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Reduction of Molten Iron Oxide-Based Slags by Solid Graphite

Synopsis :

Shigeta HARA and Kazumi OGINO

The rate of FeO reduction in molten FeO-CaO-SiO, slags by graphite is determined by measuring
volumes of gas evolved in a temperature range of 1250 ~1400°C. An X-ray fluoroscopy technique is applied

to visualize the appearance of the reaction.

The results are summarized as follows; (1) formation of

foaming layer, which is observed above the dense slag melt after slag-graphite contact, has an incubation
period, (2) the rate of the gas evolution becomes maximum when the foaming layer appears (3) the foaming
layer as well as the dense slag melt contributes to the FeO reduction and (4) the rate of the FeO reduction
strongly depends on activity of FeO in the melt, but the dependency changes when the activity is above 0.8.
Key words : iron oxide ; smelting reduction ; CaO ; SiO; ; foaming ; molten slag ; X-ray observation ; rate.
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Fig. 1. Apparatus for observation of slag-graph-
ite reaction by X-ray fluoroscopy.
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Fig. 2. Apparatus for measurement of gas evolu-
tion rate during slag-graphite reaction.
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Fig. 3. Relation between weight loss of graphite
rod and that of slag after slag-graphite reaction.
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Fig. 4. Relation between weight loss of graphite
and total gas revolution after slag-graphite reac-
tion.
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Fig. 5. Examples for change of total gas revolution with time under various im-

mersion depth of graphite rod in melt.
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Fig. 6. Examples for change of rate of gas revolu-
tion with time under various immersion depth of
graphite rod in melt.

HERSEORIERS (em), Neo EFER ¢  TIZRAEL
72 CO #HAE (mol) #LT We & pc ZEESDOR &
(12.01) ¢ BEHEOEE (1.61g/em®) THAH. (5)5
WL DEE L BHEOREORHMEILOH % Fig
7R T. FHELOBRSBEOREOREE L, BIE
DA T TREANDBIEEE NI RS ICREVES
CHE LT, Mw I EARBERE, T/, TARERE
n%VIEA (Fig. 7(b)) BHE Lo RBED KA EL &
RinkEEomMmedico LaMmT s, FAREEBX
CRUSER T RAB OB EH 5K 6 N5 BITTIGHIE
DEALB DR B 2~4% Y, BILBIEE ORI
PV EER T LAINT 5w I RE 2D, EER
BTHOBHREOBEICINE, BHEOEZEORI D
B 3EMsd ), THROERBRIVEOKE WIS L
WA E O RN/ & W EOES & ASHHEICX B S vz,
Thid, BAXHEBRICILBNEIBELRRAT LR



364 % L W % 76 £ (1990) % 3 5
[ [ (b) ' ! [
1300°C _ 1300°C
. 030 I~ FeO-30masseSi0; ] 50-30 —— Fe0-10mass% Ca0-20°.Si0;
g - Ca0/Si0;=05
o e Immersion depth
o
p b/ o 0.41 (cm)
= L
£ 025 < g025 ® 0.96 L
2 & A a1.75
.f_: Immersion depth °
@ 0078 (cm @
= e 248 5
9 020 & 3.00 & 020 ,
« 4 380 \c\ Fig. 7. Examples for change of
b radius of graphite rod with im-
{ . .
0 5 30 25 50 0 35 N 25 & mersion depth of the rod in melt.

Reaction time (min.)

L TV ARG &S AT TRE LT BES &I
LTBY, BELTHROAT 7HMOAL LS, bh b
B INDHZIZL AT - T DHEBH R L OFITLI
B EFGT A ERRBLTHAS. LA 5T, Fig 7
DRFIXBEHEEBE L AT 7 L HM L TW BRSO A
BROSHFETH S & LT, BEHO 25 FRkh~ DR
HRSELTIOHDPORS LERW I »54L
RbOREEZONL. 2T, AT HBOBITRIL~
DFFIZoWTHE % L 7.
HEORERI PR 5728 LTH, BEEHNE--
HMBOBMA LT L TV B DT, BEEDLFEDRMA HIE
FIRSHIHTRELLEZVEEZOND, LidsT,
B b, RS X0BAEREIENT B0, {@vb
J& & B & DR OB ICTIEANDFGI X B L E 2
7. 22T, A5 )DBEMHHEORBEERS L2 LT,
WL B RB ORI T 54555 L LT Ly (LLTICHS
AL LE S EMS) 2z, Babd L v 7o ERER
THLAGHE T, R ORARE S RIER S ITKGF L
BWE I Ly DfEixRED. Boht: Lo DD LI
X BEALD—Bl% Fig. 8 12/, kKdSHN Ly Dffi
&, HAIBERI M- o r 2L R L onhns 3Lich
TILHEDLL T, BERESIFIICEVEEERE, L
DEICIZEALKEL V. $7220 Ly OfE % sk
LREHBORERSE (L+Ly) tHWTR(5)25H
AR LEBBOLFEORMICL L ELO—H %
Fig. 9 IZ/RY. TOX) CEBHBOREFES+ERL
FOE DB ORAT DFRILERIREDZELASZFNIZEKRE L
B2 s, BRI EE REOMK &R
ER—EThHhIE, 3T —THEELIHEREEL. 0
FHRICE D g s h - RO RAEE &L AL L E
& Lo D% Table 1 \Z/RF. Lo DfEIXIREE R 5 7
MU K D LT 5.

Reaction time (min.)

[ 1 I
2 1300°C

— Ca0/Si02=0.5 —
y——o—

;’ f“"_—o— Ca0/Si0:=1.0
1 .

- O O OO
/ Fe0-Si0:

1

!

'

|
tro —
K
l

1

Effective foam height (cm)

!
NG

| 1
% R 5

Immersion depth of graphite (cm)

Fig. 8. Change of effective foam height with im-
mersion depth of graphite in melt.
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Table 1. Rate of oxygen removal from iron oxide based melts during reduction by solid graphite.

Reduction rate Effective Rate of oxygen
Melt Reducing Temperature of radius of foam removal Ref
(mass% ) reagent (°C) graphite rod height 7, eterence
(cm/min) Lo (em) (mol/cem? min)
Fe0-35Si0; Graphite 1300 6.0X107* 0 0.8x107* Present work
Fe0-30Si0, Graphite 1250 6.6X107* 0.75 0.9%x1074
Fe0-30Si0, Graphite 1300 7.6X107* 0.78 1.1x107*
Fe0-30Si0, Graphite 1400 9.6Xx107* 0.81 1.3x1074
Fe0-25Si02 Graphite 1300 12.8X107¢ 0.61 1.7%x1074
Fe0-15Si0; Graphite 1300 15.8%x1074 0.51 2.1x107*
Fe0-10Ca0-20Si02 Graphite 1300 15.3%X1074 1.35 2.0x1074
Fe0-10Ca0-20Si0; Graphite 1400 16.6X107* 1.50 2.2Xx1074
Fe0-8.3Ca0-16.6Si0; Graphite 1320 25.0x107* 2.00 3.4x107*
Fe0-15Ca0-15Si02 Graphite 1300 55.8X10 4 1.24 7.4%1074
Fe0-12.5Ca0-12.5Si0; Graphite 1340 55.3X10~* 1.66 7.4x1074
Wistite Carbon 1400 15x1074 SasAKI, SoMal?
Waustite CO gas 1450 7.5%1074 TSUKIHASHI et al.'®
Wiistite CO gas 1400 7.5X1074 NAGASAKA ef al.!®
FeO-5~10Si0 Graphite 1400 15.7x1074 DAVIS et al'V
Fe0-10Si0; Graphite 1400 10x1074 SASAKI et al!?
Fe0-20Si02 Graphite 1400 3x107* SASAKI et al.}?
Fe0-30Si0; Graphite 1400 1x1074 SASAKI et al.'?
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mol/cm?min & BW—3 % /"9 . & B, Fig. 10 T Wustite
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Fig. 10. Relation between rate of oxygen transfer
from melt to gaseous phase and concentration of
iron oxide in the melt at 1 300°C.
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Fig. 11. Relation between rate of oxygen transfer

from melt to gaseous phase and activity of iron
oxide in the melt at 1 300°C.

DEBIZEDBITHE X, 4RSS D 1400°C TD
WEMEE, $7° CO HRIZLD Wistite DimITEE 1T
AE S0 BLOERS® 01400°C 12 B 2 H %R
LTWah., TOXHICEII L ABLEREA DB ICE
ik, RZED X 92 FeO BE DS 70 mass % T fEDHL
BTid, BMLEkoERE X bEED Ca0/Si0, iz X
DRKESCHKEL TS, My, HEHSY oFEEKRHE
12 X BRRALBGRRMA O & ITTHEE DM I K huE, RUsE
BrAROBILOmELBb s TWnh, KiEE%RE
FCHE XD BE LT Fig. 11 1R T. Bikiko
HEOERWIGEICE, BICHEE ZMAROBLEoOFHE

I LTINS A A 2 R A5, [EEOMEAH 0.8
LR A 13 SUSHE L S TE 8 12 HBIE 32 Hmns 5.

SO RIEREAH 0.8 5 KU O R B

HEATHIEXRBLTVS, 4, (1)XTERERS
Ko EHRETEIT L TWAES, Rtk E 8%
LD oTwreEZONS, (1 )B4 EKMET
ORI 3 ) & 2 B0 RELERE ()RS X A
ShB CO #RDEALETR 2 5 7 - SR~ 0B
B (DA 7-FHEREC BT ARG 2 )X 8Lk
DHFAZETLHEETHSH., EWS 2 nid, Aphpe
b8 D CO-CO, BAF I L 5 (2)RIC &k 2 BTG
o2 T, fEAERICHEEOEEOZFOEE »
ERATHEZHNS.

r (kg/mzs) = ka(PCO'—PCOz /K 'c) ............... (7)
ZIT,K'c BZFORMKL FET B LMD CO,/CO
%, $72 Peo, Poo, WBRTEH AHTOEZRENDS
JEZ/RLTWA, k, $RITHEECHT, MAEOMRE
WAl & Effiogkofr L S IREORE LTELT
IS s BRSO k, DBIERA S BOEB () (1)
DHEEDFTTEL R 7 AR E S E DORETO Peo
GFHEZ 1TREEREL, 1400°C I2BIBH R T 7-CO
AFRHEBL TCOBERLZORARICEE KD S &
Fig. 10 OB E %5, 20 X512, BtBoFEEK
WIS REE S WA RECEE IARERLIDEL,
BB OEROB VIS G LA 2 A A &R
T. ZOBE, BHE A5 7 0REICIEH RARAML
MELTWAHEDT, ZORMBOFMARIEE 5. B
L8R D & XD 7 B RO & IC SIS R E AR 1 51T 5 7
MG (3)ICE W EREATHS EThE, #ARKAM
B TCRNMEBOTAPEMBELTWE I Erb, R
S CEREEIML VA EELDL I LIFFNITER
FHTELZ . L2LA2S, BLEREE R VIS (T
b bBIEBOTHENRCVIGE) &, FRoE L 28
5 EFEMEEEMMEOHEIFICHMATSL., coZ
i3, BALBEEAMR VA, RnREEoMme £
AAHE0E, CLARMIIEB TG 3 ) USoHEE
BAEBITLTWAREEZLI LY, GHBNTHA I L
Bbns, &I, COEBICBWTEBEOKREEE
HEALFOWHEE & HHIBERICH B Z MM TH B,
COEANGEEE SO ORFICESEBLER X T S
KO ZBICHEIE DRFFEIC 5V T H BB AR VA 12
BEESNTBY, JUSICE 2T 2ARENHEH® 5 D
AR (1) X AEBERCAE LRI ET L,
HASIAMOGFHE R G LA RIBREOWMIE2 %050
TRAEVWPEHEESRA, Zhicx L, BMbgkoniEEs



B X A MALBREM X 7 7 DTS 367

HWNT5&BMERATFEDOFHBIEEIIAAJRIZED
HEh, FAMEFBELCORG(2), (3)0MEGRICX
HRIBHEITT 5 BRI TA20TREVW» LTS
EHLDTH5.

4. #H B

FeO-Ca0-Si0, R BlKD BRI X 5 BILIE % &8
X#BEHOTERETH L L LI, UnicfEd) FADREAE
BORE» SR L7z, BREUTICENTS.

(1)@fk & BEn & 2fbfE, 27 FREO LERICIEsE
LA T 5 DIZIZES OB D DA BB O
B M A DRAERE SR AME TS,

(2)ER SN DR T 7N bIEIEF D TERIC S % BUE
ZRARAH L RIS E LU EH ST 5.

(AL HLBORISEL IR L 2FMa L b o= &
BEMEOME, BEICLVREL), FAORAEHRD
DEMEL L & S IEEEPRT I A EKRELC L DHE
MiEFE b EEILND.

(4)ERo BITHE LR OFRLER DIFE 125 K
HFLIEEMH 0.8 LT T izima s e L <&BIb ¥
HOIX LT, L EHEASWIMT % & 2 HIZEDHE
BT A 2R,

Bbhichin, ERICHND SR ERTLEL
(B {Ee&WE), BE_ 1%+ (B A—#%) X
BHEE LY (B 395 A5 CECHEEREERL
E3 I

X [

1) W. O. PHILBROOK and L. D. KiRkBRIDE: Trans. AIME, 233
(1956), p. 351

2) V. V. Konpakov and D. I. RYZHONONKOV: Izv. VUZov.,
Chern. Met. (1963) 1, p. 17

3) V. S. SHAVRIN and I. N. ZAKHRON: Izv. VUZov., Chern.
Met. (1964) 5, p. 7

4 ) P. M. Suurycin, V. N. BoroNeENKOV, V. I KRYUK and V.
V. RevEBUOV: Tzv. VUZov., Chern. Met. (1965) 2, p. 23

5) S. K. TARBY and W. O. PHILBROOK: Trans. AIME, 239
(1967), p. 1007

6 ) S. V. SHANTARIN, O. A. EsIN and V. N. BORONENKOV: Izv.
Akad. Nauk SSSR. Metally (1968) 5, p. 18

7 ) F. Fun: Metall. Trans., 1 (1970), p. 2537

8) T E.Dancy: J. Iron Steel Inst, 169 (1951), p. 17

9 ) H. KRAINER, H. P. BEER and H. BRANDL: Tech. Mitt.
Krupp. Forsch-Ber., 24 (1966), p. 139

10) ZAEHER, MU &, AEE—: gk& M, 58 (1972),
p. 1363

11) M. W. Davis, C. S. F. HAZELDEAN and P. N, SMITH:
Richardson Conference on Physical Chemistry (1973),
p. 95

12) {4 AREE, WA, HERF: kM, 64 (1978),
p. 367

13) Y. Sasaki and T. Soma: Metall. Trans., 88 (1977),
p. 189

14) {4 AR, MEHA: k&4, 64 (1978), p. 376

15) B Ak, £HEEA, bFE, KEFME: #ke M, 69
(1983), p. 1152

16) ARESCE, MEAHE, KEW—, MHERA: 8L M, 68
(1982), p. 750

17) 3, HO%E, EHER: gked, 71 (1985),

p. 204
18) B, Jhriskss, BOERR: $kE M, 75 (1989),
p. 74

19) I M. DavipsoN and C. BopsworTH: J. Iron. Steel. Inst.,
195 (1960), p. 163

20) K. OGINO, M. HIRANO and A. ADAcHI: Technol. Report
Osaka University, 24 (1974), p. 49




