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Effect of the Addition of SiO, and CaO on the Reduction of Dense Wustite

with H2

Synopsis :

Nobukazu SHIGEMATSU and Hikoya IWAI

The dense wustite plates containing SiO, and CaO were reduced isothermally in H, gas stream over a
temperature range of 670 to 930°C. The wustite samples used in this work consist of FeO phase dissolving
Si0, and CaQ, Fe-Ca olivine and dicalcium silicate. It was clear that the reduction rate of the samples was
affected mainly by the additives dissolved in FeO phase and slightly by the complex oxides. By the presence
of very small amount of SiO, dissolved in FeO phase the reduction was promoted at temperatures above
800°C and retarded at temperatures below 730°C. The reduction was promoted very much by the presence
of dissolved CaO over a temperature range of this work. It was recognized that the effect of these dissolved
oxides on the reduction rate originated from their effect on the morphology of the reduced iron.

Key words : direct reduction; ironmaking ; gaseous
reduction rate ; morphology of reduced iron.
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Fig. 1. Plots of loss-in-weight vs. square root of
reduction time for estimation of the apparent reac-
tion rate constant k.
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Fig. 2. Plots of log ko, the concentration of SiO,
dissolved in FeO phase and the weight percentage
of fayalite in the sample vs. the percentage of SiO,
added on the samples.

B0 Si0, HT, RICEE 2° 800°C LA Lo & @il T
BRIRIZHE AR L TWw A, 730°C LT OIS Cidafii
KIS/ E DT A RN Si0, &A1 0.2% DA,
Fayalite D &IMERH SN L VDOT, TOKIEL k, B
DOEALIIREIE Si0, DEHIcL B D EEZLNE, £
7z SiO, IRIME A% { % A &, Fayalite @ ghiHi 8 A% 2
BAS, THICHEI B(LE LT, BIRED k EAR R
BT AEMFEOONDEETH Y, Fayalite 28I
FEEWCB XTI EEEREE Si0, DFNITH~S LG
V. 4B, RIBBTR b EOSD EAKE VLD,

Fayalite fhii&E & k fEE OBICI313 2 & b L @A

930890 800"*™P730  670°C

-1
Sp=est_fe0-
[ (05-
P guca0”
-2 o ° :
—t:) pure FeO, 068) [ )
o — —_ 7
£-31
g\ (]
= B
4
v_l.. o 0|5
2 1| 1
d ¢ 15
e 2
08 09 14pgo 10 N

Fig. 3. Temperature dependence of k, for the
samples containing 5%Si05 and 2.5-10%Ca0. “B” is
the weight ratio of CaO/SiO, added to FeO.
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Photo. 2. Structure of the samples partially reduced at 670°C.
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Photo. 3. Structure of the samples partially re-
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BUSAHO Z2 C, RIS IR THLAS A MEIA 255 T g,
SHMAEROBAIEL b2, k BZ/NELRD,
372 FeO R ARHICBE LM CE LA T VWD
2, B OSMNH CEARICHE S Kb % (Fig
9). FeO XA BELHIETEDLNL L, UHBORT
& Fe S5 T B AR F OHEUIC X > THLE
EnBH 2w, BOTEL RS, Thbb k HIMED
T/hEL 5.

B OBRENNE OFBOMER E L oA, kB
BHREREOEE A, EREKDT FeO RE % E D 7,
SIVE S R LB B0 d, S DEREE, %
FeO HMICIH 2> TIA AN OE S 2 LIIEE L5 2
LRBMAEHEOEE T IFR TV, T4bE, Fe, FeO
KA AET BT A, RILFRHEEED FeO D Z24L,
EABRILY OWRE & 2 O0H B LU FeO DfEfHHLL
FIBFAE O & OBRE & 052 OBE O RBERN S & %
Zbhh, 7, SILEHFERLET VLRSI
WTh, REHNELEDEVYS, 3HAROBRA I
BBV ST, 3% b5 RE GO EE SR
WERAELBELELD. LEADT, OB
DREDEHTENAE 2Ry, J VY RTFIANGA
R VRBATERTHODEEZONS. T2 0OBE
3, FEF IV N AR VREETRT A A I
T, SMHFREAEOREHI DL DI Ly, FA
DR OHTRFNI R B Z 2 S, KLIEL PRY

IANBHEIHNTNELL 2B,
4-2 BRXERECEELTHE L5 X 3BMB{EDON
i .
33 BXU41 THRRIAERSOERE L BILEE L D
AR S, WIMEM LI &> THEBSOTEE I E V254
U5ERE, BHEZPERLTOARNEB YIS LDOT
7 <, FeO fHHFIZREIHE LTV 5B b o E/ I
HHLDELHBEENL. Fig. 413, oL LD
WTC, ky [H%E FeO M ICHEET 5 CaO &, SiO, Il
HLTERRLIZODTH A, Fig. 4 BLU Fig. 2 ICR
HNAH K, k EOZA LI EBRILWREOR{LT
ICBWTEBLZ L0, Si0, BLU CaO 2iFML
7oA D FeO MOETHE S KE (LR L TWAH DI,
FeO fIZEBLTCW A I OB EHTH L 2 b
HHSNTH5H.
4-3 FeO HPICEBT % Si0, LV CaO DR
BICHLITTHER
4+1 T ~7- X 512, AERNERRE ORI UL TRE A~ O
FEIC A DPLHGERE % 6 U FHENZ 381F AL UG 0%
B EEE BT AR EE AN T A EE L
SN AHH, Zhid FeO FMIZART %MD ED
KENIHD T B B, KEICEH 2 AN S 00
WENRIEBII RSN E VW) T ETHREENL LD EFE
AOND. F7, 42 THARL XS, FeO OEITH
EEKELERLTWADIE, FeO FIZEBELTWAS
Si0,, Ca0 DIEH TH A Z LML M2, Th
5D &S, FEE SiO, CaO i3, it OMEIR
B2 TS B, ERICEEICMHILLPOVTRA
BEC AN EV) BICEEL 525 2 L THREDIE
B, BUEELTMLTCVELDEEZIONAS.
EEZOBFIIOZT L IZELT, RIS Il X)L,
FEE L2 FeO, H£risk, BT A0 IMBIICBIT
AHRELANF—OMHERICEELT S A TwHHDL
ERZTWAE, Thbb, SREHET k fE, kb ErX
X (¥ LM CaO 121d, Fe/FeO i o FmW = % v
F—2KELTHEH DAL D EHELE L2z, FRIS,
FeO #$0.2~0.3% @ SiO, ¥ BiHETHZ Li2L D,
800° LLE T3 Fe/FeO MORAE A VL F—HKEL L
D, 730° LT CR/Na&L A0, BB Tidmieg
FeO L0 b KE% ko fB, k ARSI, KIEHTE
NSRBI LB LDEHERESNS,
4-4 Si0, EBICKL V) BTREDREEKFEI TERE
% 3FEHA
Moukasst 52 1, SiO, # EHE ¢ 7- FeO B D
H, #IC %17V, 850°C LLEDEIRTIE CaO L[FFEE D
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BOBARERN R 258 5 %%, RIBCRIMFIEH 2R ¢ %
HEL TS, o, SRS TEEG L. SidhE
T A DRKEH~OWRE, BITHEOER L & 0B~
KHALGHhOEH 2 RIS L CRENG2IEET S
A, RIBTRBIZIESi Dy 725 v FHREBADE
TR 2 HET A LT, BTHAEH S NLOTIX
wnipbkEZTHS,

CHICHL, FEESEHBRRTORS KRBT OB
ZHAT Y HIREHB RN Z L2 S, Bl R &
N F—DEALD SiO, % [EET % FeO #ROERE, 8
IR T DT 2 SIS TET AU feE R E v e #E
Z, UFoX> i+ 1T2o/:205, Th2ESIFLLS
RILBRIAD S0/

3% Si0, WK% 670° 12T 40h BILL (RITLHE
3% ), HHBEEEKTIMVBRVT, BERECLS
XMEH 2o/, 7, AR 2ERAA, FELA
b DIZa LT FeO HilZ D& X % B 2 /B E 37
EEICLBEIFEITOL. LAaL, WTRLOBA DB
MOBRTTFHSELAB L 0BV ERO SR LD
7z, 54T, 1% O Si0, iR L 2238 @ 670°, 890°
WKBIFABTEEZTH L-dDIZo>WT, ZOHME%
SEM 2T 3000 {5 CTHiEE L 7248, WFRDOHED FeO
BRSO T R L7 5 % ho 7.

XA X OFIEED 1% DT oMER BB
WesbZE3WETHL. LdoT, B
MHHEAET ARG LR O RETHEES B DO TIE
v, A% TORBEICE LT, FeO, £E, BT
HADSHEIIBIFARMI AN F—OHEERICE X
137 Si0, B, WEOREL ERNICHED O S LEH
HHEEZBNS.

4-5 Olivine DBTEEICH KITIZE

3:3 TR X I, KEBRTIE FeO DFIMHIZ &
LT AHETTMED Olivine OFETEWCEIR R L AR Y
REEDERPHEITTAH L, TBITHE N & X2
Olivine X BV TERILVELRMISETTHZ £2%b
Mol TNHDIMBIE, b L Olivine PEAEBRO L4
TTRILEN, G b b0 THNE, KBS ICHR
T&%. ZOWHREICOVTREITLTAS.

HNET— 5" 2 H v TRO KGO P,/ Puyo
HikRDBE, 670~930°C I2BWNWT 14~5 THh 5.

Fe,Si0,+2H,=2Fe+ Si0O,+ 2H,0
Wite FeO D Nid 2.1~1.5 Th A7 5, FeO It
AT B PIITRIC S VA, REERO X 5 M
Hy, "AER L T A&t snsiiitd &
ZoMb., KEEEDKRE T Olivine DIF1EADS FeO 3

HOBILEEICKRELEEYRIFE VI b hD
7o L L, BIUERWICH ZAOWEEFREICTS LD
BREILDPEINTHEREIDEVWIRIEDIEZ OGN,
472, Olivine BLADBITLEE % T\, ZORILEH),
BB OHRE OV EIOLLENH D L FE
ZTV5.

5. #& B

SiOy BLUV CaO #RMLBE LY R 7 4 FAF
D Hy A X DEMBICEAT, RKOHB®H7. (1)
WL 2B b o — 8B 1d FeO AR ICEA L, FEERIE
Fe-Ca olivine £ X UF Dicalcium-silicate # XK $ 5.
BIEHEEICFICHEY 5 2 5013 FeO HICHEEA L 7288
It ThHy, BEEBLYISBITERE ICB JIFTRE I/
v, (2) 0.2% BBED Si0, #EBE$TAILILD,
TAZA ORI OBICHEE, FEUCEE I, MR
U AF A MIHNRT, 800°C LLETIZRE L 4525,
730°C LLFCidaiiz /s < 2y, REKREESAERE L
o7z, (3) SiO, L FEEFIC CaO 2L 7284, &
MML7z- CaO & SiO, DK EL B L, TTHE
SiO, WA L, RVWTEE CaO EFWKTH. &
WIS T, EREOBITHEE OREKFEIA S & 2
LMBHHE L, BILEE I TEREHPH Y X5
FOBEICHANTRIBICHEKAL, CaO O AFBOEE
ERBEICR S, (4) FeO HHICEE L T 581
3, ERSAHOEEEL LTS, Lo ORILHEEI
bREGEELBEZDLLDEEZOND.

EPMA 55#7 B & OLF 57122 W Tt (Bk) S 250
T DIEMBAFR AT ANEEE ¥ » ¥ — B X WS BT
WERIC L KOMBG B0 £ Lz, BEROBALIEH T
LEFES.
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