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Study of Primary Melt Formation and Transition Mechanism

to Final Slag of Sintered Ore

Ichiro SHIGAKI, Mineo SAWADA, Osamu TSUCHIYA,

Kunihiro YOSHIOKA and Tasuku TAKAHASHI

Synopsis:

Liquidus temperatures, obtained by quenching technique, were measured for mixtures in the system
Ca0-8i0,-AlL,0;-Fe O, in 10-7 atm atmosphered Py, Analysis of final silicate slag of sintered ore by use
of EPMA revealed that chemical compositions lay in the field near the pseudowollastonite—-dicalcium eu-
tectic line between 1250°C and 1 300°C in the phase diagram.

An interrupted sintering pot test and sintering simulation experiments of the mixture of raw materials
showed that there were two kinds of primary melts, which were liquid silicate and liquid calcium ferrite.
Liquid calcium ferrite generated two kinds of structures; one consisted of quarternary calcium ferrite and
silicate slag, and the other was mainly composed of dicalcium silicate and dicalcium ferrite or magnetite.

With increasing temperature, primary silicate melt of low basicity dissolves dicalcium silicate and becomes

final slag of higher basicity.
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Table 1. Chemical composition and size distribution of raw materials.

Chemical composition (%)

Size distribution (%)

Desctiption Ratio

(%) T. Fe FeOQ Si0, CaO AlO, TiO, CwW +5 5~2 2~1 1~0.5 0,5~0.25 -—0.25
Ore A 16. 2 67. 4 0.1 2.6 0.1 0.7 0.1 0,2 4.4 3.4 4.8 4.3 10.3 72.8
Ore B 14.6 61.5 0.3 6.6 0.1 2.6 0.1 2,7 6.7 19.5 19.0 13.0 12,6 29,2
Ore C 11. 0 57.3 0.1 5.8 0.1 2.4 0.2 9.4 19.6 22,7 29.7 12,2 7.5 8.3
Ore D 8.5 61.2 0.1 8.5 0.1 2.0 0.1 L7 17.9 16. 7 28.2 15.7 9.8 1.7
Ore E 6.8 62.1 0.2 4.8 0.1 2.9 0.1 3.4 14.3 317 15.1 9.5 8.5 20.9
Ore F 4.2 64.6 0.1 5.0 0.1 1.2 0.1 1,2 13.8 14.9 13.3 7.7 8.7 41.6
Ore G 6.7 60. 6 12,9 3.7 1.0 3.3 3.9 2.3 6.6 15,4 12.2 6.3 3.8 55.7

Dust mix 8.2 52.7 19.3 10,2 5.1 1.4 0.2 — 4.0 3.7 7.2 9,2 6.2 69.7
Sinter returns 8.1 56.0 8.6 6.0 9.9 1.9 0.6 — — 316 26.8 18. 4 13.9 9.3
Limestone 11.9 — — 0.3 54.0 — - — — 17.0 38.5 16. 4 12.1 16.0
Coke breeze 3.8 4.9 — 6.4 0.3 3.3 0.9 - 1.0 12.1 18.6 23.1 35.2

Ore A,B,C,D,E: Australian Ores.
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SOWMMEN, B. PHiLLIPS LD TR LD L EEE
ERTHA T3 o LEEEEMTE LA LT
5. Efo A MUANOZ X % & Po,=10-7atm ‘T Fe,O4-
Si0, #.1T SiO, 2% 21~36 wt% D E4r7t 1300°CT

Si02

"] 3 v}

20

60
M : Fe3Oy, S: SiO;z, C8 : Ca0:8i0,, C;S : 2Ca0-Si0;,
L : Silicate melt
Fig. 1. System CaO-Fe;O,-SiO, at Pg,=10-7
atm, showing the liquidus surface and the coexist-
ing crystalline phases at 1 300°C. Light solid lines
are tie lines between crystalline phases and melt,
heavy lines are liquidus isotherms. The liquidus
isotherm on the SiO,-FesO4 line is drawn from
data of 4. Muan. Dot lines indicate the liquidus
surface of silicate in air at 1 300°C after B. PaiLLIps
and 4. Muan.
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TBHECHIETHERESET CORERI L, 3R
DR LB LT ALO;, DEELDNS.

Fig. 2 @ ALO,=5wt% & Po,=10-Tatm kit
5 4 TROFEHAEGKO—HERT. ALY T AT 2T
4 Mix, 1300°C ki) 5% 4 THRAME & EFe T, Fig.
1 O3 BHOBHE EFE CEMENEF L. T 1250°C
TO 4 TLHRRK & OIEFEMHIT 1300°C DFE L b L
7eus. Lol 1200°C co#ESFHIZ M+L, M+S+
L, S+L, S+CS+L, CS+L, CS+M+L 06 &1
Ll k. LicaioT 1200°C & 1250°C ofc CS+
CS+M+L o 3BAXFETHZ LLieh. (k@
EAEBIT Ca0/Si0, 3% 0.5 TH 5.

Fig. 3 R4 THFPEREND 5wtFALO, HE o
1300°C R AR HER Y, ALOs IHAN B CaO-
FesO-810, HicEE Licb o Thb. 3LHEK ALO,
A b & & TR R CaO-Si0, fHlBE L Tk

5% Al 203

Fig. 2. Liquidus diagram at 5%
Al,O; in the system CaO-FesO,-
Al,O;-Si0, at Pg,—10-7atm. Light
lines are isotherms of the liquidus
surface, heavy lines are boundary
curves. Plots indicate chemical com-
positions of final silicate slag coexisted

with magnetite of sinter of pot test.
90 FesO«
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b, FEREFOBSIBPTE LS.
3-2 SBEPETRRR

B 7 m v A BT AR O RBRYR H T 5
D, HE LY IXBERFERRBR Y ER LT BT A
TR UL OB ERRR ¥ RAET 51

Poz=107atm

Fig. 3. Effect of Al O; on the liquidus surface of
1300°C. Light solid lines are liquidus isotherms
for the ternary system and dot lines for the
quaternary system projected from Al,Oj apex on
the base.
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RBRE i Lo~y VhicBTH, B o B
BAEEI R, hblE Y — voBEREE TR E I
1270°C, FeO 4¥r{EzK) 11% THolk.

Photo. | wRILH L BRIFOBEATOBEKEGHE /& %
/3. Photo. 1-A) XK FORERLEZRL CTx
D, ¥V ¥ — PREMEDOERRBD LD, i Fe,0
AT, BOEHESN T FeOf ETERT WS,
Photo. 1-B) % Fe,Oy K F DINEH A Fe,Op TiF
TTERTWAZEERLTWS., AT, Table 1
FORHRC & TN F o &R £ 7n b v 0.25mm - )
Foo Fe,Of 812 17% ThH%. 1T Photo. 1 iR
FTHERTD FeO HW{ENK 11% THDH = & b,
Fe,Op BiZ 30% BELE2 bhb. LiksoT, %
G Tl S PRK T LB T D Fe,0 $—EETX
NTWBZ 5.

Photo. 1-C) X AKADRBCAER UlcHEa R
ARG THOTHA LSk % 40 wt BFEA 728 pm

(A) Silicate and partially reduced magnetite of adhering particles. (B) Outer reduced magnetite and inner hematite

of nucleus ore. (C) Texture around a large sized linest one.

(D) Calcium ferrite around nucleus hematite,

H) Hematite, M) Magnetite, C;S) Dicalcium silicate, C3F) Dicalcium ferrite, C-F) Binary melt of CaO-Fe;Oj3,

S) Silicate slag, F) Acicular quaternary calcium ferrite

Photo. 1. Microstructure at the lower part of the fusion zone.

T2 BAFONRELDIL Y r— b RDEDRAEMEAIL DL ELONS.

— 85 —



2212 g & M

% 70 4 (1984) #16=

LIFDBiko CaO L 2oRR % #» 5 ALO; B &
A ANTYYAT 254+ (CGF) Xbich, Zoififo
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c X5 TEE & LTk, ST
NEBCRETS Y r— P ZBK, 1TRHI LYY
A7 =54 FREEOERMCAKAREBK CS & GF
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W IEENEE L.

DERr, WYY r— F REWEES O EPMA i X %
SFiREE% Fig. 4 wind. HEEEN 0.8~1.2 OfK
NERERLED, TRABIIWTRY 4wt B kD ALO,
EAE LTV, ¥REEERMRCEEEER ALO,
M LEE LY. BiEX CS ZENLIAKLDT,
BEIIF Y 714+ (AL(5,05) (OH)y) )1 b
(K,0-3A1,0,-68i10,-2H,0) 0 ABTHRELC LD L E
2 5., EFHATRAIAYI LT 254+ ALO, %5
wt% AT, Z0 X 5 e Eifiag it AlLOs &5
Minie b LT ATE D, BERERILOTH» b oRE
WERBTHLERDD Z EFIB L.

4. BRASITEHBERDER
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BERESL ORIR A BUARIZF K 2 bRF S h, ERL=E
BItRER E288EHD, 71 24V EVROYVY & —
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o A e
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o .

A1203 amount 0

o ~10wth ° . ®
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Fig. 4. Chemical compositions of silicate melts
at the lower part of the fusion zone.
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CEERTWBTD, RMELOEL TRIDORT 7B
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DMERCEFN IR TS, ThicX b EaHEHDOT
~RTHEE—E D A 72 CaO-FeO-Fe,0,-A1,0,-5i0,
BDAT VBN DR LSO TH Y, FHETVE
B GEmEE Lich LORENEASE - BELCD
DTHB. b, 1KOMEELTE GS, £V 71
b, BbEk, PATVT AT =T BB EEZDLNRT
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AR 1.6 TEAEORBEREL CHB. Fig. 2 0
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Fu.,, bit, Fe,O LIEFET B R 5 7K%Y EPMA ©
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Fig. 2 ORERNL Po,=10"7atm KEIT5HDTH
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h5. #2T Po,=10-7~0.21 atm O FHEHEIE & KD
7. EBNT 2.1 FRUAHEE D LW TTw, Fig. 2
DOEFEA S FHEBRNEEE 1.1 2HLE LTS Z &
b, Ca0/Si0, H# 1.1 kwik®, AlLO, 5wt%
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A AR OLEBER kDT,

Fig. 5 I1MEHES 10-Tatm 5 0.21 atm ¥ TH
LD FeOu(F it Fe,Op) ¥Ry —VAES
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BERRLILDTHS. ZOBERLSEOEHMA CHERZELD
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3 CHh A, Fig. 5 23R LTWB X5, o
Fe,O, #% 22~32% el b, B A7 7dhd FeO
MN12~22% Th B b, REBEOEFERIT
Fig. 2 OREA7 7RI D b 0% ELE5E LT
. LEdoTAT 7%, FEiBekch s X 5l
— (b DHEA KRR OLWHTIRBORE B LIcb D &
FEETS &, BRERCESBBYEROCHBTE
I 5.

4-3 BROY T — b RBBEAOBREDHOIKRE

O, A RDDHBHEE LTV X 5 I{E GaO gl

-
\

- 0-0 melt coexisted with iron oxide

¢ melt coexisted with Pseudo-

wollastonite
i 1 [ 1 1 i 1

-7 -6 -5 -4 -3 -2 -1 0
log Poj(atm)

o

Concentration of Feali (wt%)
~N
o

Fig. 5. Equilibrium concentration of Fe;Oy in the
melt at 1250°C under various oxygen pressure.

(Fe203=7328 wt*)

80 [ 4 . ;
o  DiAyerage compositions /' g work
90 . " . - a:C work
10 20 30 40
AlRO3 —

Fig. 6. Chemical compositions of adhering particles
projected on the ternary plane.
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Fig. 7. Decomposition of limestone in the tablets
during sintering.

R HELKAERT 5 = & °F CaO M1 ERT S
CEnEZ RS, COBBTRKDO VY ¥ — b R
~OERREERE L.
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WARENMIT EHEEDHIDTHS.
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BRI FA 2-4 ©oFETHEL, PN L.
F L TRE O WiED b EREEYRD, Fig. 7 ©
RLte. BAGBKRAEDRE R Table 1 LREILUTHS.
Bl FOBETHORNERI VB LEVEREGL D
p, 1100°C TH 50% miRHMCHS. Fic 1250°C
b Ea—2 A7 Y ~XOPHRENFEELOTWS.
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C3F) Dicalcium ferrite
Photo. 2. Lime dissolution into low basicity silicate
melt at 1250°C.

o 1100%
* 1200°C
@ 1300°C
Mo — M.
20 ) 60
FexOs +Al20; —>
Fig. 8. Change of silicate melt compositions

during sintering.

HA 2.3 OFBTHR L. A% o mEEn & %
Photo. 2 wind. A), B) L4 RKOEBEKIZAS 7
FRIBI LT EHEIND Feir L CaO L v iR

Lic GF oBBLbRAE. ¥7:AF5 7/dap CaO B
EMCEL TR LT, BROAR L L L CAKOBHIT
IEFDOT w5, L2 TE CaO Bk TERERIK 2\
BB ENOIRIGREBI DR EEL B,

BlED 42 83X 43 T~ &<, Bk s 2
DYBIREROBE TIHBLEREE LB, Lich
2T, UTOMTIIF B ERER ST, BERER
B ST A AR OB R BE L, TiEE oL

C3F) Dicalcium ferrite, C2S) Dicalcium silicate
M) Magnetite, C-F) Melt of CaO-Fe,0j3 system

Photo. 3. Microstructure by lime dissolution at
1200°C.

B BIRAEA S BRI\ TOBEYEERT5.
44 FBBRICHEITIZSUr— b RRAEOHEMETIE
BRI XY 2.4 wWnd BEERED BiEER Y EE
L, BERORTEREYBE L. FRE»LEELER
Bto >y r— B0 EPMA X345 R% Fig.
8 rwRd. Fig. 8 wiRT X5k 1100°C C{EH AR 2
FIBRERLTVWSY, ERFEHECINIIHBET
Hote. 1200°C, 1300°C LEER AR LA,
A5 ZH#HRIE CS whhoTEEEENCBEL, &
BAS ZABE ST W5,

Z DR & BREAR X V%35, Photo. 3-A)
11 1200°C 7 BH2& LA RK G TH O 4o @
RBE BE L %2R LTH D, Photo. 1-C) L¥F
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LD KBE = DI KA I i R EOBE» D bk,
Thebb, —ORTRKEANEE LM HEY L, B
{bsk% 5~10wt% &% Lic CaO & GF 0BELL
HEB oD T\W5. F1LT, ZoiE#diz Photo. 3-
B) kiRt roreEs CS & CaO-Fe,0, HAMIK
(CaO : 17, Fe,0,:83wt%) HIAELTWA. 55—
SO, ERoBBONNEMHFEL CS A
ELTW5.

OB XD L HBBTER L EELD. ¥
FRIKGOEETER L. CaO-Fe,0, 2TTRA K
Si0,, ALO, &5 &1z AT CaO-Fe,0,-Si0, & @
ERSEER THD I ALYT AT = T4 FREE (B) 2
HERTH. Fhic CaO 234 CS HMT5.
FD & T SO, HAMEL oo Ca0 A
L CF Wi T%. BRIHEED CS & CaO-Fe,0
TR L 75D ’

Photo. 3-C) it FIKBNRIRLCIlEH B H, RKAIS
CHEELIEEL bR ABBH AR LIE#THS. =
e RO 5 CAER LI VYT AT =54+ RBR
1w CaO 2¥EF AL, CS Adh L, 23w T FeyOf 28
BHL, ByoWsrELCbD LELS.

Bl b oopegt rhirsa B & IR ER DRE A 7 7K
¥ TCOMELYOXD L eELS. T b b 1100°C
FETE CaO/Si0, v # — F BB AR L, 1200
°C TIRKEORERT CS 4TS £ LT,
BRI HERT CS DY 7 — + AWK ~OBHEE
NERXNEEETD E, EREEBRLIHDOT GS
Ny — FRBRCET A&, 0K Fig. 8 ©
RLI X S EREMe BB L, B A S 7
HEELD.

5. %%

BEAEThNTSEERER L REEERER Y ER L, SHE
R LA OTFLEE S Lie, X SR CRIER L

il

Po,=10-7atm FTD CaO-Si0,-ALO,-Fe;0, 4 LR
FAHRBRCE ST, THIREOERY) ORR AT S
MR\ e b ¥ CORB LN LU TORBR 2B

1) CaO-SiO,-Fe O, 3 TH ¥ X1V Ca0-8i0,-Al,
O4-Fe,0, 4 TEDOFHEMEGELH bt L. ALO,
DELEC LD, RERO 1300°C ORKEFEIR 1% ERIL
B BT 5. ,

2) BEESOTPME L LT YY r— PRANKE 4
TREAINVY T AT = T4 FREBEADB. ZOBRMCD
WYY ET 254 FRBBCRRA LT & TE
Bt5 CS EBoBEIrEFETS.

3) {€ CaO Bhig~0WEHERIK OBMIE 1k, CaO
OEBI CF o ERThiedEs hiclv.

4) BEREAEI R Oh TEEEE vV 7 — + KRB
CS wEmlLok, FOHERITERESMBHL, ©
VWRERKRA S FHBREER T LA ELDRS.
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