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NaaO-BgOg-SiOa
Markus Eberstein, Andreas Habeck and Rolf Brückner
Institut für Nichtmetallische Werkstoffe, Technische Universität, Berlin (Gernnany)

Three glass melts from the Vycor-type widely dis tr ibuted a long the mixing gap of the p s e u d o b i n a r y line S i02- (B203:Na20
 84:16) were invesdgated each one with three different the rmal histories. T h e following rheological proper t ies were d e t e r m i n e d by

the cylinder compression method : the Newton ian and non -Newton i an flow behaviour, the stress g e n e r a d o n m o d u l u s as a m e a s u r e
of the stiffness, the high- temperature tensile s t rength and the critical deformat ion ra te at which the first c rack appears . T h e inf luences
of the fundamenta l glass composi t ions (Si02 content ) as well as the thermal p re t r ea tmen t s o n these proper t ies are d e m o n s t r a t e d
and discussed on the basis of i sochomal condi t ions (equal Newton ian viscosities). T h e results can be in terpre ted by m e a n s of the
knowledge about the demixing rules and processes which lead to various rheological two-phase Systems. M o s t drast ical c h a n g e s of
the rheological propert ies are observed in the middle of the mixing gap where sp inodal d e c o m p o s i d o n has its o p t i m u m a n d where
he differentation between the matr ix phase and decomposed phase is lost.

theologische Untersuchungen im Entmischungsbereich des Systems N a 2 0 - 8 2 0 3 -8102

3rei weit über die Mischungslücke, ent lang der pseudobinären Geraden S i02- (B203:Na20  84 :16 ) , verteilte G las schmelzen
Om Vycor-Typ wurden untersucht , jede Schmelze mit drei verschiedenen thermischen Vorgeschichten. Die folgenden rheo log ischen
^jgenschaften wurden mit der Zyl inders tauchmethode best immt: das Newtonsche u n d n ich t -Newtonsche Fl ießverhal ten , de r S p a n -
:ungsaufbaumodul als M a ß für die Steifigkeit, die Hochtemperatur-Zugfes t igkei t u n d die kri t ische Deformat ionsgeschwindigke i t
ei der En t s tehung des ersten Risses. Sowohl der Einfluß der Grundg la szusammense t zung (Si02-Gehalt) als auch der t h e r m i s c h e n
V o r b e h a n d l u n g auf diese Eigenschaften werden auf der Basis isochomer Bedingungen (gleiche N e w t o n s c h e Viskosi täten) darges te l l t
nd diskutiert . Die Ergebnisse können mit Hilfe der Kenntn is über die Entmischungsrege ln u n d -prozesse gedeutet werden , die zu
erschiedenen rheologischen Zweiphasensystemen führen. Die drastischen Ä n d e r u n g e n in den rheologischen Eigenschaften we rden
1 der Mi t te der Mischungslücke erhal ten, wo die spinodale Entmischung ihr O p t i m u m ha t u n d der Unte rsch ied zwischen M a t r i x -
hase und entmischter Phase verlorengeht.

. Introduction and objectives
flasses of the system N a 2 0 - B 2 0 3 - S i 0 2 are of great
npor tance dur ing the last decades for industry and have
)und a b road application as Pyrex and Vycor glasses.
1 these composi t ion ranges the glass melts decompose
ito phases of various chemical composi t ions on an-
saling. This was the reason for numerous investigations
ee for instance [1 to 6]).

Of very few interest so far have been investigations
η the influence of the composi t ion and the degree of
ecomposit ion on the rheological properties, part ic-
larly viscosity, stress generation behaviour and high-
imperature strength. The Intention of this article is to
repare homogeneous and decomposed glass melts with
Ifferent suspended inclusions in different matrices in or
2r to study the influence on rheological properties.

In recent investigations interesting effects have been
)und. Thus , in the System P b O - B 2 0 3 with 0 to
5 mo l% P b O three extreme rheological Systems could
e produced: one system with a low-viscous matr ix and
igh-viscous or hard inclusions in it, one System with a 
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high-viscous matr ix a n d low-viscous inclusions a n d one
System with interconnect ing par t s of a sp inoda l de
composi t ion [7]. In each system very different proper t ies
were obta ined. O n the o ther h a n d , in the t w o - c o m p o -
nent system Li20  2Si02 the Situation of glass-ceramic
melt models was produced by par t ly crystall ization of
the melt in well-defmed thermal t reatments . Α n o n - N e w -
tonian two-step viscosity decrease and also a two-s tep
decrease of the stiffness resistance (as a measure of the
brittleness of the melts) could be found as a funct ion of
the deformat ion rate [8].

Therefore, it was of special scientific interest to s tudy
the rheological proper t ies of selected sodium borosil icate
glass melts with var ious degrees and types of d e c o m p o -
sition. But there is also a more practical interest wi th
respect to the workability, par t icular ly the i sochomal
and i so thermal workability, of the more or less decom-
posed borosilicate melts.

As in the investigations of [7 a n d 8] the rheological
measurements were m a d e by means of the cylinder com
pression m e t h o d with a servohydraulic test mach ine
from M T S (Mater ia l Test System) as a paral lel-plate
plastometer. T h e m e t h o d is described extensively in [9].
It has three decisive advantages: first, the compressive
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Figure 1. Survey of the investigated glass system and selection
of the glass compos i t ions inclusive t he rma l t reatment for de
compos i t ion (semischematical ly) . N u m b e r s in the small dia
grams are the annea l ing t imes in h a n d those at the Ordinate
are the t empera tu res in C of t he rma l t rea tments of the samples.

s trength is larger by one order of magni tude than the
tensile s trength which allows measurements within an
extended stress ränge; second, viscoelastic properties
such as stress generat ion modu lus (stiffness), brittleness
(stiffness resistance) and the high-temperature tensile
strength can be ob ta ined besides the Newtonian and
non-Newton ian flow behaviour; third, most glass form
ing processes in industr ial p roduc t ion are based on com
pressive m e t h o d s at large deformat ion rates, thus, a prac-
tice-relevant reference is given with this method.

2. Sample selection and preparation
Compos i t ions and heat t rea tments lead to very different
microstructural var iants of the Vycor glass system [5 and
10]. The so-called bora te anomaly, which is responsible
within the sodium oxide-poor ränge for the mixing gap,
is described extensively in [4 and 5]. Α formation of BO4
t e t rahedra by the presence of sod ium oxide leads to a 
s t rengthening of the glass ne twork with a max imum at
Na20:B203  16 :84 (min imum of the coefficient of
thermal expansion) . In the three-component system
N a 2 0 - B 2 0 3 - S i 0 2 one obta ins for this ratio the so-
called anomaly line Α in figure 1 [5]. At the Si02-poor
and -rieh sides of this line the chemical composit ions of
the decomposed phases are exchanged in such a manne r
that also matr ix and inclusions are exchanged. There-
fore, fundamental ly different properties of the corre-
sponding glasses are expected.

All investigated glass melts of this study are on the
Α line of figure 1. T h e glass samples are characterized
by V (Vycor glass) a n d by the Si02 content in mol%,
e.g., V29 means 29 m o l % Si02 and 71 mol% sodium bo
rate with the rat io Na20:B203  16:84 (table 1). The
reason for the relatively large hydroxyl content was the
use of H3BO3 in the ba tch and the large solubility in
B203-rich glasses. T h e hydroxyl content decreases with
increasing Si02 concent ra t ion and reflects the lower

amoun t s of borate and the smaller solubility of the hy
droxyl [4].

The glass melts were heat-treated in such a way that
decomposit ions could be obtained without , with weak
and with strong turbidity. Spectroscopic measurements
showed a shift of the U V absorpt ion edge depending on
the degree of decomposi t ion ( temperature and time). Α
minimum of transmission indicates the temperature of
the max imum of decomposit ion. This temperature was
kept constant and the shift of the points of inflexion, of
the U V absorpt ion edge was observed after various
times (figures 2a and b). A n asymptot ic approach of the
turbidity degree to a max imum value was found which
served as indicator for the consti tut ional equihbr ium of
the glass system for each glass composi t ion and tem-
perature.

The annealing times for the strongly decomposed
samples were determined by the max imum available tur
bidity; the glasses for which the half max imum of tur
bidity was obtained are the weakly decomposed samples.
Table 2 shows the applied heat treatments. As expected,
microstructures of the samples were obtained for the
V292 sample consisting of high-viscous inclusions in c 
low-viscous matrix and for the V732 sample low-viscoui
inclusions in a high-viscous matrix [5 and 10]. While ir
B203-rich samples are nearly solid particles in a low
viscous matrix, in the V732 sample are decomposed re
gions with a lower but relatively similar viscosity to IH 
matrix viscosity. Figure 1 gives a symbolic survey abou
origin and heat treatment of the glasses. Index "2
means that the sample was strongly decomposed (num
bers in brackets in table 2). Together with the weakl
(index 1) and with the not decomposed samples (inde
0) there are three different decomposi t ion states availabl
for each glass composit ion.

3. Experimental method and rheological basij
The here applied cylinder compression method is d(
scribed extensively in [9]. F rom the stress-strain or forc(
deformation curve (figure 3) of the compressed cyhndc
of a high-viscous glass melt three impor tan t propertic
may be obtained if two corrections are considered: th
mechanical correction of the system deformation of th
testing machine equipment and the thermal correctio
of the internal viscous heating of the sample due to th
heat dissipation of the mechanical energy of con
pression. The first property is the stress generatio
modulus E(T)^six resulting from the max imum slope c 
the stress-deformation curve which is a measure for th
stiffness of a glass melt [11 and 12]:  

^max = (ΆΣ/ΆΕ)^ (

This maximum value is identical with the point of ir
flexion of the stress-strain curve for which is valid:

ΆER^,JΆΕ = Ά'Σ/ΆΕ' = 0 . 0
The second property is the determinat ion of the vi:
cosity by use of the Gent equat ion [13] at the begir
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Table 1. Composi t ion of the glass samples V29, V48 and V73, some melting pa rame te r s a n d proper t ies

V 29 V48 V73

Si02 content in mol%
B 2 O 3 content in mol%
Na20 content in mol%
melt ing temperature in C
melt ing t ime in h 
T g i n ^ C
hydroxyl content in mol/1
coefficient of thermal expansion in K " '

29
59.64
11.36
1050
4
411
1.43
9 . 8 4 · 10-

48
43.68
8.32
1200
4
424
0.95
8.23 10-

73
22.68
4.32
1550 a n d 1450
3 a n d 2 
624
0.34
3.33  1 0 - 6

100
weak-«— turbidity — ^ strong

1000-

S 500-

Wavelength in nm

Igures 2a and b. Qualitative connect ion between anneal ing t ime and degree of turbid i ty of a Vycor glass, a) shifts of the po in t s of
iflexion of the U V absorpt ion edges for increasing anneal ing times, b) wavelengths of the po in t s of inflexion versus annea l ing t ime.

able 2. Parameters of heat t rea tment and anneal ing to obta in the states of decompos i t ion " w e a k " a n d
leter investigations

" s t r o n g " based on spect ro-

imple series heat t rea tment at states of decomposi t ion a n d annea l ing t ime (in h)

tempera ture in C decomposed (0) ·) weakly decomposed (1)  ̂  s trongly d e c o m p o s e d (2)^^

29
48
73

540 0 10
655 0 10
725 0 10

120
80
80

The numbers 0, 1, 2 in brackets s tand for the indices as stated in the text: 0 no t decomposed , 1  weakly d e c o m p o s e d ,
 strongly decomposed.

ng of the viscosity ränge, usually at a deformation of
= Ah/ho 3 % where ho is the height of the initial

dinder and Ah its change by compression:

Ί) = F[3 V/2{V/{2nh{ty)  + \/(h{tf))]-' (3)

here  V is the volume of the glass cylinder, h  dh/dt 
e deformation rate and  F the force. This equat ion is
entical with the following one:

ή 3ηισ/έ = 3(\ + R'/{2h'))o/£ (4)

nere  R is the cyhnder radius, σ = F / { k R ' ) the axial
»mpressive stress and έ  h/h the deformation rate, all
lantities after compression and after time t, respec-
/ely.

The third proper ty is the m a x i m u m of the tensile
stress which is situated in the equator ia l line of the com-
pressed cyhndrical sample. The theoretical basis goes
back to N a d a i [14] and the following equa t ion to Hes-
senkemper and Brückner [15]:

σ,{ή  3^ (0Ä(0 [exp ( - | ( l n / /W  \nho) + 

+ 2\nRo) R§ + h(tf/2]/h(iy 
(5)

where index  0 means the initial height and radius of the
sample. This tensile stress, Oi(t), becomes the tensile
strength, ^ t s , at its max imum, observable at the m o m e n t
of the first crack at the equator ia l line. σ^^ is the high-
temperature tensile s trength and the deformat ion rate at
which the first crack appears is the critical deformat ion
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Figure 3. Typical force-deformation curve obta ined from the
cylinder compress ion m e t h o d .

Table 3. Coefficients of the rma l expans ion , a, and t ransforma-
t ion tempera ture , Tg, of all samples

sample «(20/300) in 10 ^ K r , i n ° C

V29o 9.84 411
V29i 9.30 412
V292 9.57 416
V48o 8.23 424
V48i 7.17 426
V482 6.31 428
V73o 3.33 624
V73i 3.37 626
V732 3.63 621

rate, fi^ or which depends on the amoun t of defor-
mat ion . Ah/ho = ε in such  a m a n n e r that increases
with decreasing ε, but with increasing έ [16].

Besides these three propert ies which can be deter-
mined by the cylinder compress ion method directly and
in only one experiment for one deformation, ε, and one
deformat ion rate, ε, several equat ions were developed
[12, 17 and 18] in order to ob ta in the whole flow curve,
i.e. the functions σ = /(ε) a n d / o r η = /(έ), respectively,
the Newton i an and the non -Newton i an flow behaviour.
These equat ions were found to represent the experimen-
tal values in an op t imum m a n n e r [17 and 18]. The func-
t ion σ(έ) is given by:

ϊηηοοέ + σο[1  exp(-ε/εg)]

with

σο  mέg(?7o ηοο)

(6)

(7)

where is the thermally corrected axial compressive
stress, ηο the Newton ian viscosity at ε 0, ηοο the ulti-
mate Binghamian viscosity at ε oo, and the flow
relaxation rate. F r o m the flow curve, equation (6), the
true and apparen t viscosities are obtained by the two
simple Operations:

and

^ a p p ( σ / ε ) Γ ηοο + σο/(^ε)[1 ^χρ(-έ/έ^)] (9)
m

where  m is given by equation (4) for compressive axial
stress, m 3 for tensile stress (elongation method) and
m 1 for shear stress (concentric cylinder me thod) .

4, Results
4.1 Thermal expansion behaviour
The dilatometric investigations (tables 1 and 3) show the
decrease of the coefficients of thermal expansion, a, and
the increase of Tg with increasing Si02 content as well
as the influence of the states of decomposi t ion. The for-
mat ion of the Si02-rich phase in the B203-rich matrix
leads to a smaller value for α which is the case roughly
for the glasses of the V29 and systematically for those of
the V48 glasses. The high-Si02-containing glasses of V73
show an opposi te sequence which is  a consequence ol
the exchange of the matrix phase with the decomposec
phase, an increase of α with the increasing formatier
of sodium borate and B203-rich phase within the Si02
rieh matrix.

4.2 Flow behaviour
Α shift of the non-Newtonian viscosity decrease toward
smaller deformation rates, έ, is typical for the weakj
decomposed B203-rich glass melts as compared with th
not decomposed clear glass melt, shown in figure 4a fc
example of V29. The strongly decomposed V29 glai
melt, however, shows  a shift back towards larger ε valui
up to the level of the not decomposed clear melt an
even partly beyound that. The Si02-rich glass melt
V73, show in contrast to the V29 glass melts  a trend ( 
decreasing flow relaxation rates, äg, with increasing d(
gree of decomposi t ion (figure 4b).

The results of the mechanically and thermally co
rected axial stresse, σ^, correlate with the normalized a]
parent viscosities, η^ρρΙηο- The Stresses of the weakly d 
composed boron oxide-rich glass melt are lower tha
those of the not decomposed clear melt. Figure 5a coi
tains the measured values of figure 4a. In contrast t 
that the strongly decomposed melt shows larger stre
values.

The Si02-rich glass melt, V73, does no t show r 
markable alterations of the axial Stresses, with i'
creasing degree of decomposit ion. Obviously the flo
curves of these melts (figure 5b) are predominant ly d 
termined by the Si02-rich matrix even in the decor
posed State by which no remarkable changes are po
sible. Addit ionally the viscosity differences between m 
trix and decomposed regions are smaller in these V '
glass melts than in the other glass melts, V29 and V48

 = = 

= — = 

= 
= 

-

-

= 

=  



0.0001 0.001

e ins
0.01

Figures 4a and b. Normal ized apparen t viscosity, ^app/̂ o, versus deformat ion rate έ for the glass melts a) V29o,i,2 at a N e w t o n i a n
viscosity ηο  10^Pas , b) V73o,i,2 at ηο  P a s . Solid curves fitted by equa t ion (9). Symbols see figure 1, indices see table 2.

0 0.02 0.04 0.06 0.08 01

gures 5a and b. Mechanically and thermally corrected
resses, σ^, versus deformat ion rate, έ, for the glass melts
^29o,i,2 at a Newton ian viscosity ηο  10^ Pa s, b) V73o,i,2 at

 10^^ Pa s. Solid curves fitted by e q u a d o n (6). Symbols see
^ure 1, indices see table 2.

Α compar ison of all three glass types with respect to
eir flow relaxation rates, έ^, is shown in figure 6. Of
ecial interest is the min imum for the not and weakly
jcomposed samples in the centre of the mixing gap,
presented by melt V48. The plots of the corrected axial
resses, at equal deformation rates, ε, (figure 7) show
continous decrease of with increasing Si02 content

the three glass melts. At equal quantit ies of defor-
ation rate, less stresses are built up for samples with
creasing Si02 content .

0.0006

0 . 0 0 0 4 -

0 .0002

50
[Si02] in moi%

Figure 6. F low relaxat ion rates, äg, versus Si02 concen t r a t ion
of the glass melts V29o,i,2, V48o,i,2 a n d V73o,i,2 at a N e w t o n i a n
viscosity ηο  10^^ P a s .

300
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0

έ  0.001 s-^

έ  0.0005 s-^
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V29

f
V/f8

t
V73
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 lSi021 in mol%

70 80

Figure 7. Cor rec ted stresses, versus Si02 concen t ra t ion of
the clear m e h s V29o, V48o a n d V73o at ηο  10^^ P a s a n d at
two deformat ion rates, έ.

The results of the flow behaviour were fitted by
equation (9) and the paramete rs of this equat ion are
listed in table  4 together with the m e a n correlat ion coef-
ficients, r', which d o no t fulfill in all cases mathemat ica l
and physical demands . The reason is that the corre-
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Table 4. Results of the η-^ρρ/ηο plots versus έ fitted by equat ion (9) for the melts with the various degrees od decomposi t ion at
N e w t o n i a n viscosities ηο  10^ a n d 10^^ P a s

sample ηο in P a s ôo in Pa s σο in M P a fig in s 

• 10« 1.3 10^ 0.0385 0.88
,.9 10« 8.4 10^ 0.0236 0.70
.9 10^ 2.8 10« 0.06 0.86

,.8 10« 9.6 10^ 0.0361 0.92
-.7  10« 7.6 10^ 0.027 0.87
\.2  10« 2.2 10^ 0.068 0.48

\A  10^0 1.4 10^ 0.00042 0.83
;.7  10^0 8.5 10^ 0.00023 0.76
5.5  IQio 1.8 10« 0.0005 0.78
k4  10^0 8.8 10^ 0.00029 0.83
k9  10^0 4.4 10^ 0.00010 0.90
;.8  10^0 1.2 10^ 0.0005 0.46
11  lO'o 1.1 108 0.00043 0.98
5.1  1010 8.5 10^ 0.0003 0.97
5.2  IQio 6.2 10^ 0.00019 0.97

V29o
V29 ,
V 2 9 2
V48o
V48 ,
V482

V29o
V29 ,
V 2 9 2
V48o
V48 ,
V482
V73o
V73 ,
V732

1 0 '

> 1 0 "

16

12-

<2 ε =\o005s"^

1
V29

1
V/f8

1
V73

20 30 40 50
-[ Si02] in mo l%

60 70 80

Figure 8. Stress genera t ion m o d u l u s (stiffness), Ε(ή^.^^, versus
Si02 concent ra t ion of the clear glass melts V29o, V48o and V73o
at ^ 0  10^1 Pa s a n d at two deformat ion rates, έ.

no weak strong
Decomposition

Figure 9. H igh - t empera tu re tensile s t rength, σ^^, as dependen t
on the degree of decompos i t ion of the nine glass melt samples
at ηο = 10 P a s and at /z  l O - ^ m / s .

sponding curves in the figures 4a, b and 5a, b have to
be seen with respect to the large sensibility of the meas-
urements due to the inhomogenei t ies especially for the

B203-rich glass melts. Therefore, the results of the meas-
urements give more distinct t rends as already discussed
than very exact correlations.

4.3 Stress generation nnoduius (stiffness) and
liigh-tennperature tensile strength
Also for the stress generation modulus, £'(Omax, a mini
m u m is obtained for glass melts with the intermediat
composit ion, V48, (figure 8) as in the case of the axi^
stresses, σ^. Similarily the stress values reach only aboi
the half of the values of the two other glass melts, V2
and V73.

Α very different behaviour under the action of d(
composi t ion of the three glass melts is observed in figui
9 in which the deformation rate, fi (or έ  fi Ih), is kej
constant in order to compare the tensile strength,
the max imum tensile stress at the first crack on the equ;
torial line of the deformed cyhndrical sample [11, 12, 1 
and 16], for all nine glass melts. For the B203-rich gla
melts, V29, an increase of the high-temperature tensi
strength is caused by an increase of the degree of d 
composit ion. For the Si02-rich melts (V73) such an ii
crease is not observed. The not decomposed clear gla
melt, V48o, shows approximately equal values as tl
clear glass melts, V29o and V73o. In contrast to that tl

values of the weakly and strongly decomposed gla
melts V48i 2 show very small values of the order of ( 
to 70 MPa . As a parallel behaviour to that is that tl
first cracks are observed already at small deformatic
rates, h, but large deformation degrees, Ahlh^, of the
samples. This is shown by a comparison of the critic
deformation rates, /ic, at the moment of the appearan
of the first crack (figure 10).

In principle, a decrease of the high-temperature te
sile strength is obtained with increasing degree of d 
composi t ion for all three glass melts, however, the large
decrease is observed for glass melt V48 from the cent
of the mixing gap in agreement with investigations of tl
System P b O - B 2 0 3 [7].
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Figure 10. Critical deformation rate, Ιι^ at which the first crack
appears at large deformation degrees cor responding to the
ränge of small deformation rates as a function of the degree of
decomposi t ion at a viscosity o i  10  P a s .

5. Discussion
With respect to their rheological behaviour the investi-
gated glass melts may be divided into two groups, the
Si02-rich V73 melts on the one hand and the B203-rich
*/48 and V29 melts on the other hand .

The B203-rich glass melts show  a distinct depend-
ence of properties on the degree of decomposi t ion (fig-
ires 4a and 5a). The properties of the weakly decom-
)osed samples are shifted principally towards smaller
low relaxation rates, äg, as compared to the clear
amples. This correlates with  a non-Newton ian viscosity
ecrease (figure 4a) at smaller deformation rates, ε, and
/ith smaller axial stresses, σ^, (figure 5a) as well as with
maller stress generation m o d u h (stiffness), E{t)^^^ (fig-
re 8). If the samples are strongly decomposed, the shifts
re in the opposite direction, i.e., the £g values increase
gain up to values of the clear glass melts and even
eyond that . This reflects also in a shift of non-New-
Dnian viscosity decrease towards larger deformation
ites, increasing axial stresses, and increasing stress gen-
ration modul i (stiffness). This opposi te shift behaviour
lay be interpreted as follows. The decrease of the rheo-
)gical parameters due to the weak decomposi t ion is the
Dnsequence of the Separation of Si02-rich particles be-
ause this amoun t of Si02 is not any more available to
le structural strength of the intrinsic melt (now: the
latrix) and the particles are distributed in the lower vis-
3US matrix without mutual hindrance. On the other
and, at large degrees of decomposi t ion the high-viscous
i02-rich particles are grown up to a size and/or the
umber of these particles is increased in such  a manner
lat  a stiffening effect of the glass melts has taken place
y mutua l hindrance of the Si02-rich particles. This is a 
ind of Suspension effect for which the Newton ian vis-
3sity will be increased on the one hand [8 and 19] and
lat of the matrix will be decreased by the reduction of
le Si02 concentrat ion. Both effects compete with each
ther and in the present case it seems that the "suspen-
on effect" dominates  a little.

The behaviour of the V73 glass melts is total ly differ-
ent (figures 4b and 5b). The decrease of the n o n - N e w -
tonian viscosity is shifted cont inuously towards smaller
deformation rates, ε, with increasing degree of d e c o m p o -
sition. The axial stresses, σ^, are nearly cons tan t a n d the
stress generat ion m o d u h , Ε(ή^^^, show  a slight increase
(figure 8). In this case, the expected format ion of low-
viscous B203-rich inclusions within an increasingly vis-
cous Si02-rich matr ix is confirmed. T h e Si02 concen-
t raüon of the matr ix increases indeed (and also the vis-
cosity) bu t synchronously  a decreasingly viscous B2O3-
rich phase counterac ts the matr ix effect at least partly.

With respect to the tota l Si02 content of the three
glass melts there are some peculiarities in the proper t ies
of the V48 melts within the middle of the mixing gap
(figures 6 a n d 8). This special Situation of the V48 mel ts
has the following consequences for their rheological
properties. Already the no t decomposed clear glass mel t ,
V48o, has a smaller stress generat ion m o d u l u s (stiffness)
and  a smaller flow relaxation rate, Sg, t han V29o a n d
V73o. O n the other hand , the measured axial stresses,

(figure 7) of the three clear glass melts, V29o, V48o
and V73o, decrease cont inuously a long the p s e u d o b i n a r y
line (figure 1) with increasing Si02 concent ra t ion at
equal deformat ion rates, ε, and equal N e w t o n i a n vis-
cosity, ηο. This means that the generat ion of viscous
stress decreases with increasing Si02 concent ra t ion , i.e.,
the glass melt V73o is softer or less stiff t han V29o.

The observed min ima in and £'(Omax (figures 6 a n d
8) indicate obviously  a functional change of the mi -
crophases as it is the case also in other so far investigated
glass Systems with  a mixing gap [10]. This has a destabi-
lizing influence on the flow, on the viscoelastic behav
iour and on the high temperature tensile s t rength [7].

Remarkab le differences are observable from the high-
temperature crack behaviour of the B 2 0 3 - r i c h glass
melts. T h e compar i son of the two no t decomposed
melts, V29o and V48o, shows approximately the same,
relatively small h igh temperature tensile s t rength, σ^^.
After decompos i t ion of the samples the V29i ,  2 mel ts
tend to an increasing stability of the h igh- tempera ture
fracture behaviour, while the glass melts V48i  2 nearly
break down in a m a n n e r that only up to a cer tain level
can be spoken of a h igh temperature tensile s t rength at
all (figure 9). Additionally, the values of the critical de-
formation rate, /ic, indicate  a small ductility (figure 10).
This correlates with the results on the viscosity and stiff-
ness investigations. Obviously there is such an intensive
interConnectivity of the phases that the fundamenta l
stability of a cont inuous matr ix is no t given anymore
and this po in ts to the m a x i m u m of a spinodal d e c o m p o -
sition in the case of V48.

In total , the results from the investigated Vycor glass
System show very similar rheological propert ies and de -
pendencies with respect to composi t ion of the initial a n d
the decomposed glass melts across the mixing gap as
those from the system P b O - B 2 0 3 [7].
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6. Conclusion
T h e mixing gap in the system S i02 -B203 - N a 2 0 gives
rise to interesting rheological p h e n o m e n a which can be
interpreted with the rules of decompos idon . Wi th the
cylinder compress ion m e t h o d the influence of various
two-phase Systems on the flow, viscoelastic and elastic
fracture propert ies could be studied. The obtained re-
sults and fmdings show the impor tance of the decompo-
sition mechanisms no t only for the theoretical under-
s tanding of the rheological behaviour but also for the
practical workabil i ty of glass melts of the investigated
three  componen t system.

7. List of Symbols
m̂ax Stress genera t ion modu lus , as measure of stiffness of

a melt ( m a x i m u m value of the slope of stress-strain
curve)

F{t) compressive force
h{t) i n s t an taneous height of the cyhndrical sample

hß initial height of the cyhndr ica l sample
fl dh/dt  axial de fo rmat ion rate of the sample
hc critical de format ion rate of the sample at which the

first crack appea r s for a cer ta in deformat ion degree.
Ah/ho, of the sample

m geometr ical factor for shear, tension and compressive
exper iment , respectively

R{t) i n s t an taneous radius of the cyhndrical sample
RQ initial rad ius of the cyhndr ica l sample
r corre la t ion coefficient
Tg t rans format ion t empera tu re
t t ime
V sample vo lume

α coefficient of t he rma l expans ion
Ah axial compressive de fo rmat ion of the cyhndrical

sample
ε = Ah/ho  axial compress ive deformat ion degree of

the sample
έ  de/dt h/h  axial s t rain rate

flow re laxat ion rate w i thou t the influence of viscous
heat ing

η(ί) t ime-dependent , thermal ly uncorrected viscosity
âpp appa ren t or m e a n n o n - N e w t o n i a n viscosity

ηιru t rue or differential n o n - N e w t o n i a n viscosity
ηο N e w t o n i a n viscosity at έ ^ 0 

ul t imate B inghamian viscosity at very large ε values
a{t) axial stress

thermal ly correc ted axial stress
equa tor ia l tensile stress
h igh- tempera ture tensile s t rength at the first 
crack of the compressed glass cylinder

σο fictive yield value at έ  0 of dynamic metastable
Binghamian flow curve
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