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Laboratory Studies on Spontaneous Combustion of Coal Bed in Pulverizer*®

by Haruhiko ITAGAKI**

Abstract; Since the introduction of pulverized coal combustion systems for power plants in the
mid-1930’s, there has been a great concern about fire/explosion accidents due to coal dust in
the pulverizer. Even for some years, the fire/explosion accident in the system has a tendency to
increase.

This paper describes the characteristics of spontaneous combustion of pulverized coal to
prevent explosion/fire accident at the pulverized coal combustion system. In this work, small
scale tests were performed using 8 kinds of coals. The amount of volatile matter (V.M.) in the
coals significantly changed from 5.1% to 43.6%.

Thre results are summarized as follows:

(1) The exothermic onset temperatures of the coals by Accelerating Rate Calorimeter (ARC)
decrease with the increase of volatiel matter, and they are nearly the same value in spite of
the different oxygen pressure for each coal. For most coals, the onset temperatures are under
80°C. And, if oxygen is enough for self-oxidation, the spontaneous combustion will occur at the
temperature from 151 to 172°C with rapid pressure increase of over 7 MPa, except for coal H
(V.M. 5.1%).

(2) Temperature changes at center and surface of the coal bed were measured with time
in air and in inert gas-air mixture using an infrared image furnace, and it might simulate the
oxidation and combustion of coal bed in the pulverizer. In the case of Coal E (V.M. 31.5%),
the critical bottom temperatures of spontaneous combustion ‘in air at thickness 5, 13, and 30
mm are about 175, 142, and 122°C, respectively. In the case of the thickness of 30 mm and the
bottom temperature of 130°C, except for Coal G and H (V.M. 23.8% and 5.1%), the maximum
temperatures of the coals are from 500 to 600°C after 4 ~ 5 hour heating.

(3) Addition of inert gas into air brings the decrease of the critical bottom temperature and
the peak temperature at the center and at the surface. Threfore, we need to consider whether
the temperature rise of pulverized coal is high enough to cause fire or explosion accidents. On
the other hand, in the case of steam-air mixture, the decrease of the surface temperature isn’t so
much, therefore the peak surface temperature is higher than the peak center temperature. This
may be due to the fact that the supply of oxygen is insuffcient for self-heating at the center of
the coal samples, and the specific heat of steam is about twice as large as that of air.
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Table 1 Analysis results and average particle
diameters of pulverized coals
EFH OB S & FRE
Proximate Ultimate analysis
analysis (wt.% dry base) Average
(wt.%) particle
Coal diameter
Mois
VM |imel € | H | N S (pm)
A |436]| 2.6 |759]| 53 | 1.6 | 0.5 41
B |41.3( 2.8 |67.8]| 5.2 | 1.0 | 1.06 42
C |379| 29 |70.1] 5.0 | 1.8 |0.67 49
D 132.8]| 29 66.0( 4.5 | 1.3 |0.75 40
E (315 3.2 |69.0| 4.5 | 0.5 |0.72 39
F |285| 3.2 |7L1]| 4.0 | 1.2 |0.27 31
G |238| 12 |75.1| 42| 0.8 | 0.32 37
H 51| 27 {80.7] 1.0 | 0.2 |0.3 39

V.M.: Volatile Matter
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Table 2 Exothermic onset temperatures by
DTA and DSC. (°C)
BARTORBRKRERE (°C)
DSC DTA
Cell Al Open " SUS Open
Sample 2.4 mg 8.5 mg
IAtmosphere X . . N
Hoeat rate Air Air Air N2
(°C/min) 10 20 10 20
A under 100
B " 87 70 No-E.
C ” 88 76 "
Coal| D " 85 71 »
E ” 84 76 "
F " 83 71 ”
G about 150 84 71 i
H about 240

No*: Flow rate 300cm®/min No-E.: No-exotherm
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Table 3 Components of formed gas by heating

MBEEDFEH ZDHES (vol.%)

Coal ;%;gp(?fg) H, CO CO; CHy¢ CoHe
650 |N.D. 0.22 252 013 004
A 485 |ND. 012 218 0.0 0.03
350 |ND. 0.15 028 N.D. 0.0
200 |ND. 0.00 003 ND. ND.
650 |N.D. 0.21 374 037 0.06
b 485 |N.D. 0.08 209 009 003
350 |N.D. 0.3 032 N.D. 0.0
200 |ND. 0.0l 005 ND. N.D.
650 |ND. 0.15 299 032 004
o 485 |N.D. 0.06 1.31 0.06 0.02
350 |N.D. 0.09 021 N.D. 0.00
200 |N.D. N.D. 003 N.D. N.D.
650 |ND. 0.2 157 ND. ND.
- 485 |ND. 002 016 ND. ND.
350 |N.D. N.D. 0.03 N.D. N.D.
200 |ND. N.D. ND. N.D. N.D.

N.D.: not detected Sample: about 10 mg X 2
Atmosphere: Dry air 100 mé/min
C,Hg and CoHy: N.D. Step heat and hold 1 min.
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Table 4. Self-heat rate and pressure by ARC.

(Atmosphere: Oz 3 MPa, Sample: 1g)
ErEialE (ARC) OfER

(BES : B% 3 MPa HHEE:1g)

PEER SRS  RIIS-RR-92

at Maximum Self-heat| at Maximum Pressure
Coal rate
% [Self-heat Tempera-| Pressure | Tempera-
rate ture ture
(°C/min) (°C) (MPa) °C)
A over 500 151 3.42 — 7.98 |151 — 190
B over 500 161 3.93 — 9.74 (161 — 198
B over 500 157 3.78 — 7.91 {157 — 204
G over 500 172 4.00 — 7.17|172 — 235
H 1.3* 300* 5.75* 300*
* The exotherm of Coal H was continued at 300°C.

g L RBEFMB LD, BE 1 MPa L 2ER 3
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Fig. 5 Relationship between volatile matter and
exothermic onset-temperature by ARC
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Table 5 Peak temperatures of the pulverized coals
at center and surface in air and in
atmosphere using steam as the diluent
KES SN ERFEATORLE EEO
RETEEE (°C)

Atmosphere +Steam Air

" Bottom

t 130°C
emp.

200°C 130°C 200°C

Cen- Sur- |Cen- Sur-|Cen- Sur-|Cen- Sur-

Position |7 face| ter face| ter face| ter face

357 403|370 404|484 418|500 435
360 407|361 409|521 450 (532 474
321 387|354 417|584 480|550 511
335 416|376 381|585 507|575 553
272 385|363 457|541 435|574 477
320 388|366 381|577 477|576 520
150 158 | 344 384|160 155|419 428
— — | — — [140 145(199 195

Coal

TOHETOQW >

4+Steam: Dry air 3.2 £/min + Steam 0.43 ~ 0.48
£/min (O2 concentration: about 18%)

Air: 4 £/min Thickness: 30 mm
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T

Peak Temperature (°C
[h]
3
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1
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Volatile Matter (%)

Relationship between volatile matter and
peak temperatures at the center and at the
surface
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1) R.G. Zalosh, Industrial Dust Explosions,
ASTM Special Tech. Pub. 958, pp. 191,
(1986).



