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Analysis of Pyrolysis and Combustion Behavior of Pulverized Coal
through Fundamental Experiments

Hiromitsu UENO, Kazuyoshi YAMAGUCHI and Kenji TAMURA

Synopsis :

Experiments concerning the combustion of pulverized coal in a free space was conducted using a vertical
cylindrical furnace in order to make clear the combustion behavior of pulverized coal inside tuyeres of the
blast furnace.

First, the influence of blast conditions and properties of pulverized coal on its combustion behavior were
analyzed.

Secondly, the generated char from pulverized coal in stage of the pyrolysis were investigated.

(1) The amount of ultimate pyrolysis of pulverized coal increases with a rise in the blast temperature
and a rise in the oxygen concentration accelates the pyrolysis rate. Accordingly, rising the blast tempera-
ture and oxygen concentration is conductive to the improvement of combustion efficiency inside tuyeres.
Besides, the use of coarser coal and low volatile matter coal lowers combustion efficiency inside tuyeres.
These are conceivably due to the lower pyrolysis rate caused by slow heat up and lower amount of ultimate
pyrolysis, respectively.

(2) With the progress of pylorysis, pulverized coal became spherical and a lot of pores formed inside the
particles. Moreover, the coal particles expanded as the pyrolysis proceeded with some kinds of coal.
Accordingly, the reactivity of char is estimated to be higher than that of coke.

(3) Q-factor that fixes the amount of ultimate pyrolysis can be shown by the carbon content in coal, con-
sequently the formula of pyrolysis rate with several different kinds of coal were presented.

Key words : ironmaking; blast furnace; tuyere; pulverized coal injection; pyrolysis rate; combustion

efficiency ; char properties; blast conditions ; volatile matter.

1. #

BIRNOMREBVGAA X, I A MERB X OGHE
FIREBEOIKZF TR T — 7 AR BRERME
D2 O DHEMES ik s h, HFEIZH 200 kg/t L
L OWGAARIRERM ORI FEL o T h, —/T
B R OB IE % WA A EOHESL L ER R OIEK b
HELHWRETH 5.

WK OBBEEICE LT, EFESLRL—ZX Y2 AAT
DOBRBERF B 1322 [H T 0.8 (BB 500 kg/t Tk
w180 kg/t) THAHVZ L 2L LA, T TIC
EBIFICBWTHMB KL 170~180 kg/t DERHED 978

Tnj

BESNTHE, LALEYS, MHRE EHICEEIC
WA T35S DB IR R WGA A HIEDOBIELD 72812
i, FRTORKF v —BEBOHE L 7 D5E %A
TOHMRORVPUETH S, $4bb, BORRREES
BOBHILE B L —2Y 2 4 O T 0k AEBROBH A
WRTHAS.

AR RIRBEDOTFEICEI S A MED Id o h e TICb b
B, SFRHSIREE, A AMEE, WTEELEHFLTLY
BETIOMEN & 3—HRLTB6Y, &I, MpRk
ROFMCETHEE T LA L. F70, BEMC
ML TEELEE L RITTERTH DRSREBEICO N
TERBUICHEHATELHAERIR YO . Thbb,

TR 34F 11 A 8 HEAF FH 44 4 H 10 H5H (Received on Nov. 8, 1991 ; Accepted on Apr. 10, 1992)
* FTHARRE(BR) 7 0 & A4EHTFFZERT (Process Technology Research Laboratories, Nippon Steel Corp., 20-1 Shintomi

Futtsu 299-12)

*2 W HARGK(R) 70 & ABAMIHIZERT Lt (Process Technology Research Laboratories, Nippon Steel Corp.)

—252—



BB X BRI O B R - PRI D IRAT 1207

BRIESEEH ORI & 2 BIF T OMBEME OFE B L OBRYE
P LS OIRF O 72 D121, BORE, BRI B
SUOERTHFy—OREEEHAL P THLEND
5.

KB L TR, BB RO REEEE 2 MW 25
—BRE L L TAT o 72 BB RIENT T O Z2FIRBE R BRI
L0, BOBROMEEECRIZT RREGORES LU
B AR DS, BARER T + — OMWKIZ D VLT
RiJERE2E~D. 27, BENORGTOMBIRDOEK
SRREIE R AR % PR Tk,

2. X B &

2-1 EKRERS SUHMHE

W R OZHBBEERIC AV EEOMES Fig. 1
R, IR 100 mm 4, OB R D BRBEDSE H B RIF R
800 mm N BB EBEIFCH L. FIXTT s k—
y—lck s nBEE L b ICHBR R LR
WAL, 77 XN ZRENEEIC X YRR
PR FOPNEEREE L FEL, BAYORRE L ZE
LT 2000°C ¥ COERNFUAEETH B, FRIIWAE
N2 R OB R - RBEB Bt BRIMET 572018,
WGA S RLE A & 50, 100, 200---800 mm DALE IZPIETL
FHREBELCA,

EERE, FEIEMIEE 1600°C 0 N, THEL 3 K
RInEL U CAREEIRIE 2 1100°C ICHERF L o1, TR
DEBREHIC TR R EYGALHETIT ) . B RYGA
AEREICIZ, FUELEHTHRAEEL W-Re 3
B, WFREX/DPREy MIGHREFTEAMEL,
EHIHABLFT A FRILEST.

Coal

Combustion Furnace :

¢ 100mmx L 800mm
Sampling Point : 50, 100, 200,

PO IR OBRBERNE (N, FHERT TRESHE) 3,
WOAA RO E—ENVREICESE, (1)RTRT
M RBOTHEMOEEHELEHETET.

Tlpe = 100[1 — {100 — (Ash) 4} (Ash),./

{100 — (Ash) [ /(Ash) ] -oeeereerseeenes (1)
ST, e WK OBRBERIE (%), (Ash)y: FRELY
2 bpOKGTE (wt%), (Ash),.: MRS DK &E
(wt%) THhH5hH. &8, BHKPOKFTOEELZEL
T, WGARRIHRD AlL,O; B—EDIE T HIRAE L 7245,
AEOEBROHHE TRWEOBRBENEOZI s L
»o, LOEBELFEE LT ERDIKGE—EDRE L
Hwas kL £, EETAF»—HRKOHFEE

HHE LT, RS R+ ORESH B X OBEMBEEBEIC
XBF v —FRORME LI TIT- 72,

22 KBRH

BN R D Z2 B RIEEBR O X B 4/ % Table 1 (27”9,
AEBRCREMBBETH A0, BFEOL—RA7 24T
D7 O RBEREOFENIE T & v, BREEPEICKE <
BT D LEZONLEIFETIONTORMNMES X OBRBE
EBOFELHME Lz, &0, FRATAAROE
BT X ) B EE)C T 4 ORROZE O KR

Table 1. Experimental conditions.
Gas Initial Coal
No E’:;;t composition gas concen- C.Oal
’ °C) velocity { tration ( Slz‘f*

Na(%) | 0(%) | (m/s) | (g/Nm3)| ‘#m
1 1250 79 21 20 50 54
2 11050-1450 100 0 28-34 50 54
3 1250 100-79 0-21 30 50 54
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0
]
!

* Characteristic particle size : Upper particle size that covers 80%
(wt) of coal
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L- Fig. 1. Outline of experimental
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Table 2. Coal properties.

Value Proximate Ultimate
dp* analysis (%) analysis (%)
(em)

Brand VM | Ash | FC | C H 0
Coal A 54 | 32.4104(57.2|74.1] 4.7 | 8.5
oa 148 | 32.4 | 10.4 | 57.2 | 74.1 | 4.7 | 8.5
Coal B 54 125.8] 9.9{64.3|78.8| 4.1 { 5.0
Coal C 54 | 16.8 | 10.2 | 73.0 | 77.3 | 3.9 | 6.5
Coal D 54 | 30.3 | 14.0 | 55.7 [71.1 4.5 | 8.6

dp * : Characteristic particle diameter

HEfTo7.
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[ LAVAS
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Fig. 2. Influence of blast temperature on weight
loss.
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Fig. 3. Influence of blast temperature on
Q-factor.
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Fig. 4. Profiles of generated gas content in stage

of pyrolysis (Blast temp. = 1 250°C).
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Fig. 5. Profiles of generated gas content in stage
of pyrolysis (Blast temp. = 1450°C).
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Fig. 8. Influence of coal particle size on gas
temperature.
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Fig. 9. Influence of coal particle size on combus-
tion efficiency.
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Fig. 12. Transition of size distribution.
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Fig. 13. Relation between coefficient of expansion

and weight loss.
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Transition of particle configuration.
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a) From coal A

dp*=54 gm
c) From coal C
dp* =54 pm

b) From coal A

dp*=148 pm
d) From coal D
dp* =54 pm

Photo. 2. Configuration of generated char.
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Fig. 14. Relation between Q-factor and carbon
content in coal.
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V¥ = Q- VM cooverrvorrerronereeniiieen (4)
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Fig. 15. Relation between coefficient of reaction
rate and particle temperature.

Table 3. Parameters of pyrolysis rate.

VM Activation Frequency
Coal (%) energy (J/mol) factor (s—1
A 32.4 5.65% 10 3.50% 104
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