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Abstract

A disolving phenomenon of alkali in glass for water has been studied in this paper,

Ten kinds of glasses in B203s-Si0O2-NagO system and twenty kinds of glasses i, e. AlO;5 5mol
or Ca0 5mol were added on the composition of these ten kinds of glasses respectively were
fused in the electrical furnance,

The fused glasses were powdered into particles of 35-60 meshes and 2 g of them were immersed
in 50cc water of 30, 50 and 70°C under constant agitation of 10, 20, 40 and 80min respectively.

Then the quantity of dissolved into water was measured by 0.01NHCI. The results are as
followings,

1) The experimental data is tested by analysis of variance and it is proved that the theory of

Douglas? is established exactly,

2) The effects of the addition of AlO;5 5mol, or CaO 5mol, on the B2035-Si02-Na:O system
glasses are examined by the aid of the data,

Then it is found that the addition of AlO;s or CaO are very effective, but their effect are

different in all glasses,

1. = 2) ¥ ROMEK
B20s-Si02-Nag0 &% 5 2 DA A, &< 77 A DR RITRDT.

CZD b ok dEANISH B TH M Al co0T
13, 3 TIEL OPEEV L IN TV B, ARk
Tix B203-Si02-NasO BH F R L DIKADT A3 Y

Table 1 Composition of glasses (mol)

HBHE 2o 5 DouglasDD 7 4 3 v BHIRDE Glass no. BsOs Naz0 SiO2 Al:03
AT ANENRFHEE e OV TEE L., L0y 1 15 30 55 1.5
BHOFTOE R ST 5101, TO3IROET F AT 2 15 35 50 1.5
CaO, AlO,s 27MPpE UTMz . 2 LT COH 3 15 40 45 1.5
TRDZHR% b EE LT, 4 10 30 60 1.5
5 10 35 55 1.5

2. R B 5 & 6 10 40 50 1.5

1) =2 ¥ 7 10 45 45 1.5
NazCOs, B20s, CaO, AlOs: FEEEHK 11 8 5 30 65 1.5
SR 9 35 60 1.5

10 5 40 55 1.5

SiOgz : BBUENEF Y 5 A RS
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NazO &2t 100moliz 724 U, W DHERIZ 1.5
mold AlO3 %M 7z, CHIIERTAET 3
FAYRIY, WEDOTAIFHTFAFUTEIT T
TN BHNIZDNDT, OUEERIELS 52 L51C
TAHIIDTHSB,

X 5 AR OGS b WM DR 8 %
HWaizoi, FACLDTHEYT 7 AR ZNFEN
AlO15 5mol & %Wk CaO 5mol 2Nz, &
30FEDF 7 R 2B T,

3) HIFADEHE

LECHUROR B2 A U, FSKT X v
SSA LYK (BTAIFEAYR, BER{LFEEE
B 2RV, RALEFRFEUE (20 ==, b FEL
1K) IR QBESUFAR CIIEYAR L, L7 7 A%
ATYVAWERHEUHLT, 77 AR B 2ES
1.

Table 2

K E R

4) TAnVEHERBIOER
TAH Y BEHEEL JIS 3501—1933 1IT/8 50,

SRl 5 R % 35—560mesh ORLUEIT S5V, T
DF 7 ABEK2g %, 7FA=2dcs50ce Dilike &
BITARN, TOD7 T A CKBEEREE 2O, —
TR, T0bb105, 205, 40938 KO8
TN S, —ERE, 2% 30°C, 50°C k&
X 70°C IR e I EIRFEARIC R LA DIRE 2
D & O I—FILHE DL, COMKRNEL LIz T v
# Y %0.01 N HCI TBTB %»ig73 & U T HRANEE
Uz, 7Taa VEHER Y 7 28k 1gX D 50cc D
HKIT 213 72 UTzfE % NagO oFNT i L C Table
2IT5R LTz, 50cc OFH L D10ce% & 0 0.01N HCI
THREEL xml 2B Uk &, 77 AFB 1g&
b 50cc DHIKIC LT 72 UTc NagO &I 0.755 X
xmg TH A,

Dissolved amounts (mg) glass sample 1g / H:O 50 cc

Glass no. ; Addition [Temp. (°C)\Time(min) 10 . 20 40 80
1 30 2.39 3.04 4.15 6.21
0 50 6.77 '8.22 12.45 21.96
70 17.65 25.51 3444 55.92
30 0.12 0.20 0.26 0.40
5 Al 50 . 0.56 0.68 0.95 1.42
70 1.29 1.91 2.64 4.27
30 1.18 1.82 2.43 3.43
5Ca 50 2.20 2.78 3.85 5.32
70 2.86 3.88 5.36 7.46
2 30 " 4.79 6.48 9.10 14.37
0 50 13.65 20.27 31.21 42.71
70 27.54 38.32 67.61 96.35
30 3.19 4.47 6.71 9.18
5Al [ 50 8.15 13.90 24.11 31,93
70 22.87 32.85 55.88 80.62
30 1.87 2.55 |  3.43 4.07
5Ca 50 3.20 3.91 4.79 6.07
70 4.15 4.95 6.07 8.54
3
30 32.77 34.43 47.28 | 120.67
0 50 56.81 93.31 | 188.71 | 343.02
70 259 47 | 442.14 | 617.57 | 723.93
30 15.00 20.75 27.78 35.19
5Al { 50 29.27 43.71 62.98 92.61
i 70 83.25 | 130.00 | 240.05 |- 341.55
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30 27.38 32.36 36.38 41.66

5Ca 50 39.80 50.07 59.37 77.38
70 64.21 78.82 | 108.26 | 145.08

30 — — — 6.72

0 50 — — — 11.15
70 —_ — — 31.78

30 —_ — — 0.43

5Al 50 — — — 1.78
70 — — — 4.62

30 — — — 0.75

5Ca 50 — — — 1.74
70 — — — 2.69

30 — — — 9.63

0 50 —_ — — 31.49
70 — — — 71.87

30 —_ — — 3.70

5Al 50 — — — 14 82
70 —_ — — 37.42

30 — — — 3.70

5Ca 50 — — — 5.55
70 — — — 9.48

30 — — — 37.05

0 50 — — — 99.28
70 — — —_ 355.63

30 — — — 10.74

5 Al 50 — — — 37.01
0 — — = 113.61

30 — — — 4.45

5Ca 50 , — — — 7.04
70 — — — 11.11

30 46.31 67.79 | 110.13 | 219.17

0 50 274.12 | 451.21 | 618.68 | 679.60

1

70 634.24 | 731.99 | 760.20 | 763.14

30 22.80 33.34 49.12 | 60.76

5Al 50 78.51 110.36 150.74 ¢ 254.12
70 368.20 | 533.43 | 727.57 | 740.90

J 30 4.65 5.41 6.63 7.63

5Ca 50 9.10 10.68 12.69 18.69
1 70 17 10 20.74 23.95 32.79

30 » 2.61 3.32 3.80 4.43

0 50 4.78 5.93 7.11 9.09
70 7.90 10.55 13.04 17.00

30 0.79 087 | 0.99 1.22

5A1 | % 50 1.23 1.58 1.74° | 2.65

70 2.45 3.00 |  3.64 4.78

VTP 25185 5
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log Q=a+0.5logt )
W M=0.0xMna,0+0 0yMsi0,+0.0zMB,0,
x+y+z=100

z iz MnNa,0, Msio, 3 X8 MB,0s 2ZNT

. Nag0, SiO2 X B20s DB FHEEZRT

" N Qg

M M
S= S§X D.0x = SX 100X ’;
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—elll A& E R
1.30 1.42 1.86 1.98
2.53 2.96 3.75 4.62
3.95 | 5.06 6.52 7.47
6.41 8.27 8.50 9.53

12.05 17.27 19.45 22.42
23.18 32.03 44.08 50.56

2.36 3.32 3.58 4.80
3.97 5.26 7.63 10.60
7.78 11.63 17.39 22.54
2.59 3.43 4.16 5.03
5.49 7.09 8.24 10.37

8.96 10.87 13.57 17.04
17.04 20.75 22.23 35.56

41.46 71.13 127.10 502.36
225.99 357.82 502.36 506.77
7.02 8.62 9.24 9.68

14.87 17.85 20.59 29.36
29.36 39.04 57.57 96.32

7.63 8.92 10.90 13.11
12.05 17.39 21.73 26.31
22.50 28.60 37.67 51.71

=5X100x% [

it SIEREEREET (°K) BT, HikE—
FIERIN S TR, 18 DW F REK X b 50cc DM
KICEH LI T A5 ) O HE% NagO WHBE L
mg THS b UNE $TbbEOITRUIEERE
Ths.

%51z S % Reduced Value, | 23 {&5& B
75,

DXL TEHE Shic Reduced Value S i
BERD R LT X D ey 7 AR OEREOA/D, B
T w5 Afd Nag0 D mol FucHEBIE2ETH 5
NG L OERFHVTT A0 ) EEHBIREBET 5,

z @ Reduced Value SizX(1) & b FitORUTRES .

log S=A4+0,5log ¢ @
X5iT D=Doe-E/RT L {F5ET NI
Q=Qoe-E/RT
b
log Q= a—F
ki Reduced Value S %l
B
log S=A4"— )]
4. & =

HELRH B 725 1291 Reduced Value S Table 3
R,
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Table 3 Reduced value S(mg) glass sample 1g/H20 50cc

Glass no. 882&%2%?} Addition r’l‘emp.("C)\Time(min) 10 20 40 80
1 2.17 30 5.18 6.60 9.01 13.5
0 { 50 14.7 17.8 27.0 41.7
70 38.3 55.4 74.7 121.3
.30 0.26 0.43 0.56 0.87
5Al l 50 1.22 1.48 2.06 3.08
70 2.80 4.14 5.72 9.27
.30 2.56 3.9 5.27 7.44
5Ca [ 50 4.77 6.03 8.35 11.5
70 6.21 8.42 11.6 16.2
2 1.78 30 8.53 11.5 16.2 25.6
0 { 50 24.3 36.1 55.6 76.0
70 49.0 68.2 120.3 171.5
30 5.68 7.96 11.9 16.3
5Al { 50 14.5 24.7 42.9 56.8
70 40.7 58.5 9.5 143.5
30 3.33 4.54 6.11 7.24
5Ca { 50 5.70 6.96 8.53 10.8
70 7.39 8.81 10.8 15.2
3 1.48 '
30 48.5 | 51.0 720.0 | 178.6
0 { 50 84.1 138.1 279.3 507.7
70 384.1 654 .4 914.0 1071.4
30 22.2 30.7 41.1 52.1
5Al { 50 43.3 64.7 93.2 137.1
70 123.4 192 .4 355.3 505.5
30 40.5 47.9 55.3 61.6
5Ca { 50 5..9 74.1 87.9 114.5
70 95.0 116.7 160.2 214.7
4 2.05
30 —_ — — 13.8
0 { 50 — — - 22.9
70 — — — 65 1
30 ; —_ — — .0.88
5A] l 50 — — — 3.65
70 — — — 9.47
30 - —_ — — 1.54
5Ca { 50 — —_ —_ 3.57
70 — — — 5.51
5 1.76
30 — — — 16.9
0 [ 50 —_ — —_ 55.4
70 — — — 126.5
30 — — — 6.51
5Al ’ 50 — — —_ 26.1
70 —_ — — 65.9

WK TP
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63.9
378.3
875.3

31.5
108.3
508.1

6.42
12.6
23.6

5.32
9.75
16.1

1.61
2.51
5.00

2,65
5.16
8.06
11.2
21.1
40.6

413

1 6.95

13.6
4.53

- 9.61

15.7

24.9
60.5
3299

10.2
21.7
42.9

11.1

17.6
32.9

93.6
622.7
1010.1
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152.3
736.2
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12,1
21.5

1.78
3.22
6.12

2.90
6.03
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14.5
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9.21
20 .4

6.00
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19.0

30.3
103.8
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12.6
26.1
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- 13.0
25.4
41.8

152.0
853.8
1049.1

67.8
208.0
1004.0

9.16
17.5
33.1

7.75
14.5
26.6

2.02
3.51
7.43

3.80
7.65
13.3
14.9
34.0
7.1

6.27
13.4
30.4

7.28
14.4
23,7

325
185.6
733.4

13.5
30.1
84.1

15.9
31.7
55.0

6.51
9.77
16.7

57.1

152.9

547.7

16.5
57.0
175.0

6.85
10.8
17.1

302.4
937.8
1053.1

83.8
350.7
1022.4

9.29
25.8
45.3

9.04
18.5
34.7

2.49
5.41
9.75

4.04
9.42
15.2
16.7
39.2
83.5
8.40
18.6
39.5

8.80
18.1
29.8

51.9
391.7
739.9

14.1
42.9
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38.4
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no, 1R, 2RBICZRL LR, BEBELTIR
HHEE®2TH205, 1RBLC 2K EOHEICHE
WO 2RSS, TibbEETR L
REFRFDNETFSS 2RHIL 1R, 2RBL 3%,
kD S, S¢ 8L Se 1T, BERIERBLIE 2%,
UED S 8 XX SqusyfEL, #HE b, WIhi g
HEDS 1 TH 205, YSTHISS 6 EH B
MRS MLS. 55k ¥ 5,
RREITHNTIRAQ), @V T 2 0Fn % 5EH:
HFRCHEINE T3 TH 20 558852 RD B T &2, I
FIRFTE U TIZ St , Sq LTS DX/ 0, BE
HFBELTIES B LS, DANL D, 1HROED
AEETH A0, 230V 2KUFOEHE THE TS
BINERGET B L EMEIT TE 5. DEOER
Table 4 12577,

Table 4 Table of analysis of variance
~_ Glass no. ® @ ® @
Factor ™ __ M.S. b: M.S. b; M.S. b; M.S. b;
S 1,0363 0.649 1.03786 0.504 1.0457 0.507 1.0064 0.497
Time l Sq 0.0044 {0.00006 0.0012 0.0020
. Se 0.00001 0.000001 0.005 0.0090
i { S, { 3,4197 { 2.68268 { 3.46560 % 3.84820
Cemp. Sq 1 0.0414 0.02326 0.02242 0.05610
® ®
M.S. b. M.S. b M.S. b;
0.34388 0.290 0.47842 0.342 0.6844 0 410
0.00032 0.0031 0.00018
0.002001 0.00001 0.0012
{ 1.72914 { 2.09392 { 4.2084
0.001 0.0014 0.0092

COELDWTROY F RTHNT B, KEET,
FIOCRERTNTN S 1L ROFEDBEE T, 2k 1
DOEIIEEIFEE TlogSit logt 2wt 1/TD
IXRATHELDLTCENTEFIEMERLY 5. Lol
bl DEIZ T X T 0.5CIENMER & 5 L3 E 2 720095,
HZREFS, 9LIAIE b DEIZAIKO. SITHN & &
LS A INHDTE X OBEHIERNG), 9iIEY
IS KBREL BT L5,
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Fig.14 Diagram of log S (S : Reduced Value)
(50°C,80 min) 5 CaO Addition
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Table 5
Apparent energy of dissolution
Glass no. E
1 2.0
2 1.7
3 1.9
4 1.8
5 2.0
6 2.8
7 2.0
8 1.4
9 1.5
10 2.1

B,0,(mol )

Fig.15 Diagram of apparent

dissolution

energy of
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