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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.

*ZOWRHO—EIL, 1992 F 12 A 2 BE 25 AIRLTEMRRRLTRELL,
#{LERFFEE Chemical Safety Research Division
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Table 1 Analysis results and average particle
diameters of pulverized coals
ERM ORS¢ EHRE
Proximate Ultimate analysis
analysis (wt.% dry base) Average
(wt.%) particle
Coal diameter

Moi
VM.[poSl ¢ | H | N | S (pm)

436 26 |759| 53 | 1.6 | 0.5 41
41.3) 2.8 |67.8] 5.2 | 1.0 | 1.06 42
37929 1701, 5.0 | 1.8 |0.67 49
32.8| 29 [66.0( 45 | 1.3 |0.75 40
315 3.2 |690]| 45 | 0.5 |0.72 39
285 3.2 |71.1| 4.0 | 1.2 |0.27 31
23.8] 1.2 |75.1| 42 | 0.8 {0.32 37

5.1| 2.7 {80.7| 1.0 | 0.2 |0.3 39

TQEECQw e

V.M.: Volatile Matter

SRR, BB C L F RSN TWwE 30D
WEND 40 pm FIRTH - T, WBESMIL, A% 50
~60 um icE—7 2K L, 300 pm LLEAFRE 70\
bOTH 5B,
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3.1 BEERRE (TG)

EORENDBED LERBRSVEELTWE2%
B L2 T 2728, BERRIE 2 BRORESSGIT L
RIRF AT - 720 BEKIIZERS L5E 300 cm®/min
NEFRHEL, H85mg DHERERT Y VRAEHIC
AN THABMEE 20°C/min T 800°C Z THE L 72,

Fig. 113, MBGIOWIAEES 100% & L7-EE
BWATH B, 400°C T3, EREHR[LERTH
[AETERIILL, K, HDWITL, FFEMPSL
HEEMRE CHERT RS EHRE L TWw b, 201k
. 800°C FCHRIEZ¥ 2 L, ERFHANEAR, £
L LTHERRS (—HEsRE2at) PRl T, M
WERED 55 » 6 TSR HRE L7z, &8, ZOERY
Yzt 2 EERAEI, Table 1 I0Rd TS
REEBBIF-H LTV, —F, ZRF5HRAD
BAE, BIURISH»E L TEERT 5 LRIFHIKRR
—ERALIR B Y DER A R &7 - TERPIE®RT
2720, ERRTEBLNIWEIFRETLDAT,
Z0OBRERZVIHAEED 10%LUTTH - 72,
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3.2 REH/MEREEERERE (DTA, DSC)

DTA i3, # 8.5 mg DEKZ R TV ABORK
BRSZICAN, EREER, FE®E 10°C/min &
20°C/min T 800°C Z THn#kL 7z, DSC i3, #72.4
mg NRELZ TN I =T 2BMORBARFICAN, 2
[EHEK, FiBEE 10°C/min T 500°C F Thn#
L7z,

Fig. 2 (3R FMRATHEEE 10°C/min # DTA
T, RO, Lo SERGDEZWVIEICERT
BB, FNLFNOHEBICOWTASL L, WTFNORE
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b FE L OREFDRE SN T 5, T DB
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45 83~88°CLrE kb, TN, RE
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£kl DSC Bt Fig. 3ITRL72: BN T, R
¥} G A% 150°C AT, R H 45 240°C fHED 6 73
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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 ; : - *
Heat rate Air Air Air No
(°C/min) 10 20 10 20
A under 100
B ”" 87 70 No-E.
C ” 88 76 ”
Coal| D " 85 71 Vi
E ” 84 76 "
F ” 83 71 ”
G about 150 84 71 "
H about 240

No*: Flow rate 300cm?® /min No-E.: No-exotherm
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Heat Rate 20°C/min
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Table 3 Components of formed gas by heating

MBEEDREH ROBS (vol.%)

Coal | Tempera- | . co  CO, CHg

ture (°C) C2He

650 N.D. 0.22 252 0.13 0.04
485 N.D. 0.12 2.18 0.10 0.03

A 350 |N.D. 015 028 N.D. 0.00
200 |N.D. 0.00 003 N.D. N.D.
650 |N.D. 021 374 037 0.06
b 485 | ND. 0.08 209 009 0.03

350 N.D. 0.13 0.32 N.D. 0.00
200 N.D. 001 0.05 N.D. N.D.

650 N.D. 015 299 032 0.04
e 485 N.D. 006 131 0.06 0.02
350 N.D. 0.09 0.21 N.D. 0.00
200 N.D. N.D. 0.03 N.D. N.D.

650 N.D. 0.12 1.57 N.D. N.D.
H 485 N.D. 0.02 0.16 N.D. N.D.
350 N.D. N.D. 0.03 N.D. N.D.
200 N.D. N.D. N.D. N.D. N.D.

N.D.: not detected Sample: about 10 mg X 2
Atmosphere: Dry air 100 mé/min
C2H3 and C3Hy: N.D. Step heat and hold 1 min.

WEEZ2EH LS, AR, 220DXF L LVREANE
NENITHK 10 mg §28FHHI 20 mg DK Z v
b L7298, PrEDOMBUEE S TERBLANICX T v 7
B LTHh e 1 SEERELe, 2LT, MEWHEE
FERCHF 2 S PRI NE TR EMERICES, FI
BRI 7R H, KK BR X —
BRILRER, “EBLIRE, RURALAKRFEICOWTE
BN ET-7. 48, MBFOZHINEZRE
1d 100 cm® /min, REDIBIEEF, 200, 350, 485,
650°C Rtk & L7z,

Table 3 (3 4 [REOFIHERT, WHE LRI
FHRAL LTHRLAZER/THEREN S 2DIEEERN
3 IBEFE L E Ty, —B{LREK, ZBRE,
AP v, T DERFRBDLENIZ, LL, KE,
TEFVvy, TFVrDERICONTIE, BEFR
HIBRBELDTEEbh, BRI,

WENDRTE, WTHORSITEWT L INSERE
PERATRICONT, BENEGL L 2EE7A LN,
FOR TR ZBBLUREVARET, BEMERICD RV
I TE, FRiC, MBEEEE 350°C & 5 485°C I
EiFa e (B H 1 485°C 25 650°C ), "Bk
REDIRE 6 ~ 8MFIC3WT 5, CHREI, 3.1
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DBEEMER, 3.2 DBGHOEREMNICT 5, 72
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) BRRMAIE L 7 5iREL, 400°C fHE2 5
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Zo—%, EERREERL T LRBALNLT, B
B L £ 3 %ro7,

REEF D B TIE, ERGHERIT > TH % Elk
H P BBm e B> T AERB LTI L,
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Table 4.

BROER T EBFEPTOACRBEE

Self-heat rate and pressure by ARC.
{Atmosphere: Oz 3 MPa, Sample: 1g)
Br#aisE (ARC) DfER

(BES : ®%E 3 MPa HHE:1g)

at Maximum Self-heat| at Maximum Pressure
Coal rate
08 '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
E 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.

Btk S RBEBM L2, BBE 1 MPa 2R 3
MPa TIIBBRDOMEERIAELTED, RiKT &
TARICEERZEE Lo 720, HORBEEED
1.0°C/min ##2 5 2 L 13% {, BBNTHOE/L
VBRI, IDTH-72, LAL, BBR 3 MPa 1g
T3, Rk A, B, E, G THRBHEE 151 ~ 172°C Iz
BWIRKEEZONLEFELIERELREEHLER
(Table 4 Z/8) »iigkd iz, ZDBEE LHNEE
i3, +EBO/MIZ 50°C LLET, 20BECREEED
BREMEIE 500°C/min DL EZRL, BEloBr#dlEia
EElL 240 ~ 300°C Th 72, BRBADEH LRI,
BRYT 4 MPaf2ED & 7 MPa Ll FicE T R L7z,

)
a—t
3

Air 3MPa,2g -o-
02 1MPa,2g —o—
02 3MPa,1g —o—
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FCOMATIIBRELTBE LA A LN L -72,
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B ORBDHE 2 0.02°C/min THT - 72RO FEE
WIRE L RS OBMRE Fig. 5 12787, X 1 MPa
(&) D—EHRRIN T B H, ek L TITER
GHEL LB ONTREFABRBEISET T 5, &
72, ORI, FER/EEITHHE VLT
Wi,

43 HBRIAENICH

BRAKEEC THIOBEZEE LR @RKICE
LFHEH) IKOoWToOBEREZ/ LD, RERBHE
FEEE (ARC) % VW THrBBRIE 21T 572,

ke 1g TEREME 3 MPa Tid, RBH 2%
W, BRBHEE 151 ~ 172°C IcRIZT 3 L RBA L %
ZHONBBRALKIGE2ELR, ZDOEBOEHOHEE
R DOBEEHEL 500°C/min 282, BHRNENIZT
MPa LI EicE TEL,

REFMIEE L, B G (RS 23.8%) 490°C
Aitk, =B H (R 5.1%) 2% 158°C L&, ZhLL
NORTEIL 80°C LITF L&V, Z DRBBRIGIRE DE
IHERG P EL I >NETT 2 Emr A L5,

%8B, UEICRL-BORBAEREN L E0fE
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ZHLESICEL, oL LDAILTBWT 0
77 LI &5 TRMEMES 7 2 H1# L T THEER
EORIBLFEE2ITI. TR ERBRICEENEE 3 X
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Fig. 11  Effect of Oz concentration on the center
temperature in N2~Og2 atmospheres for coal
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Fig. 13  Variation of the center temperature with
time for pulverized coals using steam as the
diluent
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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
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Cen- Sur-|Cen-~ Sur-|Cen- Sur-|Cen- Sur-

Position |30 face| ter face| ter face| ter face

357 403|370 404 | 484 418|500 435
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321 387|354 417584 480550 511
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272 385|363 457|541 435|574 477
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— — | — — [140 145]199 195
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1) R.G. Zalosh, Industrial Dust Explosions,
ASTM Special Tech. Pub. 958, pp. 191,
(1986).





