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Investigation on Behavior of Unburnt Pulverized Coal in Blast Furnace

Synopsis : .

Yuji IWANAGA

In order to clarify the combustion reaction when PC (Pulverized Coal) is blown into the tuyeres of blast
furnace and the effects of resultant unburnt PC on in-furnace reactions, some fundamental experiments

were carried out.

The main results obtained are as follows.

(1) Most of PC blown through the tuyeres rapidly burns in the raceway, but part of PC may be carried

out of raceway without being burnt.

(2) Unburnt PC tends to adhere to the softened and fused ore bed. Unburnt PC adhering to the oré’bed
is consumed for the direct reduction of FeO, and effectively improves the high-temperature properties of

ores.

(3) The gasification reaction rate of unburnt PC is larger than that of coke. The presence of H; en-

hances the reaction, whereas that of CO inhibits it.

(4) Since unburnt PC is selectively gasified, the reaction rate of lump coke lowers, and thereby the deg-

radation of coke in the raceway may be inhibited.

In this way, PC entering the blast furnace without being burnt was found to be effectively consumed.
However, since the ash could built up in front of tuyeres, it is necessary to examine an actual blast furnace
by sampling in-furnace materials to mitigate combustion conditions, to expand the range of usable quality of
burden materials and to search possibility of blowing a great amount of PC.

Key words : blast furnace; pulverized coal injection ; degradation of coke ; unburnt pulverized coal ; gasifica-

tion.
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Fig. 1. Experimental apparatus for combustion of
pulverized coal. -

Table 1. Properties of pulverized coal.
FC VM Ash Density Ultimate analysis ( % )
(%) (%) (%) (g/em®) C H N
58.8 38.1 9.1 0.86 83.5 4.5 2.1
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Fig. 2. Experimental apparatus for high tempera-
ture properties of ores.

Table 2. Properties of samples.

Chemical compositions (%)

RI RDI
T.Fe | FeO | CaO | Si0, [Al,03]| Mgo | (%) | (=3mm%)

Sinter | 55.6 | 5.89 | 9.70 | 5.81 | 2.11 | 1.45 | 64.1 36.1

FC Ash compositions (% )
(%) | T.Fe | Ca0 | Si0; | AlzOs | MgO | Alkalis

UPC* | 92.3 0.2 1.1 2.8 3.0 0.1 0.02

* Unburnt Pulverized Coal
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Table 3. Analysis of unburnt pulverized coals.

Kind FC(%) | VM(%) | Ash(%) | Density (g/cm®)
A 86.4 0.2 13.4 0.86
B 90.6 0.3 9.1 0.86
C 97.6 0.5 1.9 0.58
Table 4. Experimental conditions.
Oxidation gas CO, H20
Reaction temperature (°C) 1100~1 500 1100~1 500
C0O2/CO/N, Hy0/Hy/ Ny
Gas components 20/20/60 20/20/60
20/ 0/80 20/0/80
Gas flow rate (1/min) 15 15
Weight of sample (g) 1 1

VTEOARYBUEL2LDOTHS

Fr—#1lg 2HENPTTHRREBICHL, N, 2 E
FRT CREDIRE (1000~1500°C) IZHE%, K
HRZYN#Z TH 2L LEEOREBEEIL*HE L 7.
CO,, CO, Hy, Np I H AR REDHAE L, HyO i b —
F—MB L7727 NI FR—VOFIER IIERAK 2 MEE
BRI THELILICLDERREE S ¥,

EBREM % Table 4 1IR3, BREHEAS X & LT CO,
EHO WK EABHF ARG EERL, HFRAMEICOWT
BEREFNR CO, H UGB LET ZVWIFED 2
FHOMB * HE L.

3 ERERLEE

3-1 KM PC ORE

Fig. 3 1%, H—fhKBRBREOREELS LU ER
A0 7 7 7THERROREMNERLZDDOTH .
PC B@HETHENICAIMAEINT, @ETEKLAF R
LB L D SBICIRES LR TS, RS THEREY 2L
WA %%, REREEL/NEL o TOETHT X
ERBEAI D B, Bl EFV TRERERT O—EIEX
LCEARECBIT LOB TREREICETS. OMT
EEIRBEDS#E o ) I3 DFRE§ 5.

Fig. 3 12& 5 &, HXKENKEH 500 ms, & Z{LERBE
B¥RT 200 ms, BEMABRBERER 900 ms T 4 2 {LERBERA R i<
U CRERRBER R, #4~5 EREL 50 Tw5.

FEEH S 1.4mm F TOMPRIED COM i %
SREIENRBES R - & &, FIMIRIER & BREERE R O 1213
FEBBRIBYTAH I L FHELTWA. REEROR
M & REICHT 5 RALERT S &, 7 R{LBRBEREE,
BE SRR AR D X 5 12K T 5.

1100 Combustion Evaporation
! eriod | _peri
1000} 1200°C { | |
20 £/min ! l
900} 6.04mg ' | !
]
—~ I \ |
£ 8oof ! L
@ ! Lo
2 T700f i : !
S ! N
[ i
Q. - i |
g 600 i E i |
= 500} f ' \®
1 ! {
400} ! i! E
3
1 b }
300} ! Pl |
! N
! B
i Combustion of VM
~ = ey
| 1Combustioni Ignition delay
~ | of F.C. ! |
» ! !
(2] | 1
(] | I
o | I
£ H 1
° ! |
& |
el v b ag g b s g ga bl
30 25 20 15 10 05 O
Time (s)
Fig. 3. Burning history of pulverized coal.
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Fig. 4. Effects of gas flow rate, injection rate and
sample kind on residual rate of UPC.
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