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The Characteristic of a Thick Slag Layer and Mechanism of
Reduction of Iron Ore in the Smelting Reduction

Michitaka Marsvo, Hiroyuki Katavama, Tetsuharu 1Baraxi, Masao Y AMAUCHI, Michitaka Kanemoro and Yuji Ocawa

Synopsis : It was reported that the reduction rate constant of iron ore increased with increasing of the amount of slag in the
smelting reduction with a thick slag layer. However, its mechanism was not clear.
In this study, distributions of metal droplets and carbonaceous materials in the slag layer were investigated with a
100t converter and the mechanism of reduction of iron ore was discussed. The obtained results were as follows:

(1) Considered from the distributions above, 4494 of iron oxide was reduced at the metal surface in the lower 309 of
the slag layer, 69 of theat was reduced at the metal surface in the upper 709% of the slag layer and 50% of that was
reduced at the surface of the carbonaceous materials in the slag.

(2)For achieving high productivity keeping high post-combustion ratio, low dust formation and a stable operation
without slag foaming, the following methods are useful.

(i) keeping a large amount of slag.

(ii) keeping a large amount of carbonaceous materials in the slag.
(iii)controlling the bottom stirring to surpress the amount of metal droplets in the upper 70% of slag layer.

Key words : smelting reduction ; iron ore ; thick slag layer.
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Table 1. Experimental conditions of 100t furnace.

* Top-and-bottom blowing converter

Smelting reduction "
* Height ; 8,300mm

fumace - Inner diameter ; 5,400 mm

+ Amount of metal:Max. 100t

* Temperature of metal ; 1500%£50°C
: . » Amount of slag ; 20-45t
Operation

* Basicity of slag ; Ca0/Si0,= 1.1-1.4
* Top blowing ; 02 =20,000 Nm3/h
- Bottom bubbling : N. (700-1400Nm3/h)

« Iron ore (mass¥)
[[T.Fe | Si02 [ Al203 | H20 | Size ]
[ 68.0 | 096 | 0.57 | 0.16 | lump and fine |
« Carbonaceous materials (massX)

FC VM Ash S Size

Coke | 87.3 0.6 12.1 | 0.36 | 5-25mm (85massX)
Coal | 55.2 | 36.5 8.3 |10.70

* Flux ; Lime

Raw materials
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Fig. 3. Effect of slag weight on the apparent rate
constant.
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Fig. 4. Example of the distribution of (T.Fe) in slag
layer.
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. 5. Distribution of metal droplets in slag layer.
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Fig. 7. Cross section of the sample of the quick-
quenching sampler.
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Fig. 8. Size distribution of metal droplets in slag

layer.
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Table 2. Condition for the amount of reduction in
100t furnace.

Conditions
Slag weight 34t
in slag 6.9 t (liquid), estimated
fron
Area 1600 m? in slag, estimated
in smelter | 15 t in smelter
Char | in slag 7.5 t in slag, estimated
Area 7700 m* in slag, estimated
Temperature 1410°C
(%T.Fe) 4.0%
Rate slag-iron 5.8%10°*
constants®
slag-graphite | 1.2x107*

* -(w/100a) * d(%FeQ)/dt=k(%Fe0)
k:g-Fe0/cm? /min/(%Fe0)?

1

SBNIERRICII B 1 5 R 7 2B ORI L BLSR TR IcORRE 729 Wl

EAEREPEHE SN TV 599, 2 2Tk, MEORInD
oV TR—OFFEELHEL T 3 HiC#FH L TPhil-
brook & 2Dl % Fv- 3 2 L (2 F %, Philbrook & DI flbod
FZEEDOREL TVAMEE R T 2 LR OTH 59,
7s 35, Philbrook & i3 3250 Rt B 2 B 2 BEALERIREE S X L
WM E & RN TEEL T O RIFETORBLIIRTL
iz, BLEEEOMMEC Y VCTRBEPEL I L
253, MBEnOMEM LD TR (TFe)ll & 6T —F
EEzGs, FACIETEER, 1410C, (T.Fe)=4%
23T, B/ R 5 2 BITIX0.0029g-FeO/cm?/min, A Z
2[R RITI30.014g-FeO/cm2/minT ®H 3 . BAZK D 12K
IR L 2 OB TCEE DR % AV TEALEGE LR ICHEEE
(A ZNVEBEE) PFELTAS L, EMA S 2 /W Fm
TH10.5t/h, ERA S 27/RMBRETI1210.4t/hE % 5,
BILEOMAMMEIZ DV T, REEDORMEY R, LIk
RIGBETHEE~ OB VEHEERGTHEDE L EORE LR Y
BEEZLOLNDY, REERHEY L CRMAETORICED
AL LTR, ETRDIMET b, MERREH750%,
RMBED50%) P A THERPED TIVEHF LGNS,
I EAS B EORETOEILKIB DT, Py
WX E 2 5 LE223m?TH Y, Fruehan 6?3 EHE L T
5510, A7 ERERRM L ORERIDIZE~<% LE
WMTEABENSL BB, Fig3likmsuwT, A7 78%tn
CAMELRYR OB, —R, R Z/SIERETORIBD
FEZLA DL ELOLNED, Fig. 565405 &L 51z,
25 2T D TFE30voly Tidkigkh Rumic ML T 5729,
Y Dflid 2 v o ORIk L DRIBDFS 2 &L 2 Lk,
Bt RsifickoTwaEtFErLLNE, ‘
22T, 22T, REkEORISEHFICCAT BT
30vol % DK T DG (a) ~, 2 5 2T D_EET0v0l1% DHEE
TORBMm) LEFRL, TEELTHEL S, k¥, RO
WL L OREREE () CHEENG,
BHEIRESRMNTDH 5 2 7 278D 2 ton/m*DEE, A5
J& FE30vol% DRERTHE 2 5 RILD L (£ OFEIRT DER
R, A S, BRI DOR) 13, Fig. 3 £ Y D #54%
s, 203 h, ZOEBTORMAERIZ LG DR
HAERITIE R 5 2 B LOK20mass%TH 5 2 L2IREN
TwaDT, ZORMCZLIZBTLERZEERDORTEDINYN
LB T, 2 OHBAIZKE, (@) DRIBIE54—10=44%,
() 1250%, (b) 1x50—44=6% & % %,
42 HFEMELEOROOBEBIELRESE
BROEE Y —F R0 & 5 CERIZIEAT 5 AR
FHiETIE, BT EERZIBMB LI THRES, 20
A, EEREBR—E)TD(T.Fe) Dl (DR L v, K-
AUCRIEFT 2, (T.Fe)DEFET § 5 L Kb EFET
20 FEEBEY RIFTOT, (TFe) 28 EFT s 5l (Fl 2
5% LDTIRDIEPEZ L, 2Dzl #oft
WrermawaEtter Eys o L LIcEA, K- ADMER £



Wl 730 &% & #RVol. 82(1996)No. 9

NI TARELSTE2REYH 5,

AIRTKD BB E TS, KFADER KRS (T3
12HDHEL ZOROMBE R 2 LI ikmT 3,

FOWHEHEZR S Thid(a) OBTHEELPAS (TS
5, 21, ERVAERFZPHEPLT, RSB LMD X Z v
BROBEPBMSE 2L, FiE0h) ORISEEZRINS ¥ 5
SEVTE L, ZDOHA, Rkt FIRBEE S = v b O
WA TRIRERDIET, A M REBOHMPT] 242
ST RMEBPHERLT I LR, QORGHEEXEMS ¥ 2
PO TR L, RMOTEBLERNC X 2 2BOEE IV F OE
bbHs, L»L, RMEVHZ 5 L,
NTULVIRMESHEINL, REke 20t LkizL 3
BEUERFRDORBER NG & 2 ARIBEALO ERPOENDI D
B, NPT D2, RS 27BOMMYERMT
HHEIEVHEINTVBY,

SOOI, K-ACRET 2 HBERT L LTI, BEY
Hav, UL»L, WXWIEEOMM, e xFEHEOM ML &
DEREFHHDT, BERTS 2T UERIESOVEYDH
%,

&> T, AN (T.Fe) DIEZBEZ BT, &E
HER L350, ROFRE¥IERNTDH 5,

(1) RS 7BRPHERT 5,

(2)Y oyt x5 2 hickFza e s,

(3) BT 2 B, 25278 LER70vol% (FIKRS = v
MAHRAT BRI DRIV EL R Y TELRCEMIILE D
5,

5. #&

100 t BUEEAERIF T, 2B R S 2 2R L R IERE T ¥
V5B BB I R THRERGOBE S L FHD
A ZBORNEASI, 2L T, HXed{ b TR 2
BILRICDILROHEE 21T\, EEEX LY 20D C0E
BHERMTERE LI B0 NIERERZLUTOEY Th 5,

(1) R 5 Z7FD(T.Fe) 2 T—XREER T L 708
DR» I OBIERKOEE EHKKIE RS 7 BB Z I E RS

PP T e

12

Y, ZOBMRILS HEBEDIFORKE L IME—%T 5,

(2YRZZ7BORT -> T, BLeksTn, hieksTs,
BIERDRLE 576, RISk OCIBEI L O b v—%—L L THIB
A IZMoiREE L RIEDBIMR, R F 2T,

(3) LR ALY THERET L L, X527 BDTFE30
vol% DI T ORI SERTHEZ 5 BILKNE @), 252
B LETOvol% DR T ORISR TR Z 2 BELK G E
(b) ", 25 2P AET 5 RHMEE TR 2 2 BILRGE (0)
DI, I00tFDREHRERM L ST T44 1 6 150 L RIE 3 L3,

(4) (T.Fe) D% E - B WTAERET » 126 n
L, Ldd BREER, 2P REBCHIAYIEERE L F
DMOFFHMEEBHEX 5 2 L wicdIiZid, LToHFEH
EHAWTH 3,

O+ 257 BYHERT 5,
@tk R 5 7hicifFs ¢ 5,

QERBEHET 2B, 2527 LET0vol% (b E S =~
v MYMRAT IR ORISEEY L L 0T GERI L
Eo s,

X BR

MERE, A% 5, RgZ, FH &, S48, KRS
£ L8, 76 (1990), 1871.

INPRESR, RIBEE, &A@, RELS, TH %, MERE
MELE e+ X, 3 (1990), 1074

Y.Ogawa, H.Katayama, H.Hirata and N.Tokumitsu: ISIJ
International, 32 (1992), 95.

H.Katayama, T.Ibaraki, T.Ohno, M.Yamauchi, H.Hirata and
T.Inomoto : ISIJ International, 33 (1993), 124.

EREAE D B110-111E P LR M, HARS%SHem, ®
=, (1986), 13.

MIFAEE | BI46E PN S AT E, BASSE 2%, Hx
(1993), 125.

R.J.Fruehan : Proceeding of Savard/Lee International Sym-
posium on Bath Smelting, Montreal, (1992), 233.
T.Ibaraki, M.Kanemoto, S.Ogata, H.Hirata and H.
Katayama : SRNC 90, Phohang, (1990), 351.

O.Philbrook and L.D.Kirkbride: J. of Metals, 3 (1956), 351.
BRATEE, S&AEME, KIWEE, WL, HFFRILE, PR &
MR et 2, 5(1992), 180.

WIATREX, ALz, @M, RS, FH
£k LW, 78 (1992), 367.

RREEE, FB h, Fuwe, FE &, D)IHEF C $k LR,
76 (1990), 1879.

1)
2)
3)
4)
5)
6)
7)
8)

9)
10)
1D &, ERET

12)



