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The Chemical Durability of Si0,-B,Og-Na,O System Glasses

Shun-ichi YATABE Yasuhumi DATE and Yoshio HARADA

Abstract

The chemical durability of SiO2-B203-NagO system glasses was studied in this paper.

The thirty kinds of glasses in this system were fused in the electric furnace.

The fused glasses were powdered into the particles of 35-60 meshes (Tyler), and 2g of them
were immersed in 50 ml water of 30, 50 and 70°C, while being stirred during 10, 20, 40 and 80
minutes respectively.

Then the amounts of alkali dissolved into the water were measured by 0.01N HCI.

The results were as follows.

(1) The experimental data were tested by analysis of variance, and it was found that log of
dissolved .amounts was linear function of log of dissolving time, and was linear function of
reciprocal.of .absolute temperature of the water. ‘

(2) In the case of NagO:mol constant, the dissolving phenomena were very simple. That is, the
dissolved amounts increased considerably -with increasing B203/SiOz2.

(8) In the case of SiO2 mol constant, the dissolving phenomena were very complex. Namely, there
wesre-maximum and minimum value of dissolved amounts.

(4) Generally, the ‘glasses 'in the outer domain of exsolution were more durable than the glasses

in the inner domain.
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Table 1 Composition of glasses Table 2 Dissolved amount Q/mg/ Glass
in x NagO-y SiO3-z B2O3 system (mol %) sample 1g/H20 50 ml
Time
Class | Nas0) 5i0s | B2Os (0358 | Nas0|5i0, | B20s 1% \Q 0 | o | 4w | s
No. T8
1 | 10] 7515 16| 5| 60 | 35
s s s 71 5|6 | 30 { 30 | 0.02 | 0.03 ! 0.03 | 0.04
s oo les sl s! 5| 70! 2 1 50 | 0.03 | 0.03 | 0.05 | 0.05
2l ol 70l o o1 51 55| a 70 | 0.03 | 0.03 | 0.05 | 0.06
s |15 | 65 | 20 | 20 | 7.5| 70 | 22.5 30 | 0.03 | 0.03 | 0.06 | 0.06
s | 20 | 60 | 20 | 21 | 75| 65 |27.5 2 50 | 003 | 004 | 0.06 | 0.07
7 110 | 6 | 25 | 22 | 7.5| 60 |32.5 70 | 0.03 | 005 ) 0.07 | 0.08
s | 15| 60 | 25 | 23 | 75| 55 | 375 30 | 0.06 | 0.06 | 0.07 | 0.09
9 | 20 | 55 | 25 | 24 |12.5! 60 |27.5 3 50 | 0.08 | 0.09 | 0.1 ) 0.14
10 | 25 | 60 | 15 | 25 |12.5] 55 |32.5 70 1011 ) 015 1 0.17 | 0.29
a o les |10 26| 51 50| 4 30 | 0.04 | 005 0.06 | 0.14
o0l e 30l 2! 10! 5| 4 4 50 | 0.05 | 0.06 | 0.09 | 0.19
s |ss a0l 28| 15| 30 | 3s 70 | 0.05 | 007 | 0.10 | 0.22
14 | 25 | ss | 20| 29 | 20 | 50 | 30 30 | 0.04 4 005 | 0.8 0.09
s | 10| ss | as | 30| 25 | 5o | a5 5 50 | 0.06 | 0.07 | 0.15 | 0.19
70 | 0.07 | 0.13 | 0.21 | 0.33
5) MokikBa: 30 | 0.06 | 0.06 | 0.11 | 0.23
BERO O X 51z JIS 3501-1953 1075 5 TH L 25 o 6 501 015 1 0227 0.39 0.5
70 | 0.32 | 0.52 | 091 | 1.28
. 30 | 0.03 | 0.06  0.15 | 0.26
7 [ 50 | 0.1 | 0.26 | 0.51 | 0.76
70 | 019 | 0.36 | 1.21 | 1.92
30 | 0.09 | 0.12 | 0.19 | 0.27
8 { 50 | 0.19 | 0.23 | 0.30 | 0.39
70 | 0.38 | 0.49 | 0.66 | 0.86
30 | 0.15 | 0.21 | 0.35 | 0.62
9 { 50 | 0.54 | 0.80 | 1.21 | 1.75
70 | 0.99 | 1.91 | 3.10 | 4.31
30 | 0.14 | 0.18 | 0.27 | 0.33
10 { 50 | 0.27 | 0.65 | 0.86 | 1.29
70 | 0.68 | 1.34 | 1.98 | 2.54
30 | 0.09 | 0.10 | 0.14 | 0.19
1 { 50 | 0.14 ["0.22 | 0.55 | 0.89
70 | 0.22 | 0.36 | 1.59 | 2.41
30 | 0.12 | 0.15 | 0.19.| 0.23
12 { 50 | 028 | 0.50 | 1.08 | 1.66
70 | 0.45 | 0.99 | 1.62 | 2.39
Fig. 1 Diagram of composition of glasses in 30 0.15 019 0.23 0.25
Si02-B203-NagO system 13 l 50 | 0.21 | 0.43 | 0.72 | 1.12
70 | 0.54 | 0.82 | 1.21 | 1.78
3. 08 = & 30 | 021 | 0.31 | 0.53 | 0.77
] 14 o | 0.80 | 1.24 | 1.83 | 2.10
F5REE 1g kb Mk 50ml Bz ey 22 Uis { 0 | oo | 192 | 31 | ase
Na0 ©& Q/mg % Table 2R, 30 0.22 | 0.36 | 0.67 | 0.90
15 { 50 | 074 | 1.17 | 2.31 | 3.30
70 | 1.66 | 2.69 | 4.81 | 8.92

Vol.22 No.l (1971)



Si02-B203-Na20 &7 5 2 DVEERYTHARE (123) 123

30 | 0.36 | 0.62 | 0.85| 1.33
16 { 50 | 0.94 | 1.60 | 2.45| 3.48
70 | 2.07 | 3.12 | 5.30| 7.78
30 | 0.06 | 0.08 | 0.11] 0.13
17 l 50 | 0.22 | 0.28 | 0.47| 0.56
70 1 0.63 | 077 | 1.04| 1.32
30 | 0.05 | 0.06  0.07| 0.08
18 { 0 | 0.08 | 0.14 | 0.18] 0.25
70 | 0.17 | 023 | 0.28| 0.41
J 30 | 0.62 | 1.07 | 1.81| 3.09
19 50 | 075 | 1.26 | 2.11| 3.63
[ 0.99 | 1.69 | 2.86| 4.53
30 | 0.02 | 0.03 | 0.04 0.06
20 { 50 | 008 | 0.09 | 0.11] 0.13
70 | 0.09 | 0.14 | 0.26| 0.51
30 | 0.05 | 0.06 | 0.19] 0.29
21 { 50 | 011 | 0.23 | 0.64| 0.89
70 | 0.18 | 0.48 1.46 | 2.72
30 | 032 | 0.2 | 068 1.19
2 { 50 | 0.86 | 1.52 | 2.60| 4.09
70 | 1.84 | 3.82 | 6.21| 9.72
30 | 0.57 098 | 1.83| 3.73
23 { 50 | 1.60 | 3.08 | 5.37 9.6l
70 | 4.21 | 6.99 | 12.06 | 19.25
30 | 0.04 | 0.05 | 0.08| o0.12
24 { 50 | 0.07 | 0.15 | 0.26| 0.37
70 | 0.17 | 0.30 | 0.55| 0.99
30 | 0.13 | 0.16 | 0.23| 0.32
25 % 50 | 0.24 | 045 | 0.78 1.44
70 | 0.57 | 1.13 | 235 3.78
30 | 113 | 1.30 | 2.30 | 4.39
26 l 0 | 275 | 422 | 7.05| 9.9
70 | 6.5 | 9.27 | 12.59 | 16.42
30 | 0.50 | 0.85 | 1.11| 2.62
27 { 50 | 1.16 | 2.57 | 4.88| 9.16
70 | 1.34 | 3.86 | 11.05| 20.93
30 | 028 | 0.3 | 0.50| 0.77
28 { 50 | 0.53 | 0.94 | 2.05| 3.55
70 | 0.64 | 1.0 | 2.91| 5.47
30 | 0.40 | 0.51 | 0.59| 103
29 %’ 50 | 112 | 1.84 3.24| 5.19
70 | 221 | 371 | 644 11.94
.30 | 0.60 | 0.87 1.25 | 2.03
30 {‘ 50 | 1.71 | 3.10 | 5.07| 8.32
.70 | 4.35 | 6.97 | 11.63| 17.34
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Table 3 Reduced value S/mg | glass sample
1g/H20 50 ml

Conver- || iime
Glass| sion K(mi“)
coeffi- | > | 10 | 20 | 40 | 80
No. | cient  lremp
I oc |
30 | 0.13] 019 0.21] 0.26
1 6.17 { 50 | 016 0.21] 0.28] 0.28
70 | 0.18) 0.21| 0.33 0.35
30 | 0.12 012 0.23] 0.23
2 4.12 { 50 | 0.14 0.16] 0.26] 0.30
70 | 0.12) 0.22| 0.28 0.33
30 | 0.18 0.20 0.22| 0.27
3 3.09 ‘ 50 | 0.26) 0.28/ 0.33 0.43
70 | 0.33 0.47, 0.53 0.90
30 | 0.23] 0.28] 035 0.90
4 6.22 % 50 | 0.28] 0.37] 0.56 1.17
| 70 | 0.33 045 0.65 1.38
30 | 0.16 0.19] 0.34] 0.39
5 4.15 { 50 | 0.24) 0.31] 0.63 0.78
70 | 0.31] 0.53] 0.89] 1.36
30 | 0.19 0.20; 0.35 0.71
6 3.12 { 50 | 0.46| 0.70] 1.23] 1.64
70 | 1.000 1.62| 2.84/ 3.98
30 | 0.19 0.40| 0.96 1.63
7 6.26 1 50 | 0.70] 1.63| 3.17| 4.75
70 | 1.18 2.27, 7.55 11.99
30 | 0.36| 0.50 0.79] 1.11
8 4.18 { 50 | 0.79 0.98] 1.26 1.61
70 | 1.58| 2.04] 2.76/ 3.60
| 30 | 0.47 0.66 1.09 1.95
9 3.14 ) 50 | 1.71] 2.51] 3.80 5.48
| 70 | 2.18 6.01] 9.73/ 13.54
30 | 035 0.44 0.66 0.83
10 2.48 % 50 | 0.66 1.60 2.14 3.20
70 | 1.68 3.32| 4.92 6.30
30 | 0.22| 0.24) 0.35 0.46
11 2.46 l 50 | 0.34 0.53] 1.36/ 2.18
70 | 0.55 0.88] 3.92 5.93
30 | 0.74 0.93] 119 1.48
12 6.31 { 50 | 1.76] 3.12| 6.82 10.49
70 | 2.86| 6.25 10.20 15.08
30 | 0.63 0.78] 0.95 1.12
13 4.21 [ 50 | 0.88 1.83 3.02| 471
70 | 2.26] 3.47] 5.09 7.50
30 | 0.52 0.76] 1.31] 1.92
14 2.49 %« 50 | 1.98 3.09] 4.55 5.24
70 | 2.45 4.790 9.26| 12 09
30 | 1.37 2.26 4.29 5.72
15 6.36 { 50 | 4.68 7.45 14.70| 21.01
| 10.57| 17.12 30.60| 56.70

. 70
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30 4.55 7.87 10.74) 16.88
50 | 12.00| 20.37| 31.17| 44.24
70 | 26.34| 39.66| 67.34| 98.86
30 0.76) 099 1.33 1.66
50 2.76| 3.57) 589 7.05
70 7.95 9.76| 13.11| 16.66
30 0.57 0.71] 0.85 1.03
50 1.03) 1.70| 2.31 3.11
70 2.08) 2,93 3.49| S5.15
30 7.93| 13.70 23 14| 39.61

16 12.70

17 12.60

18 12.51

19 12.80 50 9.60| 16.19| 26.96| 46.42
70 | 12.70| 21.59| 36.64| 57.92

30 0.19) 0.28 0.37, 0.50

20 8.31 50 0.63] 0.72] 0.88 1.09
70 0.75 1.19] 2.17} 4.20

30 0.39] 0.54 1.58 2.47

21 8.38 50 0.96 1.96| 5.40] 7.42
70 1.53; 4.00 12.21| 22.79

2.72| 3.57) 5.74] 10.06

7.27 12.79) 21.94| 34.51

70
30
50

—
w

.55| 32.23] 52.45 82.01
.83| 8.31| 15.55| 31.68
.60] 26.15| 45.62| 81.67

N

23 8.50

—
w

70 | 35.82) 59.38|102.48!163.60
30 0.18) 0.26| 0.38 0 58
24 5.03 50 0.34| 0.76] 1.29| 1.84
70 0.83] 1.52] 2.76| 4.99
30 0.67 0.83 1.17] 1.6l
25 5.07 50 1.20 2.30, 3.93] 7.29
70 2.89 5.731 11.92/ 19.14

30 | 14.60| 16.79| 29.62| 56.63
26 12.89 50 | 35.47| 54 35/ 90.90/128.42
70 | 79.27119.47/162.231211.62

30
50
70
30
50
70
30

.20 5.45| 7.13} 16.80
43| 16.50) 31.31) 58.66
62} 24.74| 70.82/134.13
17, 1.43; 2.14) 3.28
.26/ 3.990 8.70; 15.08
71| 4.28| 12.38 23.24
26| 1.62] 1.87) 3.26
50 .56, 5.82! 10.26| 16.45
70 .99 11.75) 20.42| 37.84
30 1.50, 2.19| 3.14] 5.12

27 6.41
28 4.25

29 3.17

|
|
|
|
|
|
a2
|
|
|
|
|
|
|

AN W = NN = YW

30 2.52 50 4.30| 7.81 12.78| 20.97
70 | 10.96/ 17.57! 29.30: 43.69
log S=A—B/T+C/T2+..c-..:-- (6)
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Table 4 Table of analysis of variance

~.. Temp. (°C)
T 30 50 70 | mean
Factor ™

S, 4.4463| 5.7177 17.77007.6996
SSq 0.0237| 0.0020 0.0169| 0.0001
'lsq/sl 0.0053 0.0003 0.0021}0.0000

Time

Table 5 Table of analysis of variance

Time{min)
\\\\\\\\\ 10 | 20 40 80 | mean

_Factor .|
[Sl 4.9066 6.8871| 8.1136/ 8.1563| 27.7929

S q 0.1159/0.1204| 0.1262 0.0720, 0.4289
' .LSq/St 0.0236/0.0174/ 0.0155,0.0088] 0.0154
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