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Upper Limits to Combustibility of Pulverized Coal in Blast Furnace

Raceway and Desirable Injection Position

Kenji TaMURA, Hiromitsu UENO, Kazuyoshi Y AMAGUCHI,
Masayasu SUGATA, Shigeru AMANO and Kazushige Y AMAGUCHI

Synopsis :

1. An equation (1) for estimating the upper limit value ( PCR), (kg/t) of the pulverized coal injection
rate in blast furnaces was derived from an experiment on the combustion of pulverized coal in the coexis-
tence of coke and a mathematical model of the tuyere combustion zone.

(PCR),=(FR—254)/10.0142 (C),+0.0425 (H),.—0.0056 (0),+0.15§ eererrerersememmniniiiiiiins (1)
Where FR: fuel rate (kg/t), (C),., (H) ,., (O) ,.: ultimate analysis of C, H, O, in pulverized coal
(% (dry)). The upper limit to the coal injection rate at which the pulverized coal can burn 100% in the
tuyere combustion zone is 180 kg/t when the fuel rate is 500 kg/t. '

2. The upper limit to the particle size of granular coal injected into blast furnaces is 0.70 mm in terms of
characteristic particle diameter (upper limit of particle diameter covering 80%(wt) of coal).

3. An equation (2) for estimating the upper limit to the distance L (m) between the coal injection
position and the tuyere nose at which scab does not form on the tuyere nose was derived.

L < (52dp™?—53dp™ +17.5)/(PCR — 30) -++e-o-o-

Where dp™ : characteristic particle diameter (mm), PCR : coal injection rate (kg/t).

It is necessary to bring the injection position near the tuyere nose when the injection rate is increased.

4. Since April 1990, Kimitsu No. 4 blast furnace has continued stable operation at a high-rate coal
injection of 132kg/t, proving that the coke replacement ratio does not decrease at a low theoretical

flame temperature of 2 050°C.

Key words : blast furnace; tuyere; pulverized coal; injection rate; particle size; injection position;

combustion zone ; combustion efficiency.
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Fig. 1. Mechanism of pyrolysis and combustion of

pulverized coal.
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Table 1. Chemical analysis of pulverized coal and
coke.

Proximate analysis Ultimate analysis

(% (dry)) (% (dry))

Vi FC Ash C H 0 N S
Coal | 32.4 57.2 10.4 | 74.1 4.7 85 1.9 0.5
Coke 0.6 87.8 11.6 | 86.0 0.4 0.1 1.5 0.4
Table 2. Experimental conditions of raceway

combustion furnace.

Coal | Charac- | Coal Oxygen Fuel |Theore-| Race-
injec- | teristic | injec- | concent- |equiva-| tical way
No. tion particle tion ration lence flame | depth
: rate | diameter | posi- ratio | tempe-
of coal®* | tion*2 rature
(kg/b) | (mm) | (m) |(%(vol))| (—) | ¢°C) | (mm)
1 94 0.074 0.06 24.3 1.63 1873 558
2 141 0.074 0.06 25.3 1.14 1799 550
3 170 0.074 0.06 26.3 1.01 1831 586
4 204 0.074 0.06 26.7 0.84 1754 544
5 248 0.074 0.06 27.1 0.70 1706 535
6 105 0.074 0.37 23.3 1.60 1873 649
7 938 0.15 0.06 25.2 1.63 1894 588
8 86 0.30 0.06 24.7 1.82 1826 564
9 87 0.70 0.20 24.2 1.83 1893 565
10 101 0.90 0,37 24.4 1.60 1891 543
11 172 1.20 0.37 25.3 0.98 1784 556
12 153 1.70 0.37 25.5 1.09 1811 564
13 0 — — 22.6 — 1864 520

Other experimental conditions

Blast temperature : 1 200°C  Blast volume : 1 000 Nm®/h

Blast velocity : 200 m/s Blast pressure : 0.20 MPa ( Absolute)
Upper particle diameter that covers 80% (wt) of coal

*2 Distance from tuyere nose
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mm OFOA 1 HRE STV,

L— 2% o 4 PREBELFIZRIEE 20~25mm D a— 2 R %
FStEEAL, BEZBEN2% (vol) LTI B X2
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0, B DI TH 5.
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RELL 72, EBRM 1%, FNEt 4 HRISETATHHIL
otk BERLTL =27 2 A ROERRR ZBIEET D &
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Table 3. Relation between coal injection rate and
percentage of unburned char in dust samples.

Coal Tuyere level 700 mm above

oal (mm) tuyere* (mm) Dust
No. injection catcher

rate (ke/h) | 135 375 625 | 100 200 400

1 94 1.4 0.6 0.0 0.0 0.0 2.7 0.0
2 141 1.6 0.0 0.0 3.7 2.3 3.9 0.0
3 170 0.8 2.7 0.0 2.3 2.4 3.8 0.0
4 204 2.8 1.8 3.1 12,2 6.3 21.1| 15.0
5 248 0.8 0.0 3.0123.6 16.3 22.4| 31.9

* Distance from wall

100

Combustion efficiency
of coal Npe (%)
T

L I 1 1 L I l | | I 1 1 I
0 06 0.8 1.0 1.2 14 1.6 1.8
Fuel equivalence ratio u ()

—(®.0.0) :Experimental values(dustcatcher, 100mn
and 200mm from wall at 700mm above tuyere)

-—=(0) - Theoretical values for Raceway
combustion furnace.
----(¥r) . Theoretical values for blast furnace.

Fig. 2. Relation between combustion efficiency of
coal and fuel equivalence ratio.
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-—-() : Theoretical values for Raceway
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----(%r) . Theoretical values for blast furnace.

Fig. 3. Relation between combustion efficiency
and particle diameter of coal.
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Fig. 4. Effect of coal injection
method on the scab formation on
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Fig. 5. Diametral distribution of gas temperature
and combustion efficiency in the raceway combus-
tion furnace.
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Fig. 6. Effect of coal injection method on gas
temperature near tuyere nose (see Fig. 4).
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Fig. 7. Relation among desirable coal injection
position, injection rate and particle diameter of
coal.
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WA A8 PCR 7% 60 kg/t DA 12413, L<0.46m, =
T 0, HBROWGALE % PO FR 0.46 m LIPS
FTHIEDPLETHY, PCR % 132kg/t 12T HHEI
12, BB RVGAE % 0% FRT 0.14 m LIRISED
B ENLETHEEHRESND. B, LOTR
fEIZ2WTI2 Fig 7BV CRLBMBERE L Z2 o0
% dp=0.5 mm, PCR=180 kg/t ® 4 CHBELNZE 100%
PRI S NS L OFFEME0.03m LfEE SN 5.

5. BEEABFICHE T I3MMED
ABWGA (132 kg/t) %

BEE4EE (NEME:5151m®) T, 198945 A
XD RVGARE R BB L 7. BB ROMGASR R
40 B3 100 kg/t £ #8 2, 1990 4F 4 i idm KRk
fHEESIMED 132 kg/t (Z3E L 7=,

1990 £ 4 RoFE L2 %% 7—% (ATHHE) %
Table 4 [Z/R$. BEHE 4 HIF TOM KO KBEWKA
(132 kg/t) #FEO4e#E, WHXBERE (40 g/Nm®) O
b L THMROVGAABLMMT A 2 LIick D, KER
FREERFE (2050°C) BLUEYV—YaraxHh—K
v& (T0kg/t) &<, K Si-ZERELERLALCL
ThHh.

WO R OWGAG E I, M9, PO%RFR 0.50m T
B o 72h5, WA RVGA A EAHT 132 kg/t DB B
913, M EOVGANE * IO %MW FRT 0.14 m LLN
KB ENET Ly, L2 X DUGARLE %7
CEmMICED A XL ICHE L. T b b, MR/ —
F-EFAE 1ITEL,S 1I3EICRLL, N—F—5%
WMOMEZPOARLE LD 20mm THICEETAZ &
ICEY, WOAMLE £ P O%mFR 0.30m £ TESIF 7.
ZOER, WAABOBINIMESIFIEY 2 b hoRES

Table 4. Major operation data of Kimitsu No. 4
blast furnace.

Operation indexes Apr. 1990
Production (t/d) 9478
Fuel rate (kg/t) 498
Coke rate (kg/t) 366
Coal rate (kg/t) 132
Blast volume (Nm%/min) 6951
Blast temperature (°C) 1216
Blast humidity (g/Nm®) 41
Oxygen enrichment ( % ) 1.33
Blast velocity {m/s) 221
Theoretical flame temperature (°C) 2046
Fuel equivalence ratio (—) 1.05
CO gas utilization rate (%) 50.6
Hj gas utilization rate (%) 46.8
Solution loss carbon (kg/t) 69.2
Hot metal temperature (°C) 1509
Si content of metal (%) 0.35

HEDENLHAKD 2 — 7 R B (0.86) DE A i
BN o7z T, FHS R B X OWREEICIR
BLAZFOLRXLDOL—2Y 2 A HFLFAOHS 3m L
HNOFEHN Y A b & MRS L CBR, KB F v —o
HAE (RLF8) R 2759 2.2% ThHhotz. 20
EERBRF+—ORBIEESBI—2 20 1/2 &
AL THESMREZE L BB IBRETLEh
7270 0.38% LHEsEE NI, L7z - T, WRANME LD
C5E%FAT 0.30m (23213 T LA A E AT 132 kg/t
(2500 1.05) TRMKROBBEMHEIETLRZVW &
THERAL 72 2 B, IR OVGAMLE OEEREZ TR Y »
TRRT y TR EOBRETREIREL d o7,

6. #&

(1)L — R x £ PREEI & B\ 7o B0 3 D IRBE S BR
BLU, PIORBET OB E T VICHED (BT X
D, TORLET IS BV TR % 100% #BBET & 21K
AHRBEO EREOHEREN B L, #AEIAT 500 ke/t
DIGE OB IR DOVGAH B D ERREIZ 180 kg/t, Bk K
DMPALORFIE, RERNFETO0.70mm THBH &
LML S50, PO%mESICH -7 A
MRTHHAIS, PIO%mOH AR A 1600°C LU L
W% R0 ERICHERI»TEHRT A 2 RLL, T
Q%O 7 ZmE% 1600°C LTIZT A0, W
ROBIEZWOAMLE &, Wik OVGA A w, AFRKFE
DR ZE L, BBRKOVGAABZIEMT B4 1C
i, WGAE X PIOERICEST LENHSH & %8
ST L7,

(2)BEF 4@ T, RHEBRMRBEERE (2050°C)
BIXUEY V- araxh—K (70 kg/t) DE&MET,
1990 F 4 A XY, WMBRONEKAA (132 kg/t)
LB Si RERELIT-72. F OB, WK OWGANL
BEPO%MONEEES 0.50m 5 0.30m £ THAL
ohs, R ORBEMIIET LAawvws & 2 AL 7.

AL EITTHIIHID, EBRIITHAIT S 72
B A ARG (KR B T AV —BF%E £ v 7 — A EREETIR,
AR SIS, BT SCRICR S B3 - L 2 7
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A TIOWERE (m?)

Ash : K5 (% (wt), dry)

Co:- ARDRFZEHRE (%(wt), d.a.f)

Cr: IR E® (—)

C,, Coot HWADE, MR OLE (J/(kg-K))
(C)pe: I HFHD C HHTE (% (dry))
Dp:it8Vv— 29 2 1 FEE2 ()

da : W IRFEEBRIEZRDOERZIK G OHE (m)
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dp, dpo : W R ORTHE, IR T (m)

dp™ : W R OREKAFE (mm)

dp., dp; : F v — WKL FE, AE (m)

dpo: 3= 27 ZADKFHE (m)

F: 7 20fE#HE (Nm®/h)

F' 8y 2 0FEHE (Nm®/h)

FR: R (kg/t)

hoe, by PEAB IR - T AR, =27 2 H AR OBLEREK
(J/(m*h-K))

(H),. : W3 o H 404718 (% (dry))

K : B8 iR OB RO NS EE E 5 (1/h)

K. : 7 v — & Oy OBRBERUE O RS BUS HBE 2 30®
(kg(C)/(m®-h-Pa))

L : B OWGA LB & O & ORiBE (m)

Ne: %2 1 Nm® ho# ik ok % (f#/Nm?)

(0),c : BBRF D O 5471 (% (dry))

Pb: 3£BJES (Pa, Absolute)

PCR : oA A & (kg/t)

(PCR), : Mk OVGA»EO LRRfE (kg/t)
Q:Q7727%— (—), (3)X

Qe :I—VREHRA] & D Js#.22) (kcal/kmol
(1)), I=0;,CO;z, H,0

Qper Qo : BB RO BUEEL, T— 2 2D JULERD I A
~DREFEILEREE (J/h?)

@, : AR IR O BUS B DR AR~ D ftfE#EEE (J/h)

R*, R,*, Ry* : 0,, CO,, H,0 & C (F v —) OFUE
#EE (kmol(C)/(h m*(bed)))

Ri*:a—2r2:H 2 1 ko (kmol( 1)/
(ms(bed)h), I =Og, COQ, H20

1o, 10z & C (F v —) OULHEE (kg(C)/h(HT)),
(8)s%

Tb : EERE (°C)

T., T,, T,: I3 — 7 ARFIREE, # AW, W RAf
mE (K)

Tf : BaIRE (°C)

b o O IRICA A 1R O fE R R (h)

U, : 7 A& (m/h), (20)3K

U, : M A OREE (m/h)

V, Vy: BEHERE, TESPWICLLERR
{% (wt), dry)

V,: 88k t 472 0 OLEXREE (Nm/t)

V* BRI RER (% (wt), dry), (2)X

W, : B ik OWGA A& (kg/h)

Xo,: HAHRD 0, OFMIE (—)

% PR OWGAGE > S O (m)

B: MR OBESE (%), (4)K

e: BEME (—), (12)

g, F v —DEFORILE (—), (=0.5)

Tpe : TR IR ORRBERDE (%), (9), (10)X

Mpe » 2RI (—)

& a— 7 ADOFUBED H ZAF~DOEGE (—)
gy Ope = W AEIE, WK D HHITERE (kg/m®)
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