w
>3 =0.9676
]
2 04
= +700°C
0.2 = 750C
800C
+900C
0
0 20 40 60 80
t(min)
6
(b)
5 -
__ 4 R?=0.8857
= -
- 3 R?=0.9471 " e
= . R?=0.8491
2 +700C
= 750C
1 800C
*900C
0
0 20 40 60 80
t(min)
2
. 2 = =0
R < 0.9777 R?=0.9803 (c)
1
R?=0.9525
= 0
x
[l
E -1
< 2 - +700°C
= 750C
-3 - 800C
*+900C
-4
-1 0 1 2 3 4 5

Int(min)

Fig. 5. Conversion data for steam gasification of woodchip based on
(a) the shrinking core model of Equation (4), (b) the volume-
reaction model of Equation (5), and (c) the modified volu-
metric reaction model of Equation (6).
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woodchip®] =57] 7}A3MNES- o A WES-2FF 0295, Songd}
Zhu[3)= BAY} F9he) 7kasks Bl e WRSAEE 0.57%
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upe} REgAE 02k FeH15]. B3 B2 1,000 °CellA
HESAI7E 0.872 B bl QITH15]. Kasaoka 5[8]2] A&k <]
57 IEgolA 0.43~0.679] HESARF7} A Gl o, FEfo]o] 2]
F57] 7p2shkg-ol] Whex 0.780] HarE ik 17]. 3 A
ARG 7 AR FHeoll tigh 757 7RAsEES] AR HEEEEE
RS Alo® st 4= glrt

Table 2. Kinetic parameters of the steam gasification of coal and biomass (Py,,=0.5 atm)

k(1/hr) E(kJ/mol) Activation ~ A(1/h) Frequency
T(°C) 600 700 750 800 850 900 energy factor
sawdust 0.0002 0.30 n.a. 2.67 6.58 n.a. 262.96 1.53x10"
Woodchip n.a. 0.41 1.82 3.02 n.a. 16.38 168.03 140.55x10°
Lignite n.a. 1.75 3.10 3.90 n.a. 6.88 62.77 1.23x10°

*n.a.: not available
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d—X —~ (14055 % 10 )exp( %259)(1’1{ 0)(1-X)

for woodchip (12)
dX — (1.23x 103)exp( 62770. 7)(1)1120)182(1—)()

for lignite (13)
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Nomenclatures
E : activation energy [kJ/mol]
k : average reaction rate defined by Equation (10) [1/hr]
ko : frequency factor [1/hr]
k(X) : specific rate based on the remaining carbon in the solid [1/hr]
n : reaction order with respect to solid
Ppo i partial pressure of water [atm]
R : gas constant [8.314 J/mol K]
t : reaction time [hr]
W : sample mass at certain time [kg]
W, : initial mass of char on dry base [kg]
W, : mass of ash [kg]
X : carbon conversion [-]

Greek Letters
o : parameters defined in Eq. (6)
B : parameters defined in Eq. (6)
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11.

12.

13.

14.

15.

16.

%01'
ﬂ

48] - ol

: dimensionless parameters defined in Eq. (4)

: dimensionless parameters defined in Eq. (5)
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