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The Chemical Durability of B,0g4-V505-CaO System Glasses

Shun-icht YATABE, Yuji SA1To and Shuhei MIYosHI

Abstract

The chemical durability of B203-V20s5-Ca0 system glasses was studied in this paper. The reason
of choosing this system is that the glasses containing plenty of B2Os and V2Os have high electric
conductivity, viz. O (108) ohms (nearly 200°C).

The twenty kinds of the glasses in this system were fused in the elcctric 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 vanadium dissolved into the water were measured by chelatometric titration.

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) Generally, in the domain of glasses containing more than CaO 35 mol, the dissolving phenomena
were simple. That is, there was one minimum value of dissolved amounts at about VOz 5/ B2O3z=
0.7-1.0, but in the domain containing less than CaO 35 mol, the phenomena were very complex.
Especially in CaO 20 mol, there were two maximum and one minimum value at the certain value
of VO;.5/ B2Os.

3) The glass of 40 B203-20 VO25-40 CaO (mol %) was the most durable one, and 20 B20s-40
VO:5-40 CaO was weakest in this system, and roughly, the composition of good resistant glasses

was in the center of this system.
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Table 1 Composition of glasses in xVOg s5-

REERE— « TR

yB203-zCaO system (mol%)

Glass | V0.5 | BsOs | CaO | Alz0a
1 20 40 40 | 1.5
2 35 45 20 | 1.5
3 45 35 20| 1.5
4 50 30 20 | 1.5
5 30 50 20 | 1.5
7 30 40 30 | 1.5
8 20 50 30 | 1.5
9 40 30 30 | 1.5
10 30 30 40 | 1.5
1 40 40 20 | 1.5
12 20 60 20 | 1.5
15 10 40 50 | 1.5
16 20 30 50 | 1.5
17 10 30 6 | 1.5
19 10 60 0 | 1.5
20 10 50 40 @ 1.5
21 50 20 30 | 1.5
23 40 20 0 1.5
24 30 20 50 | 1.5
25 20 20 60 | 1.5

Fig. 1 Dicgram of composition of glasses in

_ CaOfmoD

B203-V205-CaO system
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BREETNIFEAY R ZAWBEDT x+ytz=
100mol T L T, WFhOFEERT § 1.5mol O
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Table 2 Dissolved amount Q/mg / giass sample
1g / H20 50 ml

Time
S (min)

Glass
No. 10 20 40 80

LEEPN

[ 30 0.49 0.73 0.85 1.54
1

50 1.86 2.43 3.37 3.77
70 2.29 3.73 5.23 7.13

30 0.71 1.08 1.26 1.93
2 % 50 1.93 2.96 4.47 7.05

70 4.32 6.21 9.76 | 16.54
30 1.47 1.96 2.68 4.88
3 50 4.35 8.14 | 13.89 | 20.12
70 860 | 21.351 33.35| 45.83




B203-V205-Ca0 & # 5 2 DfLEATHAM: (133) 133

30 | 0.84] 1.75| 247 4.16

4 { 50 | 2.83| 5.69| 9.35 | 13.52
70 | 5.27| 14.13| 27.36 | 60.61

30 | 238 3.81| 5.74| 9.44

5 { 50 | 4.83| 7.46| 10.74  16.68
70 | 7.79 | 14.10 | 21.32 | 35.16

30 | 3.92| 6.81| 13.96 | 22.17

7 { 50 | 5.52| 16.11| 25.44 | 39.79
70 | 23.43 | 37.70 | 54.44 | 71.42

] 30 | 227| 29| 5.71| 8.40

8 50 | 4.24| 7.27| 15.01 | 18.77
L 7% 8.49 | 13.30 | 19.10 | 29.00

30 | 261 3.87| 6.23| 10.43

9 { 50 | 729 13.92| 23.24 | 37.63
70 | 16.00 | 27.84 1 44.12 | 80.97

30 | 1.97| 3.13| 4.53 | 7.53

10 { 50 | 5.91| 8.40| 11.55 | 15.83
70 | 8.98| 13.50 | 17.47  27.11

30 | 0.63| 09| 1.25 1.8

1 { 50 | 1.65| 2.57| 3.58 5.23
70 | 3.20 5.05| 7.57 | 11.01

30 | 0.18 037| 0.45| 0.46

12 { 50 | 0.63 1.08] 1.30 | 1.64
70 | 1.21 1.59| 2.41 | 3.57

30 | 1.63| 2.43| 326 3.89

15 { 50 | 3.31 4.30| 532 6.40
70 | 3.49 4.5 5.71 | 6.90

30 | 2.40 3.13| 3.76 | 4.09

16 { 50 | 3.60 5.29| s5.61 | 6.38
70 | 583, 6.60| 8.02| 9.2

30 | 1.38, 1.83| 2.25| 297

17 ‘ 50 | 3.25| 4.08! 4.39 | 4.76
70 | 4.98| 6.03| 6.71| 7.19

30 | 1.25 1.87| 2.54| 3.29

19 # 50 | 3.24 4.52| 535 6.73
70 | 3.8 5.8 | 7.02| 9.3

30 | 08 1.16] 1.57 | 1.92

20 { 50 | 2.38| 3.32| 3.77 | 4.47
70 | 278 4.37) 5.17 | 6.21

30 | 237 4.26] 7.14 | 10.15

21 l 50 | 6.05| 10.12 15.54 | 20.99
70 | 11.87 | 20.72| 31.91 | 44.87

30 | 7.54 10.78 | 18.13 | 32.39

23 { 50 | 18.08 | 31.54| 44.73 | 73.18
U 70 | 30.29 58.89 | 81.70 | 129.91
30 | 5.04| 7.54| 9.04| 13.99

24 [ 50 | 10.57 | 12.85| 15.28 | 18.15
70 | 11.67 | 14.46 | 18.10 | 22.64

30 | 1.95) 3.00| 435 5.8

25 { 50 | 3.37) 56| 6.74| 7.81
70 | 4381 5.8 | 845! 10.52
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_ox. M 30| 9.4 16.3 33.5 53.2
0.01x 7 2.39 {50 22.8 38.5 60.8 95.1
—tooxoxM 70 | 56.0 90.1] 130.1 170.7
x 30 7.9 10.3] 19.9 29.3
=100xXQ X! 8 3.49 {50 14.8 25.4 52.4 65.5
RV ABEHERY 5 AORERICIYEELT 70 | 29.7 46.4 66.7 101.2
FEBEEBLONIDT, QoDfEi% lem? Hizh O 30| 4.8 7.2 11.5 19.3
L 23R 530S, 1em3biz h DfE% 9 1.85 (50 13.5 25.8] 43.1] 69.7
1cm? &7 ) OECHEMICEL W E 2w, Qo 70| 29.6 51.5 81.7 149.8
127 5 AR OB O ANS L 08 VO, spmol $iz 30 4.6 7.4 10.7 17.7
SR LEE 72 %, 1=M/x 13kfk0~10T 5 57 b 104 2.3 f/g ;j? ;?: i;? Zi
Qobi%)ib}\%fdﬁtf;%@'c, Qo D 1/100% S & 0| 19 17 24 14
EELTS 11| 1.8 lso 3.1 4.9 6.7 9.9
S_—:QXA;/[:QXI 70| 6.0 9.5 14.3 20.8
30| 0.7 1.3 1.6 1.6
LD S % Reduced value, { ZHBHEHD &4 2 | 3.5 l50 2.2 3.8 4.6 5.8
i3, DL ICEHEINTSIIF 7 AFRRIDEH 01 4.3 5.6 8.6 12.7
RO/ L8 VOu5 ® mol B EE 2 ETH 5 30| 11.7, i7.5 23.4 28.0
» b, COERAVTEE RSP EET 5. S 2HV 15 7.20 [50 23.8 30.9] 38.3 46.1
HIER), RRBZNENTRO L 515, 70| 25.2] 33.0 41.1 49.7
log S=ao-+0.5log ¢ 3 130 8.0, 10.5 12.6 13.7
Bo 16 | 3.36 50| 12.1 17.8 18.8 21.4
log §= Ao—~ Y L 70 19.6 22.1] 26.9 30.9
30| 8.8 11.6] 14.3 18.9
5. E = 17 | 6.36 {50 20.7 26.0 27.9 30.3
i 70 | 31.7 38.4] 42.7 45.7
NPV MEHESOBRLZ B L2 5 12DIT 0! 85 127 17.2 2.3
Reduced value §/mg % Table 3 (7R, 19 | 6.77 { 50| 21.9 30.6 36.2 45.6
Table 3 Reduced value S/mg [ glass sam- 70 26.2 39.8) 47.5 63.4
ple 1g/Hs0 50 ml (0 57 7.7 104 127
‘ — 20 | 6.64 150 15.8 22.0| 25.0, 29.7
Qs ST 10 20 w0 | w 0| 23 B0 35 412
6y 21 1.52 | 50| 9.2 15.4] 23.7 31.9
{30 L7 2.5 29 5.3 70 | 18.1 31.6| 48.2] 68.2
1 3.42 50| 6.4 8.3 11.6 129 20! 137 200 329 589
70| 7.8 12.8 17.9) 24.4 23 | 1.8 ‘ 50| 32.9 57.4| 81.4) 133.1
{ 30 15 23 2.7 4.1 70 | 55.1 99.9| 148.6l 236.2
2 2.13 50| 4.1 6.3 9.5 14.9 0] 116 17.4 209 32.3
70 9.2 13.2 207} 30.9 24 | 2.31 %50 244 297 35.3 41.9
(30, 25 33 46 8.3 70| 27.0 33.4| 41.8 52.3
3 1.70 { 50| 7.4 13.8 23.6 34.2 0! 64 92 14.3 19.4
L 70| 14.6 36.3 56.7) 77.2 25 | 3.29 {50 1.1 16.9] 22.2] 25.7
{30 L5 2.7 3.8 6.5 70 | 14.4 19.1 27.8 34.6

4 1.55 50| 4.4 8.8 14.5 20.9
R

5 2.44 [ 50 | 11.8) 18.2| 26.2| 40.7 % Fig. 1-a 1TRd,
701 19.0 34.4 52.1 858
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Table 4 Table of analysis of variance

T Q
emp. (°C) | 45 50 70 | mean
Factor
S, | 2.6959 2.2935] 2.7758 7.7521
Time S
M. s 35 0.0010| 0.0210/ 0.1380 .0.0292
Sq/S: | 0.0003 0.0091] 0.0049| 0.0037
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Table 5 Table of analysis of variance

Time (min)

Factor 10 20 40 80

mean

S, 3.5450] 3.8626| 3.8050 3.6602‘14.8687

Sq 0.1145| 0.1123) 0.0889| 0.0327| 0.3322
Sq/S: 0.0322‘ 0.0290] 0.0233] 0.0089| 0.0223

Temp.
M. S.

3, 200080 5, logSE1/T & DR
7 1 BGOSR T % &AL 5 3 X 5 BGE R FE
LS, LWiERITlog S & 1/T & Offic 1 REIER
DRI T 5 EFELTEN, 2L TZ20RE B (RET
DW= 2 ¥ —) % b &9 Fig. 1-21TRT.
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Fig. 1-2 Diagram of Bx10-3/°K (80min)
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i MED D 5. Uhd CaO mol FDZUTTH ]
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D& & &SN EER S %77, CaO mol £
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CaO mol Ebsbrengsy, EHBISH it &1k
MIFFUWL, DT Eix CaO MM IEE 1
FsVef %29 %, 2L 7T CaO mol Fbsd s
b, UTthioT VO s mol Fihsge< 7s 5 &, VaOs 25
7T AMEL 5 BBILEITH B2, 75 RIERERIY
Tdh 3 B2Os & S HEIERA 2L, CaO20mol @
LED & D SRR P RT EELON B,
b) VO25 mol F%—EicU 1284

VOz25 @ mol e —FITU 2 ED A7+ v &
DOFHEIZ CaO mol HDEE & 3 1< L,
B2O3 mol Fome & 3 wid 3%, Liigl
Tz & X hEHE < CaO/B0s & OFf% #Fig. 8
~Fig 11TRT,

b OFEH VOz540mol DEE, T5bb
VO35 Omol F DLW &I i3I Bkl 7 ez
FaL»U, CaO/BOs DIEME & T kT
SHIER 2R TEHEMIEINT 2. VOzsmol s
30, 20, 10& B4 T 3L T2hsuy, EHEORUIME
Md 5, mNEDBZ N LTh CaO/B203 1.3,
1.0, 0.8: LT3, IHIC VO E8FEDD 2
WH I Z, $2dH V02510, 20 mol OHEicit,
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