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Maximum Injection Rate of Fine Ore through Tuyeres into Blast Furnace

Kazuyoshi Y AMAGUCHI, Hiromitsu UENO, Masaaki NAITO and Kenji TAMURA

Synopsis :

In order to obtain the maximum fine ore injection rate, an experimental apparatus capable of simulating
the heat transfer and reaction in the lower part of the balst furnace was built. This apparatus is 0.90 m®
in inner volume, is a 90° sector in cross section, is one-fifth of the actual blast furnace in height and is

equipped with one tuyere.

As a result of the fine ore injection through the lance which was inserted through the blow pipe, the max-
imum fine ore injection rates at which the desired deadman temperature can be maintained were ex-
perimentally determined as shown below. The maximum fine ore injection rate in the actual blast furnace

is expected to be higher than those measured here.

- The injection of the 0% prereduced fine ore alone is difficult.

- 70 g/Nm® for injection of the 0% prereduced fine ore mixed with the same amount of pulverized coal.

- 175 g/Nm® for injection of the 60% prereduced fine ore alone.

- 115 g/Nm® for injection of the 60% prereduced fine ore mixed with the same amount of pulverized coal.
Key words : ironmaking ; blast furnace process; iron ore injection; pulverized coal injection ; prereduction of

ore; raceway ; deadman.
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a— 27 20 ALZE (Ore/Coke) BEBOFERIZHL LY
3 A.
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Table 1. Maximum injection rate of fine ore estimated by a mathematical model.
Prereduction Blast temperature  Blast humidity Oxygen Fine ore Fine ore Coke rate Top gas temperature
degree( % ) (°C) (g/Nm?) enrichment(%)  conc.(g/Nm®)  rate(kg/t-pig) (kg/t-pig) (°C)
— 1100 36 0 0 0 500 150
0 1300 5 0.14 141 160 492 100
33 1300 5 0 167 186 474 100
60 1300 5 0 206 220 450 100
Hoppers (coke and ore )
Zones Up and Ug : Waste gas
Reduction-melting
zones of ore charged U, Fi
from the top of the | 2°n¢ UA e
furnace H Movable armor
opper
(fine materiat) R 600
R 660
Cohesivp
zone .7 o
1000C /I// § . 9\‘d°e Gas analyzer
Ry 9\\(\9
Zone Ug s )
Zone L: BI f z
Reduction-melting ow p'pf_._'__ Raceway(' Sampler ‘
- > 18° Monitor
zone of fine ore Camerg -
injected through A > Camer
the tuyeres Zone Tuyere oeo Tuyere probe A vTR
/ L S Radiation
Plasma arc heater S 3] pyrometer
Fig. 1. Division of the blast furnace into zones Tap hole
for developing a mathematical model. Refractory
¢ 1800

BAETHBELL £/ UgV—rvdb L vy—ic
MATHI— 27 AREZF— VI~ 2 28512 1600°C
EEIREND Y, COEBALETHDE L1, BEAWK
AR REEE LA CAME 2T, BESLTY
L—oimEx %L, FEFVABREOTRE 100°C &
LCESIa— 7 AWML 7L —2BEL 4+ —
Va—z7 AR L L 2100°C & L, %BEIRE % 1300°C
Lt EOBREAVAARTREDEIEREE % Table 1
WRT. FPREILEE 60% I TLEASEL L, EE
T 220 kg /t-pig (JBFET 206 g/Nm?) & KBICWK XA
HDHILHPFRINT.
3. EREBHIUKRRBRSE

Bl L 728 - WU ETF VI L » THEE S N8
AVOAHBRRE # AL T 5 72012, EBFFR TR0 G E
BEBRCELIERKEEZRIEL L. Fig 2 KEED
BEZ/RY. REEBEIWEL 90° BIETHO 1 K1
i L Cwad, POXY A 2000mm, FIOL 0 FAs
1000mm. FIO L XUV OHEITEA600mm THY, HE
1349 0.90m® TH B, KEBEBOTHEREIIET D,
1550°C ®a— 27 AFIRB RO X 5 7 @@ 12 RiEd
D=7 AKEOEBEEREL, Smm L /PNEL kDL
RS ST L EBREEL NI X, X r0a—7

Fig. 2. Schematic illustration of an experimental
apparatus.
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um TH5LH. 7 2% ZRERBERENIFEAL, 7 2
ol 2 PG L ) 100 mm Fi5j OB 12 BB L THHK
EREAA L PO KPR 2 > 27 (£ 30 mm)
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Table 2. Experimental conditions.

Fine material Prereduction Blast temp. Blast humidity Oxygen Fine material Fine material Coke rate Flame temp.
degree( %) (°C) (g/Nm?) enrichment(%) conc.(g/Nm®) rate(kg/t-pig) (kg/t-pig) (°C)
All coke — 1090~1120 1~6 0 0 0 593~601 2392~2475
0 1220 2 0 63 104 588 2337
Ore alone 0 13201 300 2.5 0.1 135,169 206,270 583,610 2238.2 148
Ore & coal 0 1270,1 285 2 0 66,91 107,159 518,525 2 360,2 286
mixture( % 1) 0 1330,1 340,1 345 2 0,2,5.4 136,183,263 203,267,336 461,457,438 2225,2212,2212
Ore alone 60 1225 6 0 79 142 603 2334
60 1320.1 315,1 330 2,2,6 0 158,166,169 170,211,255 432,487,540 2322,2303,2 288
Ore & coal 60 1260 6 0.8 163 258 438 2171
mixture( %1) 60 1305,1310,1 310 6,5,5 0,0.2.9 163,172,277 266,354,560 436,508,477 2163,2159,2116
60 1320 1 0,3,6 177,274,349 294,368,395 428,385,362 2180,2157,2177

(% 1) Mixing rate (weight)=1:1

Blast flow rate = 130 Nm%/h

Table 3. Chemical compositions of fine ore and pulverized coal (Dry base; unit, % ).

Material T. Fe M.Fe FeO CaO SiOy Al,O4 MgO Prereduction degree
Fine ore (Ore M) 68.12 — 0.20 0.02 0.78 0.46 0.13 0.0
Fine ore (Ore R) 76.65 38.72 29.91 0.30 5.61 2.78 0.46 60.0
Fine ore (Ore C) 78.33 38.41 32.20 0.43 2.93 0.93 0.51 60.0
Material C H (0] SiOy Al,O3 Ash Volatile matter Fixed C
Pulverized coal 74.10 4.70 8.50 5.41 3.10 10.4 32.4 57.2

L, FAESICEAED, EFLEESTFORK
IBEE, IR IRARBIC T2 2 L STRETH D, H
Hon 1 RXRTHFEFTNY CHRELE. BEOL—2
VoA PHEREE, FEET4ms, EEHF T 9Ims &
WO THEL, /IS OFERERY ICI3IT% L.

ERBEOHEESME % Table 2 (2/R”T. A— NV a2—72
2 B0 ERRE 1100°C, AR 5g/Nm®, BEEL
0%, 7 L — LiRFE 2400°C, 2 — 2 R It 600 kg /t-pig %
L L7z B RWGA BRI B & L CRBURE LA
YERL, 7L—LREN2100~2300°C £ %5 LD

WCBEZEREEIT-o7. B 71— 4EEE Ramm O
FHY, VLAY 2 A BT IA2— 2 2A0REY 7

L—LBED 075 LTRE LD TH Y, BN
XELEDESIIHEADETLE, SEHKBIVKRADOSH
IR ZRB L 7.

Table 3 (2fFf L 720 b 2 R . BEA
FHEILE 0% O M A, FHRELE 0% O R, C
FAa D 3T, WA KITIERS 32.4% O 1 EETH 5.
%B R, CHADRKIREES (B2 71— LiRE
WKHTBL—2AT 2 ANI— 7 ZREOWL) ICEFRS
N2edr o280, DEOBITICGHEEY IR L Th R,
PO O ERERAG E 21213, BEHADOEEEE

BT — s ABEEHIER L A LS.

JCEE, ERHKB X UMRAORREMED, MHROY

RO BE, K5 OFRBMASLETH), Table 3
£, M#4GT 3.5 MJ/kg-ore, R, C 8./ T 2.31

MJ/kg-ore, R T 1.60 MJ/kg-coal LEtE s 5.
4. REBRHLUVUEE

4-1 L—=—ZX7 1 1RICE T 3 BEMERBFDOVHA 4R

7
4-1-1
#

FHBETE 0% OMIEATKREAL L S ITHHIHE L
LCEBURE ER 21T, RPOMED 77 4 x—2
A—-TBEBE o FERALTHELL, L—ZAY 214
BIXUHEEA® a— 7 AiEE % Fig. 3 \2/R”¥. HF
5N DORICLBEE L — Ry L A FEE R, BHAYGAA
B 104 kg/t ® & % 295mm, 202kg/t D& % 315mm &
HTWML, EBRETHOPNEY @ EBARICHE L
7oEREE I 250 mm THh o7z, I— 27 AREIFL— R
T AKmE DIFEAICAS L ZFEICET L, 1300°C
BEICR T,

EEEE 4 100°C L J < 880 WA A & 104 keg/t
(AH), MEE 63g/Nm®) OB&1E, 71— 2EE
AIBCEHTLTWESD, L—2vfNa—27 2R
Ll
EERE % 200°C EF & €28 AWGA A& 202kg /t
(IED, #fkiEps 135g/Nm®) D aid, 71— Lk
M27T°CIETL, L—RYxANI— 2 AEREIZKIF
KT L7

L— 2% x AP B % BEER 0w £
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Table 4. Heat balance in the raceway with fine
Mark Fine ore Blast Flame |[Coke rate . s .
ark | cate (kg/t) temp.(C) | temp. (T)| (kg t) ore injection.
oe 0 1120 2475 601 (a) Ordinary heat balance
A 104 1220 2337 588 Fine ore injection rate
o | 202 1320 2238 513 104 ke/t-pig 202 ke/t-pig
2000 T
! Increase of blast temperature 100°C 200°C
R : Heat input 2.52 MJ/kg-ore 2.31 MJ/kg-ore
{
oy | Increase of coke rate 32 ke/t-pig 59 kg/t-pig
8 1800} I Heat input 2.69 MJ/kg-ore 2.59 MJ/kg-ore
[
£ Sum of heat input 5.21 MJ/kg-ore 4.90 MJ/kg-ore
- -
g Heat required (output) 3.59 MJ/kg-ore 3.59 MJ/kg-ore
g‘ 16001 Heat (input-output) +1.62 MJ/kg-ore +1.31 MJ/kg-ore
3 —
2 (b) Corrected heat balance
Q
O 1400 Fine ore injection rate
Raceway penetration 104 kg/t-pig 202 kg/t-pig
depth measured - .
Increase of blast temperature 100°C 200°C
1200L—L 1 i ¢ 1 ] 1 Heat input 2.52 MJ/kg-ore 2.31 MJ/kg-ore
100 200 300 400

Distance from the tuyere nose(nm)

Fig. 3. Coke temperature measured in the race-
way and deadman (injection of 0% prereduced fine
ore).

0.80

075"~ - N
0.70 : .

0.65— 42

Figure is fine

ore rate (kg /t)

/ Flame temperature : T,/ T¢ (—)

Coke temperature at the raceway end

0.60 | ! 1 |
2000 2100 2200 2300 2400 2500

Flame temperature: T; (T)

Fig. 4. Relationship between the flame tempera-
ture T, and the ratio of coke temperature T. to
flame temperature T, (T./T;) (injection of 0%
prereduced fine ore).

Fig. 3i2&n &, L—Av A ANa—27 AmEidd]
Q%825 200mm L@ LD L— 27 x4 (250
mm) ¥ TEIT—ETHEH»H, AKRRE L LT 200 mm
MEsBREALL—ZY72AWNI—27 2RE (T) &L
7-. Fig. 4 27 L— iR (T)) &35 T./T, 27
oy b L7. Ramm OROIREIC LB L T./T;=0.75
Thy, A—ha—r AROEKRIEH 0.70 LR
INEVRE, F— N T— 7 ARICEBIEN L T./T, &
0.70~0.75 O#EIZA-THYH, LBoREIIZIET—
B3 s, T./T,=0.75 2iE+ 5 (Ll dfREH AL
§2) LB, BEAWAHFEOL— 27 5 £ FBE

Increase of coke rate

59 kg/t-pig
Heat input {corrected)

32 kg/t-pig
1.08 MJ/kg-ore 1.04 MJ/kg-ore

Sum of heat input 3.60 MJ/kg-ore 3.35MJ/kg-ore

Heat required (output) 3.59 MJ/kg-ore 3.59 MJ/kg-ore

Heat (input-output)

+0.01 MJ/kg-ore —0.24 MJ/kg-ore

PERENERET S, Fig. 412X BE, HEAK
AHE 104 kg/t DL S EBRMEAIGER S LTV D7,
202kg/t D& BIXKRERTH 5.

412 AZOFMFAFEOER

Fig. 3 B BMBAVGAREFIZL — 2T = { AEL
¥ % &b &, Table 4(a) 2R LT, WAAED
104 kg/t, 202kg/t D &5 L L MILA O ER (BT
B, £EKB IURAOARBEHHA) SEBRE A&
a— s AWICXK D BEIhTWE, Z2Ta—2 R
PRBESL L LT C+1/2X0,=C0+10.25 MJ/kg-C %* %
AL FEEASGSAGTOI—7 AEr—NVa—7
ZBEEFL L L, O EMEATOT— 7 RHEINE L
Ttk L.

Fig. 4 2B W THGAA RS 202kg/t D & 5 OBHHE
FIEWEF T B 72010, AR DR ITTEMRFIC
sEMAAsShZVEREL, LRRE LLAOFHERZ
100% & L &ma— s AEMoOFBARLEHL
7o, BAAE 104kg/t DL E T /T, 7% 0.75 ThHAH
o, BEEEROBRRTHL L LTAR=HEHLTS
L, a— 2 ZARWMoOBHFIEEIL 40% LETEINS.
Table 4 (b) WWHMFIHEY 40% & Lzt EDIEIES
IEZ xR

a— 7 ALEHEINERIE O — 7 ARBEIC KD CO FAHHE
B L, 50D 60% (HEAWAHKE 202 kg /t-pig DIHE,
2.59%0.60=1.55MJ/kg-ore) i34 CO HAH7 L — A
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BE T MmN AHLES (1.59 MJ/kg-ore) & LTFH|
Hah, 40% ZOFEBEAOETERSCFIHSIS
EVOBKEERERE oz, a— 7 Ao ARFIAH
Bh 40% L L, WHRWKAAROIEZRL D R—F
ErHCBE, HRLEMOAMFIEEL 60% L&t
Bans. COBERBRBERRID OE S BHRSL -
A7 2 A WICHEA T BRI —ERBRBE L Tl dia © nzk+
HMEFRMLTWEbDERbNA.

4-1-3 o 8A BIRIUGA A B O RR SR

Rk L2 ABOEHFHELH DL, L—2Y x4
HWTHBHEIER SN AVGALBRELFTETE S, &
BORRE LTRIORT &G EL 72,

1)A—rva—7 ABOFEBREE % 1100°C & L,
WMEAVOAARICERREZ FAT A, BBRE 7 L—
LR (T,) BEOOICELL, HBERE 1200°C
DL &2 T,=2200°C, %R imAE 1300°C @ & &
T;=2100°C & ¥ 5.

2) AR LA CHRBEIAT IO L FITE
a— 7 A EHMT S, FEFRABEN—EL 25K
CHERBELa— 2 A0S 2% L 5,

FHEME % Fig 5(a), 6(a) IIRTH, EBFTE
BT BE 2 26 JBUEEE 1300°C T, FHETE 0% O
$i.7 T 175g/Nm®, FIHEEILE 60% D MELAH T 267
g/Nm® & %%, BRELFEEA (kg/t) TixZ% CRE
(g/Nm®) TERLADIE, BELOLNIVIZK - THE

RE @ Fine ore injection
g 200 alone (Pre-red.=0%)
} (O experimental data) _
t Injectibn limit
b (Ore=175a"Nm?)
°% 100
2% o
w8
3 Injection limit by calculatjon
° Y00 1150 1200 1250 1300 1350

Blast temperature (T)

Injection limit
(Ore 117+PC167g/Nm?)
) Fine ore mixed with PC
300 injection(Pre-red, =0%)
(@ experimental data) ?0\

200f

Injection limit
(Ore 117g/Nm?) e_

o ()~~~ o
®

-—

-

,,fvT/Iniectilon Iimit] by calc:lulation

100 1150 1200 1250 1300 1350
Blast temperature ()

Fine material concentration
(g/Nm3)

0
1

Fig. 5. Maximum injection rate for 0% prereduced
fine ore alone and for 0% prereduced fine ore
mixed with pulverized coal.

AR L DD THA. Fig 5(a), 6(a) 121, K
DERENT L EDERMREL 7uy PLTH D, Tl
EILE 0% OBRFAVGAAREICETE S A RRE T
HELVWEEIEOLRTEY), AR LRRAEEHORY
HATRER TS,

B CTERESNAVGAARRE L, AL 2249
BPRZEFVCHESRABELID BKREVS, Thid
L—2Z2Y 2 ANI— 2 RiRE% 1470~1575°C (T, »
0.70~0.75 1) & #BMEIE 7 (1600°C) £ b
BLLLAZEICEZHDT, a— 7 ARELEDLED L
WMEOHEEMEIZITIZT—H L, BPEIZETFTVOHEIL
RYUTHS.

4-1-4 B IR & DRABWGA A EE O R

WA IR R E FENRA L TR EALHRIEICS
Wik RIR B A%, Bk U7 & FERICIR G RO K
AARAELEETE S, FHEORRE L TRIIRT SR
% EmL 7z,

3V RWGA AR E, HEEE 1200°C 0L &
84 g/Nm® (% BB B 47 1200 Nm®/t @ & & FH AL 100
kg /t-pig), EJEIREE 1300°C @ & %12 167g/Nm® ([
200 kg /t-pig) &3 5.

SERERE % Fig. 5(b), 6(b) 2R T4%, %EBE

@) Fine ore injection
300 alone (Pre-red,=60%)
H (@ experimental data)
vy &< — . °
© Injection limit
i (Ore=267T9/Nm?) <Gl
SE 200+ o\o |
82 SO
) _\,“o* I
g 100~ ‘ \‘\(‘\ ® !
Lh
2 < |
L 0 1 1 1 1
1100 1150 1200 1250 1300 1350
Blast temperature (C)
®) Fine ore mixed with PC
400l iniection(Pre-red =60%)
(@ experimental data)
c
2 Ny
® (7]
£ 3001 L2
t o 86
o &
eE
§Z 200_(Inojection |il'l'|it3 -
re 167g/Nm?) ~
EE - S P®
8 02" |
fé 100} 2
;Ej o Tnjection limit by calculation
ol | 1 | 1

0

1100 1150 1200 1250 1300 1350
Blast temperature (°C)

Fig. 6. Maximum injection rate for 60% pre-

reduced fine ore alone and for 60% prereduced fine

ore mixed with pulverized coal.
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1300°C Tit, FHBILER 0% OBMHA T 117 g/Nm®,
FHBITE 60% OBEAT 167g/Nm® & 2 5. WL
GEHmREFREAGLTIREALILICKY, MEEED
o 2 AVGA A R R E NS 525, WMEAEThEY

BEHKRMKGAA LD bBEBREFETLTWS. Fig. 5
(b), 6(b) I2id, BAMMEIER SN L EOEBRRER
70y FLThAH BEALHHROBEHEIER
HWET1:1Thh, 7uay PEIWHEDOEFITH 5.
4-2 ISR HERE AT RE G MUA LR TR

L— 2% x A NTEHRBEIER S N DHEERMTIHE
L7-d &2, PERBRESETSAHErALNL.
CCCHEENIBE L Fig. 2 0BT, FOLXLoR0
e & v 600 mm B (OO OIPREE AL E) [CRRE L
REEOfTREE AL 2. EEFICB T KRR
L— 29 2 A EEOH 6 ETHAHHD, KEETIEY
2.5fEL/h3 VY, FAOEENEERESHICBIT
BIF SRR ORE AL T 5.

FHHNIREMET T 5 RN, ERERTEROFNEY
OEHRARIC, L—2Y o {BIZHOHENAONS
CEhh, REAThIBEAEL—2Y 2 AATHEE
Liza—2 2AL0EELIZHFL— Y o 4 BICHETK
L, 2O BEHEHET LI LICLLEEDbNS.

EEGERIZE D E, L— R Y 2 4 NTHMEIER S
NARFEVGAA R LD /NS WETHEEHNIREHIMET L
Twah, Lo THRESLGHLLTL—Y Y = A ATHEHE
PEREINDLEHEFRAL, HEKGAREEEILS
ERFERLT, PENREMETLELOZWALE
TREELIREL 2.

4-2-1 IPELA HRVGOA A B O RRF

Fig. 7 (O 12, FHEILE 0% Dk 8 HRMGA
HREE DB RIREE LIRS PRE OBR R R Y. SRR
EHBAEKAA 1~2h OFEL-E EOEZR-A L.
COMICEBE, BOALABROBENE & B ICIE LR I
HIIETL, A=V a— 7 ABOE*#F T 50A
HZEDVEE L 2V, FEENEREMMET LiZ Lo 5KA A
EVFRRLDIREICETC L, FHRETE 0% DI
FHRMGARZHETH 5.

—F, FHETE 60% OBHEADEE I, Fig 8
(REMITRET L 912, MoAAEAT 175g/Nm® & Tid 4 —
Na—7 ABOFENREL D &L, 20KREERT
AR, TOEIPVWAABRE 25, FlREITLI NI
WEANL — AT o A BICHER L 2 VBRI, BEaT
12 FeO BNEBIHEAETAHLOL—A 7 2 A HNICEAT
AHENC—HERE L CRORILEEREOH 2 712X, &
Bh L - 8iASTIOME ) » I E T AR LR,

1050 -
O Fine ore injection alone
{Q Fine ore mixed with PC
injection
1000 (Pre—red. =0%)

Temperature in the deadman (C)

900 )
I_ Injection limit
Jf Ore 70+PC709/Nm3)
850 | ) |
0 100 200 300 400

Fine material concentration(g/Nm?)

Fig. 7. Relationship between the fine material
concentration and the deadman temperature during
injection of 0% prereduced fine ore alone or mixed
with pulverized coal.

1050
® Fine ore injection alone
{8 Fine ore mixed with PC
injection
1000 (P@te_rd.=6°%)

950

BN
(N
i l| ') e
900 ' !
Injection Iimitl I Injection limit
(Ore=1T75 ) 1 (Ore115+PC115

Temperature in the deadman(T)

850 g/l\‘lm : ‘I/ t \‘/ |g/Nm3)

0 100 200 300 400
Fine material concentration(g/Nm3)

Fig. 8. Relationship between the fine material
concentration and the deadman temperature during
injection of 60% prereduced fine ore alone or mixed
with pulverized coal.

L—27 2 A NICHEAZRERH BB THILIL b L
Ebhs,

4-2-2 WpiR & DREWAABORS

Fig. 7(@FN) IR T LI, FHETE 0% O
AUFREOBMBRYRE L TR EAAZEEAE, 1
I — 2 AROFENIRE % R T S DWAABIHFET
. RRELREMRE T CETHGESOREEE TS L,
ZOMEIMYLAT 70g/Nm® THY, L—29 2 A AT
BHEIER SN LBRAEOH 1/2 12V, A AR
RENHFAT HHEME, RESNIEHKSILV -2 Y <
AIEAT BRI —ERREE L TRy A xR L, L
AOMBEREL, L— 2 Y = 1 WIHEABROERIGE
RPGRIELEBLDEEDbNS,
—HFHMEITE 60% OBFLADOHED, Fig 8
(QFN) ITRT LI 12, ABOWMBREBEATHE, K
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AHBEDVHEAT 115¢/Nm® £ TldA— v a— 27 2B
DIFEHIREFERFTETEY), ZOEIVGALIRRE
Ehb.
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Fig. 9. Relationship between the fine material
concentration and the permeability resistance index
during injection of 60% prereduced fine ore alone
or mixed with pulverized coal.
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Fig. 10. Relationship between the fine material
concentration and the unmelted ore dropping fre-
quency during injection of 60% prereduced fine ore
alone or mixed with pulverized coal.
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