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Effect of CaO Addition on the Reducibility of FeO-SiO, Based Slag Powder
Hideki ONO-NAKAZATO, Toshinari YONEZAWA and Tateo USUI

Synopsis : Recently, it is strongly desired to lower slag content of iron ore sinter. In the sintering of the low slag ratio, one of the problems is the de-

crease of melt, which is needed to agglomerate the iron ores. As one of the methods to solve the problem, the use of silicate melt mainly
composed of Fe O-Si0, is considered. However, the reducibility of the sinter tends to become worse by increasing Fe O content. In the pre-
sent study, the method is examined to improve the reducibility by adding CaO in the silicate melt and by precipitating the mineral phases
composed of CaO and Si0,. In the examination, it is important to know the reducibility of Fe O in CaO-SiO,—Fe,O slag. The hydrogen re-
duction rate of Fe,O in the formed slag and the precipitated phases by the addition of CaO to Fe,0-Si0, melt at 1573K was measured at
1173K; the effect of CaO on the reducibility of FeO in CaO-SiO,~Fe O slag has been investigated. From the results, it is found that the com-
position of the equilibrated slag at 1573K largely affects the reducibility of the slag at 1173K. The reducibility is improved by the precipita-
tion of 2Ca0 - SiO, after CaO addition. The reducibility of both 2FeO - Si0, and CaO - FeO- SiO, are very low. Accordingly, it is important to
prevent the formation of 2FeO - SiO, and CaO - FeO- SiO, to attain the higher final fractional reduction. The reducibility of the slag containing
5mass% ALO, is a little better than that of the ALO;-free slag, and the dependence of the reducibility on slag composition shows the same

tendency as that of the Al,O,-free slag.

Key words : ironmaking; slag volume; reducibility; iron ore sinter; iron oxide; 2FeQ - Si0,; CaO-FeO- SiO,.

1. B8

HEDFRER» 5 ZMBEDE SI0,, & ALO, # LA %
MRS 208 S 52—, BIF 2 7 7 BEEHOE%
REFNBER DU EH 5 BELD 2 5 & BRI OB KA
B K27 7 HIC B 28T, MR TICk-C
BRBAL B+ T/, ZOXNEDO—D L LT, Bt
#-Si0, REFEHRE L2V ) r— MRS K DB E 2 16
RU, HERIL T2 HENELSGNBY, L Lks sl
12, Fe O DR (BFeOfl) 1%, HERHE 4 MHisd
DDIZIREITH 5—7, WHIKRILEDIZoAEHD, B8
THEAKIBIIE T T2 Z L BMoN T3, 22C, fi
I FeO IZ &k 21K 2 7 7k & & Sk gh ARl &8 &
SR ILOTER 2 M AADLE T, WEBTHENETE I =
VAT IHERENBEI N TS, ZDE X, CaO-
SiO,Fe O R A T 21 Fe,O DHHEILH A 1EIET 5 Z L 23 F
Rehb, AIC, CaO-SiO,FeORZ 7 70 b%ERT %
LAMDOH T, 2Fe0 - Si0, %6 & UF CaO - FeO - Si0, D H, &
TLRISEEZJE L, Zh o D{LAMmEBTOL S KIS E
BREBASIERINE L, BUHIERICHETSH S Z L+
LY, AR TIE, MkES Y X — b R2 720

K OHERL, Zh# CaO & KIG & ¥ CaO-Si0, REHWIHH %
Mrith &€ % Z &2k 5T 2Fe0 - Si0,, CaO - FeO - Si0, %D
BERTTME SO B A O U, BORITME A T B ks
DWTRE T 57289, Fe, 0-Si0, RANEIC CaO 2 IFML 72
BRIZAEC 3272, il H, BICRIGHEE % 8% L,
ZOHEEITTHEIZRIZT CaORMDEEA TN, £/,
ALO; DAEEFE LGS, WREIRE & & AOERE )
BESHEINTHDY, ALO, WA EWEINEN A 2 M
WEIZFIFY 5 BT, ZO8RTHICRIET ALO, ©
HELHNETII L EETH B, 22T, ALO %
5 mass% ¥R Al L 7z Ca0-Si0,Fe O R 2 J Z 12DV T[RIBED
KRETO, 0TI KITT ALO,DEEIZ DOV THAN
77

2. RBRGE

KEREAT 727 7K % Table 1 127" T, Table 1 D%
MB %, Fig. 1 12733 Fefdfll CaO-Si0O,~Fe,0 KHE 5O 0
IST3KIC BT 3 BMmEK Lic7ay b LA, BRI
2Fe0-Si0, DMK &, 2FeO-Si0, 12 CaO % HiN L 748 T
$ % No. 1~3 (1573K 2B\ TH—WHER) & LU No.

FR14F9H4HRM PR 144 12 A 6 H2H (Received on Sep. 4, 2002; Accepted on Dec. 6, 2002)
*  RBRKFAEBE T2#BF72F (Graduate School of Engineering, Osaka University, 2-1 Yamadaoka Suita 565-0871)
%2 KBRAERERAE (B #4vY T# M) ) (Graduate Student, Osaka University, now Daihatsu Motor Co., Ltd.)

559 I



B8 560

$ & 48 Tetsu-to-Hagané Vol. 89 (2003) No. 5

Table 1. The chemical compositions of CaO-SiO,~Fe O
slag samples.

(mass%)
Sample Ca0 SiO, Fe, O
2Fe0+Si0, —_— 29.5 70.5
No.1 10.0 26.5 63.5
No.2 17.5 243 58.2
No.3 25.0 22.1 52.9
No.4-A 325 19.9 47.6
No.5-A 355 19.0 45.5
No.6-A 40.0 17.7 423
No.4-B 21.8 15.3 62.9
No.5-B 15.5 8.2 76.3
No.6-B 15.5 1.7 82.8
Si0;
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Fig. 1. The experimental compositions plotted on the

isothermal section of CaO-SiO,~Fe O phase dia-
gram equilibrated with Fe at 1573K.
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Table 2. The chemical compositions of CaO-SiO,~Fe, O—
AL O; slag samples.

(mass%)
Sample Ca0 Si0, Fe,O AL04
No.1l' 9.5 252 60.3 5.0
No.2' 16.6 23.1 553 5.0
No.3' 23.7 21.0 50.3 5.0
No.4' 30.9 18.9 452 5.0
No.5' 337 18.1 432 5.0
No.6' 38.0 16.8 40.2 5.0
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Fig. 2. Hydrogen reduction behavior of the CaO added
samples of 2FeO: SiO, at 1173K.
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Fig. 3. Hydrogen reduction behavior of the CaO added
samples of 2FeO-SiO, and the CaO-SiO,~Fe O
slag at 1173K.
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Fig. 4. Dependence of the attained final fractional reduc-
tions on the ratio of (FeO in 2FeO-SiO, and
Ca0-FeO-8i0,) against (Total Fe O).
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Fig. 5. The reducibility of CaO-SiO,—Fe O slag summarized on the isothermal section of the phase diagram at 1573K.

Table 3. Composition of M.Fe, FeO and Fe,O; and the re-
ducible oxygen content of each sample.

(mass%)

Sample T.Fe MFe FeO Fe;0; | Reducible oxygen content
No.1 49.6 28 534 7.6 142
No.2 45.3 2.8 49.3 6.0 12.8
No.3 41.5 36 414 82 117
No4-A 373 4.1 33.6 10.1 10.5
No.5-A 36.4 48 312 10.5 101
No.6-A 326 5.4 21.8 147 9.3
No.4-B 49.4 63 45.1 115 135
No.5-B 59.1 6.4 57.9 11.0 162
No.6-B 63.8 83 58.0 149 174
2Fe0-Si0, 54.5 1.1 65.0 41 15.7
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Fig. 6. Relation between the molar ratio of Fe’* to the
amount of Fe?* +Fe*" and (%Ca0)/(%Si0,) for the
samples prepared in the present study.
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Fig. 9. Hydrogen reduction behavior of the CaO-SiO,~
Fe O-5mass%Al,0; slag at 1173K.
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Fig. 8. The variation of liquidus for the CaO-Si0,—Fe, O system with the Al,O, addition and the oxygen partial pressure at 1573K.

563 T



B 564

$kE8H  Tetsu-to-Hagané Vol 89 (2003) No. 5

—— Rist model

AlyOs—free  Smass%Al,05
A No6-A A Nob'
® No4-A O Nod’
® No.I-A O No.l’

4 6 8
ng/ng,

Fractional reduction (-)

Fig. 10. Difference of hydrogen reduction behavior among
several samples with or without Al,O.
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(%Ca0)/(%Si0,).
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