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Chapter 2

Theoretical Part

L@ humidity and by water are the
g e y Y

described by many different concepts

The corrosion mechani
same in principle. It is a comg
and scientific theories

The following s reaction between glass and

water shows a genera
+ + 3
H and H;0 p 1 the reaction. Therefore, the

fundamental concept of vith high priority.

H_, the Nonconformist Ion (Emsberge

The hydrogen 1o atom loses the only electron
it has. When this happf,ns, it becomes a bare proton. This is the only ion of

chemical srgnﬂ H’H f}%:ﬁ] 'ﬂﬁ.w Ej’qsf] "§ue characteristic that

underlines the eﬂraordmary nature of the hydrog

KRR P ’}%ﬂiﬂﬂlﬁ 1 keep in mind

that bare protons do not exist in aqueous solutions. Rather, the protons enter the

electron clouds of the large O ions. This is because there is no electron cloud on
the proton to be repelled by the electrons of the oxygen ion. In other words, the

proton is swallowed by the oxygen ion, thus forming the sequence
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Fig. 2.1 Sequence of the absorption of protons by the oxygen ion.

With ever decreasing. miolecular iaﬁ above dissociation reaction of

r | . +
the water molecule ca od \as the mino! Hlft of a H from one electron
cloud to a neighboring qné. , _ _

B

The mechanisnﬂs stated in a book by Calom and Gold (1975). Proton
transfer can Qe l.yfj ﬁ'ﬂmmogmrr u?&he hydrogen-bonded
complex. The al reason for the rule is obvious; it permits the transfer of the
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two oxygen ion (see figure




Bizic Rezeh

The alkali contained in the glass is very mobile and tends to react with water.

The reaction is usually interpreted as a result of a combination of two independent

processes:
1. leaching process W the extraction of alkali ions out of the
Leaching
Leaching is an i shange ~phocess. where alkali ions (which are the
network modifiers) a by p tons a certain amount of water
simultaneously entering thelfgla 4" ime glass, it is described as the ion

In the melting process; |
Na,C H
=SidE
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The quantitative analysis of this ion exchange by many authors has lead to
the conclusion that the alkali contents going into solution during the primary ion
exchange are proportional to the square root of time. The investigation of the

concentration of Na in the leached glass surface, by Scholze, Helmreich, and



Bakardjiev (1975) are shown in figure 2.3. This curve has also been found by other

authors. The extent of the Na leaching is independent or only slightly dependent on

the pH value in the pH region from 1 to 7
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Fig. 2.3. Na,O concegffati il
C W
Na,0-Ca0-Si0, glass (20-6474 fmol %) :
Wrie
After the ion exchange siep, 4 silic
glass/solution interface. Thisayer is ca

a, concentrations c/cy) of a

0.1 N HCI at 60 C.

ater rich layer is thus formed at the

ayer ” which is different from

the original glass.

condensation reﬂion‘

from silanol groups. The

e @cess instantaneously
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near IR spectroscopy and most lately by Si-MAS-NMR (Bohm et. al, 1995). These

condensation reactions start quickly after the glass is placed into the corrosion

solution. Approximately 80 % of the silanol groups condense to = Si-O-Si = . This

value dose not change significantly with: increasing corrosion times.



In most cases, the number of silanol groups is lower than the number of SiOR"
sites in the bulk. This means, that not only an exchange between alkali ions and
protons, but also a consumption of protons takes place by formation and
condensation of silanol groups. A remarkable fact is the high mobility of molecular

water in the gel layer, proved by the rapid exchange between D,O from a gel layer

bulk giass
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Three zones, the outermost surface zone, the gel layer, and the bulk glass can

be distinguished by their different dissolution behavior.
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N « Dissoluti

In the interaction of glass with aqueous solution, the dissolution of the silica

network is an essential process which effects, for example, the overall ion exchange

between the two phases.

dissolve more easily, hence, the

Si-O network is split, which.cai be 5 @tically as followings;

= 5i-0 # HigEEEEE i-OH + OH

which shows that thel OH ions can F’ # The proi)ability of the
reaction is exp-EA/ﬁ' (E, = 2 ~ 7@0 kJ/mol )
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necessary to know about the solubility of silica. Solubility is governed by the

general equation;

A,y + m*H,0 G > n*H' +A,p

soli



where A, represents the entire set of species originating from the dissolved A. For
5.

example, with A ;= Na,CO;, A, = 2*Na+(aq) + CO, . The factor n may be

positive or negative depending on the acidic or basic character of the reaction. The

molar Gibbs free energy of dissolution is given by

G(A

#/

Among the de ith e ones with the most negative G

) - m*G(H)0).

solid

(A g) yield the IOWESLsO lity O lllCd is more soluble than any
crystalline form. able among the latter materials is
the least soluble o ublhty occurs via a three-step

equilibrium preset

Si0, + H,0 n= 0
S0, + HO <N o, g o= 1
: n = 2

Si0, + H,0

)

With K, = mp-(Gi “/RT), solubility can bﬁeadily calculated from the law
of mass a ﬁ"‘wﬂﬁ'ﬁ ﬂfﬂ m ,ln -15 20, -27.2, for low-T
quartz, an na ilica powder with 250 m /g
s _ '
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logc, cin mol/l

al, 1992.

The figure above es based on the predominance
of one particular silicate the first zone (pH < 10), the
minimum solubility is present d ociated but soluble portion of H,SiO;,
This species predm;iﬁ« dizone (pH = 10 to 12), most

I : De
one (pH > 12), SiO, predomin

o

evident that ﬂ ﬂgj‘;’ﬁfﬂxﬂ ﬂ?Wﬁ bTan and vitreous silica

follows the same pattern but the solubility of silica from the glassy form is higher

= SRR e

negativéithan that of vitreous silica, or in other words, quartz is thermodynamically

s. From the figure, it is also

species. In the third

more stable than-vitreous silica.

The relative solubility of silica in water is one of the main factors in the
corrosion of glass. In the glass, it is well known that pH is a factor which can effect
the durability of glass and also the reaction of oxides in water The Gibbs free

. 0
energy (AGO) of hydration can be found when standard value G of each species is



known. This leads to a plot between log activity and pH from 0 to 14 called
“stabilfty diagram” . From this diagram, it can be predicted which species will

predominate in the selected pH range. The stability diagram of silica is a good

example.

Most of all stability diagrams can be described in three pH ranges (Geasee,

1993) The first range is an acid unst:

. é’»ange is a basic unstable range.

Deprotonated species -aie ﬁes of the unstable ranges are

o eX iciency The location relative to the

with completely hydrateg

dependent on the am
pH scale is a function of 6‘ cific_oxide. Fo | 'v. , within the range 0 <pH
< 14, SiO, exhibits thé stable dnd the' basi stable ranges only, while alkali

oxides show nothing elsg'b

Another way of puescatation of speeia llagram is created by plotting the
relative amount in the perge

following figure.
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Fig. 2.6. Speciation diagram of silica.
-6
Boksay et al. (1979) measured the total dissolved silica about 2¥10 mol/cm

is a linear function of time irrespective of the pH of the solution as shown in figure

2.



e pH 11-23% e - o-pH 3-6.5 solution

The dissolution

point represents the meafl value ‘of three or more ind ependent measurements. The

curve shows a broad minimus

that the variation in the rate/e ;f— S
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Fig. 2.8. Dissolution rate of Mclnnes-Dole samples as a function of the pH, Boksay

et al, 1980,

Up to now we have considered the relationships in the system glass/water. As

mentioned before, the mechanism between glass and water or air containing water
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vapor are the same. The system glass/humidity with normal air as carrier gas leads

to the \»}eathering phenomenon.

Weathering

When glass is stored in air

only prone to getting wet, but also

weathered by acidic gases i , or SO,. “Soda bloom” is the

atmosphere dlssolvqhmm he surf: _»’, crystallites which may

X
precipitate upon thé-Sur 15O » CSH (calcium silicate

3

hydrate phases = “ce nt”). If external conditions charige in the direction of lower

¢ o O/
humidity, for eﬂrﬁ, ﬂa?lﬂf]r mwg lﬁTﬂﬁr evaporates from the

surface leaving the crystallites behmd The alkalmlty rapidly mcreases and a strong

S O S C LTAAL —

cycle willcontinue on a day to day basis. The surface can then become iridescent or

matte. Figure 2.9 illustrates the cycle of weathering.
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H,O pH rise

; CO, gas, SO, gas
R R
NaOH, CaCO,, CaSO,

i

new reaction

W/ =

oil glass surface.

The weathering/ dépends Oy 8 ora \ factors, including the chemical

composition of the g temperature of the storage, and

the nature of the glass suc
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