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Abstract — Reactivity of Char-CO, gasification of five coals for power generation was investigated with
PTGA in the temperature range 850~1000°C and the pressure range 0.5~2.0 MPa. The effect of coal rank,
initial char characteristics and pressure on the reaction rate was evaluated for five chars. The reactivity of
low lank coal char was better than that of high rank coal char, and this could be explained with the initial
pore structure and surface area of char. Meso/macro-pores of char seems to markedly affect char reactivity
by way of providing channels for diffusion of reactant gas into the reactive surface area. For the range of
tested pressure, the reaction rate is proportional to CO, partial pressure and the reaction order ranges from
0.4 to 0.7 for five chars. The effect of total pressure on the reaction rate was small, and kinetic parameters,
based on the unreacted core model, were obtained for five chars.

1. M =1

zo

A, F2

SE7} 3T BSEET} ANH LR =) Fhasp)e) 4
$AZAE B FLAAole). w3

Aetrt23) BEPLA (IGCC : Integrated Gasification
Combined Cycle)> XMt &g ¥ WA o2 &Haj
A AALE AFAIY £3F sl 16CCe] 4
ol 7kasy] A9} B2 £34E AsME s
FAEA 0] Fhas} kel wlA= Fe Hetsiof 3
I, 13ke] 7haEp|Y shas) w2 v I

WA} SR e whE TA YRS} w7k
ARe] oJ8kg Jtesledo} v}, 7hAsly) FxiHolA] W
ABl= & olAlslekA ¥k Fukgd Ao vis) B]az

Lo

N
r 1o

231

GEAdA H2| oAbzt A8 WREAE W)l
7ol Hasjc},

2} -o|Aks)skA Whg-2 Ergun''e] A|A]8} vizp]Eo]
g AMEA QlEd ol oldle}d Zo)

k

C+CO, b C(0)+CO (1)

C(0) <> CO (2

Al (1 2 =P sk B4 AP E(C,, active site)e]



232

A o] ArE}erA7) 8] (dissociation)F o] COL} ALY A}
o & HfE AlelEd COE A3 #3E v
el 4] 2y & U=} FPNA COy} siEHE 7t
2v32) COZ ABFE S RAFET) $l9 vy
Zol A2 DIET (ratehe T o] TSI,

klPCO2
rate:k— 3)

1+-—P +lﬁP
k2 co kz COZ

olEjgt Wb £xx F whie] uhgel| wE 7 wis}
2 yepdAe 3ol ehiiighee] $eR 5 I
ozlc}. 7]t A #-CO, A 7= "ol X1y

I glent TgbelAe] vhA AT EE gl AA o
g 2 g 7ItE 7] (PTGA : Pres-
surized Thermogravimetric Analyser)& ©]-83}ed 1%}¢
Z71(0.5~2.0 MPa)el| A flete] S-go] oh2 57) Bl
g #-Co, ¥hA-S HI1ekAL B °J§—‘-:-°l Ll
=efl vlAE G3E Frlslka v A4E Tl

uhod - QE -

UAE -

HEA

2. MEER W Y

21 ¥ =R

RS Ssle AMER RMEERF M7 (PTGA)
= 93 CharAbe] TG 15124 FH I 100 7]4elA 3
o) 25°C/min®) 7lA4E} 1 pgel FAEY YL 7}
AW glem HhGeEx 1100°CHA S8 7Vsslc) &
e Alze) A wse AEs1e AN (Balance), 3L
2/a5ke] FH7IAM Alge] uhge] dolube uhest
(Reaction chamber), I-2-/3F FX]31= I3RE7|2 T
AE H7)7)%53 2o AT ELeR PR A S A
5, 283 71719 A FE7ReY] BERAE 7
s P AFERARE o Fol4ltt. Fig. 1 PTGA
FLH9e] FEEE HaFd ukTkAE i FR
(reaction tube}|E 3. U% i(fumace) Tk FHel 2
AtelE ZEc}. oldf, HARHE HA A Heyt £
AL Bzsi AE EE1 AP el gt vt
S7k2oh g AR R g AAE e =

i

 §
% Accumulator  Flow  Flow

controller

Purge Gas into 00"
Balance Chamber

"“O Input

PURGE GAS

Back Pressure
Reguiator
Fumace Gas
Out
SYSTEM OQUTLET
| Accumulator Flow
' co controller
I O G
b o et o ol = las
nput
REACTION GAS
* Accumulator  Flow Flow
L—_.b—l coil  controfier
“ < h—d b () 828
- Input

FURNACE GAS

Fig. 1. Schematic Diagram of PTGA.

oflixi=st 123 X3& 2003A 9



7Wtsl Mut #e| Co, ka3 ukgAl dT 233

Table 1. Ultimate/Proximate analysis of five coals and chars.

Coal Ultimate analysis (wt.%, daf) Proximate analysis (wt.%, dry)

o4 C H (0] N S Mo. VM Ash FC
Alaska 73.47 5.65 19.86 0.87 0.16 4.87 45.82 4.10 45.21
Cyprus 75.01 5.31 18.24 1.18 0.25 4.46 42.27 5.24 48.03
Drayton 78.22 5.37 14.08 1.75 0.59 1.71 29.90 24.69 43.70
Denisovsky 85.06 5.26 8.04 1.26 0.38 1.80 25.72 12.65 59.83
CNCIEC 89.07 5.00 4.08 0.99 0.86 2.74 25.32 11.31 60.65
Char
Alaska 97.89 0.42 0.40 1.10 0.19 2.20 7.78 10.75 79.27
Cyprus 97.28 0.43 0.83 1.19 0.26 1.33 8.59 12.22 77.86
Drayton 86.96 0.97 10.71 1.17 0.19 1.49 13.78 35.59 49.14
Denisovsky 98.07 0.36 0.31 0.89 0.36 0.83 4.78 19.92 74.47
CNCIEC 98.04 0.73 0.09 0.96 0.18 0.46 6.86 14.89 77.85
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Fig. 2. Example of PTGA reading at 1.0 MPa and 900°C.
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Table 2. Experimental conditions for Char-CO, gasi-
fication

At total pressure of 1.0 MPa and reaction temperature of
900°C

CO, partial pressure (MPa)

0.18 0.256 0.417 0.495

At partial pressure of 0.287 MPa and reaction temperature
of 900°C

Total pressure (MPa) 0.5 1 1.5 20

At total pressure of 1.0 MPa and CO, partial pressure of
0.256 MPa

Reaction temperature (°C)

850 900 950 1000
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Table 3. Physical characteristics of five chars
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Char samples C v < M N
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wt % TMECH omny @mp  @gmp  F | Tl yecopore  pore | BET CO2
Alaska 73.47 1.01 2.22 0.48 0.87 0.79 1.65 0.96 069 | 188 320
Cyprus 75.01 0.88 2.14 0.43 0.84 0.8 1.87 1.15 072 | 179 291
Drayton 78.22 0.68 2.16 0.69 1.06 0.68 | 0.98 0.5 0.48 25 248
Denisovsky 85.06 043 2.0 0.55 0.88 0.73 1.32 0.68 0.64 38 192
CNCIEC 89.07 0.42 1.68 0.64 1.09 0.62 | 098 0.66 0.32 23 190

®These were calculated from correlation, S=218.4 (VM/FC)+98.4 [14].
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Fig. 10. Relationship of 1-(1-x)"® with t for Alaska
char.
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Fig 11. Apparent rate constants for five chars at var-
ious temperature.
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Fig. 12. Apparent rate constants, k, versus partial
pressure for five char.
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Fig. 13. Effect of total pressure on reaction rate con-
stant, k,, for three chars.
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Table 4. Kinetic parameters for CO, gasification with
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