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Change of Sinter Minerals and Final Fractional Reduction in the Reduction
Stage from Hematite to Magnetite with CO-CO4,-N, Gas Mixture

Tateo Usul, Munekazu OHMI, Nobukazu KITAGAWA,
Shinji KANEDA, Hirotoshi KAWABATA and Zen-ichiro MORITA

Synopsis :

To examine the reduction behavior of commercial sinter in the initial stage, the following analyses were
done : Quantitative analysis of sinter before reduction was done by EPMA and the contents of hematite, cal-
cium ferrite (CF), magnetite and slag were determined. Comparison between EPMA surface analyses of
sinter before reduction and reduced to magnetite stage at 1133 K suggests that CF breaks up into magnetite
and slag during reduction. Quantitative analysis of sinter minerals during reduction to magnetite stage was
done by the X-ray internal standard method using the above-stated contents. Variations in the amount of
hematite, CF and magnetite with fractional reduction are revealed; CF is reduced to magnetite at 1033 and
1133 K but is not at 933 nor 983 K. Microstructures of samples reduced up to magnetite stage show that
CF is reduced at 1033 K but not at 983 K. Final fractional reduction in the hematite to magnetite stage
under rising temperature conditions up to 1173 K, F;’, was measured after measuring the one at a predeter-
mined temperature, Fy; below about 1003 K, CF is hardly reduced and F;= 0.7 when oxygen reducible in
this stage is assumed to come from hematite and CF. The ratio F;/F;’ is given as a function of reduction
temperature.
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Fig. 1. Experimental apparatus used for partial
reduction ; dimensions in mm.
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Table 1. Chemical analysis and physical properties of the sinter used.
Chemical analysis (wt%) S RDI Adppar.ent ] True .
] (%) (%) ensity ensnt):;
T. Fe FeO Ca0 SiO; Al,03 MgO MnO TiO, P205 Zn (g/cm3) (g/cm®)
57.08 5.07 8.78 5.46 1.91 1.37 0.83 0.102 0.008 90.4 31.3 3.8 4.59

SI: Shutter index RDI : Reduction degradation index *Calculated

(a) SEM (b) Fe
EPMA surface analysis of the sinter before reduction.

Photo. 1.

(¢) Ca (d) Si (e) Al
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(a) SEM (b) Fe (c)Ca (d)Si (e) Al
EPMA surface analysis of the siter reduced up to magnetite stage at 1133 K.

Photo. 2.
Table 2. Quantitative analysis of the sinter
before reduction by EPMA.
(wt%)
Phase Fey03 FeO CaO Si0Og Al,O3
CF 69.3 — 22.8 5.85 2.10
Slag — 12.4 42.5 42.5 2.63

CF : Calcium ferrite

ER TR AMETAEELIIL, Aoz ZHpiC
CaO %I BB TLr LD RS n BT

Kz, RBEITCHBER SO CFHE X ZHIZ2W T,
Fe, Ca, Si, Al O &5 %17 o 7245 % Table 2 (IR
3. 2L, TR OfEIR 7T~8 BloflE D THETH
N, Feld CF 1 Tid Fe,03, 25 7HTid FeO, ¥ 7:
Ca, Si, Al i3 # L # 1 Ca0, SiO,, Al,0; DT L
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FBLURT 7HOGHERIETLO &S DWW
PHEHETE %,

wt% Fe*" = (2Mgo/ Mp.,0,)* Wit (2Mpo/ Mp.,0,)

(XFe203)CF *Mcrt (ZMFe/MFe3()4) cWoyreeeeeees (1)
wt% Fe?" =(Mpe/Mpey0,)* Wot (Mpe/ Meeo) -
(XFeo)s‘Ws .......................................... (2)

wt% CaO=(Xc.o)cr* Wert (Xcao)s* Ws ++(3)

wt% Si0,=(Xsi0,) cr* Wert (Xsio,)s* Ws*+(4)
ST M:5FE (g/mol), W:EBHIE (wt%h),
(Xa)g:B AT D A KB DERBHLE, hom S: AT ¥
A+, =7%% 4+, A7 7#H%EKT. Table 1 DfLF
GHEL D, Fe?© & Fe*" 0BEBEHAFRIZRD L) 2

PR 4 R i, B SR L 2R R TSSO EPMA S iC
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BoDy ) r— 77 2A0ICBB L CEHLRLERE T L 2 AN
LTHh, 8612 ASY 1, 1173K T Veo/ Veop=0.3 128V T
60 min BEREBLEF BT TAH LI, T0LS B EREMICG
FHRENABEFHELTWA, %4 B HSIER & WHITEMANID 43, B4
FREOBOMMBERICENT, PLVERTIEICF>R~7%9 4 b
EEERRIRRIC IR T A S L R EBREMMIRICKDRLTBY, i
D 4T55% CF OBTLERIL, ZORKEIPSLEHESIIS.

xkahs.
wt% Fe*" =(wt% FeO)+(My./Myo)=3.94-(5)
wt% Fe3"=wt%(T. Fe)—wt% Fe?*=53.14

ZZT(1)~(4)ix(5), (6)xDfl, CaO, SiO,
DALF M E (Table 1), 7% & 82 EPMA 12 X 5 5%
#EE (Table 2) #fCAL, # L THL LUTOMEM
#Bons,

W,=53.9, Wep=19.7, W,=12.3,

Ws=10.1 (Wt )ereerreorerrerensenuatisnesenenniannas (7)
BHOW E, FRSEWHEIG O FeO HSHHEICE S
ZAEHICEDRLTED, ZON»SREED FeO
S (5.07wt%) BT A&HOBGERkDL L

W,=44.0, Wcr=33.8, W,=14.1,

Ws=8.1 (Wt%) +rreerrererrmerrnmmnimenniinniiininnn (8)
ERD, RIFIALAPERT IOV TIE X HBLT
WA, AT AL bE CFIZDoWTIE 10% FEEEMiE
VBERE-TEY), BEFAFOECLREPEELTYD D
DEBbLRS.
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(a) 933K (b) 1033K

h
F=0.00
c [l cF mC

F=0.53
F=0.Ai/\\-\M . W
F=0.61
F=084 F=1.00
M W
N T | [ T | I T |
45 50 66 70 45 50 66 70
26 (deg) 26 (deg)

C : Calcium carbonate CF : Calcium ferrite h : Hematite
m : Magnetite

Fig. 2. Variations of X-ray diffraction patterns
of the sinter during the reduction from hematite to
magnetite stage by the use of Co target.
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BEOEPOBEIZOWVWTS, Appendix BV THERL
72hs, ZOREN»S CEFABLENLGEHEIE, E&
BICHMED W EPEIETH D L ERAOND.
Ric, BESICLHEMHOBTIIHN ) BRELOH
ERERI DV TH D, Y & R0 L 7 R E TR
4 IO WTEOE0 302 XHEF 2TV, ~7s
4 bH, CFH, 27 %% 4 MIOZEWE I 55
5358 EE b 0 -3 E IA/ICaCO3 (A=h, CF, m) 2k 5 &
Table 3 DEAE SNz, —fRIC
IA/Icaco3:KA‘WA (A:h, CF, m) ............... (9)
DB D DTS Table 3 I2/R L 72
L/ Icaco, PIEE, (7)RUTIRL7ZRETHABIZOWT
DEBEDHEME W, L W T(9) NP OEEE K,
FREL, PEOROMEBRITHLTHAE RO
WA=KA_1'(IA/Icac03) (A=h, CF, m) ......... (10)
K, ' fEiz Table 3 iZ/RLCHH, kX, EHTET
AEHC O W TRD ABTREL L/ Icaco, ZIVALT,
BILER ORI F DK W,y fEXR KD/,
3HDOMATEESH
L'=Wu/(W,+ Wept+ W,) (A=h, CF, m) --(11)
DFBTLNNE D ZAL % Fig. 3 HIRT A, (a) 983K (B
L7 933K) Tl CF A= 4 MBI ENTHIEIT
—ENETFTTHHIENILLbAY, S, (b)
1133K (38X 1033K) T2 CF id~~< % 1 FOEL
WS THRBRBIGETT SN TV 2 e kKb b,

Table 3. Ratios of integrated intensities measured
by the X-ray internal standard method and the
resultant constants in Eq. (10).

Target| Ii/lcacos Icr/Icacos  In/Icacos | Ki' Ker ' Kn!
Co 3.01 1.54 1.82 17.9 12.8 6.76
Cu 8.59 3.65 4.88 6.27 5.39 2.52
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O : Co target @ : Cu target
Fig. 3. Changes in relative weight fraction I,
with fractional reduction F in hematite to magnetite
stage. (A=h, CF, m)
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HS5gH) ORBIHERLROTH I L EHI, N
HERFICLOH 0 AbE, EEALOBE % 5o THl
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+ Veo,) W, LEIREHFT0.20 & L. Zb-—HA
AREE LS ER LT 5 7.

5-2 WREER

5-2-1 #HiREICHEER

&

(a) 983K, F=0.79, near surface

(¢) 1033K, F=0.84, near surface
CF : Calcium ferrite h: Hematite m : Magnetite

Photo. 3.

(b) 983K, F=0.86, near surface
(d) 1033K, F=0.90, central part
P : Pore

Microstructures of the sinter reduced up to magnetite stage (in 480 min).
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Fig. 5. Reproducivility of experimental reduction
curves at constant temperatures.
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of reduction temperature.
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