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Reduction of Molten Iron Ore with Solid Carbon

Kenji TAKAHASHI,

Synopsis:

The reduction processes of molten iron ore with solid carbon have been studied.

Masayoshi AMATATSU, and Tanekazu Soma

The reduction rates

of iron oxide pellets with graphite crucible have been obtained by measuring CO gas volume-rate under

the atmosphere.
The following results were obtained.

The experimental temperature was in the range of 1 330 to 1 570°C.

(1) At the temperature of 1330°C, it was observed that the reduction process of iron oxide pellets

proceeded in semi-liquid state.

(2) Above the temperature of 1 400°C, it was observed that the reduction processes were two steps;
first step was gaseous reduction from hematite to wustite and second step was direct reduction of molten

wustite by solid carbon.

(3) The reduction rates in liquid state were independent on the oxygen concentration in molten iron
ore. The apparent activation energy of reduction rates in liquid state was obtained about 56 kcal/mol.
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1. Tanmann’s furnace 6. Thermo-couple
2. Alumina tube 7. Specimen
3. Carbon crucible 8. Pinch cock
4. Two-way cock 9. Gas meter
5. Recorder 10. Water-cooler

Fig. 1. Experimental apparatus.
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Table I. Chemical composition of the pellet(%).

T.Fe | FeO [Si0, | CaO | ALO; |MgO| S

65.14 1 0.89 [ 3.67 | 0.59 | 1.11 | 0.37 | 0.004
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Fig. 3. Effect of temperature on reduction rate.
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Fig. 4. Reduction rate vs reduction degree.
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Fig. 5. Reduction of pellets by graphite crucible
with molten iron.
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Fig. 7. Effect of particle size on reduction rate.

Fig. 75, #ARTHSET LTV 5 LBbR 55
(GRIEHE 0~30%) R\ Tik, KE SmmdDRL >
bTik, B1E, B2EROFETIIVWTIEEAERIED
EmRLBRD LT, BIGEE LHNE 0mm¢é DXL >
FEDAEWZLETRLTWS. ZhEEGOPIAY» &
EIDKG S #kL - BRSBEIGET T 5 2 LI X 2T,
R 10mm¢ oLy beRONAX S, ELEA
CHE2EHOETIRE DCETEFOERS LKL D
DLEZIBND.

4. ENERCRETFRERETROEE

Fl@EmE sy v MRBRKEE CRIERREIC XD
TERTT 5 & &, TMRTROBRLETTR G BIETER
BLBET D DT EBEEREIT Lo

FERIEFEIS XOHER 21 TH~D 0 THS. Fi
BICHABOBRFBREREP PR THH I LIC XD, FEH
AEHBDI T8 D. —HAERCHH Lk w2 4 —
# — VT HIE ] REHIFH A 0.16~50 1 / min TH % /-0 ITER
EPKELILD. LieadoT, FEETHEOETER
T, 05N/ mir DEEXHL, AnsLHODH A X
—Z —DIRBEEP DN AFL R KD .

41 FEEaRE

NE S0mmeo, EX500mm ¢ SUS-27 25 LA
VR ISENIC HBEENF 257 VAR N o b Rt
I0mme¢D~<v sy bE—f& ($320g) WART, K
B3, »Ya= . MET 900°CitRiB#, KkE 4N/
min, ZEF IN//min QREFAEZTL, HAETE
fIe>T, FHBLABEER L. EBLRBCHESE
BEECABRIFIC L OTHKDSL. Tihbb, Z#HE5
AR IUHERC L >THERIESRD LN, Lhe
[y PROREBMERLOLPLERETELZER TS
EMTESD. Ly FOETEAE 30,50, 60, 70 ¥
XU 80% TThThKEICLLBHFAETETIEL, &

4
.
‘/‘P"——-‘
— //l
Z3
- / Dia: 10#
£ /( 1 420°C
§ 2 Nd Pre-red. | W
e / , [T 0% [iZg
& //"";‘; 2| st Ji0o
g i - 3] 50 |60
4 78 |99
[ I
3 4 5 6

Time {(min)

Fig. 8. Effect of pre-reduction on reduction rate
(Carbon crucible only).

408 —>
fe— 228 —>

55

80

(s ssess

W eI

|
-

45

\__/

. 38¢ —

1. Carbon crucible 2. Coke (dia. 9.5-12.7mm)
3. HB-crucible

Fig. 9. Reactor bed and crucible.

HEEF N2 DI LT, TR 6% TiSEImeEE & L.
42 RBERBSLUEER

4.2.1 BEALY RICXBEBT

Fig. 2 OBy H % 1420°C ot L, Flmos
A 0, 50, 61, 71% @V y bRET LCHEBETE



2530 % & £

# 61 4 (1975) w115

4 T
Dia: 10¢ ]
:3AIMOC |
=z No. Pre-red.
! 0%
£, 2 29 / Pl
< 4
g 3 49 / A 3
o 7 — -
» e -
S| / S, -
Q // ’—’I,/‘
O / Lot
_4=./.‘—“.—:-"‘J-/
0 I 2 3 4 5 6

Time (min)

Fig. 10. Effect of pre-reduction on reduction rate
(Coke bed).

T2t W 1IEBOHFT T, Fig. 5 (e)THRLEX
SWBMEMOEENREL, FARESENRBDT, ZC
TRE2EHETORRE VT AREE LR & OBRT
Fig. 8izRy. Z0OHE, BTRITEFHEE S COLAFE
HFEEFEAE-HLTEY, fRo [ERLETEE
VIARNER LS P OB ERETKE LE V] v S RER
BRI BRSSO, THIZRLY FPDEBEKIC
Ruy PEET LASACIBIEES R L, aF%n
HEHDI, FTHETROZERT ISEENEDbNh
TwhoLBbhb.

4.2.2 3—-J AL XDET

Fig. 910/ L7z B8Ry FRIT, BEVWSITIc X 2R
9.5~12.7mm OFEFHI— 2 2% 35mm OFEICE
WL, 1410°C i n#3 5. FlEETEN 0, 29, 49%
DRV y bREREN3E, ZOFK#o—s2E L
T LCHBRLETEREZ T2/ 72— AFROES,
FBOLEETRUy M ER L, BRETHSETTS. £
D%, BIHEDLTI— 2 ABRXBERBEFEIN LD
T, #RTEEC XS BTEBHOELE BDLh eho
7o EBRBERE AN ARLER LR & OBfRT Fig. 10
=T

Fig. 10 5B E 5, FHEETLEVWRLy
PEHBILT, FETEM 29, 49% O<RL v MIY)
WD T AFEREN BVWEREE 872 FliEdTe Lo
Ty Ny POSERETEFEP RSN, ERtbERR
BFERILRIC L 2TENRS L E X SN S2IBRETIE
fous.

L2L, by MZHRLTHY FOREI/NI Wi

vy bRV YKOREETER L, BV YK LER
Btk OEEBRON. Lisp2T, |y A3
— VD RDHBEFBIEHENTELBFREOREV VY
FzBEL, Rv o bOELKHHTICRT 5ERBRLETT
RGOV BRI T 2 0 E05H 5.

5. &

1 330~1570°C iz 317 % AR TIC X 58EHEDRTT
EBRE2Tev, UTORRZE-.

(1) 1400°C BL LTk, BIGRIGE 2 BRPECTHEFT L,
HHAEE W # 2B CTH Y, BITE 30% FHE % T&En
BEILEITTRC A LK Uiz, 82 R GRTR 30~
70%) TIXBERLBTOETL TR YD, BHEB(b&h ok
FIRE & HICREITRTE LTV Y. FORED BT
DIEH{L = & )V ¥ — 1% 56kcal/ mol THo 7.

(2) 1330°C i1, _Ly MIEERIREETH D,
BIGEEIL, BIE—FTdOk. %7, 1400°CLlET
BRI Y, MBREERERc SRS,

(3) Uy FOWEIINEWEE, D HBTTH
ERXE L, F2ERBBTT 5EOESSTIHERT
7.

(4) FHEEBELRVy FPOERHBAY FIT X BIERET
RE R FIRBILROEEIRb IR 2Dk

i

x [

1) W. O. PunBrook and L. D. KIRKBRIDE: J.
Metals, 8(1956), p. 351

2) §. V. Suavrin and I. N. Zakaarov: Izv. AN
SSSR Met. i Gor. Delo., (1964) 1, p. 27

3) I. N. Zaxuarov and S. V. SuavrinN: ibid,
(1964) 2, p. 31

4) §. K. Tarsy and W. O. PuiLBrook: Trans.
Met. Soc., 239(1967), p. 1005

5) F. Fun: Met. Trans., 1(1970), p. 2537

6) AHME, i, EE: gL, 58(1972), p.1363

7) T. E. Dancy: JISI, 169(1951), p. 17

8) V. V. Konpakov, et al.: lzv. Ch. Met.,
(1960) 4, p. 23

9) D. R. Mac RaEe: J. Metals, 17(1965), p. 1391

10) Aops, B4, bR RLKERTIERS, 28(1973),
p. 67

11) L. Boecpanny and H. J. EnceLL: Die Reduk-
tion der Eisenerze (1967), p. 98
[Springer-Verlag]

»A



