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Abstract — For the purpose of utilizing fly ash from gasification of low rank coal, we performed the series of exper-
iments such as pyrolysis and char-CO, gasification on fly ash by using the thermogravimetric analyzer (TGA) at non-
isothermal heating conditions (10, 20 and 30 °C/min). Pyrolysis rate has been analyzed by Kissinger method as a first
order, the reliability of the model was lower because of the low content of volatile matter contained in the fly ash. The
experimental results for the fly ash char-CO, gasification were analyzed by the shrinking core model, homogeneous
model and random pore model and then were compared with them for the coal char-CO, gasification. The fly ash char
(LG coal) with low-carbon has been successfully simulated by the homogeneous model as an activation energy of 200.8
kJ/mol. In particular, the fly ash char of KPU coal with high-carbon has been successfully described by the random pore
model with the activation energy of 198.3 kJ/mol and was similar to the behavior for the CO, gasification of the coal
char. As a result, the activation energy for the CO, gasification of two fly ash chars don’t show a large difference, but we
can confirm that the models for their CO, gasification depend on the amount of fixed carbon.
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Table 1. Properties of two fly ash used in this study

Coal LG fly ash KPU fly ash
Moisture 42(0.0) 5.4(0.0)
Proximate analysis Volatile Matter 1.8(1.9) 3.03.2)
(Wt%, air-dry/dry)  Fixed Carbon  313(32.7)  51.0(53.9)
Ash 62.7(654)  40.6(42.9)
C 32.5 55.4
H 0.3 04
Ultimate analysis O 0.3 0.0
(Wt.%, dry) N 0.5 0.4
S 1.0 0.9
Ash 65.4 429
HHV (keal/kg, dry) 2,755 4,623
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Fig. 1. Typical TGA curves with various heating rate for the pyrol-
ysis of LG & KPU fly ash.
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Fig. 2. Kinetic analysis for the pyrolysis of LG & KPU fly ash by
using Kissinger's method.
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Table 2. Activation energy of fly ash using Kissinger’s method for
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Fig. 3. Kinetic analysis of two fly ash char-CO, gasification by the
shrinking core model (SCM).
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Table 3. Kinetic parameters of fly ash char CO, gasification by the shrinking core model, homogeneous model and random pore model

Model Activation energy/Frequency factor LG fly ash KPU fly ash
E (kJ/mol) 193.4 91.7
Shrinking core model A (1/s) 3.28E+04 0.38
Correlation coefficient 0.9899 0.9236
E (kJ/mol) 200.8 162.7
Homogeneous model A (1/s) 8.11E+04 4.33E+02
Correlation coefficient 0.9845 0.9543
E (kJ/mol) 190.7 198.3
Random pore model A (1/s) 8.61E+06 2.47E+06
Parameter of pore structure, (-) 0.483 0.479
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Fig. 4. Kinetic analysis of two fly ash char-CO, gasification by the
homogeneous model (HM).
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Fig. 5. The Arrhenius’s plots of F(x) vs. 1/T for two fly ash char-
CO, gasification by the random pore model (RPM).
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S < 919, Fig. 67 0] G(x)*2} In(1-x)] plotSZH-E] W=Ql
g} 718-9] F2EA ] gk Wl g B Q. o]2 Ay
FHE @A) A9} RIERIARE Table 30 YERAITE. #E 7]

oA A2 A3} ou R = thE Bdle|A 9] gh) w9 ot
A= BTt

-

rlo ol

E

3-2-4. REAE2] A3z} viw

23712 vlatAl #e] Co, 7FA3ES-S 5 ¥ HE(SCM), T
kg RAMHM), HE 75 RARPM)E] 4§31 Table 37
2ol @/ds} oA 9} HIEQIA S} e £ HFES IS 7
At LGEre] vlAkA] 3] 749, Al Zlof] tiste] 8433} A=
190.7~200.8 kJ/mol2] M2 ZAFSE 315 BT vhd KpUR
HAHA &0 S 7 UHkS T dlof A= 162.7 ki/mol, NG 7] &
AoflA= 198.3 ki/mol2 ZA| 2o]7}F GISIAIRE 75 &) 2dS 4
S39S wlofl= 91.7 kl/molZ 1 2 3hS 1ot} &3} of
U], Wizl Bl vjakA) 2o 71354l digt s 1-83)
o 2 (5), (7), IHERE 17| Bdl ks A4S = Qi)

Fig. 79 A&E(1-x)0l tiste] 832 29 35S TA8HA
o 0]9] @2} %= Table 41 Flate] YERASITE LGEF B4
Fz TURES BEelA @) glo] 2.54%%E Hlw A & HARE A
vl AY V)E BdodE 7.87%E H| 1w Z 94} kS 4Tt o]
HARA ] ol a7 'hao] o] mig- o} ¢jxfe] 717} 2
oA ZkAsESo] Lo 25 3 Beloly) 71As) wkg-oll
A EEF 2 o] 9 e Ay 7]y Reldle s
o= Zlo 7 Addt) & e UukS Rda) o] Bkl 1,00
2 3 7hAE) akgo]

S, KPUgH B]AHY 2 o] A9-oll= g 7] mde] s 7}
A2 3.18%2] A} ghs Kol Z HARESS Fig. 7014 &<l
4 QlSI). 75 8 e gjstol= 4.36%=X] Fig. 7(b)ellA
Hi= nke}l o] (1x)7F 0.501°82] Fggolla A3zt Bt weko
1, 0.5 oJslolAE= 93]8] ol 025 = Ak xlo) 7} m$-
A JERStT), o g} o] 5 8 Bell ddnks 2, dY 7]
3 29 55 Ak 29 o, 7RAdl g8t Ay} Alzko] A
off wpe} 3 AP} FHAHE 75 @ B Afols IAAE A

e
o
kg
=l
e
P

0,
T

1.0
0.8 |
06 |
x
04T 20 K/min exp.
O SCM
O HM
02 A RPM
0.0 |-
" 1 " 1 " 1
600 800 1000 1200
Temperature, °C
(a) LG fly ash
1.0
0.8
0.6
x
1
04
20 K/min exp.
02} o SCMm
O HM
A RPM
0.0 |-
L 1 " 1 " 1
600 800 1000 1200

Temperature, °C
(b) KPU fly ash

Fig. 7. Comparison of experimental and fitted values with various
models for fly ash char-CO, gasification.

Table 4. Deviation between the experimental and calculated conversion
(1-x) in Fig. 7

Dev, 1-x (%)
Model Shrinking Homogeneous ~ Random pore
core model model model
LG fly ash 3.87 2.54 7.87
KPU fly ash 4.36 4.03 3.18
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Table 5. Kinetic data for CO, gasification of coal char & fly ash char

Ho

Activation energy

Frequency factor

Reaction order

Authors Coal or fly ash E (kJ/mol) A (1/min) n() Model
ABK (sub-bituminous) coal 172.6 4 4TE+04 L
Kang et al.[13] Lignite 183.0 2 10E+05 2/3 Shrinking core
35.5 0.57
Sub-bituminous coal 373 0.56 .
Ochoa et al [18] High volatile bituminous coal 373 0.56 Random capillary Random pore
39.4 0.58
Sun et al. [19] Bituminous coal 239.0 - 2/3 Shrinking core
151.5 9.17E+03
165.1 2.67E+04
+
Zhang et al. [20] Chinese anthracite }Zzg EZ?E +8§ 23 Shririking core
152.2 7.76E+03
201.2 9.78E+05
. LG fly ash 200.8 8.11E+04 1.0
This work KPU fly ash 1983 2 47E+06 ) Homogeneous Random pore
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