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T h e chemical compos i t ion of the thin surface layer of float glass is n o t h o m o g e n e o u s wi th respect to the c o n c e n t r a t i o n of s o m e 
cations. This inhomogeneous cat ion dis t r ibut ion significantly changes if the glass surface comes in to con tac t wi th a q u e o u s Solut ions. 
Us ing E S C A significant changes in the dis t r ibut ion of magnes ium a n d s o d i u m ca t ions were found o n the " t o p " surface of f loat 
glass in static corrosion environment . T h e magnes ium concent ra t ion increases in the th in surface layer, while s o d i u m c o n c e n t r a t i o n 
decreases a lmost to zero. The relative a m o u n t s of calcium, Silicon a n d oxygen a p p e a r t o be nearly the same b o t h in the or ig ina l a n d 
the cor roded surface layer. The change of magnes ium and s o d i u m concen t r a t i ons as well as a n electron mic rog raph of the glass 
surface indicate damage and hydrat ion of the " t o p " surface layer of float glass. 

T h e dis t r ibut ion of the Clements does no t show any significant c h a n g e if co r ros ion proceeds in Streaming water. Consequen t ly , 
to ta l dissolut ion of the basic glass ne twork built by Silicon a n d oxygen a t o m s a p p e a r s t o be the fundamen ta l process in this case. 

Kationenkonzentrationsprofile in Floatglasoberflächen während der Korrosion in wäßrigen Lösungen 

Die chemische Zusammense tzung der Oberf lächenschicht eines F loa tg lases ist in bezug auf die K o n z e n t r a t i o n de r K a t i o n e n i n h o m o 
gen. Diese inhomogene Kat ionenver te i lung änder t sich deutlich, wenn die Ober f läche in K o n t a k t mi t wäßr igen L ö s u n g e n k o m m t . 
Erhebl iche Veränderungen der Magnes ium- u n d Na t r ium-Kat ionenver t e i lung w u r d e n au f der A t m o s p h ä r e n s e i t e des F loa tg l a se s in 
statischer Kor ros ionsumgebung mit Hilfe der E S C A - M e t h o d e gefunden. D ie M a g n e s i u m k o n z e n t r a t i o n n i m m t in e iner d ü n n e n 
Oberf lächenschicht zu, während die Na t r iumkonzen t r a t ion auf a n n ä h e r n d N u l l s inkt . D ie relativen M e n g e n a n C a l c i u m , Si l ic ium 
u n d Sauerstoff in der ursprüngl ichen Oberf lächenschicht scheinen denen in de r kor rod ie r t en Schicht e twa gleich zu sein. D ie Ä n d e 
rung des Magnes ium- u n d Nat r iumgeha l t es sowie eine e lek t ronenmikroskopische A u f n a h m e der Glasober f läche weisen a u f d ie 
Bildung einer geschädigten u n d hydrolysierten d ü n n e n Oberf lächenschicht h in . 

Die Elementvertei lung zeigt keine wesentliche Veränderung, w e n n die K o r r o s i o n in s t r ö m e n d e m Wasser verläuft . D e m n a c h 
scheint die vollständige Auflösung des aus Silicium- u n d Sauers toffa tomen au fgebau ten Glasne tzwerkes der b e s t i m m e n d e Schr i t t in 
diesem Prozeß zu sein. 

1. Introduction 

The chemical composi t ion of surface layers of float glass 

differs from the "bu lk" composi t ion [1]. The main differ-

ence is mainly caused by the tin content in the surface 

layers created by contact with mol ten tin (tin or "bot-

t o m " side) [2]. The relatively high content of tin in the 

glass surface layer is responsible for the increased chemi

cal durability of this surface [3 and 4]. The opposi te side 

therefore (i.e. the " t o p " side) from the point of view of 

float glass corrosion appears to be a limiting factor. 

Concentra t ion changes in glass surface layers caused 

by glass corrosion can be detected by determinat ion of 

concentrat ion p r o f i l e s of some C l e m e n t s . Experimental 

da ta on the concentrat ion distr ibution of some Clemen t s 

in corrosion surface layers of model glasses have been 

published by Richter [5] and Sprenger [6]. Recently, Ya-

m a n a k a et a l . [7] had m e a s u r e d concentra t ion p ro f i l e s in 

the " b o t t o m " g l a s s s u r f a c e l a y e r of float g l a s s . Luo Jie 

et al. [8] used X P S analysis associated with argon ion 
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e tching to de te rmine tin Oxidation states on the u n d e r -

side of float glass and found tha t tin is present in the 

+ 4 , + 2 a n d 0 valence states. 

T h e a im of this work is to extend the publ i shed d a t a 

by de te rmina t ion of the concent ra t ion d i s t r ibu t ion of 

some Clements in the " t o p " surface layers of float glass 

after cor ros ion by water at static a n d dynamic c o n 

dit ions. T h e knowledge of concent ra t ion profiles c a n 

con t r ibu te to a bet ter unde r s t and ing of the co r ros ion 

mechan i sm, especially wi th respect to the fo rma t ion of 

a d a m a g e d surface layer on the " t o p " side of float glass 

in static a n d Streaming aqueous Solutions. 

2. Exper imental methods 
Α 4 m m thick float glass sample, provided by Glav-

un ion , Teplice (Czech Republic) , was used to s tudy glass 

cor ros ion by means of static a n d dynamic cor ros ion tests 

in water. T h e S/V(IQ. surface of glass to water vo lume) 

relat ion a m o u n t s to 0.1 cm~^ independen t of the cor 

rosion test applied. T h e static cor ros ion test consis ts of 

the t r ea tmen t of the glass sample in 70 ml distilled wa te r 

(initial p H value = 5.5) at a t empera tu re of 95 °C for 
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Figure 1. C on c e n t r a t i on profiles of Clements in the surface layer 
( " t o p " side) of the original float glass. Theore t ica l concentrations (in a t o m % ) of bulk glass: 25.3 Si, 60.3 O, 3.0 Ca, 
2.0 M g , 9.3 N a . 
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Figure 2. C oncen t r a t i on profiles of Clements in the surface layer 
( " t o p " side) of the float glass after s tat ic corrosion test (11 d, 
95 °C) . Theore t ica l concentrations (in atom%) of bulk glass: 
25.3 Si, 60.3 O, 3.0 Ca , 2.0 M g , 9.3 N a . 

11 d. T h e glass samples (length: 2.2 cm, width: 1.0 cm) 
were fixed in a vertical pos i t ion a n d placed in a Poly
ethylene cylindrical vessel. Α Soxhlet ex t rac tor with a 
70 ml leaching overflow Chamber, 250 ml boil ing flask 
a n d reverse cooler (all chemically resis tant Simax glass) 
has been used in the dynamic test. T h e volume of 
distilled water (initial p H value = 5.5) in the flask 
a m o u n t e d to 200 ml . The glass sample was t reated at the 
same tempera ture and t ime as in the static test. 

Concen t ra t ion profiles of some elements in a thin 
surface layer of the " t o p " glass surface before and after 
the corros ion test were de te rmined by Electron Spectros
copy for Chemical Analysis (ESCA) . T h e problems of 
chemical analysis of glass surfaces were recently treated 
by P a n t a n o [9]. T h e exper imental p rocedure used in that 
work was described in detail previously [10]. Determi
na t ion of concent ra t ion profiles was based on the assess-
m e n t of Silicon, oxygen, sod ium, calc ium a n d mag
nes ium spectra at different dis tances from the glass sur
face. lon ic etching by a rgon was used to remove very 

thin layers of glass. Photoelectronic spectra were meas
ured by means of the E S C A 3 M k l l (VG Scientific) 
spectrometer using the AlK« line (HV = 1486.6 eV). The 
pressure of the remaining gas in the sample Chamber was 
10~^Pa . The voltage of 11 .5kV and the current 
of 20 m A were applied in the X-ray lamp used. The 
enter sht diameter was 4 m m and the passing energy p̂ass ^ 50 eV. The photoemission lines of 0 ( l s ) , Si(2p), 
Ca(2p) , Na( ls) and the Auger line of Mg(KiL23L23) 
were used for quantitative analysis. The concentration 
profiles of the elements were obtained by A r ^ ions beam 
etching. The energy of the A r ^ ions beam was 4 eV and 
the pressure of argon in the preparatory Chamber was 
4 · 10""^ Pa. The error of the concentration determi
nation was estimated to be ~ 15 %. The element concen
t rat ions in the surface layer (except magnesium) were 
calculated by determination of peak area and using pho-
toionization cross-sections according to Scofield [11]. 
The magnesium concentration was calculated using the 
intensity of the Mg(KiL23L23) Auger line. The concen
tration values calculated were corrected using a correc-
tion factor determined by M g O reference measurement. 
The Ca(2p) peak area was diminished by subtraction of 
the contribution of the Auger magnesium line. The 
modified program originally described by Hughes and 
Sexton [12] was used for fitting and concentrat ion calcu-
lations. Rinding energy values (in eV) were related to the 
Si(2p) energy value (102.80 eV), and so the influence of 
static Charge was regarded. 

Using an electron microscope ( J E M lOOB, J E G L , 
Tokyo (Japan)) a picture of the glass surface layer after 
corrosion was obtained. The glass surface of the sample 
studied was coated by a gold layer in vacuum and in-
vestigated while applying acceleration voltage of 40 kV 
at the angle of 40°. 

3. Results and discussion 
Concent ra t ion profiles of some elements in a thin sur
face layer of the original float glass ("top" side) are de-
picted in figure 1. The original glass surface consists of 
a glass with undisturbed structure built by Silicon and 
oxygen atoms. Α lower content of calcium and mag
nesium was found in a very thin layer (up to 40 nm), 
while the zone with lower content of sodium displays a 
substantially greater thickness (of a hundred nanome-
ters). 

The basic glass structure built by Silicon and oxygen 
atoms is not substantially changed by corrosion under 
static conditions (figure 2). M o r e extensive changes were 
found in the case of magnesium and sodium distri
bution, which substantially changed in comparison to 
the original distribution. The changes were detected in 
the 360 nm thick surface layer. This relatively thick layer 
consists of Silicon and oxygen atoms with an inhomo
geneous distribution of magnesium concentration which 
increases towards the glass surface. The concentration of 
the most movable cations in this surface layer, e.g. N a + , 
appears to be negligible. This is in accordance with the 



generally accepted assumpt ion of preferential extraction 
of sodium ions from glass verified by many authors, re
cently by Richter et al. [5]. 

Considering that this layer practically does not con-
tain any alkali ions, its chemical composi t ion depends 
on the mutua l relations of magnesium, calcium, Silicon 
and oxygen concentrations. Using concentrat ion values 
of these elements at the phase bounda ry between glass 
and corrosion medium the following relation can be 
written: 

M g : C a : S i : 0 = 16 :3 :22 :59 . 

Taking into account corresponding average concen
trat ion values ("bulk" composi t ion) , this relation is as 
foUows: 

M g : C a : S i : 0 = 2 : 3 : 2 5 : 6 0 . 

The compar ison of these two relations shows nearly the 
same relative values of calcium, Silicon and oxygen in 
the original and in the corroded surface layer. 

Increased concentrat ion of magnes ium in the surface 
layer can be caused by back precipitat ion of Mg^^ ions 
released from glass into the corrosion Solution. In such 
a case an addit ional layer should be formed on the orig
inal surface, probably consisting of magnesium and cal
cium Silicates or magnes ium hydroxide, i.e. of Com
pounds with very low solubility in water. The p H value 
in the Solution during static test increased fast from the 
initial value 5.5 to 8.5 and was approximately constant . 
The maximum Si02 concentrat ion in the Solution was 
209 μg'cm~^. Assuming the pseudocongruent dis
solution of magnesium with respect to Si02, the negative 
logari thm of the M g ( 0 H ) 2 ion activity product defined 
as 

p / ( M g ( 0 H ) 2 ) = - l g ( a M g - · al^-) (1) 

with ai = actual activity of ion /, was calculated. Its 
value was about 10.9. The negative logari thm of the 
solubility product pÄ:(Mg(0H)2) was found to be 8.5 
[13]. That means the Solution is undersaturated with 
respect to M g ( 0 H ) 2 . The atomic relation M e : S i : 0 
(Me = magnesium, calcium) at the surface is near to the 
relation 1 : 1 : 3 in M e S i 0 3 . The p / values for CaSi03 
and MgSi03 

p / ( M e S i 0 3 ) = - l g ( ö M e 2 + · öfsior) (2) 

were calculated c o n s i d e r i n g the H 2 S i 0 3 d i s s o c i a t i o n 

equilibria in the Solution 

H 2 S i 0 3 = H + + HS i03 - . 

HS i03 - = H + + S i O i - . 

(3) 

(4) 

Assuming the m a x i m u m Si02 concentration 
209 μg · cm~^, the following p / values were calculated: 
p / ( M g S i 0 3 ) = 7 .1, p / ( C a S i 0 3 ) = 6.9. For the Si02 con-
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Figu re 3. SEM mic rograph of the glass surface ( " t o p " side) 
after co r ros ion u n d e r static cond i t ions (11 d, 95 °C). 

cent ra t ion 50 μg · c m " ^ represent ing the earlier s tages of 
in terac t ion follows p / ( M g S i 0 3 ) = 8.3, p / ( C a S i 0 3 ) = 8.1. 
T h e values p A : (MgSi03 ) = 43 , p i ^ ( C a S i 0 3 ) = 10 were 
calculated using thermodynamic da t a publ i shed by Pau l 
[14]. These values are valid for 25 °C. They c o u l d be 
smaller for 90 °C but it is probable that the Solution is 
strongly supersaturated wi th respect to M g S i 0 3 a n d 
supersa tura ted with respect to C a S i 0 3 . T h e a s s u m p t i o n 
of precipi ta t ion of Silicates is in agreement wi th o the r 
a u t h o r s [15 a n d 16]. T h e glass-water in te rac t ion then 
consists of the 

a) Na"^—H3O interdiffusion result ing in a gel-like layer 
in the glass surface, 

b) par t ia l d issolut ion of the gel layer, 

c) precipi ta t ion of M g S i 0 3 and to smaller ex ten t of 
C a S i 0 3 o n the glass surface, 

d) diffusion of M g ^ ^ ions t h rough the gel layer t o w a r d s 
the bulk glass. 

A n o t h e r explanat ion is tha t the surface layer is cre
ated by a part ial ly d a m a g e d and hydra ted Silicate net
work which may to some extent have a gel s t ruc tu re wi th 
reabsorbed Me^+ ions [17 and 18]. F igures 3, 4a a n d 
b show a p a r t of such a cor ruga ted surface layer after 
cor ros ion . T h e d a m a g e of the surface is n o t h o m o 
geneous a n d its intensity varies in different places. Mg^"^ 
a n d Ca^^ ions are concent ra ted in isolated par t ic les 
which are spread on the surface of the basic glass ma t r ix 
(figures 4a a n d b). T h e exact form in which m a g n e s i u m 
a n d calc ium are b o u n d in the d a m a g e d surface cou ld be 
bet ter descr ibed if a mo la r compos i t ion of all c o m 
ponen t s in the surface layers were k n o w n . Α similar 
s t ruc ture of the surface damaged by cor ros ion was also 
r epor ted by L o d d i n g et al. [19]. 

F igure 5 represents the concen t ra t ion d i s t r ibu t ion of 
some elements in the glass surface layer exposed t o 
Streaming water in a Soxhlet appara tus . In such a case. 
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Figures 4 a a n d b. X-ray images showing the d i s t r ibu t ion of two 
different e lements in the same a rea as in figure 3. (The white 
Spots indicate the loca t ion of the e lement . ) a) Ca lc ium, b) mag
nes ium. 
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Figure 5. Concen t ra t ion profiles of elements in the surface layer 
( " t o p " side) of the float glass after corrosion test in the Soxhlet 
extractor (11 d, 95 °C). Theoret ical concentra t ions (in a t o m % ) 
of bulk glass: 25.3 Si, 60.3 O, 3.0 Ca, 2.0 M g , 9.3 N a . 

using ESCA. The original glass surface and also the sur
face layer exposed to corrosion in aqueous Solution were 
studied by this method. 

If the corrosion process proceeds in Streaming water, 
the distribution of elements does not show any signifi
cant change. 

In the case of magnesium and sodium especially cor
rosion in a static aqueous Solution causes some changes 
in concentration distribution. Magnesium concentration 
increases, while sodium concentration decreases practi
cally to zero in a thin surface layer, the thickness of 
which amounts to about 360 nm. The relative amount of 
calcium, Silicon and oxygen appears to be practically the 
same both in the original and in the damaged glass sur
face layer. 

The magnesium and sodium concentration changes 
as well as electron microscope investigations indicate for
mation of a surface layer deteriorating the "top" side of 
float glass exposed to static aqueous corrosion. 

the concentration profiles of elements after corrosion are 
practically identical with the original ones. This 
phenomenon can be explained by pseudocongruent dis
solution of glass as a whole, characterized by a continu
ous shift of the boundary between the glass and the cor
rosion medium. Total dissolution of the basic silica glass 
network built by Silicon and oxygen atoms appears to 
be a fundamental process during corrosion in Streaming 
water, while interdiffusion of alkah and hydrogen ions 
does not substantially affect concentration changes. 

4. Conc lus ions 
Concentration distribution of sodium, calcium, mag
nesium, Silicon and oxygen atoms in a thin surface layer 
of a float glass sample ("top" side) was investigated 
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