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Effects of Slag Content and Composition on the Reducibility of Iron Oxide Including CaO-SiO,~Fe,O Slag

Hideki ONO-NAKAZATO, Kouji OKADA and Tateo Usut

Synopsis

: In the sintering with lower slag ratio, the melt quantity decreases, and the agglomeration do not progress sufficiently. It is necessary to secure
the melt quantity by silicate melt mainly composed of Fe, 0-SiO, system and to control ideally the composition and the generation place of
the melt. In the present study, iron ore sinter is simulated by an iron oxide pellet added with (Ca0-)Si0,-Fe,0 slag particles, and the effects
of the slag content, the composition, the holding time at 1573K and the slag particle size on the hydrogen reduction behavior of the iron
oxide pellet including (CaO-)SiO,~Fe O slag particles have been investigated at 1173K. In the initial stage of reduction, the fractional reduc-
tion is higher when the slag content is higher. With proceeding the reduction, the fractional reduction of the sample with the higher slag con-
tent becomes lower than the sample with the lower slag content. The reduction rate decreases with the increase of the slag content. The ratio
of the pore area with over 100 um pore size increases with the increase of slag content. On the other hand, the final fractional reduction de-
creases with the increase of the slag content. From this fact, it is considered that the microporosity under 100 pm is related to the reducibility
and becomes an influential factor. On the slag composition, the final fractional reduction of the pellet including Fe O-SiO, slag is better. This
is because that the silicate slag is difficult to permeate nor block up the pore.

Key words: ironmaking; iron ore sinter; reducibility; iron oxide; pore; permeation.

wE

IZEIREITH D5, Bl FLOBAIZ D& 23 ) #HEITHED

KIFIE FF 22 vbhTnd, —F, @fdAKIaD
HAOSME LT 3 EEOFENFEL, S, FINEDOR BoA &ML 254, HlALORm2 5, #EEICHEDRE
ERASEAOBHESFELMML TS, ZOHRTY, ErfilETE S,

khbf,%mpyﬁﬁot5v54b%5#f ¥ i DEDZE%E5FA, KIFRTIE, (Ca0-)Si0,Fe Ok
EHRENT T2 VGO RARPIMERIZSH 5, —fik 25 7R AL v MIHRMT 5 2 Lic kD, Bk
awﬁﬁmﬁmgﬂﬁkiét,ﬁﬁ@¢éntwﬁ%6 AL AR IUER AT, T/4&b5, (Ca0)SI0,~
DIEHEL | BEAESEO IEABML T e 2O FeO 2 7 7 % &R T HBALHBOPEITLMIZRITT T
R, B S OB A T 5 7:012, BEREILOKZ 7 RS S IS ERHROPEEMAL 72,

SN ER X NS, BREEDEKZ 7 /b BAERTENT,
O 2 7 7z & 2RI LR EFREoREl,
QENFZ I 7R 2 — LDKIKIC K B X T 7 UHEHDOIK
W, QRIFERTZ bOHIRVEED XY v FHAHRFTES,
ZFIZT, ¥VIAMVERKD BROERTD DL TV
NHRERWREEZ 5 7RISR0 L AR Eh D, —ikiS
K2 5 7 iz kT B8R Tk, BRELID L, BRIy
FAIcH#ET LBV, 22T, FeO-SiO,R%E FhE Ly
U — b REEIC & A RITREORERD R, BROMER AL
REFTIZ OO CHEN ZHESLETH 5, FeORITD
M (BFe0ft) &, WSO LERLRE L MRS 50

2. ERAE

BEAERBNOIRE 5 & (LAY, 72, Fe-ORIK
RERION 5, EEZMFE P, (BKIIE) =1.8X10 atm,
HT (a2 5 7 £ EORIFRE) =15T3K L RE L 7=,
BlbgENL oy MIEHEIND 2T 7O/ % Table 1 75 5
UNZ Fig. LIZ/R Y. Fig. 11X 1573K, Py 1.8X10 %atm 2 %5
i} % Ca0-Si0,~-Fe O R REX "D FERUTE X TH D,
Ca0-Si0,FeOR A 7 Y DHEILIEZ ERH L TRL T
29, 25 HMBIE1I573KIC BT AR LI2H D, FeO-

G ¢ 1S1J Int., Vol. 45 (2005), No. 4, pp. 569-573

TR 18463 30 B2+ SERC1845 A 17 HE2H (Received on Mar. 30, 2006; Accepted on May 17, 2006; originally published in ISIJ Int., Vol. 45, 2005, No. 4, pp.
pp

569-573)

*  KBRKFEKERE T2 2B (Graduate School of Engineering, Osaka University, 2-1 Yamadaoka Suita Osaka 565-0871)

* 2 RIRKRZERERAE (B!

JFEZAF—J)L (#)) (Graduate Student, Osaka University, now JFE Steel Corporation)

539 I



I 540

# & 8M  Tetsu-to-Hagané  Vol. 92 (2006) No. 9

Reducibility

3Ca0"28i0: o
2Ca0* Si0> ¢l

3Ca0-Si0: ¢of

CaO (Fex0s, Fex0)

Fig. 1. The reducibility of CaO-SiO,~Fe,O slag summa-
rized on the isothermal section of the phase dia-
gram at 1573K and P, =1.8X10°atm.

Table 1. The chemical compositions of (Ca0O-)SiO,~FeO
slag included in the Fe,O; pellet.

(mass%)
Slag Ca0O Si0, FeO
A 20.5 183 61.2
B 1.2 6.1 82.7
C - 234 76.6
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Fig. 2. Relation between Fe’*/(Fe’*+Fe®") and (mass%
Ca0)/(mass%Si0,) at 1573K.
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Fig. 3. Schematic cross section of experimental apparatus.
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Fig. 4. Shape of the pellets including slag B after reduc-
tion.
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Fig. 5. Cross-sectional view of the pellet after reduction under the conditions of d,=0.3 to 1.0 mm and ¢,5,;=60 min.
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Fig. 6. Hydrogen reduction behavior of the pellet includ-
ing Slag A at 1173K.
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Fig. 7. Hydrogen reduction behavior of the pellet includ-
ing Slag B at 1173K.
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Fig. 8. Hydrogen reduction behavior of the pellet includ-
ing Slag C at 1173K.
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Fig. 9. Influence of the amount of slag on the fractional re-
duction at 5 or 20min under the conditions of
d,=0.3 to 1.0mm and ¢,5,,=60 min.
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Fig. 10. Relation between F,and the amount of slag.
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Fig. 11. Relation between the ratio of pore area and the
amount of slag for the sample including Slag B.

277 CEGUARIIBOTEAS N, Figll kb, 2
7 7 BOBEMIZE, [ILE 100 um BLEDO KL H 4R
AREMLTWBZERnbr5, 20O—F, 277 B0
CHEWRAFEETTRIIE FL TS, 2OZER6, X
FLEE100 yum B FD + & v KALOBEINEBOR I D8 12
HEDEELDS-ZF, 100umBLTO I 7 aKfLowE
MO ER L > TWEEEZONS, 2T THKIC
BIL Tk, 2927 CEELNXLy FORKFERTENR
HThole, THE, A7 CHEDHEITTIZZ 5 7 A,
25 7 BIZ AN TE WS KA OB A S IR L 72
ATITMNATIA, 2T TBIZHRTERELIZS WD
ThdreEIOND, —F, AFTAEZXFIBIRELDS
2T HBRIUTRBLRT WA, #HETHIEEL &5
TWb, £72, A5TALZAFIBEELNL y b &K
T5E, ZA7UBEELNL Y POHAETHEICHEILR
WA, ZHIEAT A A5 BEHSDESETTEE —FL
TL)%) &12,]3)O

4. ¥

%

(CaO-)Si0,FeOR A 7 7' % BH T HBILEERL v bD
73K B 5 KREITEEHICKITT 2 7 7% 6 O



CaO-SiO,FetO % 2 7 7' % &H T B MALSO B ICHICRITT 2 7 7R A 6 I EHBOHE

EER, 15T3KIZE T BREHM, 27 /REOHEEH
N, UTofawmER"RL,

(1) 27 BREEI N, MBHIZZE< DI 92
BEET 5728, EICHHAORTRIIBI & k55, #EIT
REDIZONZ TV BOLOVRBOEITTR I, vk
KO ETT B, Thabb, 27 7EOMAKIEOETTE
BIMETT 5,

(2) 277 BOMINFEORILE 100 um Ll EDKALD
TR 54, ZO—HTA 7 7 BOBMEOE
BEERETREET TS, 202 en2 6, [ILE100um
P bkD~ 27 o KOMIMIEETHEOREIIFS L TS
T, 100umBL FO I 7 uKILnKE s ERTEE->T
WhEEZOGND, Thabb, #EITHEDENLIX 100 um
PTFo3IsuKiloMEZX380EEFELONS,

(3) A 7HMBICBAL T, FeO-SI0, A7 74 BHT S
NL oy P ORIREEETCELN R TH o7, YU T— R
D277, ThEHEHEETHETH 524D 2 7 77k
NEFELIZ L, RILEFAE LIS WD THBELEEALD
ha,

1)

2)

3)

4)

5)

7)

8)

9)
10)

1)
12)

13)

14)

X B

Y.Hosotani: 4th Advanced Seminar Text of Iron and Steel Engineer-
ing, IS1J, Tokyo, (1996), 2-1.

T.Kawaguchi: JSPS, 54th-Comittee Report, 153 (1999).

E.Kasai: Commencement of Creating Porous Meso-mosaic Texture
Sinter, ed. by Examination Committee on Agglomeration of Iron
Ores Unsuitable for Sintering, I1S1J, Tokyo, (2001), 39.

T.Inazumi: Iron Ore Sinter-Review of Steps Taken to Overcome the
Challenges Posed Japan’s Lack of Iron Ore Resources, ISIJ, Tokyo,
(2001), 39.

M.Sasaki and Y.Hida: Tetsu-to-Haganeé, 68 (1982), 563.

A.Muan and E.F.Osborn and S.Munemiya: Phase Equilibria among
Oxides in Steelmaking, Gihoudo, Tokyo, (1971), 29.

F.Tsukihashi: Commencement of Creating Porous Meso-mosaic Tex-
ture Sinter, ed. by Examination Committee on Agglomeration of Iron
Ores Unsuitable for Sintering, IS1J, Tokyo, (2001), 49.
H.Ono-Nakazato, T.Yonezawa and T.Usui: Tetsu-fo-Hagané, 89
(2003), 559.

H.Kimura and F.Tsukihashi: CAMP-ISIJ, 16 (2003), 75.

R.Baro, H.Moineau and J.JHeizmann: Adv. X-ray Anal., 11 (1968),
473.

K.Meyer, H.Rausch and M.Ottow: Stahl Eisen, 87 (1967), 654.
H.Ono-Nakazato, Y.Tsubone, Y.Takaki and T.Usui: Tetsu-to-Hagané,
87 (2001), 320.

H.Ono-Nakazato, N.Kitamura, Y.Tsubone and T.Usui:
Process. Extr. Metall. Rev., 24 (2003), 269.

PRoentgen, H.Winterhager and R.Kammel: Zeit. Fur Erzbergbau u.
Metallhuettenwesen (Erzmeltall), 13 (1960), 363.

Miner.

543



