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The effect of some glass components

on the viscosity of glass

The aim of this investigation was to evaluate
the effects of the most common glass components
on glass viscosity and to be able to calculate the
viscosity-temperature curve of a planned glass
composition.

These calculations are based on three different
independently performed experimental series. The
first investigation was composed of the most com-
mon soda-lime glass components: Si0,—Al,O,
Na,0—K,0—Ca0—MgO and the results will be
published elswhere (1).

The second investigation was aimed to establish
the effect of the molecular relationship between
Na,y0, K,0 and Li,0 in a basic houshold-type glass
on viscosity and other different properties.

The third series was aimed to investigate the
effects of Li,O, BaO, ZnO, PbO and B,0,.

All the compositional changes were calculated on
a molecular basis and in relation to the silica
content.

The glass batches giving 2000 g of glass were
mixed in a porcelain ball mill, melted in platinum
lined ceramic crucible in an electric furnace at
1400—1425° C overnight, poured out, mixed and
remelted for good homogeneity.

Viscosity values were determined in the range
of 102—107 poise in a rotating cylinder viscometer
described elswhere (1).

The viscosity-temperature curves were calculated
by the Fulcher-Tamman equation:

B
ot logn + A
Where: T — temperature in °C

logn = log poise viscosity

B,Aand T — constants

T=T

*) The Glass Research Inst., Vixjs, Sweden.

The experimentally determined viscosity values
were smoothed by an iterative least-squares method
to the Fulcher equation and the standard deviations
for each viscosity-temperature curve where less
than 1,0° C.

Experimental Results

As the calculations are based on different experi-
mental series, there is no randomization or any
balance in the material of the investigation. This is
a serious bias, but to construct a single balanced
experimental plan for 10 different components on
several levels should practically be impossible. E. g.
10 components on three levels each, gives 59049 ex-
periments. The only practical way was to make 2—3
experiments for every component and balance the
experiments with the results of the first series,
which was a statistically correct, balanced investiga-
tion. This method puts very high demand on good
reproducibility and high accuracy on the viscosity
measurements, but as the results prooved, no severe
loss of accuracy has resulted.

The glass compositions where calculated on a
molecular basis as moles per mole of silica.

The effect of B,O5; was measured on two levels
and the results did not fit into the pattern. It was
obvious that more points are necessary for the eva-
valuation of the B,0j-effect and-therefore it was
decided to make a separate investigation for this,
which will be published separately.

The molecular compositions and the experimen-
tally determined Fulcher-constants are shown on
Table 1. The compositions no. 1-—10 comes from the
series for the investigation of Li,0, BaO, ZnO and

25



Table 1. Giass compositions
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expressed in moles, and corresponding Fulcher-constants.

No | Si0, | Al,O4 Na,O CaO LisO BaO ZnO PbO K,O MgO B A T o
1 1.0 0.010 0.1900 0.1800 3838.7 1.448 302.8
2 1.0 0.010 0.1850 0.1800 0.0050 3908.5 1.485 290.9
3 1.0 0.010 0.1750 0.1800 0.0150 3997.5 1.510 2725
4 1.0 0.010 0.1600 0.1800 0.0300 4025.0) 1.509 258.3
5 1.0 0.010 0.1900 0.1300 0.0500 4058.4 1.561 258.7
6 1.0 0.010 0.1900 0.0800 0.1000 3937.3 1464 251.7
7 1.0 0.010 0.1900 0.1500 0.0500 4083.6 1.568 273.3
8 1.0 0.010 0.1900 0.1000 0.1000 43664 1.668 246.9
9 1.0 0.010 0.1900 0.1550 0.0250 37584 1.363 286.2
10 1.0 0.010 0.1900 0.1300 0.0500 40136 1.501 2523
11 1.0 0.005 0.0415 0.1107 0.0191 0.0170 0.0423  0.0200 0.0995 4965.0 1.877 2034
12 1.0 0.005 0.0364 0.1107 0.0000 0.0170 0.0423  0.0200 0.1236 4895.2 1.874 2392
13 1.0 0.005 0.0253 0.1107 0.0233 0.0170 0.0423  0.0200 0.1114 5005.2 1.890 2044
14 1.0 0.005 0.0602 0.1107 0.0277 0.0170 0.0423 0.0200 0.0722 4946.7 1.844 180.9
15 1.0 0.005 0.0546 0.1107 0.0126 0.0170 0.0423 0.0200 0.0928 4901.6 1.848 2094
15 1.0 0.005 0.0500 0.1107 0.0000 0.0170 0.0423  0.0200 0.1100 4864.8 1.854 233.1
17 1.0 0.005 0.0889 0.1107 0.0000 0.0170 0.0423  0.0200 0.0711 4778.9 1.796 2155
18 1.0 0.005 0.0661 0.1107 0.0190 0.0170 0.0423 0.0200 0.0749 48999 1.831 1933
19 1.0 0.005 0.0611 0.1107 0.0094 0.0170 0.0423  0.0200 0.0896 4871.2 1.839 2124
20 1.0 0.010 0.1900 0.1800 0.0400 3861.8 1489 2804
21 1.0 0.010 0.1900 0.1800 0.0800 3791.8 1.513 268.2
22 1.0 0.030 0.1900 0.1800 3974.7 1.433 298.6
23 1.0 0.045 0.1900 0.1800 4005.3 1.410 303.1
24 1.0 0.010 0.1850 0.1800 3964.5 1.473 2924
25 1.0 0010 01750 0.1800 4028.3 1.490 2924
26 1.0 0.010 0.1600 0.1800 41236 1515 2924
27 1.0 0.010 0.1900 0.1300 4154.0 1401 262.8
28 1.0 0.010 0.1900 0.0800 4368.9 1.328 235.6
29 10 0.010 0.1900 0.1500 4065.7 1.427 274.6
30 1.0 0.010 0.1900 0.1000 4288.3 1.364 2450
31 1.0 0.010 0.1900 0.1800 3933.3 1465 2924
32 1.0 0.010 0.1900 0.1550 4044.0 1433 2776
33 1.0 0.010 0.1900 0.1300 41552 1402 262.8
34 10 0010 0.1900 0.1800 0.0300 41145 1.624 281.6
35 1.0 0.010 0.1900 0.1800 0.0450 42045 1.707 276.3
PbO, — the compositions no. 11—19 from the series L + 95.40 Ba — 49.03 Z — 207.86 Pb —
for the investigation of the relationship between 253.60 K — 410.44 M + 195.29.
Li, 0O, Na,0 and K,0 and no. 20—35 are "dummies” where :
calculated from the soda-lime glass series. i
The dependence of the Fulcher constants (B, A and _ Al 04 N — Na,0 — Ca0
T 0) on the glass components was calculated by Si0, ’ Si0, ’ Si0,
multiple regression analysis and resulted in three L — Li,0 Ba — BaO 7 = Zn0
equations : sio, ’ S8i0, KHON
PbO K,0 MgO
"B”? = 2830.0 A — 6802.0 N — 4566.7 C — 611.6 Pb = —; ) - and M — Si0
L — 3622.9 Ba + 1121.1 Z — 3650.3 Pb — Si0; Si0; e
1519.0 K + 6590.0 M + 5991.5. calculated in moles.
TA”? O = 1.29799 A — 137112 N + 1.22366 C + For practical calculations the equations has been
090151 L. + 1.73879 Ba + 3.13803 Z + recalculated into weight relationships, where the
1.32178 Pb + 0.90479 K + 5.63513 M + factors are calculated for the weight of the compo-
1.50848. nents per weight of SiO,, or percentage of compo-
e nent per percentage of Si0,. The equations are the
T, = 308.48 A — 53.25 N + 584.23 C — 1515.11 following :
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Table. 3.
Visco- Effect of 1 kg component per 100 kg silica in = °C
sit
logz’ 8i0, | ALO; | Na,0 | Cao Li;0 | K.,0 BaO Zno PbO
2.0 4.8 91 —153 —120 —51 —399 —6.3 —5.9 —b5.5 —4.6
3.0 3.5 7.0 —127 — 72 —07 -—368 —4.9 —4.2 —3.1 —3.5
4.0 2.8 5.9 —108 — 43 +0.8 -—35.0 —4.1 —3.1 —1.8 —2.8
5.0 2.2 51 — 95 — 25 —34.0 —3.6 —2.4 —1.2 —24
6.0 1.7 4.6 — 84 — 13 —33.4 —3.3 —2.0 —0.9 —2.1
7.0 14 4.2 — 76 — 0.2 —32.9 —31 —1.7 —0.7 —1.9
"B” = 1667.7T A — 6594.1 N — 4892.8 C — 1230.0 Si0, 73.0 % logy °C
L — 1419.6 Ba + 827.8 Z — 982.7 Pb — ALO, 05 , —
968.8 K + 9822.6 M + 5991.5. Na,0 140 ,, 2.0 1417.0
e Ca0 125 3.0 1165.9
A" = —0.76490 A — 1.32022 N + 1.31105 C + © o 40 10085
1.81302 L + 0.68133 Ba + 2.31718 Z + 5.0 8964
0.35584 Pb + 057710 K + 8.39936 M + 6.0 8158
1.50848. 70 7542

”To” = 181.79 A — 5162 N + 625.95 C — 3047.00

L + 37.38 Ba — 36.21 Z — 55.96 Pb —
161.75 K — 611.78 M + 195.29.

To test the goodness of these equations, in Table
2 are shown the compositions in weight percentages,
determined and calculated temperatures for three
viscosity levels and differences between determined
and calculated values.

The standard deviations for logn: 2.0, 4.0 and 6.0
levels are:

¢2.0 = 410 °C
4.0 = 297
¢6.0 — 3.19

which are quite satisfactory for all practical pur-
poses.

As it is difficult to see the effect on viscosity
from the Fulcher constants, the effect of the increa-
se by 1 kg of a component per 100 kg of silica on
temperature at different viscosity levels in a basic
soda-lime glass composition has been calculated and
is shown on Table 3.

The basic glass composition, and its viscosity-
temperature values are:

Summarizing the effects of the different glass
components on viscosity, the following general rules
can be established:

1. The alkali-oxides decrease viscosity and tend to
make the glass ”longer’”. This is most characte-
ristic for lithium oxide. Lithia is the most effec-
tive viscosity-decreasing component, its effect is
more than twice as large as that of sodium oxide.
Nevertheless, the use of lithium oxide is deter-
mined by its aptitude to increase the tendency
to devitrification and its high price. The viscosity-
decreasing effect of potassium oxide is about one
half of that of sodium oxide.

2. The divalent oxides: lime has a strong viscosity
decreasing effect only in the high temperature
range, increasing lime content makes the glass
”short”. Magnesia has an effect similar to that
of lime, but the viscosity decrease is much less
compared with lime.

The viscosity-decreasing effect of BaO, ZnO and
PbO is almost identical and about the same deg-
ree as the effect of potassium oxide.

(1) Viscosity-Temperature Relations in the Glass system SiO; — Al,O3 — NagO — K20 — CaO — MgO in the Com-
positional Range of Technical Glasses. To be published in Glass Technology. T. Lakatos, L.-G. Johansson, B. Sim-

mingskéld.
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