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Chapter 1V

o0sitions were recorded at
each step and sam steps with each other.
These resnlts are

Table 4.1 Appearanceé o

Type 15% melt fibres

$ 156 %
seeds and small|56 um, white,

JM1 = ]ﬂ
' bubbles inside | no spots,

HUH INININGNT | e
?ﬂmmﬂ A ATEIA T

JM2 green, no good bluish green, bluish green -

melt seeds
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15t melt

20d peit

Type 3rd pelt fibres
black, no good | black, sharp black and b~ 187 I 62
B4 melt. Still crack, no spot| luster at the |um, black and
has stomes, or stones surface brown,
sharp crack brittle
"'!-..\‘ /
black, foam a . last k, brown
the surface, | "
B3 still has tones -
i A
stones, as A
o (3 A
sharp crac Jbﬂﬁg
m-_i-_
I b | '
soft green, S0 e green, $ ~ 173 ¥ 64
b 2 ;
s1 stones = ' small bubbles m, yellow
l".:r"‘r"’.{:_.‘i j ”
ide7 green to

y

lﬂ

vhite, some

stones, seeds

NPT
318

LA

Y

El

no good melt,
big bubbles,
a lot of foam

on the surface

white to green

less bubble

and foam -

cordy
white to green,
small bubbles

inside

¢ ~108 I 32
Mm, vhite,
no stones,

brittle
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Type 15t pelt - 20d pelt 3rd pelt fibres
the same as less bubble small bubble | -
E 2 E1l and foam and seeds
inside

4.2 Densi

ﬂ@‘gmmmgjgwmr‘fiza?

.~ From the above table, these glasses have the density in the rangé of

2.49 - 2.85 g/cm3 and their standard deviation (N - 1) was in the
range of 0.001 - 0.004. Both JM and E glass had densities-smaller than

basalt and slag glass.
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4.3 Chemical Analysis

Table 4.3a Chemical analysis from EDX (3 standard samples)

Si02 Tio2 Al203 Fe203 MgO Cao Na20 K20
DGG . 72.33 0.12 1.30. 0.32 4.55 6.74 .15.23 0.33
SON-68 43.86 == 5.09 3.06 = 4.15 = 9:35 0.04 -
GH-4 4570 2.69 12.94 12.26 9.25 10.74 3.15 137
DGG * T1.:72 019 123 0.14 4.18 6.73 " 14.95 0 38
SON-68 * 45.50 g Sa= 4.00 9.90 H
GH-4 * 45.10 2.69 9.43 10.80 2.88 1 36
JM1 61..13 4.85 6.68 L .5l
JM2 65.91 10.02 5.54 2.86
B4 49.62 16.15 0.66 3.25
B3 39.14 9.94 0.70 192
s1 40.68 26.32 0.93 1.48
82 46 .68 29.87 1.94 1.53
El 55.71 16.35 1.07 0.04
E2 58.45" 20.00 1.19 P
x = standard coi
Table 4.3b Che ndard samples)

§i02 CaO Na20 K20
DGG 12277 6.76 14.96 0.39
SON-68 48.26 4.22 10.26 0.02
ESCA (A) 46.16 ‘ 4.11 . Bl e
Esca (B) 47.99 0 L 21 4.56 9.61 0.03
GH-4 45.44 9.50 10.78 2492 1..36 %
DGG * i Sy 0 6.73. 14.95 0.38
SON-68 * 45.50 4.00 9.90 =
ESCA (A)* 45.3¢ : 4.40 9.90 Al
ESCA (B)* 51. ¥ J4.50 "10.10 -.-
GH-4 * 45, T 4 0.80 %88 1. 36

P | )
B4 47.498F 3.63 14.82 11.16 12.5%# 16.14 2.28 2 .98
B3 40. 59 ‘2 34 11 62 9 89 Teb9 9.98 4.08 137
El 4 E3 3L 16, 35 0.47 118
E2 S 229
L 0.35 3.48
s2 5 52 - 4.01
JM1 0 23 0. 05 54 0 25 l 13 4 91 10.81 0.49
0. 50“5 88 1.56

10.04%/ 9.16

From the above table, chemical analysis from EDX indicates chanées of

0.5-8% Even though 5

‘and 3

samples cps standard method was used.

These may rather not come from the melting process. The main cause.may

came from the fact that this thesis work was the last group to analyze

before the equipment was broken, and shut down for 2 months.
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So, the nominal chemical compositions were selected to calculate

dissolution Gibbs free energies.

4.4 Morphology of the Glass Surface After Corrosion Tests

. Both chips and fibres were analyzed by SEM. The following figure

shows El glass tested under 3 diff?rent conditions.

I/

Fig.' 4.1 SEM morphology of E glasses; a) Gamble's solution saturated
with Np, 28 days, b) Gamble's saturated with Np, 56 days,
c) none, d) buffer solution at pH 5, 56 days.
From the above figure, at pH 5, El glass was more stable. A
deep line defect (skratch) which may come from cutting is still there

even after corrosion.
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The other samples are shown in the figures below. When glass had
dissolved much sharp surface edges had gone (such as with the buffer

solution at pH 5, 56 days).

1TSKU X2,000 10K m Boo012

Fig. 4.2 SEM morphology of basalt JM and slag; a) B4-56 days (P042‘)
b) B4-56 days (pH5), c) B3-56 days (P042'), d) JM1-56 days (pH5),

e) 81-56 days (Nj)
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The last group of SEM images shows samples with binder (B3 and

$2) which were corroded by Gamble's solution for 42 days. After corro-

sion, the binder was almost gone.

Fig. 4.3 SEM morpholpgy of basalt and salg coated with binder; a) B3
(un-corroded), b) B3 corroded in Gamble's solution, 42 days, c¢) S2

(un-corroded) and d) S2 corroded in Gamble's solution, 42 days.
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For fibre samples, a change of the fibre surface before

and after corrosion can hardly be detected by SEM as shown in the

figures below.

s st ddisd i "
15KV X158

1899+ m o822

Fig. 4.4 SEM morphology of basalts and slag fibres; a) B4-(un-treated),

b) B4-N, (7 days), c) El-(untreated), d) El-Nj (7 days)
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4.5 Corrosion Rate of Chip and Fibre Samples

4.5.1 Gamble's Solution Test
8 glass compositions and 4 times interval were done.
Some groups were tested for 112 days. These results was shown in the

figure and table below. In the following, the group JM1, B4, S1 and

' which had high Mg0O content and

& group two' which had lower
_‘I

MgO but higher Ca0O co i

f
Thev g l:_ “':‘- t‘.“‘ ‘S
FET NN

1\ 28 days
v 42 days
N 56 days
22 - 2 ¢ k 1 ~

L 4 3 112 days
fibre

El will be called glass ‘grou

JM2, B3, 82 and E2 wi
9

/

14 days

V(nm.~d)

= >~ 3 G
ARCCLETE VN A TR RSN
AT R ST I z =

~
!

'S

.3

)

IM1

Type of gluus

Fig. 4. NDH ﬂ q nﬂ nj ﬂnﬂ ’J ﬂnge s solution
N a&mmw VAN o

Type Vi{nm/d) fibre
14 28 42 56 112 avg 7
JM1 2y 1%84.1Y  2%.34 19,39 .325.40  22.2% R
B3 637 FudD 3.4 4.54 T 4.94 e
sl T.23 9.90 1225 5.74 6.43 7.63 4.96
Bd: 3.02 6.74 2.98 3.989 4. 30 4.57 ==
JM2 20.61 13.33 13.91  12.18 13.14 =g
B4 7.04 Faed2 5" PS8 T332 8 12 7.34 5 .59
s2 6.56 5.68 3.46 4.80 = 4.65 =

E2 5.71 5.30 X k3 3,62 S 3. 36 g =
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From the above figure, the corrosion rate of these
glasseg can be classified into 3 types. The first type was JM giass
which'had a dissélution velocity in the range of 15-21 nm/d for JMl
and 12-21 nm/d for JM2 glass. The second type was basalt and slag
glasses. ‘They had a corrosion rate in the range of 4-9 nm/d. The
third type is E glass; the corrosion rate was in the range of 3-6 nm/d.

The results also showed that =,55 for basalt, glass group one had a

overall 30% effect. is considered, the JM

glassed have high with time. The other

corrosion rates lower ADT tely 26% for B4, and 32% for sl

e

Por E glass, the effect uwld VIQA;~--ifested due to the scatter of

V=g < iy

I i m
4.5%.2 Galb;]'s Solution Saturated With Ny

Fq!rly Er!ejlq ﬂmtiw&aiﬂ ieem to follow the

¢
classi : \ i n'l'ﬁ é-! nm/d for JM
glass,ﬁa:ﬁn]mg ﬁfg?agﬁy mur]lg glé?iﬁa 5-=7 nm/d for | E

glass as shown in the figure and table below.
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The corrosion rate of glasses
in solution saturuted with N2

:: 14 days
26 & 28 days
42 days

il % 56 days

% -Hi @ 112 days

20 AR j B8 fibre

= 16 4 LER
N 16 1A ]

10 11V :",s [ -

s U

$ '::;\:g \25

* TE s N § }

:‘/:f‘.\ ; 2 ‘}Qﬁ

IM1 B2
Fig. 4.6 Dissolution e's saturated with Nj
Table 4.5 Glass di ] Anyedmble solution
satura
Type f V enm /AC fibre
14 G = 112 avg

JM1 21.46 167 55— 12.82 " 23.04 9. 72
B3 7.58 ; V”» 1‘ B b 7.85 & s
sl 10. 83 i 9.85 9.60 -.-
El 7.687F 5= 6€ 50 Ta29 6.3 3.69
JM2 20. 03 < =T 16.90 -
B4 7.71 8 ‘ 4 2.2% 9.16 6.26
S2 8.80 7 461 7.02 - -, 7.:26 -.-
B2 A 7.29 € g28.94 5.22 5.46 - 5.54 -.-

E{ {riih\Viige) i‘iﬁ";ﬁﬂ
one wasq higher than t y 19% for JM

glass, 25% for slag, 19% for E glass and 5% for basalt. The corrosion

rate of all glasses seem to be constant at long time corrosion and fhe

geometry effect was lowver as much as 52% for JM glass, 16% for slag

and 46% for E glass.
when comparing results of Nj saturated solution to those of

Gamble's solution, and increase was found.
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4.5.3 Gamble's Solution with no Phosphate

The results can be separated into 3 types; JM glass,
slag glass and basalt and E glass which have a corrosion rate in a
range of 12-25 nm/d, 2-9 nm/d and 1-4 nm/d respectively. As to the
fibres, they had a large difference from chip samples for JM amd

basalt. For E glass, the resul - certain.

",'f glasses

14 days'
28 days
42 days

AN
12
N 56 days
&
&

N7 N

112 days
fibre

Vinmsd)

saphate free solution.

iy
Table 4. 6ﬂjﬁﬂﬂmmnj Wﬁqﬁﬁlutlon

Fig. 4.7 Disso Lut

TypeQ Wq a\ﬂ V (nm#4d) Yy figre
Tmr %24.82 26.13 21.68 21.83° 17.30 22, 7.27
5% 4 ar . GodM o hefS, B85 E. - & B, e
s1 o g g S B AR R8T T KBl
El Toee a6 3.7 3.14 3,06 0 347 1.4
el A B 3681 1308 1386 mg- o TEAIA e
B4 Si33 s §.17 814 aHes " 8557 3.39
82 1 47 . B.g0 243 A.5L - h of ==

E2 3.86 4.04 4§ 3.62 s 3 12 =
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4.5.4 Samples Coated Binder in Gamble's Solution

The samples coated with commercial binder showed an
effect up on corrosion. An enhanced corroSion rate was found with
approx. 23% for JM2, 9-10% for B3, S2 and E glasses which had more

Ca0 content. A retarding one was found with JM1l, S1 and El glasses

approx. 26% for JMl and 5% f}' ’ and El glasses. These results are
shown in the following figur: ] ““‘
| —— T —
ion
- e i 3
24 o ;
= N, 14 days
1
B 28 days i
20 "'; - : 42 days
is V' - 56 days
TN -
,\;\
18 A : h
® NZ > (= c
3 14 0 ;j-\-\ o 2
E 12 -*l:‘ ’/l\ Y P s \
A BALIBA Y
NZA natel,
8 = | NS YN :
RN 2 - 8 BN
6 \:/'~\~ ;I ol ok o 1§ %
NS . -~ AN
+ AN |7 % 7 g <
N W ’ A FF 5
CRINZN A A
o - ) A VARS ./ Q

Fig. 4.8 Dls@u ﬂﬂﬁ‘ﬁﬂﬁ ﬁ%alutmn with sample
B

V(nm/d)

14 28 42 56 avg
JM1 22.87 -18.14: 17.18 13.93  16.41
B3 4.75 6.60 4.54 B.ll 5.42
sl 5.74 7572 8.11 6.01 T:38
El 4.52 4.52 4.79 3.67 4.33
JM2 16:41 20,62 . 14.92  15.76 .17.10
B4 7.33 774 7.81 7.69 7.75
82 6.09 4.07 5.26 5.95 5.09

- E2 2.68 4.28 3.27 3.72 3.76
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4.5.5 Buffer Solution at pH 5

At pH 5, totally different corrosion rate of glasses

vere obtained. These results are shown in the figure and table below.

Vinmzd)

MAm/d

Type

JM2

The corrosion rate of glasses
in buffer solution at pHS

1ffer solution at pH 5,

_v"’f‘ /d scale is valid

L

Table 4ﬂ%§§§1ﬁ ftﬁ ﬁwxge’q ﬂ.qtion at pH 5

fibre

¢ V(nm/d)

A 140 . avg 7
- RV ]

-y i o3 . 0. 47 -
7.64 5.32 6.29 6.04 5.88 *
2303.93 2782.44 2957.62 3068.46 2936.17 "
0.21 1.26 2.25 By 1.76 ol 5
0.37 0.30 0.39 0.69 0.46 ot e

8.44 12.96 15.69 17.12 15.26 1,91
2172.31 2595.64 2825.21 2931.24 2784.03 -
bl 1.40 2.26 0.20 1.29 o v
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From the above figure, JM and E glass had corrosion

rates of 0.2-2.3 nm/d, but basalts and slags had a dissolution rate in
the range of 24-51 nm/d for B4, 15-21 nm/d for B3 and in thé range df

2000 nm/d for slag glasses.

AULINENINYINg
RINNIUUNIININY
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