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Measurement of Surface Viscosity of Molten Oxides

Shigeta HARA, Mitsuaki KITAMURA and Kazumi OGINO

Synopsis :

Viscosities of molten oxides in the systems, Na,O-P,05, BaO-B,03;, Nay;0-B,03 and Na,O-SiO, are
measured at 1 000°C on the surface as well as in the bulk phase, using a modified rotating viscometer. By
the viscometer, existance of highly viscous layer on the surface can be detected when the layer is formed, if

the viscosity in the bulk phase is above 5 poise.

Most viscous layer on the surface was observed for BaO

17.8 mol % -B,03 82.2 mol% melt, in which the surface visosity is 2.3 times higher than that in the bulk

phase.

The highly viscous layer observed on the surface can be expained, assuming that the concentration

of surface active component as B,O3 on the surface is higher than that in the bulk phase.
Key words : viscosity ; phophate ; borate ; silicate ; melt ; surface ; bulk.
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Fig. 2. Details of viscometer assembly.
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Fig. 3. Change of deflection of bob with the
immersion depth at a constant rotating velocity
for Na,0O-P,05 melts at 1000°C.
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Fig. 4. Relation between immersion depth of bob
and viscosity for Nay,O-P,05 melts at 1 000°C.
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Fig. 5. Relation between rate of rotation of dish
and deflection of bob on surface for Na,O-P,O4
melts at 1000°C.
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Na,0-P,05 ZEMAD G £ Mk 77iE TR, Fig. 9,
10, 11 42733, 1000°C DPIEIC B VT, WTFho
HEIC BV THERRL D ESHMICRE T O/EOET
NEEIN. COPUTEICBLTELNLHEOME
12 E Tl » 5 Bob MRiES M@ T TOFIYDOKMAE
2E2HEEZONA. FIT, ROKFEILEST,

150 I
363Ba0-63.78,0,
|
o0
— ' 960000
a.
%]
2
‘» 100
0
b
£
500 5

Immersion depth of bob (mm)

Fig. 11. Change of apparent viscosity, 7, with im-
mersion depth of bob for 36.3Ba0-63.7B,03; melt
at 1200°C.
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1000°C.
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Fig. 13. Change of apparent viscosity, 7 with
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Fig. 14. Change of apparent and average viscos-
ity, 7, 7 with immersion depth of bob for
10Na,0-90B,03 melt at 1 000°C.
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Fig. 16. Change of apparent and average viscos-
ity, 7, 7 with immersion depth of bob for
50Na,0-50Si0; melt at 1200°C.
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Fig. 17. Surface viscosity, 7, bulk viscosity 7,
and surface tension, ¥ for Nay,O-SiO, system at
1200°C.
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Table 1. Surface and bulk viscosity, 7., 7, of melts.
Composition (mol% ) E . .
xperimental Ts Ty
Sample . temperature (°C) (P) (P) 75/
Na0 Py0Os BaO By03 Si0y
A 50 50 -— — — 1000 1.25 1.17 1.07
B 60 40 - - — 1000 0.38 0.37 1.03
C 63 37 — — - 1000 0.32 0.32 1.00
D — — 36.3 63.7 — 1000 6.34 5.05 1.26
E - — 36.3 63.7 — 1200 1.22 1.22 1.00
F — — 17.8 82.2 — 1000 32.8 14.2 2.31
G 28.7 — — 71.3 — 1000 1.84 1.74 1.06
H 10 — 90 — 1000 6.00 4.70 1.18
I 50 — - — 50 1200 5.81 5.13 1.13
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FHHFEIN TN D,
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HEFEBICHIET A HEERBELL. COREEHCT,
Na,0-P,05, Ba0O-B,0; Na;0-B,03 # X UF Na,O-
Si0, ZOEMADEEE L NV 7 HOMMEOBIE %17 -
72 COMEHETIE, /S0 2 O 5 poise 2
FEdHAGAIZIE, REHBEI NV ZHERLD, Rl
RTHENEVEBHIER SN TWAEEAILE, 20BO
GBI TH 72, L L, bLLNNIVIHOK
A5 2 poise AT DIFHA T3, KEREOHEA SV -
HMEEZD, #HEORBVHBICBEH LT T, 20K
WIZREETH - 72, REBOMMELI SV IHEFLCR
HAEAEE LT, 1000°C 28175 17.8mol% BaO-
82.2 mol% B,0; DMK OREA R & /. Z ok
FHTIE, FREEHEHD L LTO BOs iBE ANV 74
CHLTEL sl Lhb, RERIE RS MG
¥R, FOFK/RL LT, KAREHMED BO; 2LV
M), BOWRAROMEL LTHIESNDEDTIE
TuhtEZoND., )

=a
afl

X 73

1) C. F. CooPER and J. A. KITCHENER: J. Iron Steel Inst., 193
(1959), p. 48

2)

4)

8)
9)
10)
11)

12)

13)
14)
15)
16)

17)

—
(o)
~

20)

21)

V. I YaBorski: $@fE SEE OB KB, %, K&K, B
#R) (1971), p. 163 [ H A EMf AL ]

J. H SwisHErR and C. L. McCABE: Trans. Met all. Soc.
AIME, 230 (1964), p. 1669

Ok, HEHEBA, LA RE, KERE: gk &M, 69
(1983), p. 1152

K. OGINO, S. HARA and H. Kawal: 1988 Process
Technology Conference Proceedings (1988), p. 23
A, dbRHEE, KEFALL: 8% & 8, 75 (1989),

p. 2167

E. M. Levin, C. R. RoBBINS, H. F. MCMURDIE and M. K.
REsER: Phase Diagrams for Ceramist (1969), p. 95

[ The American Ceramic Soc., Ohio]

C. F. CaLLIS, J. R. Van WAZER and J. S. METCALF: J. Am.
Chem. Soc., 77 (1955), p. 1471

C. F. Caruis, J. R. Van WAZER and J. S. METCALF: J. Am.
Chem. Soc., 77 (1955), p. 1468

A. J. BoYER, D. J. FRAY and T. R. MEADOWCRAFT: J. Phys.
Chem., 71 (1967), p. 1442

T. B. KING: The Physical Chemistry of Melts (1953), p. 35
[ Institution of Mining and Metallurgy, London]

E. M. LEVIN, C. R. RoBBINS, H. F. MCMURDIE and M. K.
RESER: Phase Diagrams for Ceramist (1969), p. 97

[ The American Ceramic Soc., Ohio]

L. SHARTsIS and H. F. SHERMER: J. Am. Ceram. Soc., 37
(1954), p. 544

Y. DIMITRIEV, E. KASHCHIEVA and M. KoLEvVA: J. Mater.
Sci., 16 (1981), p. 3045

L. SHARTSIS, W. CAPPS and S. SPINNER: J. Am. Ceram.
Soc., 36 (1953), p. 319

G. H. Ka1ura and J. M. Tocurt: Phys. Chem. Glass, 17
(1976), p. 62

W. VoGEL: from Physicochemical Properties of Molten
Slags and Glasses, written by E. T. TURKDOGAN (1983),

p- 165 [ The Metals Soc., London]

G. HEIDTKAMP: Glastechn. Be., 14 (1936), p. 94ff

E. W. WASHBURN, G. R. SHELTON and E. E. LiBMAN: Univ.
of Illin. Engin. Expper. Stat. Bull., 140 (1924), p. 21

L. SHARTSIS, S. SPINNER and W. Capps: J. Am. Ceram.
Soc., 35 (1952), p. 155 _

J. O, M. Bockris, D. J MACHENZIE and J. A. KITCHNER:
Trans. Faraday Soc., 51 (1955), p. 1736




