Chapter V

Discussion

tion and phosphate-free

solution are compa the solubility products

of AlPO4 (6.3 x 107 4).were expected to yield:

noticeable effects. re 4.5 and table 4.4),
an enhanced corrosio ; :: and basalts of approxima-

tely 1-14%. On the o er/l 2 petarding one was found with E and

slag glasses of app £ ] omparing these results with

the chemical com

Al1203
Fe203 (wt %) 0.06 0.06 12.52 12.40 0.02  0.02::0.03 30.04
Gamble (nm/d) 22.28 13.14 4.94 7.63 7.63 4.65 4.57 3.37
pPo4 free(nm/d) 22.86 14.14 5.01 8.55 5.9 ., 428 3.47. 3,12

7 : J nd basalt had a lower
Al903 content bufﬁgh i g an% glasses.
[ . /
s R AR G UOR S
G le*s™and “ph T lution.
gM1 oMz 83 B4 o S1 ' 82 @F1 E2
noo N W %] NN (ol o0d bl 4b 30| J
cao gwt %) 6.2 9.3 66~ 16 . | 40, L5
(wt %) 5.14 5.12 13.71 13.58 16.01°16.00 14.22 14.21

Changingl (' 8. 5298 « 1 L6 I8 50T =78 AL “T.4
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These are many potential eiplanations none of which is really
convincing. The MgO to CaO r;tio seems to play a role as well as the
absence or presence of alkali. Iron and alumina does not seem to have
an unambiguous effect. Nevertheless, this test series shows how much

small ingredients (the orginal Gamble's solution contains phosphate)

can influence the corrosion rate.

\‘wing 4 different glasses

N le's solution saturated
solution bubbled with Ny

were done. The targe ifve ”T‘; the joint effect of CO9 and

diagram of Ca0 and Mg . From the experimen-

tal results, tests with :%;;?u solution (pH ~ 8.5 + 0.2) had a
i "'.-v-"' = =

—3‘)95 higher ﬂu‘;\ m

corrosion rate 20

ginal solution. (pH ~

ing to note that the

o this chaige than the glasses with

| ﬁzrﬁ‘fw%‘wmﬁﬁ FHE 52
e 4 mmm URY AR

MgO (Wt %) 3493 8.05 9.3} 4.22 4.50 0.04 4.74 0.06
Cao (wt %) 6.25 9.35 10.66 16.45 35.93 40.43 17.55 22.28
Gamble (nm/d) 22.28 13.14 4.94 7.34 7.63. 4.65 4.57 3.37
N2 (nm/d) 23.05 16.9 7.85 9.16 9.6 7.26 6.73 5.54

high CaO glasses reIlted stronger

Changing in % 3.34 22.25 25.86 37.3 20,5 35.95 32.1 39.2
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According to the stability diagrams (see 2.5.1), 8i09, TiOy, Al,03,
Bg03 and Feq03 stability did not depend on pH in the range of 4-9.
Moreover, Nag0 and K30 had a decreasing dissolution when pH goes to
the basic range. So, this means that a higher corrosion under NZ
bubbled solution may come from a c»arbonate effect by forming CaC03 and
MgCO4 precipited on the ' surface of glasses which can retard the
Wrnatively come from a pH effect

@l reason connot be given yet.

dissolution velocity. It ma

increasing the corrosion E

sta’leﬂ presence of COy. Glasses

,\h‘% also more sensitive to

Indeed, glasses wer

with MgO seemed to be

#
c').

pH and COy shifts.

5.3 Effect of Binder

When considering

thgﬁg 0 work, then a pronounced
JI_}-\{‘-‘_-" i

effect of the binder iS—Fou th the JM glass only. Here, the
,u!""g"’dllﬁ"fl- ‘,f

glass contamlnq:sao only shmr A

of binder, whiledthe gias

rosion in the presence

id /Ca0 shows an inhibited
e effecﬂof binder.

— °ﬁilé§%§ﬁﬂ§‘1§?tm Hem

corrosion. The folgwlng data sho

Cao wt %) 6.25 9 35 10.66 16.45 35.93 40 43 17 55 22.28
Na20 (wt %) 15.72 15.72 2.91 2.89 - % 0.40 0.40

K20 (wt %) 101, .00 T AE 139 - - -
Gamble (nm/d) 22.28 13.14 4.94 7.34 7.63 4.65 4:57 337
Binder (nm/d) 16.42 17.1 5.42 7.75 7.28 5.09 4.33 3.76

Changing in % -26.3 23.2 8.9 5e3 =5.2 8.6 =-5.3 10.4
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5.4 Comparision of the Corrosion Rate Between Gamble's Solution and

Buffer Solution at pH 5

At pH 5, a significant effect for all glasses was found.
Surprisingly, the otherwise not very stable glasses JM show a very

high durability in the basic glasses, especially the slag glass,

\

'_‘
misjudgement. Only ?he;ﬁivmration like the thermody-

dissolved rapidly. One mi

culate by experience on the effect

of individual oxides. ““ﬁpnsideration is very prome to

namic evaluation (see se€tion 5.6) draws a complete picture.

Table 5.4 Comparativeddigsdiatio e o asses in Gamble's
solution : 2 i \

S2 El E2

§i02  (wt %) .32 54.95 54.92

Al203 (Wt %) .1 71 13458 00 14.22 14.21
Mgo  (wt %)  3.12 J0.05 Bt 04 4.74 0.06
ca0  (wt %) 6.25 9 =t 43 17.55 22.28

Na20 (wt %) 15.72 15872472
K20 (wt %) 1.01 I.o0e===%
Sum(Mg,Ca,K,Na) 26.1 26.12f§§§§§_
Al
Gamble (nm/d) 22928 13.14
pH 5 (nm/d) Q2 e —

0.40 0.40
95, 40.43 40.43 22.69 22.74

%65 4.57 3.37
‘1180 2ol -1.39

,3“‘.8 -74.4 61.7

-

Chahging in %

L)

¢ o

Y111} () e 1)
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Tests ibres vwere one investiga an effect on

geometry, comprising 4 different compositions JMl1, B4, S1 and El

glasses. A lower corrosion rate occured as showed in the following

table.
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Table 5.5 Comparative dissolution rate of chip samples
and fibre samples.

Conditions - JM1 B4 sl .

chip fibre chip fibre chip fibre chip fibre
Gamble (nm/d), 21.15 = 7.04 5.59 F.95 - 4,96 -3.52 -
N2 (nm/d) 21.46 9.72 7.171 6.26 10.83 - o (P63 3496

3.39 T+32 = 4.56 .1.47
1.91 2300 = 0.21 ==

Phosphate 24.82 T1.27
pH 5 (nm/4d) - =

polished surface of the .
=

surface of the chiph 4.

en Dissolution Gibbs P&' Eﬁergx and Corrosion
, 4 '
e ot BN 1IN TWNEINT

4
¢
Ttﬁnﬁfﬂuao ﬁm ﬁky—fﬁ ﬂ t& the relation
between the composiﬁons of g ag ibre and ¢ ﬂ:l E‘Lility. From

the composition, dissolution Gibbs free energy was calculated. The G

|
5.6 The Relation BJwe

data in table 2.9 cover the entire range of very durable glasses with
G > 0 to glasses with very poor durabilty having G < -58 kJ per 100 g
of glass. Plots between G of hydration of glasses and log velocity of

corrosion rate were done as shown in the following figures.
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Gamble's solution
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Fig. 5.2 Relation between dissolution Gibbs free energy and corrosion

rate compared with reference fibres.
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Fig. 5.4 Relation between dissolution velocity V and Gibbs free

energy of hydra

tion of glasses in Gamble's solution saturated with Np
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Buffer solution at pH 5
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Fig. 5.6 Relation between dissolution velocity v and Gibbs free
energy of hydration when test with buffer solution at pH 5 (taken

alkali out during calculation of G values).
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Effect of binder

log v [nmsd]

Fig. 5.7 eloc1ty v and Gibbs free
energy of hydration t itll ‘sampleés co 1th binder.

It is important _ ,, i3 the stranght lines are not just
regression lines. off "ﬁ on thermodynamics and kinetics

theory (see 2.1.3).

vhere C an i n concentration of
silica 1 nugj’lﬁﬁi‘ nﬂjﬁﬁalevent in a closed

system reac pti:ﬁ\n ﬁ1 ﬁ’ w system, or
" upon fﬂﬁq a{nﬁoﬁj yﬁ EJ %Joand after an
initial period, v(t) assumes a stationary value.

v(t) —=———- > v(stationary) = X,.exp(Ea/RT).exp(-G/RT)

with Ea and G in kJ/mol. When G in kJ/100g glass is inserted, then,

with the average molar mass of a glass M ~ 60 g/mol, G can be
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replaced by approx. 0.6 G. Expressed as natural logarithms and insert-

ing R = 8.314 J/mol, T = 310 K, Ea ~ 75 kJ/mol, we obtain
log v = log X, - 12;64 -0.1012 G

So a plot log v versus G should display a slope of 0.1012 . This is

indeed compatible "with the data fnom the glass fibre tests with

Gamble's solution at pH ,, Gamb glutmn saturated with Njp

at pH 8.5, buffer solution at pH @renae glass fibres test.

(see 5.1- 5.6) The( 2 use the fa

owing senarious for the
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P(COq) =

all BgO3 and Rg0 removed from the interface glass/

solution by 'leaching

no percipitation
for samples with binder :

- pH = 9.5 belov binder locally (see figure 5.7)
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- P(CO,) = 0.05 bar
- precipitation of Mg(OH)j, C-S-H and C-A-H phase below
binder.
When comparing results from chip samples to fibre samples investigated
earlier (Scholze and Conradt,1987), then the former ones are found
to be higher by a factor of approx. 4. Yet the durability classificat-
ion remains the same. This is a vp helpful result allowing to find
dissolution velocities by perforn {5:spple test instead of complicat-

ed fibre tests.

AMIAINTAUUMIINGIAY

Fig. 5.7 SEM morphology of TEL glass coated with binder.
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