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Experimental Evaluation of Chemical Composition and Viscosity of Melts Formed during Iron Ore Sintering

Satoshi MACHIDA, Koichi NUSHIRO, Koichi ICHIKAWA, Hidetoshi NoDA and Hidenori SAKAI

Synopsis : The viscosity of the melts formed in the sintering reaction was measured for evaluating the fluidity of the melts, which play a crucial role in

the sintering process. Using the sphere draw-up method carried out the measurements of high temperature viscosity. With low-melting point
compositions of the Fe,0,—Ca0-Si0, system, the viscosity of high SiO, content melts (Fe,0,/Ca0/Si0,=38.5/34.5/27.0 weight basis) was 5
times higher than that of low SiO, content melts (Fe,0,/CaO=280/20). The viscosity of low SiO, content increased with addition of Al,O,
and SiO,. Similarly, with melt compositions generated from actual ores, viscosity depended on the contents of Al,0; and SiO,.

Based on the results, the viscosity of the melted liquid was estimated from the chemical composition, and the viscosity of the solid-liquid

coexistence phase was also evaluated using a viscosity calculating equation for suspensions. The viscosity distribution of the solid-liquid co-

existence phase at 1300°C in the ternary composition system Fe,0;—Ca0O-SiO, was obtained.
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Fig. 1. Experimental apparatus for viscosity measurement.
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Fig. 2. Phase diagram of Fe,0,-CaO-SiO, system.

Table 1. Chemical compositions of measured samples.

Chemical composition (mass%) Melting point
Sample [k 0, | ca0 | sio, | ALO, | MgO QY]
L 28.4 24.0 47.6 1204
M 38.5 345 27.0 1214
N 80.0 20.0 1205
N +Si0, 79.2 19.8 1.0 <1250
78.4 19.6 2.0
76.8 19.2 4.0 <1300
N+ALO, | 796 | 199 . 05
79.2 19.8 - 1.0 <1250
78.4 19.6 - 2.0
75.2 18.8 - 6.0 <1300
73.6 18.4 - 8.0 <1350
N +MgO 79.8 19.95 0.25 <1300
79.6 19.9 - - 0.5
79.2 19.8 - - 1.0 <130
78.4 19.6 - - 20 <1400
N++I\.‘/I\;i)0J 74.4 18.6 - 6.0 1.0 <1400
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Table 2. Chemical composition of iron ores for assimila-
tion test.
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Fig. 3. Relationship between temperature and measured viscosity.
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Fig. 4. Effect of additives on viscosity with low-melting point composition in Fe,0,—CaO system.
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Fig. 5. Cross section of sample after the assimilation test. (Assimilating condition: 1300°C)
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Table 3. Chemical composition of initial melts in assimila-

tion test.
Sample Used Chemical COmpOSition (mass%) Ca0/ Fezo3
1/mol
No. | O | g6 | cao | sio, | AL, | mgo | Ve
1 K 6615 | 2659 | 4.63 2.35 0.20 115
2 J 7289 | 2194 | 3.12 1.88 | 0.06 0.86
3 B 7067 | 2376 | 4.19 1.09 0.05 0.96
4 E 7571 | 2215 | 147 | 064 | 001 0.83
0.08
£ 006
=
g
3 004 F
g
B
5
g oo2f
=
0
Sample No.
Fig. 6. Viscosity with initial melt compositions of assimi-

lation tests at 1300°C.
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Calculated value (Pa s)
Calculated value (Pas)
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Measured value (Pas)

(a) Method of Iida et al.
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(b) Modified method

Fig. 7. Comparison of the measured and calculated viscosities in composition N with SiO, addition.

Table 4. Values for viscosity of monomolecular system tt, and intrinsic coefficient .

ca0 | sio, | Mgo Fe,0, ALO,
Acid / Basic / Amphoteric Amphoteric | Amphoteric
Bottom column: calculating condition of Basic | Acid Basic - - -
amphoteric oxides Basic | Acid Acid
1300°C 33.03 4.67 56.51 0.88 10.22
H g
° 1350°C 2791 4.19 47.08 0.84 8.98
(mPas)
1400°C 23.82 3.76 39.66 0.81 7.95
Tida et al. 153 | 148 | 151 0.08 Eq.(4)
i Present work
©) for composition N base 1.53 1.48 1.51 0.083 0.667
for composition M base 1.53 1.48 151 0.60
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Bi*= Ore,0,Wrei0, 0‘(130W:a0 oMo (3) Bi* = UesolVeao * qM&OWMgZ ......... (5)
Osi0,Wsio, T @&1.0, Waro, Olge0, (aci)Wre 0,1 Otsio, Wsio, T O X1,0, an0,
. AR TR EPES TN B T &6 KRy DOEE
aibo,:aBl_"bWAlzo}"'C ......................................... (4)

a=120X107°T2—4.3552X1072T+41.16
b=1.40X10""T2—3.4944X107*T+0.2062
c=—8.00X107°T%>—2.5568x1072T—22.16
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Fig. 8. Comparison of the measured and calculated viscosities in composition N with MgO or Al,O, addition.
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Fig. 9. Estimation of calculated value using the optimized
parameters for sample M.
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Fig. 10. Comparison of the measured and calculated vis-
cosities with initial melt composition.
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Fig. 11. Iso-thermal section through the Fe,0,—CaO-SiO, system at 1300°C. C3S2: 3CaO-28i0,, C2S: 2CaO-SiO,, C2F:

2Ca0-Fe,0,, CF: CaO - Fe,0,

Sio,
N

N

Liquidus line at
" 1300°C
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Iso-viscosity line

Limit of fluidity
(5=0.52)

Unit: Pa s
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Fig. 12. Calculated iso-viscosity line in the Fe,0,—~Ca0O-SiO, system at 1300°C.
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4.49 g/em’ & FVY =,

1300°CI2 ¥ 1} B REEHEORER & Fig. 121289, Al
OEMIZIIREEMEE o, ORI D 5720, FEHES
A 0.52 KWt TIXRBNIRIE & & B . Fig 11 OFRMHMEIRTH 5
(WA T, Figl2 K DO T g SRERISKTITEL,
SIO,DEENKENI LA RET S,

WEAHBEIR (DO FEIIZB L T, fEIKQ) & (6) TIZIAEE &
Y 5 EROHE AN 20, MORBREAEL &5 T0 5,
WIZHR 4B KOG TE, BELEMEOMRAKE R
L5729, SRERIZERO? S CQ2SOF AN - T
Wb, —J, WAETEK7)DREED@®)~(14) T, SHiER
13 Fe,0,, CS, KU C2SDHMUIAN > T 5,

& Z AT, Fig 1Dk & UN(T7)D 2D O W& H 58 3 1
1315°CYLE TR DO E 2508, FEEOFRICK 58
EHE % 1350°C L E T - 284121, 25 OO
BAT 27 THREBOABANEC 2, ZTHIE2DODH
MR THE R RO BRI R > T b Z &R
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LCHD, BricmtEBL T & % Fe,0, D FA R E
FEIR U CRUBIC AL § 2 TREME £ R ¥ 5 4%, REFEEHES
ZHE T AEAERBOREILEIZOVWTS R ERFVLET
»H%,
4.3 RROMERICL IBBEREIEEOHIE

AR O FRENEWE OB 2 51, MEMB X UNOR
e TRz & 1D, Sio, FHEROEOGEKIE L O R
ARG, TADLMBURFEOBEA, L IL, &S0, &
BRBEOEKMEI VN AHEEL OIS, ZD=HITIESIO,
% Fig. 11 ORI OIS WM EBEIN THRR IS —I2 08
EEBILEMEZLLONS, L2AL -HTSIO,R
ALOZ RN T2 T ut 28 EE, AN THD, Z
DIHAIZIESIO, R ALO, A BDIK N ER 7 D BER A RAf I
TA 55, RELESIMERESMTEEZ R TEE16h0, ZO
BAICRPREORIMLERE TH L FTA D, 72, It
MOBBFTH 53— 2k & LTSI0,R ALO, 2 &8
728, B OBIEOB LS & 3 < HEX 5 A
\BREEZ OIS,

5. #&

[

BRI O FEMHEO LR 2 HAC, 5 E LUk

F0 & O 725 0R O WD EEIIAE , BRTRERE D HER 2 170,

P ol R

(1) Fe,0,-CaO-SiO, R DR AL IZ 512 T3S Sio,
B T O WADREE AME Si0, BAERIE TOM K D 515 &
W, F 7z, KSIo, AHEBIR ORI 1 ALO, ¥ K U'SiO,
DRI EF U 72, ARG K D R4 5 Bk
T & WNIRLEE 13 ALO, R Si0, D EH RITIRAFL 72,

(2) BRHS OKEHERR %L, Fe,0,-Ca0-Si0, D
(KRS AR S 3 3 2 B R ECR R U, WAL 2 © R
B D TEVER 22 VAT A3 T BE & 72 5 72,

(3) Fe,0,-Ca0-Si0, D 3K RIZDWT, 1300°C TD
B LATHDORE 3 %, REHER AR K U7, BEROK,
FER 2 6K | BERS R A R EIR O FREh 4 & AR L 22,

k=7
n - RROREERIE (Pas)
u  RR O RS (Pas)
u, D MRTHOREEE (Pas)
Uy iR [F&sN ZENDY i1:3 (Pas)
Mo - AT i DARRA D LB (Pas)
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Bi R =)
Bi* I BIE L 7-¥E AL e =)
w, T iIOERSHE =)
X, R i DENGER (=)
S B O EREILE )
0.  EOREERY )
T L (K
q LY i DR R =)
0% 50, - ALO, DIEIE L 7= [ (R % )
RAF
i % (=Fe,04(aci.), CaO0, Si0,, Al,0,, Mg0)
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