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The Dissolving Behavior of Vanadium and Calcium lon Dissolved

into Water from The Glasses of B,04-V,04-CaO System
Shunichi YATABE, Yuji SA1to, Shuhei MryosHi and Minoru IipA

Abstract

The dissolving behavior of vanadium and calcium ions dissolved into water from glasses of BoOs-
V205-CaO system was studied in this paper. Nineteen kinds of glasses in this system were melted
in electric furnace, about 1300°C, four hours.

The melted glasses were powdered mto particles of 35--60 meshes and 2 g of them were immersed
in 50 ml water of 30, 50 and 70°C while being stirred for 10, 20, 40 and 80 minutes respectively.

Then the amounts of vanadium and calcium ions dissolved into water were measured by
chelatometric titration.

The results are as follows.

1) The experimental data were tested by analysis of variance and it is found that log of dissolved
amounts was linear function of log of dissolving time and reciprocal of dissolving temperature

and has no interaction term of time and temperature.
1
That is, the dissolving amounts are proportional to t z and apparent average dissolving energy

is 1.60x 103K for vanadium ion and the dissolving amounts are proportional to t%? and dissolving
energy is 1.51x 103K for calcium ion.

2) The glass of 40 B2B3-20 V2Qs5-40 CaO (mol %) was the most durable one and 30 B20O3-50
V205-20 CaO (mol %) was the 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 (mol %)

G | V05| B:Os | CaO | Al:Os
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 60 1.5
19 10 60 30 1.5
20 10 50 40 1.5
21 50 20 30 1.5
23 40 20 40 1.5
24 30 20 50 1.5

V0.5 it V2Os 0y mol %Rskd 5.

V. .

AV

VO::z

10 20

70

30

50 CaO

Fig. 1 Diagram of composition of glasses
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+1.541203
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K018 7ML 724 EDTA [E¥ER CEBETT 5.

30 0.71, 1.08{ 1.26| 1.93
HREOLEBIIF»SHFTH 5. 2 50 1.93 2.96| 4.47, 17.05
_ 70 432 6.21! 9.76 | 16.54
HE
B Y APEHE=A X0.4008 (m 30 1.47] 1.96| 2.68| 4.88
o W:ﬁ’tﬁ (me) 3 50 | 4.35| 8.14| 13.89 | 20.12
727U A ZEREICE LT EDTA © ml3Ch 5. 70 8.60 | 21.35! 33.35| 45.83
. 2+ = —

6:2 VoIt DE&E 30 | 084 175 2.47 4.16
VO2+ i3 v — FEERIC L hERT 519 4 50 2.83| 5.69| 9.35| 13.52
SoPag Ay (VO 0 EDTA %1t fb0 70 5.27| 14.13 | 27.36 | 60.61

PICVO)Y )2~ Td b, Cu-PAN »igisks LTl 30 2381 3.81| 5.74| 9.44
o . " = 50 | 4.83| 7.46| 10.74 | 16.68

BREc X hEET 5, 70 7.79 | 14.10} 21.32| 35.16
B

‘ 3 30 3.92| 6.81] 13.96 | 22.17
0.01M EDTA =¥y, Cu-PAN $55% (1g 7 50 5.52| 16.11| 25.44 | 39.79
7
B50% 4+ 100ml 125 ) S0 B, B 0 | 23.43| 37.70 | 54.44 | 71.42
BT b)Y AKEES LT 2 A LB () 30 227 296! 5.71| 8.40
o = HAn 8 50 | 4241 727 15.01| 18.77
e &tk 70 8.49| 13.30 | 19.10 | 29.00
Bo—BERE - b 1) ¥ SR %, 3.5<ph
RERL—BEER- b ) AEERE A, 3.5<ph< 30 | 2.61 3.87] 6.23] 10.43
4.5 2L, 100°CRDEE THEET 5. 9 50 7.29 | 13.92! 23.24| 37.63
, 70 | 16.00 | 27.84 | 44.12| 80.97
BE
NF DY B B UERARICEE B ) Y 30 1.97 7 3.13| 4.53| 17.53
. . . ‘ 10 50 5911 8.40| 11.55| 15.83
LIKEWE 2 A B LRI BRICEZADT, ch 70 8.98 | 13.50 | 17.47 | 27.11
R E 5 X85, 723N YU RORME-H4
MRBEL 5 3 < OB MED 4] 30 | 0.63| 0.9 1.25] 1.8
AR, Vol ABBICZ o BRI IEE & 3 11 50 1.65| 2.57 3.58 5.23
CUICRTREIT I 5. b UIEEL T 4 0%t 0 32 505 7.57) 1101
DB ES VA, XbRkFRaACL BR INA 30 8.é8 o.gg 0.45| 0.46
. e » 50 631 1. 1.3 )
T, AIPYARFHEGTS. BT CuPAN 12 70 1.21] 1.59 2.4(1) %.2471
TERIER A, AL 75hss EDTA YR THE
" # 30 1.63| 2.43| 3.26| 3.8
75, 15 50 331 4.30| 5.32| 6.40
e E LA, SRt i 70 3.49 4,58 5.71 6.90
RN 30 g..go 3.13| 3.76 | 4.09
Ry AP R =BX0.5095 (mg) 16 | 58m sal sel e
12U BidiEEwE L EDTA o ml it ———
30 1.38 | 1.83| 2.25| 2.97
5. 17 50 3.25 4.08! 4.39| 4.76
70 4.98| 6.03| 6.71| 17.19
5. E = fH 30 | 1.25| 1.87 | 2.54| 3.29
L ‘ . 19 50 3.2 4.52| 5.35| 6.73
FZ 2R 1 g X bk 50 ml dicgg Utz S 70 3.86 5.88 7.02| 9.36
N> = > N K NS =1 . 2 ’
VAR Qv B kOt v v AEIE Qoo 27N 30 | 08| 1.16| 1.57| 1.9
Zh Table2 —1 & Table 2 — 21CR7. 20 50 238 | 3.32| 3.77| 4.47
50 2780 4.37] 571 6.21
Table 2 —1 Dissolved amount of V —
/ 30 237 4.26| 7.14! 10.15
Q1/mg/glass sample 1g/H2O 50ml 21 50 6.05| 10.12| 15.54 | 20.99
\ : 70 | 11.87 | 20.72 | 31.91 | 44.87
AN Time . S

Glass, “_(min)

30 7.54| 10.78 | 18.13 | 32.39

No Tes 01 20 | 4 8 2 S0 | 18.08 | 31.54 | 44.73 | 73.18

ey 70 | 30.29 | 58.89 | 81.70 | 129.91
30 0.49 0.73] 0.85| 1.54 30 5.0 | 7.54 9.04| 13.99

1 50 1.86 | 2.43| 3.37, 3.77 24 50 | 10.57 | 12.85| 15.28 | 18.15
70 229 3.73 5230 713 70 | 11.67 | 14.46 | 18.10 | 22.64
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Table 2 — 2 Dissolved amount of Ca Q2/mg/

glass sample 1 g/ H2O 50ml

Time
Glass (mfn)
10 20 40 80
No. [Temp.
(&S]
30 0.85 1.38 1.89 2.51
1 50 2.29 2.81 3.74 4.64
70 3.71 5.11 5.50 5.89
30 0.60 1.03 1.65 2.25
2 50 1.58 2.30 3.32 5.80
70 3.41 4.52 6.65 9.52
30 0.85 1.49 2.51 4,23
3 50 2.00 4.83 8.32 | 14.60
70 6.91 | 12.27 | 23.05| 39.48
30 2.59 4.02 7.37 1 12.78
4 50 6.71 | 15.03 | 24.70 | 41.08
70 21.99 | 38.83 | 58.62 | 76.90
30 1.32 2.40 4.03 6.49
5 50 2.91 4.83 7.72 1 14.01
70 7.60 8.22| 16.13 | 25.75
30 0.74 1.10 1.60 3.01
7 50 1.71 2.61 3.86 5.11
70 2.38 5.01| 11.82| 17.03
30 0.75 1.16 1.77 2.73
8 50 1.70 3.36 3.69 5.03
70 3.60 4.41 6.56 9.27
30 0.82 1.42 2.20 2.80
9 50 1.69 2.14 4.28 5.75
70 2.48 4.41 6.91 | 11.23
30 1.05 1.51 2.68 3.21
10 50 2.45 3.37 4.41 5.71
70 3.39 4.55 5.41 8.72
30 0.61 0.80 1.26 1.63
11 50 1.48 1.83 3.07 4.72
70 3.31 5.41 7.58 9.53
30 1.73 2.38 3.22 4.49
12 50 4.30 6.57| 10.14 | 13.78
70 7.79 | 10.67 | 18.34, 27.05
30 2.78 3.59 4.24 7.21
15 50 5.02 6.35| 10.12| 11.62
70 7.36 | 10.12| 10.81 | 12.32
30 3.01 4.10 4.71 6.86
16 50 4.40 6.16 7.53 9.07
70 6.89 8.02 9.83 | 11.02
30 4.20 5.36 7.14 8.72
17 50 6.09 7.93 8.89 | 10.52
70 6.76 8.52 9.57 | 12.47
30 0.65 1.05 1.41 2.04
19 50 2.00 2.91 3.71 4.36
70 3.24 4.57 5.84 6.71
30 0.77 1.24 2.10 3.07
20 50 2.30 3.31 4.63 5.51
70 4.42 6.36 8.12 9.37

Vol.24 No.l (1973)
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30 | 1.05| 1.70] 2.39| 4.14
21 50 | 2.56| 404 630| 8.77
70 | 585, 8.08 10.87| 16.88
30 | 1.64| 2.47 3.38| 4.73
23 50 | 297 387 571 7.2
20 | 459 604! 8.42| 10.82
30 | 2,00 2.61| 3.42| 4.51
24 50 | 330 445| 5.48| 5.89
20 | 501| 533! 6.21| 6.71
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wsHEER ¢ (min) 5 XOHEHRE TEK) KT
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EsQ¥ 5 2 BHITH 54 42 WK EBE~BEA T3
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Da i3 IREUEH O 1 &2 0 INEURER T, WHEE
T(K) @i50T emr el 5,

Ea 3388 & b @ FEECs 3 1 4> 0 iEHEAL = %
ANF—Th3,

O IKBBDE X T, 4 4> Ok % JEE s &
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ERP
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HHNEOWRE T, HHEICTT 25 5L Tk
Coid it UTIRT 23138/ 0d 5, Co—
Co=Cs LB B, ZUTHS ABECHET 24 4+
v OUE Cs DEINER IEHEMR ¢ (min) & & 312
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dac 1
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CSOC tp
PACWRE TR THEbEIN S,

ds -Ih tp —Fu P
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In S=In K—%T +blIn¢

log S:a—7B. +b log ¢ 6)

__E __E
T 2.3XR 4.6

E=En+Es+Es0.5Ed=4.6B(cal mol-1)
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(6)z0ix log S »3 logt L 1/T © 1 XRATHD
&, logt 5 XT*1/T OFOIE T-1 logt % &3 73
W ERRUTVA, &> T FRMBERILT 5.

S=g(T)f(t)

ccie g(T) B3EHErE TK) oa0BET,

f(O FEEHEFR ¢ (min) OADEIETS 5.
WE SRS SEIEA xi(xi—xi-1=h) BL y;(yi—
Yi-1=k) WBWTHEEUVIME z2;; OFFEz 3R
DXHICEHTE S,

2=bp+bio(x—~%) +bo1(y—y) + b (x—%)2—

(12— 1) « B2/12)+ bl (=32 — (2~ 1) - k?

/12)+bu(x—x) (y—y) @)
Lo & 5 wEBThIE, B3 b, bu, bo, b &
U by BEETD 2 pEPIIDESID TRk
ETX 3.

x=logt &L log 10, log 20, log 40 i Lo~
log 80X E/METH b, y=1/TEHB171¥1/303, 1/323
BIX 13433 IR VIR TEEBTH A0 5
z=log S LT log S RRD L {EBETX 3.

DL ERITIZS12DIC, B203-V205-CaO B
5238 1gd b 50 ml OMIKENE H LUz >
ADPEHE Q2(mg) L b Sca(mg) %3k Table 3
— 2R, BERD X H1872 Sy(mg) % Table 3—
1IRT.

Tabe 3 —1 Sv/mg/glass sample 1 g/H20 50 ml

Time
Glass (min)
fca 10 20 40 80
No. Temp.
(°C)
30 1.7 2.5, 2.9 5.3
1 3.42 50 6.4 8.3 11.6] 12.9
70 7.8 12.8; 17.9] 24.4
30 1.5 2.3| 2.7 4.1
2 2.13 50 4.1 6.3 9.5 14.9
70 9.2 13.2] 20.7, 30.9
30 2.5 3.3] 4.6 8.3
3 1.70 50 7.4/ 13.8) 23.6] 34.2
70 14.6, 36.3| 56.7, 77.2
30 1.5 2.7, 3.8 6.5
4 1.55 50 4.4 8.8 14.5 20.9
70 9.4/ 21.9, 42.5! 94.1
30 5.8/ 9.3 14.3] 23.1
5 2.44 50 11.8) 18.2 26.2] 40.7
70 19.0) 34.4] 52.1 85.8
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log S=a+b(log t—0.1452) +c((log t—

0.1452)2—2-(0.3010)2) — B(-5~3.1x10-3)
4 T

+c((F-3.1x10%) =2 0.2x10-92)

+D(log t—0.1452" X (JT —3_2><10—3) (8)

Fo@FUTHNT logt @ 2 L FOE RT3 ¢
EHTE, UTO2RY LOHSD RT3 & »T
&, Z5IT T-1elogt DIEDM T 5N 1F(6) D3R
MNT A,

PLED T & 3@HND B BB OEEIE2 D Bame X
WIRET A LI DV ERTEID NS, T
ERt B IO0CERT OFicds 2 Z5F1S - S %
BOD X Y FoOR0 s L EBET 5.

S e S=8(t;)+S(ty) +S(T)+S(Ty)+S(t.Ty) (9)
T T S(ty) BLE S(tq) 2N FNENEt D

DIKBIT2RDFTHY, S(T)H X S(To) i3
ZNENERT OFEHMO 1R B E F 250D FETH
h, SW-Ty 33Et-T OFHFMO 1 ROETH
5. OXOBRTHOHBEERZZNFN 1 Th 305 (9K
DRI ZNZTNOREDOTEEF T &L,

LoTH U SU)/S()=0.05 ThHHUT logt ®
QUM LOHPHERT AL D TE, S(T)/S(TH<
0.05 THNE/TD 2THY EOWHS MR T A T
& E50 SW - TO/NS(t) + S(T) <0.05CTHh
W T lelog t OIF%Z 4 ERT A LTSS, 2L
T logt @ 2 kLI EOTEDER T &g log r AR/
beRD 5 EHTE, 1/T O 2HY LOWELRMER T
SNFUTORE B A RDAC ED TR B,

Sv 3L Sca & hRD12DESHTE % Table 4
— 1% 4 Table 4 —2 it z2hFNRT.

Table 4 Analysis of variamce

Table 4-—1 \%

R s | s seoswl b | ST | S STaysmao Bk Ty S TOL
1 0.2991! 0.0000, 0.0008 0.47 | 0.9969| 0.0758 0.0710A] 1.77 | 0.0002 0.0004
2 0.4195 0.0000; 0.0001 0.56 | 1.3682 0.0178 0.0130 2.07 | 0.0039 0.0051
3 0.6612) 0.0046, 0.0070 0.70 ; 1.9162) 0.0001} 0.0011 2.45 | 0.0106 0.0094
4 1.2312] 0.0552] 0.0443 0.95 | 1.8694 0.0391 0.0209 2.42 | 0.0033 0.0021
5 0.5824| 0.0001; 0.0002 0.66 | 0.6132) 0.0000, 0.0000 1.38 | 0.0006 0.0010
7 0.6471| 0.0018 0.0027 0.69 | 0.8625 0.0002] 0.0002 1.64 | 0.0230 0.0307
8 0.5996/ 0.0008 0.0013 0.66 | 0.6564 0.0139; 0.0212 1.43 | 0.0017 0.0027
9 0.7466) 0.0000, 0.0000 0.74 | 1.0084] 0.0047 0.0047 1.78 } 0.0022 0.0027
10 0.3990, 0.0000| 0.0000 0.54 | 0.7413] 0.0291} 0.0392 1.52} 0.0033 0.0061
11 0.3913; 0.0022/ 0.0056 0.54 | 1.1310] 0.0129, 0.0114 1.88 1 0.0005 0.0008
12 0.2818, 0.0103| 0.0364 0.46 | 1.1649] 0.0344 0.0295 1.91 | 0.0046 0.0080
15 0.1708 0.0023] 0.0137 0.36 | 0.1528 0.0313] 0.2045A] 0.69 | 0.0020 0.0124
16 0.0825; 0.0029) 0.0346 0.25 | 0.2434/ 0.0100, 0.0043 0.87 | 0.0003 0.0021
17 0.0823 0.0012 0.0152 0.24 | 0.4665 0.0101 0.0216 1.21 | 0.0080 0.0413
19 0.2205 0.0018 0.0082 0.40 | 0.4434 0.0378 0.0852A| 1.18 | 0.0006 0.0019
20 0.1163) 0.0159 0.1367A  0.29 | 0.6130 0.0486] 0.0793A| 1.38 | 0.0023 0.0086
21 0.5671| 0.0066 0.0116 0.65 ! 0.8962( 0.0012] 0.0014 1.67 | 0.0012 0.0017
23 0.6318 0.0000, 0.0000 0.68  0.4333 0.0714] 0.1648A! 1.64 | 0.0001 0.0002
24 0. 1656f 0.0000, 0.0000 0.35} 0.1683] 0.0166/ 0.0987A 0.73 | 0.0052 0.0311

IR AR T BRI
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Table 4—2 Ca

REIE- - FE OBERZF &F-SE K

Glass| sty | S(t) SC/SED| b | ST | S(To) STa/SITA0 B/KSl - TSl
1 0.1736| 0.0030 0.0173] 0.36| 0.5210, 0.2129] 0.4086A; 1.28 0.02071 0.0690
2 04660, 0.0000 0.0000, 0.59 | 0.8636/ 0.0048 0.0056 1.64 | 0.0045 0.0070
3 0.9833/ 0.0024 0.0024, 0.85| 1.7651] 0.0006; 0.0004 2.35| 0.0013 0.0010
4 0.7546| 0.0037 0.0049 0.75  1.6153 0.0824 0.0051 2.25 | 0.0072 0.0065
5 0.6896] 0.0021 0.0029, 0.71| 0.7774/ 0.0000; 0.0000 1.56 | 0.0043 0.0058
7 0.7083| 0.0013 0.0018 0.72 | 0.9704 0.0003 0.0004 1.74 | 0.0375 0.0452
8 0.3667| 0.0014 0.0039, 0.52| 0.7125 0.0071; 0.0099 1.49 | 0.0059 0.0115
9 0.5705| 0.0018 0.0032] 0.65, 0.5389 0.0006; 0.0011 1.30 | 0.0033 0.0060
10 0.3080, 0.0009 0.0028 0.48 | 0.4046] 0.0133 0.0329 1.12} 0.0026 0.0072
11 0.3734 0.0001 0.0001] 0.52 | 1.2082 0.0003] 0.0002 1.94 | 0.0001 0.0001
12 0.4060, 0.0000 0.00000 0.54 | 1.0069| 0.0600] 0.0596A 1.77 | 0.0059 0.0092
15 0.1828 0.0000 0.0000 0.37 | 0.2865 0.0186 0.06492| 0.94 0.0095 0.0417
16 0.1369] 0.0002 0.0017, 0.32| 0.1732] 0.0010] 0.0059 0.73 | 0.0047 0.0308
17 0.1202] 0.0002 0.0014, 0.30 | 0.0595| 0.0044) 0.0741A| 0.43| 0.0013 0.0152
19 0.2394) 0.0044 0.0183 0.42 | 0.7614 0.0329 0.0432 1.54; 0.0078 0.0182
20 0.3219] 0.0040 0.0124 0.49 | 0.8066/ 0.0087, 0.0108 1.59 | 0.0226 0.0444
21 0.4592) 0.0188 0.0409. 0.58 | 0.9065] 0.0045 0.0050 1.68 | 0.0046 0.0071
23 0.2809| 0.0003 0.0009, 0.45 | 0.3167| 0.0008 0.0024 0.99 | 0.0016 0.0055
24 0.1016, 0.00C6 0.0062] 0.27 | 0.1627] 0.0066: 0.0404 0.71 | 0.0132 0.1029A

A : S(t)/S(t)>0.05, S(Tq)/S(t:)>0.05, S(t;+ Ty)/~/S(ty) + S(T)>0.05

. % =
5.1 &8 # X
S—1—1 7o v s

Table 4 —1 bbb 5 Lo St T/

NSt - S(TD>0.05Tdh 5 4D V256, Sv=
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959% D ZHEX ik Student @ t-5375% FWAHUIE T D
oXTEHELLN B,
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(10)

z iz t(18, 0.05)=2.093, =0.53, s(b)=0.181,
n=19 Th2» 5, 0.48<b<C0.58 »318 5 NIFLINIT
—EH0.50% A2 U THIRE —ED &L & "FI T 4
PRI E LT, Svoctl/2 pigons. Fio S(Te)/
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B0 AT AL A Db E B% Fig. 5—3, Fig, 5—4
WiRY. Fig. SItthiE A+ v a4+ 0888 &
AT AL FUDHEVEBRTO 24> ¥ A0 mol
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