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Viscosity of Ternary CaO-SiO,-M,(F, O), and CaO-Al,0;-Fe,0; Melts

Toshikazu YASUKOUCHI, Kunihiko NAKASHIMA and Katsumi MORI

Synopsis : Effects of additives (Li,0, Na,0, K,0, MgO, BaO, Al,0,, Fe,0;, TiO,, NaF, CaF,) on viscosities of Ca0-Si0, (Ca0/Si0,=1) melts have
been studied by a crucible-rotating method. Viscosities of CaO-Al,0,—Fe,0; melts also have been measured.

The addition of Al,O; lead to increase the viscosities of CaO-SiO, (Ca0/8i0,=1) meits, and the viscosities of Ca0-Si0, (Ca0/Si0,=1)

melts decreased with the addition of the other elements. The viscosities of CaO-Al,0;—Fe,O; melts of constant CaO content decreased with

the substitution of Fe,O; for Al,O;.

lida’s equation for viscosity reproduced the experimental viscosity data for CaO-SiO, (Ca0/Si0,=1) melts except for high Al,O, content

(40 mass% Al,O,) slag.

Key words : viscosity; additive; CaO-SiO, (Ca0O/SiO,=1) melts; CaO-Al,0,-Fe,0; melts.
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(Experimental conditions}

(1) Length and diameter of torsion wires
30mm & $0.43mm ( high viscosity region )
30mm & ¢0.25mm ( low viscosity region )
(2) Viscosity of oil in the oil damper ; 0.3 Pas
(3) Revolution speed of the motor ; 60 r.p.m.
(4) Immersion depth of the rod ; 10mm

Fig. 1. Apparatus for viscosity measurement and the ex-
perimental conditions.
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Table 1. Initial and final compositions, and temperature
range and viscosity for CaO-SiO, based slags.

Slag Slag composition (mass%) Temperature Viscosity
type Initial Final range log n (Pass)=-A+B/T
Ca0_Si0, _addition [CaO Si0, Li,0Na,0 K,0 () A B(X 104
A-0 | S0.0 509 - 1530 - 1570 -4.504 0.704
A-1 | 49.0 490 Li,0:2 1400 - 1550 -4.634 0.703
A-2 | 475 475 Li0:5 48.0 46.2 53 1300 - 1450 -5.558 0.804
A-3 | 450 450 Li0:10 (457 434 104 1350 - 1500 -5.121 0.688
A-4 | 425 425 Li0:15 1330 - 1480 -3.951 0.445
A-5 | 475 475 Na,0:5 1520 - 1570 -3.172 0.448
A-6 | 450 450 Na,0:10 1405 - 1485 -3.563 0.491
A-7 | 42.5 425 Na,0:15 1520 - 1570 -4.303 0.609
A-8 | 41.2 41.2 Na,0:17.6|40.6 38.5 15.9 1470 - 1560 -3.821 0.516
A9 (475 475 K, 0:5 46.7 464 4.0 [1525 - 1565 -6.175 1.008
A-10| 45.0 450 K,0:10 46.6 45.0 7.2 |1495 - 1565 -4.791 0.746
A-11] 425 425 K,0:15 425 41,7 11.7 1535 - 1575 -4.131 0.607
A-12] 40.0 400 K,0:20 40.1 _41.6 17.3 1530 - 1565 -5.111 0.780
Ca0_SiQ, addition |CaO SiO, MgO BaO
B-1 | 45.0 45.0 MgO: 10 1500 - 1560 -4.712 0.706
B-2 | 425 425 MgO: 15 1525 - 1575 -3.919 0.553
B-3 | 40.0 40.0 MgO: 20 1545 - 1585 -5.752 0.858
B-4 | 450 450 BaO:10 1480 - 1560 -5.062 0.794
B-5 | 425 425 BaO:15 1450 - 1550 -5.313 0.839
B6 | 400 40.0 BaO:20 1420 - 1520 -5.196 0.802
Ca0_SiO, addition |CaO SiO, Al,O,Fe,0;, FeOQ
C-1 [ 450 450 ALO;:10 (446 446 99 1475 - 1550 -4.406 0.739
C-2 | 40.0 40.0 ALO,:20 (39.7 37.1 195 1405 - 1525  -7.307 1.286
C-3 | 350 350 ALO,:30 [36.0 32.1 29.8 1500 - 1550 -7.107 1.278
C-4 | 300 30.0 ALO,:40 [31.0 25.6 40.1 1500 - 1550 -9.622 1.745
C-5 | 450 450 Fe,0,:10 7.4 1.7 [1450 - 1550 -5.629 0.884

C-6 | 40.0 40.0 Fec,0,:20
C-7 1 350 35.0 Fe,0,:30
C-8 | 300 30.0 Fe,0,: 40
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C-9 | 450 450 TiO,: 10 1478

C-10( 40.0 40.0 TiO,: 20 1405 - 1525 -5.022 0.716
C-11 350 35.0 TiO,: 30 1500 - 1550 -4.215 0.560
C-12]| 30.0 30.0 TiO,: 40 1500 - 1550  -4.343 0.569

Ca0O_SiO, iditi CaO Si0, Na,0 NaF CaF,

D-1 | 47.5 475 NaF:§ 48.1 468 2.0 22 1400 - 1540 -4.976 0.774
D-2 [ 45.0 450 NaF:10 468 453 2.6 4.6 1400 - 1550  -4.839 0.709
D-3 | 425 425 NaF: 15 442 447 0.8 108 1350 - 1500 -4.400 0.602
D-4 | 40,0 40.0 NaF:20 42.2 428 33 122 1300 - 1500 -3.328 0.542
D-§5 | 475 475 CaF,:5 49.9 48.1 4.5 11825 - 1565 -4.574 0.693
D-6 | 45.0 450 CaF,:10 |48.5 458 6.6 11510 - 1560 -4.271 0.611
D-7 | 42.5 425 CaFp: 15 | 49.4 442 10.0 [ 1500 - 1560 -4.110 0.550
D-8 | 40.0 40.0 CaF,:20 [48.2 41.7 14411490 - 1540 -3.856 0.482

Table 2. Initial and final compositions, and temperature
range and viscosity for CaO-Al1,0,—Fe,O; slags.

Slag| Slag composition (mass%) Temperature Viscosity
type Initial Final range log n (Pass)= -A+B/T
Ca0 Al O; Fe,0;| Fe,0; FeO () A B(X10%

E-1 ] 60.0 300 10.0 | 94 0.7 11450 - 1550 -7.052 1.071
E-2| 60.0 200 200 | 17.1 2.0 [1450 - 1550 -6.321 0.929
E-3| 60.0 100 30.0 | 257 3.3 {1450 - 1550 -5.035 0.675
E-4 | 500 400 100 | 83 1.3 |1450 - 1550 -5.386 0.832
E-5] 500 300 200 | 167 29 (1450 - 1550 -5.661 0.826
E-6 | 500 200 300 | 260 4.3 [1450 - 1550 -4.658 0.599
E-7) 500 100 400 | 342 5.6 |1450 - 1550 -5.568 0.754
E-8 | 40.0 300 300 | 249 4.7 1450 - 1550 -4.667 0.596
E-9| 400 200 400 (| 352 56 (1450 - 1550 -4.449 0.548
E-10{ 40.0 100 50.0 | 433 6.6 |1450 - 1550 -4.219 0.486
E-11]| 40.0 - 60.0 | 51.5 7.6 (1450 - 1550 -3.952 0.406
E-12] 30.0 200 500 | 433 6.5 (1450 - 1550 -4.131 0.462
E-13| 300 100 60.0 | 543 438 |1400 - 1550 -3.971 0417
E-14] 30.0 - 70.0 | 61.8 8.5 |1400 - 1550 -3.547 0.333
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Table 3. Chemical compositions of SRM2 and of slags
used in this study.

(mass%)
Si0, AlLO; Li,0O K,0 Na,0 MgO CaO TiO, P,0Os
SRM2[63.70 1440 2060 0.13 040 <010 040 <0.10 <0.01
Slag 1] 63.04 1434 2021 063 055 0.14 038 - -
Slag2} 6249 1516 2131 050 063 0.14 039 - -

- — - Recommended value
0.8 by lida et al. ]
------- Inaccuracy (+10%) "/
06}F| O Slag 1
- W Siag 2 /
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Fig. 2. Temperature dependence of viscosities of SRM2
and of the slags used in this study.
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Fig. 3. Temperature dependence of viscosities of the Li,0—
Ca0-Si0, slags.
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Fig. 4. Changes in viscosities of CaO-SiO,-R,0 slags
with R,O content at 1823K.

04
p—
®
<
&
A
=
g 0 MgO
= 12} |8 B0
10% MgO
14} ® by J.S.Machin et al.
14T | o by [ Gultyai et dl.
-1.6 2 L

0 10 20 30
RO content (mass%)

Fig. 5. Changes in viscosities of CaO-SiO,~RO slags with
RO content at 1823K.
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Fig. 6. Changes in viscosities of CaO-SiO,~R,0, slags
with R, O, content at 1823K.
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Fig. 7. Changes in viscosities of CaO-SiO,—R.F, slags
with R 7, content at 1823K.
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Fig. 9. Temperature dependence of viscosities of the
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Fig. 10. Changes in viscosities of CaO-Al,0,-Fe,0; slags
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Fig. 11. Changes in viscosities of CaO—-Al,0,-Fe,0; slags,
and of RO-Fe,0; slags with RO content at 1773K.
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