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Melting Property of MgO Containing Sinter
Ichiro SHIGAKI, Mineo SAWADA, Masahiro MAEKAWA, and Kiichi NARITA
Synopsis:

The solution property of MgO containing materials into the CaO-Fe,O; system and the melting property
of MgO containing sinter during reduction were investigated. The results obtained are summarized as

follows:

(1) The formation of high viscosity silicate and magnetite prevents the slag from being homogeneous
and so Cr slag and Ni slag remain unslagged. The formation of dicalcium ferrite prevents periclase from

dissolving into the CaO-Fe,O; system.

(2) During reduction unslagged MgO makes the shell of solid solution of MgO-FeO with FeO in

glassy silicate and its solution is negligibly low.

(3) For both normal sinter and pellet, all silicate minerals dissolve above about 1240°C.
(4) MgO addition in sinter is effective to decrease slag quantity during reduction but the melting prop-
erty of sinter is not so improved as that of pellet. The proper basicity for sinter and pellet is about 1.4.
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Table 1. Chemical composition of the sample sinters and pellet.

Chemical component (%) MgO
Kinds Sample* containing
T. Fe FeO MgO ALO, Si0O, CaO |Ca0/SiO, | material
A 54.30 8.12 2.00 2.68 5.74 10.60 1.85 Dolomite
Sinter B 57.47 11.23 1.60 2.32 7.06 7.98 1.13 4
C 55.59 15.93 0.28 2.79 6.97 11.94 1.71 —
Pellet D 60.61 <0.10 1.49 1.47 4.11 5.60 1.36 Dolomite

* Sample sinter A and pellet D were made with industrial apparatus. Others were made with a testing pot.
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WIARIRAEE A ST 5.

3-1.3 SEHROIEE

LD = bk & B b2EHRDT B
L, BRERBE O£ B BLERZ LT wustite %
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1240°C <1x CS L %A Lkb D, 25 7B & hemi-
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Fig. 1. X-ray diffraction figures with Cu K,
radiation of sinter A reduced to wustite
after magnetic separation.
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Photo. 1. Melting behavior of the wustite samples.
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Fig. 2. X-ray diffraction with Cu K, radiation
: of sinter B reduced to ‘wustite after
magnetic separation.
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Fig. 3. Change of liquidus temperature by
basicity.
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Fig. 4. Change of liquidus temperature by
basicity.
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Fig. 5. Change of mineral ratio of five compo-
nents system at 1300°C.
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nents system at 1300°C.
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7Rk & wustite DBEWH RFINRECHH LT
S, ZORRIEF Y » 7 b EORICERLE CRF 2
BRebhsShl L, BRERLED IS5 CDEEN AT
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—77, RIREERES OEEFN & L T hematite, mag-
netite, hemicalcium ferrite, C,S, melilite, iron ge-
hlenite LIEFHERMELE 2 BT CIWEEHRT
WAH ¥, EREEY. D hemicalcium ferrite |13
TLhETe & magnetite L EEFRIEIY OMBIE S WL &
T, wustite LEERRIEH OBBIESMICENLT S = &
DEE BT 59,

Lo, @Y+ 7+l CRITERFT OB oR
EICKEEGEIL, hematite, magnetite, hemicalcium fer-
rite 7» HIEITG I N ie wustite LFERBEA S 784, Th
CIERBEERRIE S DELD oo T b . BEEHAEF ~ +
7 EHEETL, BENLERTHE LS CERTERS
WA 7 ZER S ERT S, £ LT ORIRFIC &L
YW - AR BRI LT L.

Fig. 1 b 5b X 51k, 1200°C & 1220°C ofd
TETIEMBEERRIEN BRI L, 1220°C Tk melilite &
C,S, wustite D—FR&iF e, £ LT 1240°C °F
BENENRD, GS $IXRCEF L. DL S5HRE
T ORIE A REYRERTELDL RO L1
7e%. AFADEBEIREG % CaO, Si0, & L O ALO,
LE 2z, REOHELEIL 1.85 ThHHN, BEEN2D
Ca0-8Si0,-2Ca0- AL, O;-510,-FeO ZDIRFER TF
g5, COXHIRLULTHEEOE IS DH, EED
Rl A OB & KIBWC i ieh s & &ixis\ o, BERLER
P o> JE ML EEEERE 12 B O R TH Lico b, RES
BEE LizbDTh v, LFHEBRIISOEERDH 519,
L L EPMA @ X545 HiER T, Ca0-810,-2Ca0-
AlLO,;-Si0,-FeO ZIRER® » CaO-Si0, & melilte
D SRS ERBOE R © B BE—FT5. Zhat

CazSio, &
oY N
«2Ca0-si0oz ° 1265 80 FeO

Fig. 7. System 2CaO-Si0,-2Ca0.Al,O,-SiO,-FeO.

1220°C CEsRl L, B e melilite & C,S &Lz
ATWE, BROZ LIEERESIE L2 b Fig. 7 o=
BoRLRMSLOEK S, SHORBENERTS &
melilite 137 < 72 v, FE OB C,S-FeO L3k fiff
EEMEECBETS. 22T CS i Tk,
BIR OB, Bt O SFELF R NI [EH D TEAR
MN ExRE EF EEICBH LT L. ok, B
DBEREE D CS 13 a type nEZ BB & D
WENR BB, 22T B type THOLDIXTHET
Bz 400°C Tt Licikcd &L bhb.

XC, Photo. 2 & 900°C ¢ wustite ERFC ¥ C&
TG LTCEAR A &, TRk 1220°C © 10min FHES
% U BB oSN E BE % ~3. hemicalcium ferrite
Ay BEIG X e wustite |3 hematite, magnetite X b g
JLE Nz wustite L D TBORERIKRE L, BIE~D LT
ZHBHRREVLZ EbS. L, EPMA THE4
D wustite % < oM LSRR L 5 &, wustite §H
BIITIF—5E THhO7-. hematite, magnetite * hemi-
calcium ferrite |XfbEHBICELR D D, F—EHET
LRI EBNGELEE L, Fhat wustite BB T b
ENB D B ERT B & &, wustite FHRITH—I
fehEEz bR, B, D eouwTh ko SE o
WHRCBENE . bR, LA D TEREER< vy b
DIERBEA S ZHWH R TXTHET sk 1240
°C U ko mEF ik EE <o WS Y & 2 5T,
BERLBL I C D PR DT B IR EBI R RE THGH
DILFEAREE L BT TI W LTt 5.

Fig. 3 & Fig. 5 %L T&H% &, WAHMEMEE
wustite BB OWMIT RS, Flz ¥, HEEN 1.0
TIEL wustite 8134\, WHABEREIEREE 1.5
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Photo. 2. Change of microstructures of wustite sinter.

HEXTE. 2hcz ofEREE CI1, 1.5 1tik~xT 1300
°C %z 5 LAT FEENEHECHT. BRI OERE
X LT FEBERO wustite B34 S WHBEED
BUWEZANFE L. COBERCEMOBEES 2L
y M, BEREOEIEE THE IR TV Z L aibh
.

Lz AT FeO 75.0, Al,O, 3.0, CaO 13.2, SiO,
8.8wt% oFEBID 1300°C -C> wustite BtE] 19%
THdZ L b, MgO 325 7gligb D FeO BIRE
A ZE B Z Ehbnb.

Ploz &xb, Photo. 1 ofER%#%% L, MgO
DIRINC X Y BEREGE OMKALIABIEBNIZ L HEIh D
B, BERESNIIRAE R0 8 e, 25 SHic bzt
FeO &ML\ & &, kit 5E MgO #hypoedt
BRE WD, Ry MRS E MgO ot BAHEMN
i,

4. BHE < ETTBETO MgO 5D

41 RBARK

4-1.1 & MgO FERlor{bER

BEREFOR R DR R S\ CaO, Fe,05 7 BEL
%5 CaO-Fe,O03 525 7% BIRL, ZDAF rh~Dg
MgO R oML, TTFERED Fe,0,
L CaO % 85wt%, 15wty DEESTREEL, 235 7
BHMUCHE L. BB Lz DR 5 7%4 MgO
FRoRECEED, 26788 E TEAR. Zhid k5
Fr, BRI T 1350°C @ 10min fnzh L, kK as
L7z

4-1-2 FEILBE ToOREEL MgO DZEE)

BERE BPE CEREE U 2o {b MgO 3Bt o ISRl 2E &)
CRITTHE R, ¥, wustite BEORE A%

1220°C wing L, 2% %IEnEERE O K% EPMA
THI Ui Fh EE—HRE % X 512 FeO 40, CaO
30, SiO, 23, ALO, 7wt% %E&L, N, ZFHEHE®H
1470°C TR 5 7% F% L. 3000kg/cm? O KET
[ED 7oA I MgO D FFICHFE Lic Sl A 5 2 & 35D,
EEREHBCEARL. Thit N, FHE%SH, BEKFET
1220°C i 20min Uz L, kK@ L.

4-2 REBERHIUER

4-2-1 & MgO R0t

BEREGE CIIRMR D R TREVEE T, FERHAE TR
BWOEDMEFE JOWECHEIRD - LIn X a5
NTB. F U THRERC IS 5 BE 04 BRI A Y
EVRBIBE AN YT AT =54 FRENED 2 RENE
Zbh T35, ¥V, Bk LR X 5 ERIC
I b, BEREFIE Fe,0,-Ca0 ORIGAR LR : b o3
s, ANV T AT =54 b RBRCIRASGHIER LT
W ZERBLMARIRTWAT, WolE 5, & MgO
S RESA o E S, PRERDO % R 2+
b T\h3Y. ThT, 22 Tike MgO FER E L
TNi g, Cr F, Fr<f 2250, Thbohi
VAT 2 T4+ REE A~ OB EBE L.

Photo. 3-1 i3, Cr #é 25 7Bk 0 RE L RE
ko EPMA %78 L. Cr B3 forsterite (2MgO-
Si0,) & spinel (MgO-ALO;) DOREEWTH DD,
Table 2 » No. 1 * No. 3 ERLELISCIALD
I REDO E FRERERE LTERLS TS B,
spinel #E R DINFHITEFA TELROFELR LT
5h% Zhuk No. 2 op#ifEd Biohb X 51, spinel
FD AB* £ 4 VB R T FEEF D Fe3r A 4 v LB
LCTEDDTHA. Z D spinel DEE{LIEITE
<, No.4 o235 7By bdbiodnd X 51, £ for-
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1) Cr slag in the CGaO-Fe;O3 system
3) Dolomite in the GsO-Fe,O3 system
MS) Spinel S) Silicate glass

CF) Dicalcium ferrite

M) Periclase

2) Ni slag in the CaO-Fe3;03 system

M;S) Foresterite
FG) Ferrite glass

Photo. 3. X-ray images by EPMA of the mixture of MgO containing materials and the slag.

sterite BNBEM LB, T LUTHEYIBR Licary
v A7 =74 FENES BIE, MgO &L ALO; HEfE L
7= magnetite 2AEH LT\ 5. .

Ni BEOHE P REMDHEDOT%. Ni B
forsterite L enstatite (MgO-SiO,) DJEA 4T, Photo.
3-2 RT X 5 R Tl enstatite 2SEINFIICIERE L,
forsterite DLED. 7ok, ZDEA R 5 VB HIc
MgO 4D\ magnetite 235 L%, DX 51
Cr gL Ni AW A YT AT =54 ERCIHRT S
L, SiO, S HEOE\ AT FER ALK L, %
o FIB L magnetite % ji 35 O T, BE 0 —1Lo3

BB, LEpioC forsterite 12 & DT A S ZBIE DI
MRENBIFNCE L, REPE LCEBS EELBRS.
Fwe<4 MRINEERESS TIL, MgO 4 periclase &
LTS Z EDRMBRTWBY. ¥, 20wty CaO,
80 wt% Fe,O; A5 7121 1320°C T, CaO 11iEMF
T55 MgO 1225 v Fe,Op &KL T MgO
DFIF MgO-Fe,03 DREAERTHIcD, 3EAL
WE LI EHE I T3, Photo. 3-3 » EPMA
BB, BVWERIRD periclase ofE i oflic, 248
PEEL OB Z ED %, No. 9 oNdiELD, B
JRtaERit dicalcium ferrite (2(Ca, Mg, Fe) O-Fe,O3)
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Table 2. Analytical results of the quenched mixture of MgO containing material and
calcium ferrite by X-ray microanalyzer.

Photo. As oxide (wt%)
No. Analysed phase
No. MgO AlLO, 510, CaO Fe, O, Sum
1 Spinel (center) 29.1 70.5 0.3 — 0.1 100.0
2 Spinel (periphery) 23.9 29.1 3.6 2.1 41.4 100.1
1 3 Forsterite 56.5 0.5 42.5 0.3 0.3 100.1
4 Silicate glass 17.0 9.5 40.3 22.5 12.5 101.8
5 Magnetite 19.1 7.8 0.1 0.9 73.5% 101.4
6 Forsterite 56.6 — 40.7 0.5 4.3 102.1
2 7 Silicate glass 17.9 1.1 43.6 16.0 21.4 100.0
8 Magnetite 14.7 0.4 0.3 0.2 86.3* 101.9
3 9 Dicalcium ferrite 5.7 — — 31.2 65.1 102.0
10 Ferrite glass 0.8 — 22.7 76.3 99.8

T, No. 10 oRWEDKEIIA LYY A7 254 b
B EZE2bh%. 9, Fr<g 2UN8Ih5 &5
fE LT MgO & CaO i . 9ilA s 712, o CaO
PEPENCER LK 25, Fo MgO iz A 5 2121t
BWELis\. CaO BT HZ LT, ALY T AT =
74 rEEH D Fe,O3 DIEEMNTH D, MgO-Fe,O,
DR Ui\ &> T MgO OBEsIEE D, +
LT MgO & CaO pEMLF X, By s 5 dicalcium
ferrite ZdLH32 L 5 iy, MgO DT LA L
EFE B EELILRS.

LlED X 5, & MgO FERHIV-Th b, Z 0%
BCHERTHEEI L LI Wb R LD & 58
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Table 3. Analytical results of the quenched mixture of MgO and silicate glass by X-ray

microanalyzer.
As oxide (wt%)
No. Analysed phase Sign
MgO AlL,Og4 Si0, CaO FeO Sum
1 Magnesio wustie MW 36.5 0.4 — 0.4 65.5 102.8
2 Formed silicate glass| S F 35.8 0.3 11.3 11.1 43.4 101.9
3 Dicalcium silicate C,S 9.4 2.0 33.9 48.0 6.7 100.0
4 Gehlenite C,AS 0.4 28.0 23.7 41.5 6.4 100.0
5 Wustiie w 2.7 0.5 0.1 1-3 93.5 98.1
6 Original silicate glass SO 0.9 7.6 24.3 30.1 35.9 98.8

4 T et R . . :
MW) Magnesio-wustite SF) Formed silicate glass C3S) Dicalcium silicate
C2AS) Gehlenite W) Woustite SO) Original silicate glass
Photo. 4. Scanning images of characteristic X-ray of quenched mixture of MgO and
silicate glass.
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