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Smelting Reduction of Iron Ore with Top-and-Bottom Blowing Converter

Michitaka MATSUO, Chikara SAITO, Hiroyuki KATAYAMA,
Hiroshi HIRATA, Michitaka KANEMOTO and Tetsuharu IBARAKI

Synopsis :

Smelting reduction of iron ore was studied with 5t and 170 t top-and-bottom blowing converter in the
condition that stirred metal bath was separated from oxygen jet by the thick layer of slag.

The results obtained in the experiments using coke as carbonaceous materials were as follows :

(1) Heavy slag increased the rate constant of reduction per area of the geometrical slag-metal interface.

(2) The effect of bath temperature on the rate constant is small in 170 t furnace compared with 5t

furnace.

Smelting reduction about 1 400°C was stably carried out in 170t furnace.

(3) The ratio of reduction of iron oxide in three kinds of reaction sites; bulk metal-slag, metal droplets-
slag and coke-slag interfaces was calculated as, for example, 0.55:0.27 : 0.18 in the 5t furnace and 0.34 :

0.33:0.33 in the 170 t furnace.

(4) High post combustion (about 60%), high heat efficiency (about 90%) and suppression of dust

formation were achieved in both of 5 and 170 t furnace.

Hot metal was produced at the rate of 42.7t-HM/h from ore in 170t furnace (oxygen blow rate;

30000 Nm3/h).

Key words : smelting reduction ; slag; post combustion; top-and-bottom blowing converter.
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Fig. 1. Schematics of experimental equipment.
Table 1. Chemical composition of raw materials
and flux (%).

(a) Ore

T.Fe SiO; Al;03 CaO MgO Size

Pellet ore | 65.0 2.30 0.48 2.56 0.04 10~15mm
5t Fine ore 68.0 0.96 0.57 0.03 0.04 PF: —0.5mm

170t | Lump ore | 66.8 3.00 0.51 0.05 0.01 2~20mm

(b) Coke

FC Ash Size
5t] 84.9 12.1 10~15 mm
170t | 84.2 11.0 5~50 mm
(c) Flux
Ca0 MgO Si0; CO, Size
5t | Lime 9.1 0.41 0.34 3.74 10~15 mm
170t | Dolomite 61.7 32.8 0.09 4.81 5~30 mm

FERBRLEM & Table 2 (RY. EAHEFERY,
25 78 (0.2~2t), A% VIRE (1450~1600°C), J&
WE IR S (0, FARAAE) TH2.

170 t BB RIRIF O NS % Fig. 1(b)ic, FE
REESM % Table 2 ISR Y. RIRE A 2L LT CO, %
HeTwa? LA, sRBRABR 5t SR L 13IEH
LTH5.

Table 2. Experimental conditions.

5t furnace 170 t furnace
Bath surface area : 4 (m?) 1.13 30
Amount of slag : W, (t) 0.2~2.5 30~45
Amount of metal : W, (t) 3~5 80~120
Top blowing Oy : Fo, (Nm?/h) 700~900 20 000~ 30 000
Bottom bubbling Fo,, Fco, (Nm3/h)| Op : 25~300 CO3 : 1800
Amount of coke in slag : W, (t) 0.05~0.4 18~47

52 mm# (Center)

Lance nozzle type 8.9 mm¢ X7 70 mmé X6

Table 3. Example of heat balance (5t furnace).

Input (kcal/h) éutput (kcal/h)

* Heat of reaction ¢ Sensible heat
C—~CO 1639 000 Metal
CO—CO, 2479700 Slag
Hy—H,0 2 300 Gas*

¢ Heat of slag formation Dust

32700 * Heat of reduction
Fe 1678 000
Mn, Si, P 7 000

* Heat of decomposition
Flux 100
Moisture 35 000

315 600
102 300
1040 000
200

Volatile matter 0
* Heat of carburization
26 500
» Heatloss of furnace
700 000
* Superheat of generated gas
=Unknown heat)
248 100

4153 700

Total 4153 700 Total

* Sensible heat of exhaust gas until metal temperature
(Slag temperature)
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Fig. 2. Typical behavior of (%T.Fe).
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Fig. 5. Influence of temperature on rate constant.
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Fig. 6. Influence of stirring intensity on rate
constant.
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Fig. 7. Influence of the amount of coke in slag on
rate constant.

CBEI LB I EIE->TRELAEDDEHEES L
H, FAINRBERBZLELL, PO RBKERETED S
722, L,/L, D% 0.7 LTICT A EEE L
v,

JEIR & H A KB 2 7 VBHOGR S AN RIER, &
BADE, RMIEHEAMICKITTEES Fig 9 ORT. K
REBHIPKRETESL L, ZREBBEROKT, Rt
FEMOMWME VWHIRMELET S, —F, BENHT
oL, HHHEFETT S, REEHETE 2~4
kW/t-metal T 5.

(3 ) 8aa o L Em

BeEAa (PF(X_VLy F74—F):0.5mm LT, B
XUWSF(Yv%—74—F):2mm LT 2HH) %
Fig. 10 2R T &) IFRE P S LAA 7. fE#RL
7oF A MOk 203, SIAEEREE 2 ¥ VEROF
THAHH, Ly MEHDOGE L WEATLAARDEE
TEDFE 1.5~2.0% 2T v & 3 SABEEREK
BBV EEEERLTWS,

FH LA R EA ORFICovwTiE, FHFTA L
FEEIH LT 50% D ERBT BEMH1CHH2, 20
EHVIEMEEF RN LRV ICHBITCE -0, RFES
WARLTWA XIS, MTHE LTEMEBEHLL
LIS THBHETE S,

3-2 170 ¢ MEER

5t BIEOREBRAERICE ST,

OFAHR S 7BEBNECT AL

OFHARME*?FIERBULERL AT V7DORE
74— 7T S LD

QWERSM S L,/L, DfE% 0.7 UTIZTHZ &I
B LT 170 ¢ BB IS X A ARLETAER 21T 5 72,

(1)REBRFESRMNE

Table 4 (V7 EITHREBOBMELRT. R 7 S EBIIEKRREE

—110—



IR & $RKE & B > 72 SR80 O VERLR TR

1875

RN
/\

mOaNEE

Me;al
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(Equation of Segawa et al.14)
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o < Fig. 8. Relation between post-combus-
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Ls/Lso (—)
Table 4. Influence of amount of slag and coke in
1400 slag (170t furnace).
; .
a 1200 Top blowing| Ore feed Amount Amount Stability
13 ’E‘ No. (073 rate of slag of coke of
2T (Nm3/h) (t/h) (t) in slag (t) foaming
o
8% 1000 Vi
o 1 20 000 21 15 5 mone
£~ oaming
8 800 |- 2 20 000 21 30 18 Unstable
3 20 000 36 36 22 Unstable
4 20 000 38 30 33 Stable
5 20 000 44 45 47 Stable
6 30 000 65 30 32 Stable
8
(4]
& T T T+ — I TOBRERNSIL R, KEE
8 EEEERL, BAMREELKEZCLTS, X770
g IR O C EERESTED L 1Tk o 12
Bl 2 1, EEGEEE 30 000 Nm®/h D 4&Mci, #Aft
I ] ! \ L ! KSHEEE; 66.6t/h (X ¥ VAEREEE; 42.7t/h), 25 ¥

0 2 4 6 8 10 12
Stirring intensity (kW/t)

Fig. 9. Effect of stirring intensity on post-com-
bustion ratio, heat efficiency and coke consumption.
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Fine ore : 15 ~ 40 kg/min
N2 : 100 Nm3/h
. O Pellet ore addition
R® 10} | @Fine ore (PF: -0.5mm) 34
g addition
b= ® Fine ore (SF: -2mm)
x addition
g E=2~4kW/t
i .é ®
3|2 g
|
w|s
g 8
O] O
0500 660 760 860 9(‘)0 10‘00 1100 Flg. ].O. Fe dust lOSS Wlth VaI’iOl.lS

Top blowing O2 (Nm?®/h)

kinds of ore.

Table 5. Calculated values of the amount of reduction occurred at each site in various cases.

Ratio of the amount of reduction at each site
Case Amount of Amount of | Coke size Remarks
slag: W,/A | coke: W,/W;| (mm) Bulk metal-slag | Metal droplets-slag | Coke-slag
(t/m?) (—) interface interface interface

A 0.5 0.2 10~15 0.70 0.18 0.12 5t experiment, with small amount of slag
B 1.0 0.2 10~15 0.55 0.27 0.18 5t experiment, with large amount of slag
C 2.0 0.2 10~15 0.37 0.37 0.26 170 t experiment
D 2.0 0.2 5~50 0.45 0.45 0.10 170 t experiment with large coke
E 2.0 1.0 5~50 0.34 0.33 0.33 170 t experiment with large amount of large coke

Dl X512, R LTa—s2%@AL-BE
oWwTi, 28257 FREBEY 7 70—
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K=Ka+(Ws/A)'Ks .................................. (6)
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K,=0.032(kmol-O; /min /(% T.Fe)/m?)
K, = 0.022(kmol-O,/min /(% T.Fe)/t-slag)
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K. = 0.040(kmol-05 /min /(% T.Fe)/t-coke)
K,=0.014(kmol-O5 /min /(% T. Fe)/t-slag)
IDXHIITKRDOLNI-FEREEBOBELHNT, 27
&, RME, KMV A X0ERRELT, &1 +o
EILKILEDOE Y EHE L 2K % Table 6 IZ/R7.
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Wk-A T ZRE, KM-27 7REORGELER
0.55:0.27:0.18 & A. —, 170t FFCTHOHIEIG,
BlZEr—A EDB&EiZid 0.34:0.33:0.33 &4 5.
KBRS B E, NUZXIN-25 7REORKIGE

—112—



LK & BiF = BV 7o BREUR OV RGE UL 1877

RBYT B, A7 THNEAERELTELDTRT
FSAKICEIHZ . TAFKRFEIIBWT, EILRICE
EOHTAr—V7 v 7LRTWHEHTHS.

(2 )AREBERETE O

72U 0LAEMBTORBEY LHEBT AL, 2K
PRBE, BN, ¥ A MGG CRBEANSL .
Thb, FEATVEMEY 7V 7u—%FIH L TR
Txv b AIYNVBERENTHILBRA L ITHD,
AT VENPEVIIE, FIFHEE L b BIF 2 E B OIS,
BoBEIRRAT FERE XK 350 kg/t-metal T
HoT, 720270 L0E (#1t/t-metal ) IZH~
TARVH, R NVO—FE L BITBERAT I EELT
BELROVETHR2EZADL, B VB¥EORME
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Z&AT VEFIH L CEEEY £ v b & X7 V%R
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VT o THERE L.
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wEENT S (L,/L,<0.7) 2&, BIURBZER
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(5)170 t T (WRERMEFE 30 000 Nm®/h) —RIRBESR
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Appendix

WHEIP L B X PR IRBALOE L&

WEIGZEWEI X ¥V, 25 7B X UERNBERM O
BErxH52, #hudill L, S5 CEENREKBICEA
SNCERE, BF, 440, BM, B2 0 AYE
BIUOYRAMNBEEFHOCRBERBEOX ¥V, 25 7,
PG RME, BXUHET 2B %K.

FHHETIE, ThoomEGHEIZHEDE, C, Si,
Mn, P, S, Fe, OO H, NONXS YR, A5 INF VR,
HANG v AREBHE L, 0@ HREEHEV.

T/, RMEBEMIZFSIN—2EL, FHRERERM
DHBSEEL, UToXroKD 7. '

(R AL ) =

(HRME) + (FRER R EER)
(R ESE)
(kg/t-HM) ++eeevvvreemmininniiien, (8)

oz,

(EREstE) = (RESE) - (WHESER)
(KI5 M TR ) = (R RS R )
— (RPN R E) — (5 2 bR E)

1+ 5
A FOWHEE (m?)
K : %35 BUCEBE E
(kmol-Oy /min /(% T.Fe)/m?)
K,: 27 7-2 5 V5 R G E € 5
(kmol-O5 /min /(% T.Fe)/m?)
K. : 27 7~ x5S E E 3
(kmol-O, /min /(% T.Fe)/t-coke)
Ky: 2 F 7 -k 85 BUCHEE 2 5%
(kmol-0, /min/(%T.Fe)/t-slag)
K, : 2 7 7 A EEE
(kmol-Oy /min/(%T. Fe)/t-slag)
L: FREBES 29 PORAT Z~AOBAZES (mm)
HINORX™ 2 HOCEE L 2720, %35 >~
A DIGEDOBRBARY ki, D 3ILTOEEBRKEE
IBAEOBRICEEREL, ARBROMEH/ A Vo
VAEAIHTHEE LTERDZ. Thbb 5t RED
WaE? ki 1.26, 170t RERDOFED ki3 1.19 TH
5.
L,: 25 7E# (mm)
(PC%) : ZRIMIBE (%)
Q:: HEE # 2 EE (Nm®/h)
Qu, : FFA Ny ¥ AWA AR (Nm®/h)
R: FUGEE (kmol-Os /min /m?)
(%T.Fe) : 27 7 T. Fe i (wt%)
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1878 B & 5% 76 4 (1990) 11 H

W.: 25 7ttgE (t)

W,: 2778 (t)

(X%) : FARFT 2P X lT0RE (%)

(X%),: ZZ58%h X A DBE (%)

(X%),: BEH A X KAHOBE (%)

Tpe * %%ﬂhi (%)

s R EFORY ICXBERETAD XY VORES
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