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Abstract : Coal is abundantly available compared to other energy sources and is used as a versatile energy resource worldwide.
To address the environmental issues stemming from conventional coal utilization, efforts are underway to develop clean coal
utilization technologies, with IGCC technology being a notable example. In IGCC plants, coal is subjected to a CMD process
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where both drying and pulverization are achieved by supplying hot air. However, if the temperature of the supplied hot air is
excessively high, it can lead to devolatilization and spontaneous combustion, thereby compromising the stable operation of the
CMD process. This study aimed to measure the devolatilization and spontaneous combustion temperatures of different types of
bituminous coal, and to explore their correlations with the characteristics of the coals. Six coal types exhibited devolatilization
between 350 and 400 °C, while three coal types showed devolatilization at temperatures exceeding 400 °C. Spontaneous
combustion occurred in one coal type below 100 °C, six coal types between 100 and 150 °C, and two coal types above 150 °C.
The measured initiation temperatures were compared with the coal characteristics including the oxygen, moisture, Fe,Os, and
CaO content, the H/C ratio, and the O/C ratio to establish correlations. Regression analysis was used to calculate the regression
coefficients and determination coefficients for each ignition temperature. It was found that 52.44% of the FC/VM data
significantly influenced the volatile matter ignition temperature, and 59.10% of the Fe,O; data significantly affected the

spontaneous combustionignition temperature.

Keywords : Coal, Devolatilization, Spontaneous combustion, Regression analysis
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1. Mill(Loesche)

2. Raw coal feed(3,4)

5. Rotary valve

6. Filter/Product separation

7. Damper

8. Flow meter

9. Mill fan(13)

10. Stack

11. Recirculation air

12. Fresh air

14. Hot gas generator

15. N/CO, Start/Stop and
emergency inerting

16. Product tank(17)

Figure 1. Schematic diagram of CMD process[19].
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Table 1. Proximate and ultimate analysis of coals

Aol Aol 9 U Aeush 24 A7 291

Coal Proximate analysis Ultimate analysis

LM VM F.C Ash C H N S

Shenhua 4.5 29.7 55.6 10.2 73.7 4.2 1.1 0.3

Whitehaven 4.4 30.7 46.5 18.4 71.1 4.6 1.6 1.1

KPU 19.3 44.9 31.1 4.7 71.7 5.0 1.2 0.5

SUEK 6.75 36.7 37.9 18.7 59.0 32 1.2 0.2

Flame 2.55 22.1 53.9 21.4 68.7 2.8 1.5 0.6

Anglo 2.59 25.0 55.8 16.6 74.4 4.7 2.0 0.5

Carboone 7.03 29.7 52.9 104 75.9 4.9 2.4 0.4

Glencore 4.61 34.1 51.0 10.2 71.9 4.6 2.2 0.4

Moolarben 2.13 27.1 56.3 17.1 71.5 2.7 1.5 0.5

Table 2. XRF analysis of coals
Shen | wt |White| wt wt wt wt wt [Carbo| wt |Glenc| wt | Moo | wt
NO1 hua | @) |haven| %) | KPY | @) [SUEK| 06) | F19™| (06) | 27810 (94) | one | (%) | ore | (%) |tarben| (%)
1 Sigz | 47.6 | SiO, | 67 | SiO; | 22.1 | SiO; | 49 | SiO; | 55.2 | SiO, | 55.1 | SiO, | 55 | SiO; | 55.2 | SiO, | 82.1
2 | ALOs | 222 | ALLOs| 25 | ALO; | 164 | ALO; | 29.4 | ALOs | 30.1 | ALOs | 27.7 | ALLO; | 26.9 | ALLO; | 27.4 | ALL,O5 | 15.6
3 CaO | 15 |FeO3| 3.1 | CaO | 28.3 | Fe;O5| 6.72 | FeyO5 | 3.94 | Fe,O5 | 6.48 | Fe,O; | 5.6 | CaO | 5.28 | TiO, | 0.66
4 |FeyO5;]1492 | CaO | 147 | SO; | 11.3 | CaO | 499 | CaO | 3.14 | CaO | 3.14 | CaO | 4.74 | Fe,O; | 442 | K,O | 0.55
5 SO; | 4.08 | TiO, | 1.34 | Fe;0O5 | 8.41 | SO5 | 3.35 | P,Os | 2.17 | P,Os 2 K,O | 1.84 | P,Os | 1.62 | Fe;,03| 0.51
6 MgO | 1.79 | K,O | 1.02 | MgO | 6.34 | MgO | 2.32 | KO | 1.92 | K,O | 1.94 | MgO | 1.7 | MgO | 1.55 | MgO | 0.16
7 P,Os | 1.17 | SO; | 0.32 | Na,O | 495 | KO | 1.97 | TiO, | 1.28 | TiO, | 1.2 | SO; | 1.12 | K;O | 1.47 | CaO | 0.14
8 KO | 1.11 | MgO | 0.29 | K,O | 0.68 | TiO, | 1.03 | MgO | 1.19 | MgO | 1.08 | P,Os | 1.02 | TiO, | 1.13 | Na,O | 0.06
9 TiO, | 1.07 | P,Os | 0.15 | TiO, | 0.66 | Na,O | 0.43 | Na,O | 0.4 | SOz | 0.49 | TiO, | 0.99 | SO; | 0.75 | ZrO, | 0.05
1 i
o Syetorn

Figure 2. Photo of wire mesh reactor.
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Figure 3. Photo of spontaneous combustion measuring apparatus.
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FC/VM 1

H/C 142 | 1

o/C 123 | 894 | 1

Oxygen 114 | 683 | 6216 | 1
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D;Zﬁgziﬁtr‘:n 210 | 185 | 189 | 163 | 199 | 162 | 158 1

Spontaneous Combustion| |y a7 | 514 | o5 | 245 | 154 | 173 1.67 1

Temperature
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Table 4. Results of devolatilization temperature

Coal(FC/VM) Temperature( C)
Shenhua(1.87) 356
Whitehaven(1.51) 396
KPU(0.69) 353
SUEK(1.03) 353
Flame(2.44) 424
Anglo(2.23) 410
Carbo one(1.78) 367
Glencore(1.50) 367
Moolarben(2.08) 438

. 300

340

8
Moisture (%)

Figure 6. Result of devolatilization temperature according to coal
H/C ratio, oxygen content.
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Figure 5. Determination of devolatilization temperature of Shenhua coal.
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Figure 7. Result of devolatilization temperature according to coal
Fe, O3, moisture content.
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Table 5. Statistics between FC/VM and devolatilization temperature
) Unstandardized Coefficient Standardized Coefficient
Variables t(p) F(p) R
B SE B
(constant) 313.51 26.93 116"
- - " 7.72 0.5244
independent variable 42.72 15.38 0.724 2.78

"p<.05, “p<.01, "p<.001



3
Fo.o) 2

Figure 10. Result of spontaneous combustion temperature according
to coal Fe,Os, O/C ratio content..

— 140

Temperatu re(C

Ee 203@/0)

Figure 11. Result of spontaneous combustion temperature according
to coal Fe,Os, CaO content.

3.4 ME EMUt XIHALS} JHA[2 =] A2

Qs AALZet et B4 AdghE vlaste] A3
AE A HEkTh Figure 1022 Agt9] O/C Ratio?} Fe,0:9]
d Aol WE AFe UEtd IR o] 25
£ AAdst A2k Eolde A¥ES E Figure
118 3AEA A7l Ca09t Fe,0:9] Tgo] wE A
IR o] H&FE AAUS} AALEE EolAE 4

fu N

-

Fe0s9] 49 A28 Aeold 3719 $0H02 A5
A

12
o,
o
oX,
fluf
oy
o)
fu
)
>
r-%
it
o
=2
i)
fo
ot
flo
1
N
N
i
[¢]
i)
>,
XN
£

AL A Age] FFY 2 4ALst 54 A7 295

;G 210 |- e Fe,O, vs Spontaneous combustion temperature
‘E‘ — — Regression plot
:3: —
g 1s0r -7
Q o -
§ -
c sl L] — y=6.85x + 106.21
S o ® P - R?=0.5910
8 > o
2 —~
£ —~
g 1op -~
124 -
S -
[}
2
8 oo ®
f=
o
o
(2]
60 . . : : y
0 2 4 6 8 10 12
Fe,O, [wt%]

Figure 12. Regression result of spontaneous combustion
temperature according to coal Fe,Os.

=

Ne 24 AUFEN AALT AN LTS JUBAS 24
3 A3 A9 FAARDE EY5HA Ytor Fe,Osutol
REJEHE 005 olale] SRS BABkAT WekA Fe.O;
St st A LEe] BeaARLS AFsHHom, R &
2 0.5910, 3] AR y=6.857+106.21 27 UERIS shls}
STk, Table 72 Fe0:% A3} /jX 250] FAGES et

9o, Figure 129+ o] EEO2 EAIk] Lefoic

4.2 B

B AT A5 A BN WASH: L, Al
U3 Wy BEd LR 243 A%A Tore 99

WMR, AH13h 27 GAE ol83to] AT-E WPt
A% 9% MEre ARgste] Ao 24Y A

QA PaiA, TARAS B B % vlso] 4
BAE delstalon #E o, Ab4 g, H/C Ratio, O/C
Ratio, Fe,0;, CaO $H5Fo] =845 93d /A &= Wolx]
I AR AR e woMAE BEE ZAsH SAR
Ag E5 At JFAAE Tefsidde W, AlF = 95%
Yol HE FCVM, Fe:07} 217 9 A L9} hetas)
MAREC G vAE AS & & Atk BEAFR)=
Z+Zk 0.5244, 0.59109] AAAAE WEFHAAL, o]= FC/VM
tlolE 9] 52.44%71 23T JHAIZ=] tisf, Fe,05 HoJE <]
59.10%7} ARelarst AN L] s} folg dEee et
£ Ag ojujgiy. ok 7wt 2gA%e) go] 24 o,

e ofd

Table 7. Statistics between Fe,O; and spontaneous combustion temperature

) Unstandardized coefficient Standardized coefficient 5
Variables 1(p) Fp) R
B SE B
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Independent variable 6.85 2.15 0.769 3.18%

p<.05, “p<.01, "p<.001
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