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The phase Separation behaviour of industrial soda-lime-silica glass is studied by visible light scattering. The main aspects which 
differentiate industrial glass from the ternary glass (composition in wt%): 76 Si02, 13 Na20, 11 CaO are considered. The obtained 
results show that the simple ternary glass easily develops phase Separation upon annealing at suitable temperature levels. Conversely, 
Container glass is stabilized against demixtion by the presence of a significant AI2O3 concentration, a significantly lower Si02 content 
and a more complex chemical formulation (partial Substitution of Si02, Na20 and CaO with AI2O3, K2O and MgO, respectively, 
as well as minor ingredients). 

Einfluß von Tonerdegehalt und Netzwerkwandlern auf die Phasentrennung in Kalk-Natronsilicatglas 

Das Phasentrennungsverhalten von industriellen Kalk-Natronsilicatgläsern wird mit Hilfe der Lichtstreuung im sichtbaren Bereich 
untersucht. Die Hauptmerkmale, die das Verhalten der technischen Gläser von dem des ternären Glases (Massenanteil in %): 76 
Si02, 13 Na20, 11 CaO unterscheiden, werden erörtert. Die Ergebnisse zeigen, daß das einfache ternäre Glas durch eine Wärmebe
handlung bei entsprechenden Temperaturen zur Phasentrennung neigt. Behälterglas ist gegen eine Entmischung stabil bei einem 
signifikanten Al203-Gehalt, einem deutlich niedrigeren Si02-Gehalt oder einer komplexeren chemischen Zusammensetzung (teil
weiser Ersatz von Si02, Na20, CaO durch AI2O3, K2O, MgO sowie weitere geringe Beimengungen). 

1. Introduction 
Several papers [1 to 4] repor t phase Separat ion for ternary 
s o d a - l i m e - s i l i c a compos i t ions approximately similar to 
those of commerc ia l glasses, i.e. wi th N a 2 0 , C a O and S i02 
conten ts in the ranges 12 to 14 ,10 to 12 a n d 75 to 76 wt%, 
respectively. Phase Separation takes place by a nucleation 
a n d growth m e c h a n i s m [5]. T h e tendency to produce de
mixt ion decreases for lower S i02 contents , while the com
posi t ion moves towards the immiscibil i ty boundary. 
Wi th in the compos i t ion ränge m e n t i o n e d above the influ
ence of even small oscillations of the modif ier content was 
shown to critically affect the Separation behaviour [ 1 , 4 
a n d 6]. R i n d o n e et al. [3] a n d K u m a r a n d Rindone [7] evi-
denced the influence of the water con ten t in increasing the 
phase Separation tendency for such ternary glasses. In ad
dit ion, they po in ted ou t the influence of alumina (for con
tents in excess of several hundred parts per million (ppm)) 
in drastically inhibi t ing phase Separation. 

Recently, the influence of the hydroxyl content on 
phase Separation was conf i rmed by Jewell a n d Shelby [8]. 
M c G i n n i s a n d Shelby [9], after an extensive review, con-
cluded tha t the influence of water o n phase Separation 
varies wi th the glass compos i t ion . According to 
M c G i n n i s a n d Shelby [10], water acts by lowering the vis-
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cosity and therefore, by shifting the "nose" of the Time-
Temperature-Transformation (TTT) curve (or the growth 
rate). Conversely, AI2O3 modifies bo th viscosity and sur
face tension and therefore also the immiscibility tempera
ture. 

The ternary System has been the object of extensive 
laboratory investigations. Nevertheless, there is a lack of 
systematic studies to predict accurately the behaviour of 
multicomponent industrial s o d a - l i m e - s i h c a glass for 
Containers and glazing. This glass is characterized by a 
significant Substitution of Silicon, sodium and calcium 
with a luminium, potass ium and magnesium oxides, 
respectively, and by the presence of minor components 
such as Fe203, SO3, BaO, PbO, Ti02 and so on [11 and 
12]. Studies of the influence of a lumina impurities in ter
nary glasses were published by Rindone et al. [3] and Ku
mar and Rindone [7]. Other investigations by Topping 
and Mur thy [13] and by Moriya [14] described the effects 
of alumina additions above 0.75 mol% to sodium Silicate 
glasses. Nevertheless, no results are available about the 
influence of a lumina above 1 wt% on demixt ion in 
s o d a - l i m e - s i l i c a glass. Moreover, due to flame melting, 
the content of dissolved water ( incorporated as hydroxyl 
or silanol, S i - Q H groups) in industrial glass ranges be
tween 300 and 400 p p m [12]. This corresponds to an 
a m o u n t at least twice the concentrat ions typically found 
in the above-mentioned (electrically melted) ternary 



glasses [7]. Accordingly, no reliable prediction can be 
made about the influence of AI2O3, water and network 
modifiers other than sodium and calcium oxides content 
on phase Separation. In principle, multicomponent glass 
can be treated as a pseudoternary System, adding the 
AI2O3 and Fe203 molar content to Si02, K2O to Na20 
and M g O to CaO. However, according to Benedetti et al. 
[11], predictions based on such simplified t reatment fall 
when the influence of a variety of network formers and 
modifiers has to be taken into account. 

In the past, several authors [15 to 18] attributed form
ing Problems and strength losses affecting the product ion 
of Container glass to phase Separation, assuming a behav
iour similar to the ternary glass (composition in wt%) 76 
Si02, 13 Na20, 11 CaO. However, no da ta about the be
haviour of multicomponent industrial s o d a - l i m e -
- s i l i ca glass are found in the recent specialized literature. 
Very recently Albertini et al. [19] and Benedetti et al. [11] 
found no evidence of the presence of phase Separation 
phenomena in a ränge of Container and sheet glasses, the 
former by Small-Angle Neu t ron Scattering (SANS), the 
latter by Small-Angle X-ray Scattering (SAXS) and Vis
ible Light Scattering (VLS). 

The problem raised here is not only of scientific inter
est; in fact, a complete understanding of the presence of 
microstructure and of the conditions which lead to its for
mation would allow to control glass rheology and strength 
more properly [20 and 21], 

The aims of this paper are: 
a) to perform a more systematic evaluation of the influ
ence of alumina content on the tendency to develop phase 
Separation in a ternary model glass with the same nominal 
composition as that studied by Rindone et al. [3] and in an 
industrial Container glass; 
b) to verify t h e assumption of previous studies t h a t t h e ter
nary soda-lime-silica glass with t h e composition (in 
wt%): 76 S i02 , 13 Na20, 11 C a O c a n realistically model 
t h e p h a s e S e p a r a t i o n b e h a v i o u r of i n d u s t r i a l C o n t a i n e r 

glass. In order to monitor the phase Separation process, 
VLS techniques are used. 

2. Experimental procedure 
2.1 Sample preparation 
2.1.1 Model glasses (ternary laboratory-nnelted 
soda-lime-silica glasses with various alumina 
levels) 
Analytical grade sodium and calcium carbonates and a 
high-purity silica sand (30 ppm AI2O3) were used as raw 
materials to produce a ternary glass with alumina at trace 
levels. 500 g of cord and seed-free glass were obtained by 
electrical melting at 1500 °C for 2 h and at 1400 °C for 14 h 
in a P t /Rh 13 % crucible. The melt was occasionally stirred 
to improve homogeneity. The melt was cooled in air and 
annealed at 550 °C. The glass was then extracted from the 
crucible by a d i amond shell auger. The glass was divided 
in three parts. The first pa r t was studied in the as-received 
condition; the second par t was remelted at 1530 °C adding 

0.1 mol% AI2O3 as Al(OH)3, the ratios among the other 
components being constant. The remaining glass was re
melted at the same temperature adding 1 mol% AI2O3, 
using the same procedures previously discussed. 

Table 1 shows composition, water content and trans
formation temperature of the three glasses, which were la-
beled A, B, C, respectively. The water content was deter
mined by infrared spectroscopy using the extinction coef
ficient of 40 l/(mol cm) at 2.8 pm as suggested by Geotti-
Bianchini and De Riu [12]. The transformation tempera
ture (Tg) was determined by Differential Thermal Analy
sis (DTA) using a heating rate of 20 K/min. 

In order to check whether the phase Separation behav
iour of ternary glasses is critically influenced by the water 
content, small differences of composition and raw materi
als, three glasses nominally identical to glasses A, Β and 
C, labeled as A' , B' and C , were melted independently, 
using the same melting procedure previously described 
and a commercial Fontainebleau-type sand (300 ppm 
AI2O3) as a silica source. 

Additionally, two other glasses labeled C" and C " with 
a composition nominally identical to C but with different 
water content were melted using the same procedure. The 
water content was adjusted by bubbling the melt at 
1400 °C with dry or water-saturated nitrogen. The analyti
cal composition and water content of these glasses are re
ported in table 1. 

2.1.2 Industrial soda-lime-silica multicomponent 
glasses 
Α clear soda-l ime-si l ica glass for Containers with 
1.4 wt% AI2O3 was chosen as the glass with the highest al
umina content (HA). The as-received material was re
melted in an electric furnace at 1500 °C with occasional 
stirring in order to eliminate bubbles and inhomogeneous 
layers. The melt was held at 1400 °C for 14 h, cooled in air 
and annealed at 550 °C. Successively it was extracted from 
the Pt/Rh 1 3 % crucible by means of a diamond shell 
auger. For comparison, a glass with the same composition 
but with alumina in trace amounts (TA) was melted, the 
molar ratios among the other components being kept con
stant. Raw materials for this second glass were high-purity 
silica (30 ppm AI2O3), reagent grade Na2C03, Na2S04, 
K2CO3, CaC03, Fe203 and technical M g C 0 3 (contain
ing 0 . 1 6 % AI2O3). Glass TA was obtained with the same 
melting procedure as used for glass HA. The analytical 
composition, water content and transformation tempera
ture of both glasses (together with the target composition 
of glass TA) are shown in table 1. 

2.2 Heat treatments 
Heat treatments were performed on at least three samples 
((10 X 10 X 10) mm^), taken randomly from the lot. 

The Upper immiscibility temperature (Γ^) is the tem
perature at which a given glass becomes clear again in a 
relatively short time due to redissolution of the phase Sep
aration formed at lower temperatures. In order to deter-



Table 1. Chemical composition (in wt%), water content and transformation temperature, Tg 
The theoretical (target) composition for glass TA is shown for comparison. 

for the glasses studied in this work. 

glass Α Β C A' B' C C" C'" HA 
TA 
theore
tical 

TA 
experi
mental 

Si02 76.9 76.8 75.8 76.3 76.5 75.7 75.5 75.6 72.0 73.0 73.6 
AI2O3 0.003 0.12 0.93 0.04 0.13 0.76 0.94 1.06 1.4 O.Ol 
Na20 12.6 12.6 12.5 13.0 13.0 12.9 12.6 12.7 13.2 13.4 13.4 
CaO 10.3 10.4 10.6 10.5 10.3 10.5 10.8 10.4 9.2 9.3 9.2 
MgO 2.9 3.0 2.7 
K2O 0.9 0.9 0.7 
SO3 0.27 0.27 0.13 
Fe203 0.04 0.04 0.07 
H7O (in ppm) 120 230 215 130 120 150 120 305 213 105 
Tg (in °C) 602 599 597 571 573 

mine the following app roach was used. Initially, phase 
Separation was p r o m o t e d using suitable heat treatments, 
suggested by the l i terature of found by a tr ial-and-error 
procedure . Subsequentely, each sample was annealed for 
1 h at a t empera tu re in the ränge of 660 t o 780 °C (10 de-
grees steps), rapidly cooled a n d analyzed for VLS. The 
tempera tu re was repor ted as the lowest temperature at 
which a clear glass (producing no detectable light scat
tering) was ob ta ined . 

H e a t t r ea tments for at least 2 h above the upper immis
cibility t empera tu re allowed to p roduce samples reason-
ably free of phase Separation nuclei. This condi t ion is criti-
cal for accurately t racing T T T curves. These curves are ob
ta ined by p lo t t ing the anneal ing t ime at a given tempera
tu re necessary to p roduce the first detectable trace of 
opalescence. T T T curves were ob ta ined by performing 
i so the rmal t r ea tments for different t imes (ranging from 
30 min to some tens of hours ) at t empera tu res ranging be
tween Tg a n d Jm a n d recording the shortest anneal ing 
t ime at which opalescence occurs. 

A n o t h e r i m p o r t a n t t empera tu re to be determined, 
corre la ted to the well-assessed phase Separation mecha
n ism in this glassy System (i.e. by nucleat ion and growth) , 
is the critical nucleat ion t empera tu re T^^ ( < ^m)- This 
t empera tu re defmes the limit above which it is possible to 
observe growth , bu t no t nucleat ion. In order to determine 
this t empera tu re samples were heated above 7 ^ and suc
cessively annea led for long t imes below T^, decreasing the 
t empera tu re by ten degrees steps, unt i l phase Separation 
could be detected. 

2.3 Visible light scattering nneasurennents 

T h e col l imated light b e a m of an opt ical microscope was 
used for a pre l iminary evaluat ion of the presence of phase 
Separation, revealed by a pale blue opalescence due to 
Tyndal l effect presence. For a semiquanti ta t ive evalu
a t ion, the intensi ty of light scattered at 90 ° by each sample 
was assessed by observing perpendicular ly the brightness 
of the p a t h of the b e a m of a 2 m W H e - N e laser crossing a 
pol ished glass b lock, as suggested by Scot t and Rawson 
[22]. T h e u n k n o w n sample was c o m p a r e d with similarly 
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Figure 1. TTT curve for glass Α showing the immiscibility tem
perature, TIN, and critical nucleation temperature, T^c-

prepared blocks of a ränge of optical glasses, whose light 
scattering behaviour h a d been quantitatively assessed by 
Mör ixbauer [23] and Steinert et al. [24]. Al though the pro
cedure is no t quanti tat ive, it is quite suitable to assess dif
ferences when different samples are compared . It was 
shown by Albert ini et al. [19] and Benedetti et al. [11] that 
VLS provides results in good agreement with SANS and 
SAXS. These techniques detect inhomogeneities when the 
beam brightness is above a given threshold. 

3. Results 

3.1 Ternary model glass 

3.1.1 Glasses Α and Β 

For the determinat ion of the upper immiscibility tempera
ture Tjn, previously discussed, suggestions by Rindone et 
al. [3] for glasses with similar composi t ion were followed. 
Α nucleation step at 615°C for 1 h followed by a growth 
step at 650 °C for 2 h was used for this purpose. The 
marked phase Separation thus obtained disappeared after 
anneahng for 1 h at temperatures in excess of 750 °C. 

Once was determined, the critical nucleation tem
perature was found, following the procedure pre
viously described. Α complete T T T curve for the base 
glass (glass A) is shown in figure 1. It is possible to observe 
a small phase Separation effect also for a temperature 10 Κ 
below Tg after an annealing treatment of 20 h. 
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Figure 2. TTT curve for glass Β showing the immiscibility tem
perature, 7m, and critical nucleation temperature, T^c-

Table 2. Molar ratio for SiOs (+ A I 2 O 3 ) : NasO : CaO and val
ues of and T^c for glasses Α and Β and for similar composi
tions described in previous studies 

SiOs : NasO : CaO 
(in °C) (in °C) 

glasses Α and Β 76.7:12.2:11.0 750 720 
Ohlberg and Hammel [1] 7 6 : 1 3 : 11 750 701 
Yu-shen Xie and 
Brückner [6] 75:12.5:12.5 700 660 
Huntebrinker et al. [4] 75.9:13.1:11 702 650 

The T T T curve for glass Β is shown in figure 2. The 
differences with respect to figure 1 are minor. Therefore, 
identical values of and T^c are reported in table 2. 

3.1.2 Glasses A'and B' 
In this case the only check performed was based on a 
ränge of heat t reatments at 670 °C, corresponding to the 
"nose of the curve" (i.e., the temperature at which the 
T T T curves shown in figures 1 and 2 are closer to the y 
axis), followed by evaluation of the VLS level. For bo th 
A ' and B ' glass it was found that 1.5 h is sufficient to 
produce an appreciable increase of the light scattering 
level. After 3 to 4 h the Tyndall effect occurred. 

3.1.3 G lassesΟ,Ο' ,σ 'and 0 " 

Evidence of phase Separation could not be obtained for 
any of these glasses, in spite of heat t reatments prolonged 
up to 24 h in the temperature ränge between 600 and 
700 °C. In the case of the corresponding alumina-free 
compositions this interval Covers approximately the ränge 
between and T^c · 

3.2 Industrial glasses 
The temperature interval considered for glasses TA and 
H A ranged between 560 and 900°C (i.e. between 
« 10 Κ below Ig and ~ 100 Κ below the l iquidus tempera
ture). Steps of 30 Κ and anneal ing times u p to 90 h were 
used. In the case of thermal t reatments above 700 °C, 
owing to surface crystallization, larger samples of bo th 

glasses ((20 X 15 X 15) mm^) h a d to be used in o r d e r t o 
p r o d u c e after pol ishing a glass vo lume sufficient for V L S 
observations. In this case the external crystallized layer 
was removed by grinding. N o phase Separation was o b 
served in any sample of both glasses. 

4. Discussion 
4.1 Glasses A, Β,Α'and B' 
As shown in table 2, and T^c values found for both Α 
and Β glass are in agreement with the values reported in 
previous studies for similar glass compositions [ 1 , 2 and 
6]. I n o rde r t o compare different glasses, for compositions 
Α and Β the S i 0 2 : N a 2 0 : C a O molar ratio was c o m p u t e d 
by adding A I 2 O 3 t o S i 0 2 (pseudoternary System). T h e dif
ferences in phase Separation behaviour as compared t o 
previous studies can be attributed both to compositional 
differences (including differences between nominal and 
actual composition) and to the effects of local c o m p o 
si t ional gradients due to imperfect mel t h o m o g e n i z a t i o n 
[6]. W h e n glass Α is c o m p a r e d to glass B, n o significant 
Variation in phase Separation behaviour is observed in as-
sociation with the (modera te ) introduction of A I 2 O 3 

( + 0 . 1 wt%). Accord ing to Kumar and R i n d o n e [7], even 
the small addition of A I 2 O 3 associated with the use of im
pure commercial sand ( + 0.1 %) was sufficient t o totally 
suppress the development of phase Separation in a glass 
with similar composition. This Suggestion was not con
firmed by the results obtained in this work for glasses Β 
a n d B ' . In spite of the small but significant var ia t ions of 
the ra t ios S i : N a : C a : A l : O H (which migh t n o r m a l l y be 
expected to modify the phase Separation behaviour), both 
glasses developed light scat ter ing a n d Tyndal l effect after 
annealing at 6 7 0 ° C for 1.5 to 4 h. 

4.2 GlassesC,C',C''and C" 
Glasses C to C " wi th an S i ( + A l ) : N a : C a rat io similar t o 
glasses Α a n d B, a lumina levels rang ing be tween 750 a n d 
1000 p p m a n d H 2 O con ten t s between 120 a n d 300 p p m 
showed n o indicat ion of phase Separation. N o i n h o m o -
geneity was detected even after a systematic set of p r o 
longed hea t t rea tments covering the t empera tu re r änge be 
tween 600 a n d 700 °C which con ta ins the " n o s e " of the 
T T T curve for the cor respond ing t e rna ry glasses. Th i s 
result shows tha t significant addif ions of A I 2 O 3 (in t he 
ränge of 1 wt%) to the s o d a - l i m e - s i l i c a glass System 
efficiently inhibi t the tendency to unde rgo phase Separa
t ion . This is in agreement wi th the results r epor t ed by 
Topp ing a n d M u r t h y [13] a n d Mor iya [14] w h o a d d e d 
significant a m o u n t s of A I 2 O 3 (0.75 to 1.5mol%) t o the 
N a 2 0 — S i 0 2 System. I t is interest ing to r e m a r k t ha t 
when the compos i t ion of glasses C, C" a n d C " is expres
sed in t e rms of a p seudo te rna ry System, the ra t io 
S i 0 2 ( + A l 2 0 3 ) : N a 2 0 : C a O remains substant ia l ly simi
lar to those of glasses A, B, A ' a n d B ' . Therefore, as s h o w n 
in figure 3, the cor respond ing po in t s in the t e rna ry d ia
g r a m t raced by Burne t t a n d D o u g l a s [2] fall well wi th in 
the immiscibihty boundary . This suggests tha t the subst i -



tu t ion of Silicon wi th a lumin ium (for concentrat ions 
larger t h a n a given threshold) is n o t indifferent for a cor
rect predic t ion of the phase Separat ion behaviour. Ac
cord ing to Varshal [25] this can be expla ined by the diffi
culty to Substitute the [S iOJ t e t r ahed ra with sodium or 
calc ium ion-stabil ized [AIO4] t e t r ahedra . 

4.3 Glasses HA and TA 
T h e commerc ia l flint Container glass ( H A ) and the labo-
ra tory-mel ted glass wi th approximate ly the same 
S i : N a : Κ : C a : M g rat io a n d the AI2O3 content de
creased from 1.4 to O.Ol w t % (TA) d id n o t show any phase 
Separation effect. This behaviour was observed in spite of 
systematic a t t empts to achieve phase Separation by pro
longed heat t r ea tment in a b r o a d t empera tu re ränge. 

This result is in agreement wi th the results of Benedetti 
et al. [11] a n d Alber t in i et al. [19]. These au thors were no t 
able to induce any phase Separation o r any type of in
h o m o g e n e o u s features tha t could be detected using VLS, 
S A N S or S A X S by annea l ing t r ea tmen t s performed ac
cord ing to several t ime- tempera ture p rog rams on various 
types of commerc ia l s o d a - l i m e - s i h c a glass including 
Container a n d flat glass. In agreement wi th the results of 
Benedet t i et al. [11] a n d Alber t in i et al. [19], the present 
work suggests tha t there is a great difference in phase Sep
a ra t ion behaviour between commerc ia l mul t i component 
glasses a n d te rnary s o d a - l i m e - s i l i c a glasses with a com
pos i t ion similar t o tha t of glass A . 

A s shown in figure 3, for glass TA, containing only 
O.Ol w t % AI2O3, the rat io S i 0 2 : N a 2 0 ( + K 2 O ) : C a O 
( + M g O ) (—72.4 : 13.2 :14.2) co r r e sponds to a point in 
the t e rnary d i ag ram within the Burne t t a n d Douglas [2] 
immiscibil i ty b o u n d a r y ( though this po in t is significantly 
closer to it as c o m p a r e d to glasses A , Β a n d C, due to its 
larger fraction of glass modifiers) . This migh t predict for 
glass T A the possibili ty of phase Separation. However, 
when the behaviour of glasses T A a n d H A is compared , 
the former shows n o significant increase of the tendency 
to demixt ion . This result further conf i rms the hypothesis 
formulated by Benedet t i et al. [11]: regardless the a lumina 
conten t , the formulat ion of commerc ia l glasses, with a 
variety of modif iers playing different s t ructural roles, 
seems to be stabilized against demixt ion . In the work pub 
lished by G o o d m a n [26] the r e m a r k regarding the im
p o r t a n c e of a lumina conten t in indus t r ia l glasses was for
mula ted referring t o the stability t owards devitrification. 
Accord ing to the results ob ta ined in this work, the argu-
m e n t can be extended also to phase Separation. 

5. Conclusions 
T h e phase Separation behaviour of glasses Α and A ' 
( s o d a - l i m e - s i l i c a glass with jus t t races of AI2O3) was in 
subs tant ia l agreement with l i terature suggestions. In the 
case of glasses Β a n d B ' , where 0.1 w t % AI2O3 was intro
duced , the demix t ion behaviour d id n o t change appreci-
ably. In the case of glasses C, C , C" a n d C " , where 0.7 to 
1.1 w t % AI2O3 was in t roduced, the tendency to develop 

NagO content in mol%-

M Nap content in mol% 

Figures 3a and b. Position of the samples analyzed in the pres
ent work in the pseudoternary diagram for soda-lime-silica 
glass (adapted from Burnett and Douglas [2]). Glasses studied 
by Yu-shen Xie and Brückner (XB) [6], Ohlberg and Hammel 
(OH) [1] and Huntebrinker et al. (HF) [4] are shown for com
parison; a) section corresponding to Si02 amount larger than 
50 mol%, b) magnification of the portion containing the model 
glasses used in this work. 

phase Separation on anneahng was totally suppressed. 
Such results show that while the presence of a lumina im
purities does no t cause drastic effects per se, more signifi
cant additions in the order of 1 wt% efficiently inhibit de
mixtion. 

In the case of commercial multicomponent s o d a -
- lime-silica glass for Containers, with significant substi-
tutions of Silicon with aluminium, of sodium with potas
sium and calcium with magnesium, no indication of phase 
Separation could be detected. This result further confirms 
the stability of industr ial s o d a - l i m e - s i l i c a glass against 
phase S e p a r a t i o n - previously documented by Albert ini 
et al. [19] and by Benedetti et al. [11] - and shows that 
the phase Separation behaviour of Container and flat glass 
cannot be correctly predicted on the basis of the ternary 
System S i02 : N a 2 0 : C a O with mola r ratio « 7 6 : 1 3 : 1 1 . 



O n the basis of the arguments just discussed, it is 
possible to poin t out that industrial mul t icomponent 
s i l i c a - s o d a - l i m e glass is stabilized against phase Sepa
rat ion by the following factors: 

- the ratio Si02 (+AI2O3) : Na20 ( + K 2 0 ) : C a O 
( + MgO) is shifted closer to the immiscibility bound
ary due to a substant ial increase of network modifiers; 

- a significant Substitution of Si02 with AI2O3, of N a 2 0 
with K2O and of C a O with M g O , together with the 
presence of a variety of minor ingredients (such as 
SO3, Fe203 and T i02) impar ts the structure a com-
plexity propor t ional to the number and variety of 
structural roles of the components ; 

- normally at least 1 wt% AI2O3 is present. 
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