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Abstract

This report is a further study of the previous report.
In its report, the chemical durability was studied on the system of SiOz-B2Os-Na20 glasses
containing more than SiOg2 50 mol 2.

In this report, the durability is studied on the domain of less than SiO2 50 mol % in this system,

The experimental method is same as the previous one,

The experimental data were tested by analysis variance

The conclusions are as follows.

1) log of dissolved amounts was linear function of log of dissolving time at constant dissolving
temperature.

2) log of dissolved amounts was varied linearly with reciprocal of dissolving temperature at
constant dissolving time and apparent energy of dissolution is (1.39+0.49) x103K.

3) It cannot be emphasized enough that the formulas of alkali ion dissolved into the water as a
function of dissolving time and temperature for this system of glasses has no connection with
the existence of exsolution domain.

4) The relation between dissolved amounts and composition of glasses are very complex, that is

there is no regularity between them.
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Table 1 Composition of Glasses (mol %)

G‘ﬁf' N220/|Si02| BsOs Glli‘f(f-

31 10 45 | 45 49 5 25 | 70
32 20 45 | 35 50 5 35 | 60
33 20 35| 45 51 10 30 | 60
34 20 25 | 55 52 20 30 | 50
35 25 40 | 35 53 25 35 | 40
36 10 35| 55 54 15 35 | 50
37 10 25 65 55 15 25 60
38 25 45 | 30 56 5 20 | 75
39 25 30 | 45 57 15 20 @ 65
40 15 40 | 45 58 25 20 | 55
41 15 30 | 55 59 30 30 | 40
42 5 40 | 55 60 30 40 | 30
43 5 30 | 65 61 10 20 | 70
44 15 45 | 40 62 20 20 | 60
45 25 25 | 50 63 30 20 | 50
46 5 45 | 50 64 30 35 | 35
47 20 40 | 40 65 30 45 | 25
48 10 40 | 50 66 30 25 | 45
each composition+ AleO3 1.5mol

| NagO ( SizO } B2Os

Si0,

90 80 30 20 10 NaO
1.0, B.O. {mol]

Fig. 1 Diagram of composition of glasses
in SiO2-B203-Na20O system
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Table 2 Dissolved amount Q/mg/glass
sample 1 g/H20 50ml

. Time
Glass (min)
10 20 40 80
No.|Temp
°C) \
30 7.13 8.14 12.4 18.1
31 50 12.4 20.9 34.1 50.8
70 22.5 30.2 46.5 65.9
30 1.16 1.55 2.56 5.50
32 50 4.26 6.20 10.3 15.5
70 7.90 11.3 20.5 40.6
30 6.98 8.45 11.9 21.5
33 50 11.9 19.0 32.4 53.9
70 25.6 42.6 60.8 87.6
30 10.9 14.7 22.5 36.4
34 50 25.6 36.8 49.2 67.0
70 34.9 51.2 62.4 81.0
30 0.93 1.01 1.47 1.82
35 50 1.63 2.25 2.56 3.72
70 2.09 2.67 3.53 5.12
30 3.18 5.50 7.83 13.4
36 50 7.75 10.1 13.6 19.3
70 8.91 16.3 20.9 24.8
30 2.21 3.64 5.66 7.98
37{ 50 4.26 7.98 12.7 15.3
70 10.2 15.1 20.2 27.8
30 3.88 5.66 8.60 13.6
38 50 8.53 11.8 21.3 33.7
70 18.6 31.0 52.3 73.2
30 9.3 14.7 25.2 42.6
39 50 20.2 28.7 44.2 70.5
70 40.3 55.0 76.7 99.2
30 6.20 10.1 14.7 27.9
40 50 18.6 26.7 40.9 66.7
70 27.5 53.3 79.4 | 111.2
30 13.2 19.4 28.7 42.6
41 50 28.7 41.1 62.8 79.1
70 52.7 69.0 82.2 93.8
30 6.98 10.1 14.7 23.3
42 50 12.4 17.4 22.1 25.6
70 17.1 20.9 22.5 25.6
30 10.1 14.0 16.3 18.6
43 { 50 13.2 15.1 17.8 20.9
70 15.5 17.1 19.4 20.9
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(113) 49
8.91 | 14.3 | 26.0
18.6 | 25.2 | 34.9
35.7 | 50.8 | 70.5
9.34 | 13.2 | 17.8
19.0 | 26.4 | 37.6
37.2 | 51.9 | 73.6
8.37 | 12.4 | 20.3
16.3 | 23.6 | 34.1
25.6 | 31.0 @ 38.4
18.6 | 27.9 | 39.5
41.1 | 54.3 | 70.5
63.6 | 77.1 | 86.8
3.57 | 5.66 | 10.1
14.0 | 20.2 | 25.6
34.1 | 41.9 | 47.3
9.69 | 14.0 | 19.4
20.2 | 30.2 | 44.2
3.1 | 49.2 | 69.4
1.32 | 1.55 | 1.86
1.47 | 1.55 | 1.94
2.02 | 2.87 | 3.72
5.43 | 10.9 | 14.7
17.1 | 24.8 | 32.6
38.4 ' 46.5 | 66.3
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Table 3 S/mg/glass sample 1g/H2O 50ml

Con- \ . f \
Glass | version | \11mM€ |
N C??ef- 10| 20 40 | 80
0. mllent Temp \ r \
30 | 46.1 52.6' 80.1] 116.9
31 | 6.46{ 50 | 80.1 135.0 220.3 328.2
70 | 145.4) 195.1 300.4 425.7
30 3.7 4.9 8.2 17.4
32 | 3.19) 50 13.6 19.8 32.9 95.4
0 | 252 357 65.4 129.5
30 27.6 27.4 38.6 69.7
|
3B 3249 50 | 386 61.6 105.0 174.6
70 82.9;138.0 197.0, 283.8
30 | 35.9 48.4 74.0 119.8
34 | 3.29 i 50 | 84.2 121.1 161.9, 120.4
70 | 114.8 168.4 205.3 266.5
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30 2.1 2.8 3.3i 3.9
65 2.10 50 2.50 3.1 3.3‘ 4.1
70 9.3 4.27 6.0 7.8
30 8.4 11.7 23.5! 31.8
66 2.16 50 23.5 36.9 53.6J 70.4
70 57.0; 82.9] 100.4 143.2
|
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Table 4 Table of analysis of variance and b

Qass S¢ Sq Sq/St | b Glass ' s¢ | sq | Sa/st b
1| 0.1367 | 0.0045 | 0.0328 | 0.32 34 | 0.3105 | 0.0000 | 0.0000 | 0.48
> | 02258 | 0.0051 | 0.025 @ 0.4l 35 | 0.1987 | 0.0015 | 0.0076  0.38
3 0.0118 0.0034 0.0292 0.29 36 0.3355 0.0173 0.0515A 0.50
4 0.5879 | 0.0428 | 0.0729A  0.66 37 | 0.4449 | 0.0071 | 0.015 | 0.57
s 0.4882 | 0.0006 | 0.0011 | 0.60 38 | 0.5751 | 0.0000 @ 0.0000 & 0.65
6 0.5808 | 0.0023 | 0.0039 | 0.65 39 | 0.4772 | 0.0003 = 0.0005 | 0.59
7 1.5064 0.0117 0.0078 1.05 40 0.5932 0.0000 0.0001 0.66
8 0.2531 | 0.0000 | 0.0002 | 0.43 41 | 0.2646 | 0.0004 | 0.0014 | 0.44
9 0.6723 | 0.0034 | 0.0051 & 0.70 42 | 0.1858 | 0.0005 | 0.0025 | 0.37
10 | 0.4751 | 0.0158 | 0.0332 | 0.59 43 | 0.0650 | 0.0006 | 0.0090 @ 0.2
11 | 1.0680 | 1.0109 | 0.9465A 0.89 4 | 0.4316  0.0008  0.0018 | 0.56
12 | 0.6115 0.0016 | 0.0026 | 0.67 45 | 0.4299 | 0.0000 | 0.0000 | 0.56
13 | 0.4122 | 0.0023 | 0.0055 | 0.55 46 | 0.1409 | 0.0023 | 0.0164 | 032
14 | 0.5491  0.0078  0.0142 | 0.64 47 | 0.5059 | 0.0017 | 0.0034 | 0.6l
15 0.7788 0.0006 0.0007 0.77 48 0.2718 0.0014 0.0052 0.45
16 | 0.5382 | 0.0014 | 0.0026  0.63 49 | 0.0080 | 0.0009 | 0.1069A 0.08
17 0.2255 0.0001 0.0005 0.41 50 0.05475 0.0005 0.0094 0.20
18 0.2257 0.0005 0.0024 0.41 51 0.1379 0.0009 0.0064 0.32
19 0.7727 0.0001 0.0001 0.75 52 0.4028 0.0003 0.0007  0.54
20 | 0.3666 | 0.0006 | 0.0015 | 0.52 53 | 0.5328 | 0.0001 | 0.0002 & 0.63
21 0.6603 0.0059 0.0035 1.05 54 0.3813 0.0010 0.0026 0.53
22 0.7150 0.0000 0.0001 0.73 55 0.2139 0.0059 0.0274 0.40
23 0.9420 0.0000 0.0000 0.33 56 0.0104 0.0000 0.0004 0.09
24 0.7511 0.0026 0.0035 0.74 57 0.2407 0.0035 0.0144 0.42
25 0.7386 0.0000 0.0000 0.74 58 0.3617 0.0027 0.0074 0.52
26 0.4733 0.0013 0.0027 0.59 59 0.4367 \ 0.0001 0.0001 0.57
27 0.4350 i 0.0011 0.0007 1.03 60 0.3294 0.0001 0.0002 | 0.49
28 0.9601 0.0023 0.0024 0.84 61 0.3436 0.0001 0.0002 0.50
29 0.5974 0.0023 0.0038 0.66 62 0.2243 0.0006 0.0027 0.41
30 0.6111 0.0001 0.0001 0.67 63 0.3352 0.0005 0.0016 0.50
31 0.4220 0.0005 0.0012 0.56 64 0.4343 0.0014 0.0032 0.57
32 i 0.7128 0.0110 0.0155 0.72 65 0.1362 0.0001 0.0008 0.32
33 0.5174 0.0014 1 0.0026 0.62 66 1 0.4026 ' 0.0008 ‘ 0.0020 i 0.54

A *Sq/S1>>0.05
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Table 5 Table of analysis of variance and B

Nl st | s sese [ro-sm | QS [ s | Sese | 10-B/K
1 0.03251 | 0.0002 0.0063 0.32 34 0.4218 0.0345 0.0817A 1.15
2 0.0319 0.0019 0.0604A) 0.32 35 0.3214 0.0188 0.0586A 1.00
3 0.2965 0.0012 0.0040 0.96 36 0.3256 0.0099 0.0303 1.01
4 0.0836 0.0022 0.0264 0.51 37 0.7060 0.0009 0.0012 1.49
5 0.3579 0.0020 0.0056 1.06 38 1.0753 0.0000 0.0000 1.08
6 1.3514 0.0063 0.0046 2.06 39 0.5305 0.0011 0.0011 1.29
7 1.2090 0.0425 0.0352 1.94 40 0.9128 0.0252 0.0252 1.69
8 0.6659 0.0041 0.0001 1.44 41 0.4764 0.0000 0.0000 1.22
9 1.4595 0.0300 0.0206 2.14 42 0.1179 0.0359 0.0359 0.61
10 1.3695 0.0128 0.0093 2.07 43 0.0199 0.0125 0.0125 0.25
11 1.1416 0.0139 0.0122 1.89 44 0.8038 0.0315 0.0315 1.58
12 1.4078 0.1156 0.082 Al 2.10 45 0.8361 0.0007 0.0009 1.64
13 0.7839 0.0116 0.0148 1.57 46 0.0986 0.0043 0.0440 0.55
14 1.2168 0.0612 0.0503A] 1.95 47 0.8512 0.0001 0.0001 1.63
15 1.6335 0.0196 0.0120 2.26 48 0.3190 0.0081 0.0255 1.00
16 1.1469 0.0067 0.0058 1.89 49 0.0112 0.0003 0.0256 0.19
17 2.0080 0.0250 0.0124 2.51 50 0.0216 0.0010 0.0451 0.26
18 0.7750 0.0155 0.0200 1.56 51 0.1202 0.0053 0.0437 0.61
19 0.0737 0.0014 0.0187 0.48 52 0.4714 0.0080 0.0169 1.21
20 1.0651 0.0057 0.0054 1.82 53 0.5814 0.0023 0.0039 1.35
21 1.3753 0.0153 0.0111 2.07 54 0.6122 0.0088 0.0144 1.38
22 1.6056 0.0156 0.0097 2.24 55 0.2645 0.0028 0.0107 0.91
23 1.3252 0.0067 0.0050 2.04 56 0.0176 0.0019 0.1058A; 0.23
24 1.3025 0.0044 0.0034 2.02 57 0.1152 0.0089 0.0770A|  0.60
25 0.5815 0.0017 0.0028 2.22 58 0.5565 0.0053 0.0095 1.32
26 ' 1.0498 0.0140 0.0134 1.81 59 0.2731 0.0015 0.0057 1.37
27 1.1153 0.0489 0.0438 1.87 60 0.7553 0.0004 0.0006 1.54
28 0.7522 0.1008 0.1339A 1.54 61 0.3512 0.0136 0.0387 1.05
29 1.7187 0.0588 0.0342 2.32 62 0.4608 0.0180 0.0392 1.20
30 1.6836 0.0264 0.0157 2.29 63 1.5988 0.0569 0.0356 2.35
31 0.6070 0.0315 0.0519A 1.38 64 0.6238 0.0104 0.0167 1.39
32 1.5007 0.0403 0.0269 2.17 65 0.1103 0.0207 0.1880A; 0.59
33 0.8348 0.0026 0.0031 0.62 66 1.0998 0.0046 0.0042 ' 1.85

A :8q/8:20.05

Table 523882 T b S, S, Sq/Sy
BIOB/K %757,

Table 5 X H /3% & 51, 665D I T A Sq/S;>
0.050D X 10T, 1 BRRSHE LM S4/5:<0.05
BERL S0, K% log S & 1 /T & ORI 1 kS
FROSRALT 5 &0 5 C e DT B, 2L T 1 REIRHS
BArd 5 ERIETENTEBS6HDY 5 =2 L b Ak
2R, Z OEANISMEIX 1.39X 103K, EAEEER
713 0.48% 103K T, R IJOEH =x1F¥F— &L
T, (1.390.48) X 103K %» 5 %,

Plor & &y HEEHEONMTE T log S &

log ¢t & ORENCIEET X | REFZDSR L, log S
E1/T EDMIc X0 1 REIRM BRAL T % ¢ & DSEREE
Tk, X5cElstQ), (8)%, JMEHEEHOT T T 4
REEXhLNE NS EETREMmIA S,
2) TAn0EHE &K E OBEG
BELL) WBWT, 72An VENALBOHEORET
MEITH 5 Edsbd-10hs, b VEHE SR
OB ED X S BT 2RT e, & I HEEEEE
DTN TED L 5 BHERRT D 2IRET 3.
a) SiOp mol %»—FiTL 1284
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7 VEEHE & Nax0 mol & OBif%E% Fig. 2,
3R T, RS B CIRRE e R 2 7R & 7
X3, A NagO mol o7k 2 A TREHE
3% <, SiO2 55~65mol D4, NagO 15~25mol
ORI TIRHEDH/NE 72 5. T O/ I HETERE 2
TERThIMETH 5. —75 SiO2 30~45mol @
WAT A3 VEHE S NagO mol & ORERIZIFRIT
BHETRIEFPICHEUMED, A2 TER T h 1
& T AHAEL D B, k& LT NagO mol —j
D54 SiOz mol DIFEME & dicEHE XA U,
Si0; mol —FDE:4 NasO mol 35 ~30 ITHINd
2&, TABVEHER 1/10~1/50BEW D U,
Si02-NasO-RO (R : 2f{i&E) BH I 2D7 A %Y
BHEITT 5 NagO O 2 <HETH 5.
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Fig. 2 Relation between S and mol of Naz0

on SiO2 x mol, in 40min,, 30°C

b) NazO mol »—FicL 124
FAp VIR EE B2Os mol & D% % Fig. 4~
774, EHEEE BeOs mol & OBURIZEETS
%535, Kl B20s mol MIEIE & & iCHEHENEH
iM%, NagO 5, 10mol TESHENT,
OEEICHIT A E E B20s mol & OREFZIZE <
WHMETD 5.
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on SiO2 x mol, in 40min., 30°C.
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Fig. 6 Relation between S and mol of B2Os
on NagO x mol, in 40min., 50°C.
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Fig. 7 Relation between S and mol of B2Oj
on NazO x mol, in 40min., 50°C.
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Si02-B203-Na20 B I R ICIZEMEE 25775 3o 75
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FiVED, COFF ALY KPANEF T TA Y OE
PHAERICX DEREL, TiOKHRR A 1.

1) 7r» VEHEONE, BREE —E O &
X, BHEFREOWIE 1 RERICH H, BBHER
2 U TR —SEDE X, Sarz piA b,
SO R IRMBIR TH 5.

2) 7B VEHEOWKIL, BHKE—FE oD &
X, BHEEOMEE 1| KERICHH, FHEOFE
BCEEINZY, ZUTRMIOEH=31 X
— LT (1.39+0.49) X103K x5 h 5. ¥&
H BSOS S FEIN TV DRKTST
NECLETHA.

T3) 7o VIAHE & MUK & OBMRIZIABDEED
1O IRICEMETH b, SiO2 @ mol ORI
B R &9, B20s @ mol OEEIMIEEH
B2EMEE, Na0 [$:KHE 15~25mol 4Tk
WTHEHE 2M/INTT 5.
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