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The Solubility of Water in Liquid Silicate
Tasuku Fuwa, Shiro Ban-vA, Tsutomu FuxkusHiMA and Yasutaka IGucHI

Synopsis

A vacuum fusion technique was applied to determine the solubility of water in liquid oxides. Re-
producibility of determined hydrogen in liquid oxides was usually +4 to 5 ppm for samples containing*
Liquid oxides were equilibrated with the gas mixture of argon and water
vapour in the range of temperature from 1500°C to 1600°C. In the lime-silica system, a minimum of water
solubility was observed near the metasilicate composition. The effects of addition of PyOs, B,Oj3, GeO,,
AlO3 and TiO; respectively to the CaO-5i0, system (% Ca0/%Si0;=059) on the solubility of water
were studied at 1500°C. The addition of acid oxides such as P;O;, B;O; and GeO; increases the solubility
of water, but amphoteric oxides as Al,O; and TiO, decrease the solubility of water. A minimum of
water solubility was observed at approximately 20 moles percent of AlQO;.5 in the CaO-SiOy-Al,O;y system.
It was found that the effect of an addition of acid or an amphoteric oxide on the solubility of water might

about 50 ppm_ hydrogen.

be closely related to the ion-oxygen attraction of cation in oxide.
(Received 4 July 1966)
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Window

Mo-electrode

Sample holder

Alumina furnace tube

24mm 1.D., 30mm O.D., 250mm long
Alumina radiation shield

50mm O.D., 200mm long

Mo-wire

0'8mm ¢5m long or 1,0mm ¢7m long
G Alumina crucible

17mm I.D., 2lmm O.D., 12cm long
Alumina powder

(20~30 mesh)

Fig. 1. Furnace assembly for hydrogen
determination.
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A. Furnace, B;.p. Hg-diffusion pump, C. Oil rotary pump,
D. Fe-Mn, E. Sprengel pump, F. Micro Orsat

Fig. 2. Schematic diagram of apparatus for
hydrogen analysis of slag.
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Table 1. Effect of amount of Al-foil added on the -
determination of hydrogen.

Weight of | Weight of | Hydrogen
Heat No. slaggsample Al—f%il }tl:ontgnt
SCN- 8 1-3783(g)| 0-°2188(g) 49 (ppm)

. 1-2599 0-3194 47
1-7658 0-1422 48
SCN- 9 1-1561 01486 56
1-6589 0-2713 52
SCN-10 2-3744 0-2804 46
2-1673 0-1182 47
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Table 2. Determination of combined water sereral
oxides.

( 1 ) NagTCO4'2H20

Stoichiometric water content : 13:29,
Ignition loss at 420°C 1 1429,

Results of gas analysis

Weight of | Weight of Water Y

sample Al-foil content Reducibility
0-0296(g)| 0-1409(g)| 13-4(%) 95(%)
0-0198 01063 14-1 99 -
0-0118 0-1019 146 103
0-0068 0-1076 156 110

( 2 ) K2T€O4' QHQO
Stoichiometric water content : 11-89;
Ignition loss at 430°C 2 11-7¢9,

Weight of | Weight of Water s

sample Al-foil content Reducibility
0:0244(g)| 0-1143(g)| 11'9(%) 102 (%)
0-0266 0°0836 11'6 99
0-0936 0°2040 10°7 91

(3) CaCrOy4-H,O

Stoichiometric water content : 9-09%

Ignition loss at 430°C :8'0%

Weight of | Weight of Water -
sample Al-foil content Reducibility
0-0267(g)| 0-1055(g) 6°7(%) 84 (%)
0-0521 0-1064 79 98
0-0745 0-1788 7-5 94
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Table 3. Comparison of determination of hydrogen
with and without the Fe-Mn path.

Hydrogen content
Heat No.
Path- 1 Path-1
SCN-13 45 (ppm) 45'5 (ppm)
45
SCN-14 4] 43
SCN- 7 27 25
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Fig. 3. Schematic diagram of apparatus for the reaction of slags with gas

mixtures containing water vapour.
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\\\%I l A . Gas inlet alumina tube
':FA’T—J A ® B . Brass cap
C
D G. Suspension Pt wire
1 | D. Thermocouple
~ E. Pt Crucible
F . Alumina furnace tube
U E G. Pt resistance furnace
F H. Brass cap
\ N
G

=

R st
Gos outlet E— H

Fig. 4. Furnace assembly for the reaction cf slags
with gas mixtures.
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(1) Walsh et al : 409% CaO-409% SiO2-20% Al;Oj; slag
PH20=760mmHg
Reaction temp. 1550°C

(2) Present work: 60% 8i0;-25% Ca0-15% Na;0 slag
PH20=289mmHg .
Reaction temp. 1300°C

- Fig. 5. Hydrogcn content of slag and reaction time

for the gas-slag reation.
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Hydrogen content ( ppm)
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Fig. 6. Relation between hydrogen content of slag
and square root of water vapour pressure.
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Fig. 7. Effect of temperature on hydrogen content
in 639 Si0;-379; CaO melts.
(Ca0/Si0;=0"59, Py,0=289mmHg.)
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Fig. 8. Effect of basicity on the hydrogen contents
of CaO-Si0O; melts. :
“(Pu,0=289 mmHg., at 1600°C)
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Fig.' 9. Solubility of hydrogen in CaO-SiO;-acid
oxide (PyO;, B:03, GeO,) melts.
(CaO/8i02;=059, Py, 0=289 mmHg., at
1500°C)
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Fig. 10. Solubility of hydrogen in CaO-SiO.-amphoteric oxide

V(A1203, Ti02) melts.

(Ca0/Si0; =059, Py,0=289 mmHg. at 1500°C)
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Fig. 11. Infra-red absorption spectra of 37% CaO-
639 SiO; slag.
Plate; 5mm thickness (By Hitachi-Perkin
Elmer 125 Grating Infra-red Spectro Pho-
tometer)
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Fig. 12. Infra-red absorption spectra of 63%SiO.-
37% CaO slag.
Hitachi-Perkin: Elmer 125 Grating Infra-
Spectro Photometer.

Table 4. Ion-oxygen attraction of oxides.

Acid or Ton-oxygen Hydrogen
amphoteric attraction content®
oxide I (ppm)
P,O; 3-31 91
GeO; 2-14 83
TiO» 1-85 77
Al,O4 1-66 76
H.O 1:05
CaO 0°70

* Hydrogen contents at 10 mole pct.- of acid or
amphoteric oxides in Fig. 9
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Fig. 13. Solubility of hydrogen in CaO-S5iO; melts

with acid or amphoteric oxide. .
Ca0Q/Si0;=0'63 (mole ratio)
Pu,0=289 mmHg, Temp. 1500°C
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