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On the Method of Rough Estimation of the Slag Viscosity Near Neutrality.

Synopsis:

Mineo Kosaka and Susumu MINowA

The viscosity of five synthetic silicate melts and one industrial cupola furnace slagv were measured by
Brookfield (inner cylinder rotation) type viscometer in the temperature range from 1300 to 1500°C.
Chemical composition of the samples was: SiO; (about 36~51 wt.%), Al,O; (10~13), CaO (35~48),

8~15 wt. % of MgO, TiO;, FeO and other impurities.

crucible by electric furnace.

These samples were melted in Pt-Rh alloy

On the other hand, published viscosity data in the literatures were analyzed to obtain SiOs-equiva-

lence of alumina, N,, related to the viscosity of the melts.

Hence, Ny was formulated as follows:

Np=1-68(Na1,0,)08 (Nsm0) 2™ : nol. fraction
N’A:0’0966 (NAIZOS) O'BS(NEM()) 0-74 : mol. %
Using above equation, the viscosity data in SiO;-CaO, SiOp-Al;O5-CaO and SiOz-Al,O3-CaO-MgO
systems could be correlated in a relationship between chemical component index, X =Nsgio,+Na, of

the melts at the same temperature.

In this paper, a diagram (or Table ) of X-temperature-log. viscosity was presented. The availa-
bility of this diagram to rough estimation of viscosity in the silicate melts, which were of nearly neutral,

ordinary composition was discussed.

The viscosity coeff. obtained in this work and the data from the literature in several multicomponent
systems containing small amounts of FeO, BaO, MnO, etc. were in agreement with the diagram, but
the viscosity data measured in the graphite crucible and the data in FeO or MnO rich (above 15 wt.
%) systems indicated poor correspondence to the diagram.
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Fig. 1. Schematic representation of viscosity apparatus.
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Table 1. Chemical composition of the silicate melts. (wt. %)
Sample No. l SiO, [ ALO, ' CaO ‘ MgO TiO, FeO Fe,Os | NagO+K0

S-1 42-43 13-67 42-28 030 - = 0-42 094
S -2 31-81 10-25 48-38 0-22 833 — 0°30 070
S-3 51-27 11-56 3576 0+ 24 011 _ 038 0-87
S -4 3689 12-65 3576 0-24 — 12-24 1-62 088
S -5 35-89 1165 3578 1538 0°06 — 0-36 0-87
*Q-1 4710 11-15 3482 1-49 — |MnO 3-67] 1-39 0-14

* Cupola-furnace slag
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Sample Temperature °C Note
No- 1300 (1350 |1400 1450 | 1500
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*S-5 — | 685 4-72| 3-18 2-28
C-1 362238 |14°2| 958/ 6°46
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Fig. 9. Viscosity in 5i0,-CaO, S10,-A1,03-CaO
and SiO,-AlO3;-CaO-MgO systems.

RRECEL CYED SIO, BRICHETHZ L3RS L
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O¥EERIGEREE, X5 J. 8. MacHIND 5T X 5510

Table 3. Averaged viscosity, 7 (poise), from Fig.9 related to chemical component index, X=Nsijo,+Na.

Temp. °C
1350 1400 1450 1500 1550 1600 1650 1700
X

0-42 — 4'38 2'95 221 1'65 1'18 0'99 076
0'45 — 535 3.68 265 1'94 1'4'6 ].19 094
0-48 10.3 679 46, 33, 24,4 1:8 14, 1:1,
0-50 12:7 804 5‘46 3'90 2'89 2'19 170 131
0-55 235 14-4 9.5 644 5+0g 37 26, 19,
058 355 22:2 13-9 93, 6°55 464 35 263
0-60 46°3 28°6 18°5 12°5 9-34 695 | 47 361

Table 4. Simplified molecular concentration of silicate melts, from Table 1 and chemical
component index, X=Nsio,+ Na, calculated by eq. (7).

Sample. No. |  Nsio, Na1,04 Ncao Nugo } Nrio, Nreo X=Nsio,+Na
S -1 0-435 0-083 0-483 — - | = 0- 544
S -2 0-326 0-063 0-548 — 0-063 — 0-432
S-3 0-522 0-069 0-408 — — — 0-607
S-4 0-387 0-078 0-414 _ — 0-121 0-499
S_5 0-341 0-069 0-377 0-218 - — 0-446
c-1 0-467 0-064 0-370 0-022 — as MoO. 0554
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Key and chemical composition in Fig, 10

Fig. 10. The values in Fig.9 compared between the viscosity data obtained by present work

and the data after several workers.
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Fig. 11. Viscosity in several silicate systems which
were melted in graphite crucibles.
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Fig. 12. Relation between averaged viscosity coeff.,
7 (fron Table 3) and reciprocal tempera-
ture, 1/T.
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‘ Change of the Dissolved Oxygen Content in the Process of

Silicon Deoxidation.

Yoshio MIYASHITA

Synopsis:.

L.

A new method has been developed to determine directly the dissolved oxygen content in molten iron
which has oxide inclusions in it. By using this method, the change of the dissolved oxygen content in
molten iron in the process of silicon deoxidation has been clarified. The method is based on such an
idea that the primary deoxidation products and the oxides formed during cooling and freezing can be
differentiated when radioactive silicon (silicon-31) is added to molten ironjust before the cooling begins.

In such a case, the oxides formed during cooling and freezing are radioactive, while the primary
deoxidation products are not since it has been clarified that the exchange of silicon between the metal
phase and the oxide phase does not occur. That is, one can estimate the dissolved oxygen content by
. measuring the radioactivity of SiO; extracted from iron samples, since almost all of the dissolved oxygen

has combined with silicon due to its large affinity for the latter.

In each heat, 1.2kg electrolytic iron was charged into a magnesia crucible and melted in the indu-
tion furnace. The temperature of the molten iron was kept at 1600°C. Radioactive silicon was added
" to the molten iron at certain time after the addition of 0-5% silicon for deoxidation. SiO; was extrac-
cted from iron samples by the nitric acid solution technique and its radioactivity was measured with
GM counter. As the half life of silicon-31 is very short (2°62hr), all the measurements were comple-
4 ed within 8 hours after the radioactive silicon was produced in a nuclear reactor. The change of the
dissolved oxygen content with time was determined from six runs in which the radioactive elementt
was added at varions times after the primary deoxidation.

The results are as follows:

1) The amount of the dissolved oxygen decreases very rapidly within one minute after the deoxi-
dation and then continues to decrease very slowly. It is confirmed that the time required for the ch-
emical reaction Si+20=38i0, (Si=Sit+ +4e7) is negligible since the observed oyxgen content at each

stage of deoxidation was found in agreement with the value predicted by equilibrium relation with
silicon. This fact also indicates that the rate of decrease of the dissolved oxygen can be estimated
from the ‘rate of increase of the metallic silicon in molten iron.

9) Comparison of changes of the dissolved and the total oxygen shows that the rate of decrease of
the total oxygen is determined by the rate of removal of the deoxidation products.

3) The analyses of primary deoxidation products show that these consist only of SiO:; and do not
include any FeO. Thus a small amount of FeO found in final products must have been formed in
the processes of cooling and freezing.

This technique is supposed to be applicable to other cases in which elements other than silicon are
used for deoxidation.

(Received 3 Dec. 1965)
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