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Maximum Injection Rate of Pulverized Coal into Blast Furnace with
Consideration of Unburnt Char
Kazuyoshi YAMAGUCHI, Hiromitsu UENO and Kenji TAMURA
Synopsis :

Experiments concerning the combustion and consumption of pulverized coal (PC) with high volatile mat-
ter content were conducted using an experimental apparatus capable of simulating the heat transfer and
reaction in the lower part of the blast furnace.

First, the calculating method of PC combustion efficiency in the raceway was proposed and the effects of
blast conditions on the efficiency were investigated.

Secondly, the calculating method of PC consumption efficiency at the apparatus top was proposed and the
effects of blast conditions on the efficiency were investigated.

Thirdly, the unburnt char weight accumulating in the apparatus was measured and the limited char
weight not to cause the permeability deterioration in the apparatus was found. '

As a result of these analyses, the following conclusion was obtained concerning the maximum PC injection
rate :

Under the conditions of blast temperature of 1300°C, blast humidity of 5X 10~ ®kg/Nm® and oxygen en-
richment of 2%, the limited PC injection rate is 245X 10~ 3kg/Nm® in the apparatus that prevents the dis-
charge of char from the apparatus top, and the limited PC injection rate is 190X 107> kg/Nm? that does not
cause the permeability deterioration even when char accumulates in the apparatus.

Key words : ironmaking ; blast furnace process; pulverized coal injection; raceway ; deadman; char reaction.
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Hoppers ( coke and ore)

Waste gas

Hopper
(Pulverized coal)

g ey 9\"”’e Gas analyzer
3§2¢ﬂ ‘
Blowpipe 1 Sampler
18° Monitor

Camera

E Tuyere probe came"‘-E':l VTR

S Radiation
Plasma arc heater S pyrometer

Tap hole
Refractory
¢ 1800 mm
Fig. 1. Schematic illustration of an experimental
apparatus.
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Table 1. Chemical compositions and particle size
of pulverized coal (dry base, unit % ).

Ash  Volatile matter C H (4] Mean size (#m)
10.4 32.4 74.1 4.7 8.5 50.150
Table 2. Operating conditions of an experimental

apparatus.

130 Nm®/h
1210~1505°C
2~41X10"3 kg/Nm®
0.0~12.0%
0.42~1.40

Blast volume
Blast temperature
Blast humidity
Oxygen enrichment
Excess air ratio

Flame temperature 2 000~2 563"%
Pulverized coal concentration in the blast  93~326X 10~ 3 kg/Nm®
Layer thickness ratio in the central area 0.00~0.29

— 261 —



1216 # & M

& 78 1F (1992) &£ 7 &

0

@) Fine coke

Npe = 100 — Weye 7(:]-1/* Wpe: (HPC + 7PC)}

ST Weny: ARy A bhoF v —HEH & (kg/h);
You:F ¥ —H CEHBE (—); Wee: B RVGAHLE
(kg/h); Hpe, 7pc : kiR H BL U C EFHE (—)

(1)XHD Wen, Yen PHREFTEEZLTIIRTY.

2:2:1 WEABLXUOHFEPF A SR M FOF ¥ —&
HEOHIE

FHLL 72 2 b 285103 A A, RFETR % SEMEEEIER
THE, BELHI— 7 A LERSBBICKDPEE
oleFv—HHAD & 9 I#HITES (Photo. 1 Z).
TAMROMIZIEE A CBESh )5 2. HER 10
mm X 10 mm DFEHIC 2 mm BT 36 MoORERET %
FEL, 500 fEomEceilEREORa -2 2L
F v — OB EREENICEFT L2, RER 10um XD
10 gm S X ICX4rL, > 100 um ¥ TO 10 KL L 7.
— BN T — 7 A TH LT F v — IR AN S B
v (Fig. 2 2H8).

B — 7 ACHRTHEDF v — FEBEIVNE
Fl—RETOMTBEEREB L, FILF 2 L OBEH
ERERED, Fr—OHFEEEIHI—-27 2DIEIT 1/2
LA LTl o TRTEREMET S &, RET
DEBENEG L BEEENPOF v — T — 7 AOEEHFE
B TE, (2), (3)5XTREN%.

acy = WCH/(WCH+ WFC) ........................ (2)

Ben = Reu/(Rog + Rpg ) srrerereeeereenenne (3)
ZZT acy, Bep:PHMNB L PIETEPES X ¥ 2 b
Fr—GHE(—); Wec: PEF R bhora—2 2
HEth® (kg/h) ; Ren, Rpc:WHEV A MPOFv—5
XU a— 2 2P E (kg/h) '

2:2:2 PERIBITAF v —HhEO&EW

JETEHE AP F XA M NT v R, FRA MR C NS v R
D (4)~ (5K T 5.

®) Char

30 2m

Photo. 1. Configuration of fine coke and char.
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Blast temperature=1320°C

Blast humidity=5X10"% kg/Nm®
Oxygen enrichment=1.2%

PC concentration=140%X 1073 kg/Nm®

Fig. 2. Measuring result of char and coke con-
tents in deadman dust.

Rceu7eu+ Rec YTre = Ry Cy
ZZTC Ry:FTEHY A MHEMHEE (kg/h) (FPTEPES X8
RINEEPEKB EHKD V2 VBEXDKRDB) ; Cy:
IFEY A bR CEEE (=) Ype: HMI—27AH CH
HE(—)

B(S5I)NIEBUID ypc id, =NV a— 27 ABFIZE
B35 LIPFEABLOFEFESF XY PPRTHIRIT—E
i (36.0%) ¥ RT DT, oz v/ (3)~
(5)RICBVT Ry, Cq, Ben CEBEEZE 2B L,
Rcu, Ryrc, Yen "KE 5.

SERODRRE L, FIOEREER (B 5500 ik O BREE
ZEF AT AR ETAYERH VT, L—2 Yy o A
PR D FERBREHTHELZITH &, HEERTE =
0.84 2% 1pc=100% % MR T HRFTH D DT L
T, EBRERCEI =102, MBIEEREIADL

— 262 —



KT v — DBEHHES CEIFA~ OB IRIGA S RF & OGS 1217

N, TOEBRZBHETAHLDIE, EBERCE) L
WF v — & EEE O U R ICRIE RS E e U CRICHRA~
ZJ?E%’S_’ﬁ:Of:. »
REBIZLAERO—FIE LT, BOBKRIEE 140 X
1073 kg/Nm®, ZE4& it 1.0, HEUEE 1320°C, EEE
FE 5 X 10 3 kg/Nm®, BEREIL 1.2% DEBEHT,
rlBFEEF VL BHEERIT) &, AEBEOERL —
2% 4B (250 mm) I2BIF5 9pc 1d 70.5% & %
A, BRSO HidgeB L, REFr—&LTC
DTS, Lo T(1)RIZ 7pe 25 2 5 & REED)
D Wey %5tHTE 5.

F oy — T — 7 2K L CTEENICHEHBR S WE
1%, Rey & Woy \HBIL, Rectd We (EAa—72
2 &, kg/h) BT HEFHRENLOT, ZhENH

HEoae b%(6), (7T)RNTERTAHE, FERHIT
ROIEE %2 5.
‘l:RCH/WCH=0~016 .............................. (6)
b=RFc/WC=0.060 ................................. (7)

%HT 5 Fig. 7 Ofit#h (ecy — Ben) &, FHLE DL
Hra—27 ZOBER (Lo/Le) #°0.05~0.07 D& &
O (Ben=acy) Thhb. DL EF v —EHa—
23 LTERMICHB ALY, ZoRBEEET S
EBAN (KERFI2EL) Ta bERDDE, (6)
(7T)RD L) IHF—EEEZRLA-DT, LIEROFHEIC
o

2:2:3 L—277 2 N IKBEEIE ORI

npc DEHHERIRDEBY TH 5.
1)Lo/Lc=0.05~0.07 (ecy=Bcu) ® & & i3,
(3)~(5)RBLU(1), (6)XEEFLA(8)RITL
DBEHTS.

npc =100 — Rey* Yen/ 1 Woe (Hpe + 7pc) - al

2)Lo/Lc=0.09 (acy > Bey) D& &id, Fry—»
Wa—27 2 L TEENCHEBE S LS (R Fig 7
BM) 720, FIHICBIS By BLU(6), (7)K%
BHTEZV., XoT, Fv—DFRHBEOEL HHIO
Tpc ¥ acy XAWVT, ROFMEICL > TRDS.

1) (7)XEERLZ(7)RiC We oFERELR S5 X,
F v —DBEEEIRIORVWELIEED Rec %
kDB,

2)(3)RD Bepy WHENERE ecy x5 %2, 2D
REZERLA(3)RTFr—OBEEHHEEI RS L
WE L7z ED Ry 2K 5.
R’CHzaCH°RIFC/(1-0_aCH) ................... (3)

3)(1), (2)X® Rcu, Rrc & Rcn, Rrc €57,
Yeu 2 KDABH., ZDL E Cu it RIFEANEMNELZ S L 5.
4)(8)R?D Rey W& Rey 252, npc xEHT5.

ALEE I & B ARE L ERRS AR B 220 X 1073
kg/Nm®, 2R 0.70, HEUREE 1340°C, ZBEEH 5
X 1073 kg/Nm®, BEEL 3.0% DEEREH T, 7pc
$BEMNTHE 60.7%, 61.3% L%, BEHHEIRIET
Hot.

TR D AlbO; /N5 ¥ AN XD ppe KD B &,
64.0%, 65.5% &2 DETE . Ihid Wey & Wpe
/(Woe+ Wee) WIERBITAHERELTWVAD LD
(Wee; 23— 7 ZABREER, kg/h), Wey pHEC RIED &
NBZEIWZEBD, Npe DEZXDTHRE BV,

2-3 FHRTOBBREBRDEOR MG E

YRTE C DM IRIEERIE mpcr (%) &, 7pc LEL
EHRIVEINL(9)XTRDS.

7per = [1.0 — Ren® Yeu/{ Wee* (Hpe + 7pc)t]

X 100
=[1.0—{Ry; Cs—(1.0 — Bcu)*Ra Yrc!
/1 Wpcr (Hpe + 7pc)t] X 100 «oereeeeeees (9)

2-4 FRF v —ERBOEHEE

R F v — EHEE (D RIBERE) Apc (kg/Nm®)
2, FRIREEC2F+— I — 27 XDFEITH A
ELTEMIMSB, (10)TKRDS,

Apc = {Wy/0:Cy;i— (1.0 — 8¢y ) Wu/ 0 Ve

/( Vb'7Pc)>< 1 Q00 creeverenrernsiaroncanns (10)

SIT W FRERE Y A ME (kg); 6: BORIRYGA A
B#ﬁzﬁ(h);cdi:'}:}—jquyx I":ljcé\ﬁ%(_);acH!ﬁi
K52 T — G (=) (EMEHRE L H KD 2);
Vy: £ E (Nm®/h)

3. ERERBLIUEE

3-1 L—Z7 11 AMBRBRDEICRITT
ERRGHOTE

L— 2% x A PR RIRBERIE (npe) IS RITTEA
FUEORBFRAET LD, 1EEFTE2EETLE
ER&1T» 7.

Fig. 3 W/RT &)1, ZMIRE EFA &L &£ HIT npc &
B3 5. S EBURE ERICK D, B R
R, BB, Fy—BREEEELRSEI AL
HEEbRL.

Fig. 4 12X 5 &, BEBEILE (0,) 121k 7pc DK
EAHFEEL (4% 1HiE), O, LA LBED & npc 18
WIET 5. 0, 28EwvE 24, O, ERICKDF v —#&
BedEfE LRAHEZ B 728 npc BZHMT B4, 0, °ER

— 263 —



1218 % & #W T8 E (1992) T B

LB &% &2 (1) —ZDOEMT TR PSR
REAHEML, F v — L BEOEMEISETL, Fv—
BBEREETICLD 7pc BBATHLOLE DS,

Fig. 5 II/RT & 512, HEBERIIE 7pc OBINZ
bod. ILESDMBKSBYGAAREDOL — 27 5
A RH ARBEHERERTIE, 0,=0% DHET Hy #8
AR LTBY, HLO+C (Fv¥—)=H,+ CO O RJiv
I >TnHEEZ O, ZRREBEEMCLY ZDK
IBEAHR LT ERRT. 72770 gpc BINICS- 2 5
FEBIHITHRE LW,

Npc WS RIS B R ERMG DB AR D o
ELT, REBCLLZERO—F . B RIEE 140 X
1073 kg/Nm®, 2SR 1.0, HEEGRE 1320°C, %AE
FE5X 10 3kg/Nm®, BFEEIL1.2% #Hi# L L, Fig
3~5 RHWT (22750 0,<4%) i3 DEEBRBIC BT
% npc XETE L CERBEL BT AL, £5% OHE
T—H L7, Lo THMEFRO 2L LTUBDEE
4T 7.

AEBIZXHERH L, ZREH—T GERERE

80
T No steam
o
g 8, O0:=0%
- =07 4~0.76
0 .
- »60 -
-
5 5
c
58
-
0 240
3 ¥
£S5
8 20 | [ 1
1200 1300 1400 1500 1600

Blast temperature (T)

Fig. 3.- Effect of blast temperature on PC com-
bustion efficiency in the raceway.
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Fig. 4. Effect of oxygen enrichment on PC com-
bustion efficiency in the raceway.
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Fig. 5. Effect of blast humidity on PC combustion
efficiency in the raceway.
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40 % 1 I ]
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Fig. 6. Effect of excess air ratio on PC combus-
tion efficiency in the raceway.
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Fig. 7. Effect of layer thickness ratio in the cen-
tral area on char consumption in the shaft.
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Fig. 8. Effect of PC concentration in the blast on
PC consumption efficiency at the apparatus top.
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Fig. 9. Relation between coke temperature at the
raceway end and Si content in hot metal.
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Fig. 10. Relation between flame temperature and
coke temperature at the raceway end.
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Fig. 11. Relation between excess air ratio and PC
concentration in the blast.
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Fig. 12. Relation among permeability in the lower
part, PC combustion efficiency in the raceway and
PC consumption efficiency at the apparatus top.

ERHICL2BRABEMIBEL TRV EHITTE 5,
ZDEED pc id Fig. 12 25 60~65% TH Y, nper
I213E 100% ISELTWB I EHS,40~35% DF v —
PHEATHE, EHsh, BEAUHELEBVYTwLnE
Ll Bh. EBREMHL S, 40~35% OF v — B
BEICHE T L L 90~70X 10 3kg/Nm® & % b
(Table 3 £H8), 90 X 103 kg/Nm® HKREEIZ 5T 5
FATOF v —HE, EBEOLRE LS.

37 BBEVAABRRE

FEBD Cpc LR 245 X 1073 kg/Nm® » S35k H R
5, FRHTHBEL LI EMBRERE 118X1073
kg/Nm® 12, BRIELL 2 WiHE, LM (90X
1072 kg/Nm®) 22 CTH Y, XERE 1300°C, %)@
{5 X 107 3kg/Nm®, BEEIL 2% D&MET, 90X
1073 kg/Nm® % i J& T 2 B R GA & R &1, 90 X
1073/(1.0 — 0.52)=190 X 10~ 2 (kg/Nm?®) & % 5.

F 72T Cpe LR 245 X 1073 kg/Nm® 2 {RE L 7=,
FHATHE SN D ~NEHWIKEE 61 X107 % kg/Nm®
3, RREOHE, EHERNCHE. KEBOY v 7
P& 2m 20 L TEFRIFIFEICE (20m) 0T, &
HIF v —DHE, EWHIETH 505, —HERFMM
KL HEREAEBE, HE, EBHEBEIETT28A
Wb, LIho TEFOHBRVGAARFE 1L 245
X 1073 kg/Nm® X D BT AT 5 A%, EIFRERIC
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Table 3. PC concentration to be consumed when K value is within 1.5.

Permeability PC combustion

PC consumption

PC concentration PC concentration

resistance index efficienc efficiency in the blast3 to be consumed
K value (— npc (% npcr (%) Cpc (kg/Nm®) Cpc*(npct — 7pc) (kg/Nm®)
0.970 60.7 99.5 219x10~3 85x1073
0.994 61.3 99.7 216X1073 83Xx1073
1.018 61.8 99.7 2011073 76X1073
1.238 61.8 99.5 237x10~3 891072
1.417 64.7 99.7 195% 1073 681073
1.488 59.7 99.6 203%1073 81x1073
Table 4. Accumulated char weight in the apparatus.
Total dust PC injection C content in dust Char content in dust Accumulated
weight sampled time in the apparatus in the apparatus char weight
W, (kg 6 (h) Cai (% ocn (% Apc (kg/Nm®)
14.0 5.1 39.7 0.6 1.1x1073
16.0 6.2 38.0 2.3 0.8x1073
19.0 5.7 36.8 3.0 0.7x1073
L BRI VLETHA. 5)F »—DHERICERL CHLEXEEBLLEL 2V

3-8 FAILHTHFv+v—BRBOAE

Fig. 12 128\ T KA 1.5 BARIC & &2, SRR
AH LIk LABICKREL, GHBICFRIDES R b
IR LT, BAMBEEHEICLYFy—BFAFLTRD L.
F2 hidEE LTHLERE, L— 27 o AEEARICE
FELTWw7:, Table 4 12(10)XTEH LAFRF v —F
R (WD RIBERYE) Apc (kg/Nm®) 2RT 2%, 1X
10 %kg/Nm® BETHH ZOEEFFF IR, a—
7 223 LCF v = HERICHE S T b,
Thbb 36HMTROLFEBICBITILHEE, FHK
EBR 90X 10 3kg/Nm® &, AEBOFRHNICBITS
Fr—DYN—Ya YOARICTHESND LRTH D
D, CERICIRETZ L 90X 1073X0.741 =65 X 1073
(kg/Nm?®) & %% (ypc=0.741).

4. %

BRI TR AR C X 2 EBREE BV THERDK
OBREE HEEREITV, FEMSF ¥y 2 HH s,
POFERICF ¥ —HEE L TH BB LB 2 Vi
MIRVGALRREICE LT, kKoHmrBr.

1)L— 2% = 1 A RN 2 1) LS 51213,
EERE FH, REGSERN, BEELEREASHRN
ThHH, BMEBLXRIT 4% FEICHBKEZ Ho.

2 VRFLE IS BT AR L 9 — 2 ADBEAT 0.09
2WAAE, FHTI— 2 AT HF v — DEFLHHE
Bh#RZ D,

3)AREBICBVTHRED O F v — B & vy
5 R WGA A TR I B 1 245 X 10”3 kg/Nm® TdH 5.

AVFEBIZBITAAZ VR SiEHEE=0.30% & L
e D7 L— ARETRIE 20000C TH5%.

HE, EEREOLRE, AEBICBVWTIOX1073
kg/Nm® (B RIEBEHRE) THH, TOFr—i2id L
AEIYN—3 3 VOARIBCHESNA., Lo THR
EBIIBIIAFr—DVV—a YOAARGTHEESL
%5 CEDLEIZ 65X 10 3kg/Nm® &% 5.

6 )L EEEE 1300°C, %EEE 5% 1073 kg/Nm®,
MEE 2% ORHETT, FHEIOF v 2R EH
+, FRTONE, BREEFE (90 X 103 kg/Nm®) % i
BT oMM RUAARRE L, REEBT 190X107°
kg/Nm® & %2 5.
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