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Three glass melts from the Vycor-type widely distributed along the mixing gap of the pseudobinary line SiO,—(B,03:Na,O =
= 84:16) were investigated each one with three different thermal histories. The following rheological properties were determined by
the cylinder compression method: the Newtonian and non-Newtonian flow behaviour, the stress generation modulus as a measure
of the stiffness, the high-temperature tensile strength and the critical deformation rate at which the first crack appears. The influences
of the fundamental glass compositions (SiO, content) as well as the thermal pretreatments on these properties are demonstrated
and discussed on the basis of isochomal conditions (equal Newtonian viscosities). The results can be interpreted by means of the
knowledge about the demixing rules and processes which lead to various rheological two-phase systems. Most drastical changes of
the rheological properties are observed in the middle of the mixing gap where spinodal decomposition has its optimum and where
‘he differentation between the matrix phase and decomposed phase is lost.

3heologische Untersuchungen im Entmischungsbereich des Systems Na,0—B,03;—-SiO,

Jrei weit iiber die Mischungsliicke, entlang der pseudobindren Geraden SiO,—(B,0;:Na,O = 84:16), verteilte Glasschmelzen
'om Vycor-Typ wurden untersucht, jede Schmelze mit drei verschiedenen thermischen Vorgeschichten. Die folgenden rheologischen
Jigenschaften wurden mit der Zylinderstauchmethode bestimmt: das Newtonsche und nicht-Newtonsche FlieBverhalten, der Span-
ungsaufbaumodul als MaB fiir die Steifigkeit, die Hochtemperatur-Zugfestigkeit und die kritische Deformationsgeschwindigkeit
ei der Entstehung des ersten Risses. Sowohl der Einflul der Grundglaszusammensetzung (SiO,-Gehalt) als auch der thermischen
‘orbehandlung auf diese Eigenschaften werden auf der Basis isochomer Bedingungen (gleiche Newtonsche Viskositdten) dargestellt
nd diskutiert. Die Ergebnisse konnen mit Hilfe der Kenntnis Giber die Entmischungsregeln und -prozesse gedeutet werden, die zu
erschiedenen rheologischen Zweiphasensystemen fithren. Die drastischen Anderungen in den rheologischen Eigenschaften werden

1 der Mitte der Mischungsliicke erhalten, wo die spinodale Entmischung ihr Optimum hat und der Unterschied zwischen Matrix-
hase und entmischter Phase verlorengeht.

. Introduction and objectives

ilasses of the system Na,O—B,0;—SiO, are of great
nportance during the last decades for industry and have
ound a broad application as Pyrex and Vycor glasses.
1 these composition ranges the glass melts decompose
ito phases of various chemical compositions on an-
zaling. This was the reason for numerous investigations
ee for instance [1 to 6]).

Of very few interest so far have been investigations
n the influence of the composition and the degree of
ecomposition on the rheological properties, partic-
larly viscosity, stress generation behaviour and high-
'mperature strength. The intention of this article is to
repare homogeneous and decomposed glass melts with
fferent suspended inclusions in different matrices in or-
2r to study the influence on rheological properties.

In recent investigations interesting effects have been
ound. Thus, in the system PbO—-B,O; with 0 to
5mol% PbO three extreme rheological systems could
2 produced: one system with a low-viscous matrix and
igh-viscous or hard inclusions in it, one system with a
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high-viscous matrix and low-viscous inclusions and one
system with interconnecting parts of a spinodal de-
composition [7]. In each system very different properties
were obtained. On the other hand, in the two-compo-
nent system Li,O - 2SiO, the situation of glass-ceramic
melt models was produced by partly crystallization of
the melt in well-defined thermal treatments. A non-New-
tonian two-step viscosity decrease and also a two-step
decrease of the stiffness resistance (as a measure of the
brittleness of the melts) could be found as a function of
the deformation rate [8].

Therefore, it was of special scientific interest to study
the rheological properties of selected sodium borosilicate
glass melts with various degrees and types of decompo-
sition. But there is also a more practical interest with
respect to the workability, particularly the isochomal
and isothermal workability, of the more or less decom-
posed borosilicate melts.

As in the investigations of [7 and 8] the rheological
measurements were made by means of the cylinder com-
pression method with a servohydraulic test machine
from MTS (Material Test System) as a parallel-plate
plastometer. The method 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 compositions inclusive thermal treatment for de-
composition (semischematically). Numbers in the small dia-
grams are the annealing times in h and those at the ordinate
are the temperatures in °C of thermal treatments of the samples.
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strength is larger by one order of magnitude than the
tensile strength which allows measurements within an
extended stress range; second, viscoelastic properties
such as stress generation modulus (stiffness), brittleness
(stiffness resistance) and the high-temperature tensile
strength can be obtained besides the Newtonian and
non-Newtonian flow behaviour; third, most glass form-
ing processes in industrial production are based on com-
pressive methods at large deformation rates, thus, a prac-
tice-relevant reference is given with this method.

2. Sample selection and preparation

Compositions and heat treatments lead to very different
microstructural variants of the Vycor glass system [5 and
10]. The so-called borate anomaly, which is responsible
within the sodium oxide-poor range for the mixing gap,
is described extensively in [4 and 5]. A formation of BO,
tetrahedra by the presence of sodium oxide leads to a
strengthening of the glass network with a maximum at
Na,O0:B,03; = 16:84 (minimum of the coefficient of
thermal expansion). In the three-component system
Na,O—B,0;—Si0, one obtains for this ratio the so-
called anomaly line A in figure 1 [5]. At the SiO,-poor
and -rich sides of this line the chemical compositions of
the decomposed phases are exchanged in such a manner
that also matrix and inclusions are exchanged. There-
fore, fundamentally different properties of the corre-
sponding glasses are expected.

All investigated glass melts of this study are on the
A line of figure 1. The glass samples are characterized
by V (Vycor glass) and by the SiO, content in mol%,
e.g., V29 means 29 mol% SiO, and 71 mol% sodium bo-
rate with the ratio Na,O:B,O3; = 16:84 (table 1). The
reason for the relatively large hydroxyl content was the
use of H3BOs in the batch and the large solubility in
B,0s-rich glasses. The hydroxyl content decreases with
increasing SiO, concentration and reflects the lower

amounts of borate and the smaller solubility of the hy-
droxyl [4].

The glass melts were heat-treated in such a way that
decompositions could be obtained without, with weak
and with strong turbidity. Spectroscopic measurements
showed a shift of the UV absorption edge depending on
the degree of decomposition (temperature and time). A
minimum of transmission indicates the temperature of
the maximum of decomposition. This temperature was
kept constant and the shift of the points of inflexion, of
the UV absorption edge was observed after various
times (figures 2a and b). An asymptotic approach of the
turbidity degree to a maximum value was found which
served as indicator for the constitutional equilibrium of
the glass system for each glass composition and tem-
perature.

The annealing times for the strongly decomposed
samples were determined by the maximum available tur-
bidity; the glasses for which the half maximum 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
V29, sample consisting of high-viscous inclusions in &
low-viscous matrix and for the V73, sample low-viscous
inclusions in a high-viscous matrix [5 and 10]. While ir
B,0O;-rich samples are nearly solid particles in a low
viscous matrix, in the V73, sample are decomposed re
gions with a lower but relatively similar viscosity to th
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 decomposition states availabl
for each glass composition.

3. Experimental method and rheological basit

The here applied cylinder compression method is d¢
scribed extensively in [9]. From the stress-strain or force
deformation curve (figure 3) of the compressed cylinde
of a high-viscous glass melt three important 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 com
pression. The first property is the stress generatio
modulus E(f),., resulting from the maximum slope ¢
the stress-deformation curve which is a measure for tk
stiffness of a glass melt [11 and 12]: ;

Emax = (do/dg)mdx * (

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

dE./de = d?a/de®> = 0 . ¢

The second property is the determination of the vi:
cosity by use of the Gent equation [13] at the begir
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Table 1. Composition of the glass samples V29, V48 and V73, some melting parameters and properties

V29 V48 V73
SiO, content in mol% 29 48 73
B,0; content in mol% 59.64 43.68 22.68
Na,O content in mol% 11.36 8.32 4.32
melting temperature in °C 1050 1200 1550 and 1450
melting time in h 4 4 3 and 2
T, in°C 411 424 624
hydroxyl content in mol/l 1.43 0.95 0.34
coefficient of thermal expansion in K! 9.84-10°¢ 8.23-10°¢ 333-107°
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‘igures 2a and b. Qualitative connection between annealing time and degree of turbidity of a Vycor glass, a) shifts of the points of
1flexion of the UV absorption edges for increasing annealing times, b) wavelengths of the points of inflexion versus annealing time.

able 2. Parameters of heat treatment and annealing to obtain the states of decomposition “weak™ and “strong” based on spectro-

leter investigations

imple series heat treatment at

states of decomposition and annealing time (in h)

temperature in 8C

not decomposed (0)"

weakly decomposed (1)V  strongly decomposed (2)"

29 540 0
48 655 0
/3 725 0

10 120
10 80
10 80

The numbers 0, 1, 2 in brackets stand for the indices as stated in the text: 0 = not decomposed, 1 = weakly decomposed,

= strongly decomposed.

ng of the viscosity range, usually at a deformation of
= Ahlhy = 3% where hy is the height of the initial
/linder and A/ its change by compression:

‘1) = F3Vh(VIQuh(1)’) + 1/(h(1)?)]! (3)

here ¥ is the volume of the glass cylinder, # = dh/dt
e deformation rate and F the force. This equation is
entical with the following one:

t) =3malé = 3(1 + RYQ2h?))alé 4)

nere R is the cylinder radius, ¢ = F/(n R?) the axial
mmpressive stress and é = /i/h the deformation rate, all
1antities after compression and after time 7, respec-
sely.

The third property is the maximum of the tensile
stress which is situated in the equatorial line of the com-
pressed cylindrical sample. The theoretical basis goes
back to Nadai [14] and the following equation to Hes-
senkemper and Briickner [15]:

au(t) = 3n(0yh(0) [exp(=3(In k(1) = Inhg) +

(5)
+ 2InRy) = R3 + h(t)*/2]/h(2)?

where index 0 means the initial height and radius of the
sample. This tensile stress, o,(f), becomes the tensile
strength, oy, at its maximum, observable at the moment
of the first crack at the equatorial line. o is the high-
temperature tensile strength and the deformation rate at
which the first crack appears is the critical deformation
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Figure 3. Typical force-deformation curve obtained from the
cylinder compression method.

Table 3. Coefficients of thermal expansion, «, and transforma-
tion temperature, 7}, of all samples

sample @(20/300) iIn 1076 K 7! T, in°C
V29, 9.84 411
V29, 9.30 412
V29, 9.57 416
V48, 8.23 424
V48, 7.17 426
V48, 6.31 428
V73 3.33 624
V73, 3:37 626
V73, 3.63 621

rate, A, or &, which depends on the amount of defor-
mation, Ah/hy = ¢ in such a manner that o, increases
with decreasing &, but with increasing & [16].

Besides these three properties which can be deter-
mined by the cylinder compression method directly and
in only one experiment for one deformation, ¢, and one
deformation rate, ¢, several equations were developed
[12, 17 and 18] in order to obtain the whole flow curve,
i.e. the functions ¢ = f(é) and/or n = f(&), respectively,
the Newtonian and the non-Newtonian flow behaviour.
These equations were found to represent the experimen-
tal values in an optimum manner [17 and 18]. The func-
tion (&) is given by:

O = mi.é + o[l = exp(—élé,)] 6)
with
ap = még (o = 1) (7)

where o, is the thermally corrected axial compressive
stress, 7y the Newtonian viscosity at é — 0, #.. the ulti-
mate Binghamian viscosity at é — «, and &, the flow
relaxation rate. From the flow curve, equation (6), the
true and apparent viscosities are obtained by the two
simple operations:

1

Niw = —(do/dé)r = yo + ao/(méy) exp (—éléy) 8)
m

and
1 . . 7

Napp = ;(a/a)T = e + opl(mé)[1 = exp(—éléy)]  (9)

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 method).

4. Results
4.1 Thermal expansion behaviour

The dilatometric investigations (tables 1 and 3) show the
decrease of the coefficients of thermal expansion, «, and
the increase of T, with increasing SiO, content as well
as the influence of the states of decomposition. The for-
mation of the SiO,-rich phase in the B,Os-rich matrix
leads to a smaller value for @ which is the case roughly
for the glasses of the V29 and systematically for those of
the V48 glasses. The high-SiO,-containing glasses of V73
show an opposite sequence which is a consequence of
the exchange of the matrix phase with the decomposec
phase, an increase of « with the increasing formatior
of sodium borate and B,Os-rich phase within the SiO,
rich matrix.

4.2 Flow behaviour

A shift of the non-Newtonian viscosity decrease toward
smaller deformation rates, &, is typical for the weakl
decomposed B,Os-rich glass melts as compared with th
not decomposed clear glass melt, shown in figure 4a fc
example of V29. The strongly decomposed V29 gla:
melt, however, shows a shift back towards larger & value
up to the level of the not decomposed clear melt an
even partly beyound that. The SiO,-rich glass melt
V73, show in contrast to the V29 glass melts a trend «
decreasing flow relaxation rates, &, with increasing ds
gree of decomposition (figure 4b).

The results of the mechanically and thermally co
rected axial stresse, a., correlate with the normalized aj
parent viscosities, #,p,/7o. The stresses of the weakly d
composed boron oxide-rich glass melt are lower tha
those of the not decomposed clear melt. Figure 5a co1
tains the measured values of figure 4a. In contrast {
that the strongly decomposed melt shows larger stre
values.

The SiO,-rich glass melt, V73, does not show r
markable alterations of the axial stresses, o., with I’
creasing degree of decomposition. Obviously the flo
curves of these melts (figure 5b) are predominantly d
termined by the SiO,-rich matrix even in the decon
posed state by which no remarkable changes are po
sible. Additionally the viscosity differences between m
trix and decomposed regions are smaller in these V-
glass melts than in the other glass melts, V29 and V4¢
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Figures 4a and b. Normalized apparent viscosity, #7,,,/70, versus deformation rate ¢ for the glass melts a) V29, , at a Newtonian
viscosity 7o = 10° Pas, b) V73,5 at 57, = 10! Pass. Solid curves fitted by equation (9). Symbols see figure 1, indices see table 2.

0.0006
] o) o
o

0.0004 - ©
"
= - o A
w A

0.0002~ o

N weak decomposition
V29 V48 V73
0 T T T T

T
20 30 40 50 60 70 80
[Si021 in mol% —————=

Figure 6. Flow relaxation rates, &, versus SiO, concentration
of the glass melts V29, ,, V48,1, and V73, at a Newtonian
viscosity 7o = 10" Pas.
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gures S5Sa and b. Mechanically and thermally corrected
cesses, ., versus deformation rate, ¢, for the glass melts
V29,5 at a Newtonian viscosity o = 10° Pas, b) V73, , at
= 10" Pas. Solid curves fitted by equation (6). Symbols see
ure 1, indices see table 2.

A comparison of all three glass types with respect to
eir flow relaxation rates, &,, is shown in figure 6. Of
ecial interest is the minimum for the not and weakly
scomposed samples in the centre of the mixing gap,
presented by melt V48. The plots of the corrected axial
resses, o, at equal deformation rates, &, (figure 7) show
continous decrease of o, with increasing SiO, content
" the three glass melts. At equal quantities of defor-
ation rate, less stresses are built up for samples with
creasing SiO, content.
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Figure 7. Corrected stresses, o, versus SiO, concentration of
the clear melts V29, V48, and V73, at 5, = 10'' Pas and at
two deformation rates, é.

The results of the flow behaviour were fitted by
equation (9) and the parameters of this equation are
listed in table 4 together with the mean correlation coef-
ficients, 72, which do not fulfill in all cases mathematical
and physical demands. The reason is that the corre-
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Table 4. Results of the #7,,p/170 plots versus & fitted by equation (9) for the melts with the various degrees od decomposition at

Newtonian viscosities 7o = 10° and 10'! Pa's

sample 7o in Pas 7. in Pas gy in MPa ggins™h r
V29, h 3-108 1.3 - 108 0.0385 0.88
V29, 29108 8.4 - 107 0.0236 0.70
V29, { 10° 3.9-108 2.8 - 108 0.06 0.86
V48, 2.8 108 9.6 - 107 0.0361 0.92
V48, 2.7-108 7.6 - 107 0.027 0.87
V48, J 32108 2.2 - 108 0.068 0.48
V29, ) 34101 1.4 - 108 0.00042 0.83
V29, 3.7-10'° 8.5-107 0.00023 0.76
V29, 3.5-10'° 1.8 - 108 0.0005 0.78
V48, 4.4-10'° 8.8 - 107 0.00029 0.83
V48, 101 49-101° 44-107 0.00010 0.90
V48, 3.8 101 1.2 - 108 0.0005 0.46
V73, 2.7-10'° 1.1 - 108 0.00043 0.98
V73, 3.1+10'° 8.5-107 0.0003 0.97
V73, J 3.2-10% 6.2-107 0.00019 0.97
16 - B,0;-rich glass melts. Therefore, the results of the meas-
urements give more distinct trends as already discussed
D than very exact correlations.
2 il
5 -1 " .
g € = 0.0005s 4.3 Stress generation modulus (stiffness) and
E 0 high-temperature tensile strength
£ o : OA\OOOB ¢! Also for the stress generation modulus, E(f)yax, @ mini
= mum is obtained for glass melts with the intermediat
L~ composition, V48, (figure 8) as in the case of the axic
* ’ * stresses, o.. Similarily the stress values reach only abot
V29 VL8 VT3 the half of the values of the two other glass melts, V2
0 T T T T T and V73.
20 30 40 50 60 70 80

[Si02]1in mol % ————— =

Figure 8. Stress generation modulus (stiffness), £(#)pmax, VErsus
Si05 concentration of the clear glass melts V29,, V48, and V73,
at 7o = 10" Pa s and at two deformation rates, é.
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Figure 9. High-temperature tensile strength, o, as dependent
on the degree of decomposition of the nine glass melt samples
at 7o = 10" Pas and at 7 = 10> 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 inhomogeneities especially for the

A very different behaviour under the action of d«
composition of the three glass melts is observed in figui
9 in which the deformation rate, /1 (or é = h /h), is kej
constant in order to compare the tensile strength, o,
the maximum tensile stress at the first crack on the equ:
torial line of the deformed cylindrical sample [11, 12, ]
and 16], for all nine glass melts. For the B,Os-rich gla
melts, V29, an increase of the high-temperature tensi
strength is caused by an increase of the degree of d
composition. For the SiO,-rich melts (V73) such an 1
crease is not observed. The not decomposed clear gla
melt, V48, shows approximately equal o values as tl
clear glass melts, V29, and V73,. In contrast to that tl
o values of the weakly and strongly decomposed gla
melts V48, , 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, A, but large deformation degrees, Ah/hy, of the
samples. This is shown by a comparison of the critic
deformation rates, hc, 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
composition 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 PbO—B,0; [7].
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Figure 10. Critical deformation rate, /., at which the first crack
appears at large deformation degrees corresponding to the
range of small deformation rates as a function of the degree of
decomposition at a viscosity of 57, = 10" Pas.

5. Discussion

With respect to their rheological behaviour the investi-
gated glass melts may be divided into two groups, the
S5i0,-rich V73 melts on the one hand and the B,Os-rich
V48 and V29 melts on the other hand.

The B,0;-rich glass melts show a distinct depend-
'nce of properties on the degree of decomposition (fig-
ires 4a and 5a). The properties of the weakly decom-
osed samples are shifted principally towards smaller
low relaxation rates, &, as compared to the clear
amples. This correlates with a non-Newtonian viscosity
ecrease (figure 4a) at smaller deformation rates, ¢, and
vith smaller axial stresses, o., (figure 5a) as well as with
maller stress generation moduli (stiffness), £ (7)may (fig-
re 8). If the samples are strongly decomposed, the shifts
re in the opposite direction, i.e., the &, values increase
gain up to values of the clear glass melts and even
eyond that. This reflects also in a shift of non-New-
onian viscosity decrease towards larger deformation
ates, increasing axial stresses, and increasing stress gen-
ration moduli (stiffness). This opposite shift behaviour
1ay be interpreted as follows. The decrease of the rheo-
»gical parameters due to the weak decomposition is the
onsequence of the separation of SiO,-rich particles be-
ause this amount of SiO, is not any more available to
1e structural strength of the intrinsic melt (now: the
1atrix) and the particles are distributed in the lower vis-
ous matrix without mutual hindrance. On the other
and, at large degrees of decomposition the high-viscous
1O,-rich particles are grown up to a size and/or the
umber of these particles is increased in such a manner
1at a stiffening effect of the glass melts has taken place
y mutual hindrance of the SiO,-rich particles. This is a
ind of suspension effect for which the Newtonian vis-
dsity will be increased on the one hand [8 and 19] and
1at of the matrix will be decreased by the reduction of
1€ Si0, concentration. 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 totally differ-
ent (figures 4b and 5b). The decrease of the non-New-
tonian viscosity is shifted continuously towards smaller
deformation rates, ¢, with increasing degree of decompo-
sition. The axial stresses, g., are nearly constant and the
stress generation moduli, E(),ax, Show a slight increase
(figure 8). In this case, the expected formation of low-
viscous B,Os-rich inclusions within an increasingly vis-
cous SiO,-rich matrix is confirmed. The SiO, concen-
tration of the matrix increases indeed (and also the vis-
cosity) but synchronously a decreasingly viscous B,Os-
rich phase counteracts the matrix effect at least partly.

With respect to the total SiO, content of the three
glass melts there are some peculiarities in the properties
of the V48 melts within the middle of the mixing gap
(figures 6 and 8). This special situation of the V48 melts
has the following consequences for their rheological
properties. Already the not decomposed clear glass melt,
V48, has a smaller stress generation modulus (stiffness)
and a smaller flow relaxation rate, &, than V29, and
V73,. On the other hand, the measured axial stresses,
g, (figure 7) of the three clear glass melts, V29,, V48,
and V73, decrease continuously along the pseudobinary
line (figure 1) with increasing SiO, concentration at
equal deformation rates, & and equal Newtonian vis-
cosity, 7o. This means that the generation of viscous
stress decreases with increasing SiO» concentration, i.e.,
the glass melt V73 is softer or less stiff than V29,.

The observed minima in &, and E(#)yax (figures 6 and
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 strength [7].

Remarkable differences are observable from the high-
temperature crack behaviour of the B,Os-rich glass
melts. The comparison of the two not decomposed
melts, V29, and V48, shows approximately the same,
relatively small high-temperature tensile strength, .
After decomposition of the samples the V29, , melts
tend to an increasing stability of the high-temperature
fracture behaviour, while the glass melts V48, , nearly
break down in a manner that only up to a certain level
can be spoken of a high-temperature tensile strength at
all (figure 9). Additionally, the values of the critical de-
formation rate, /i, 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 fundamental
stability of a continuous matrix is not given anymore
and this points to the maximum of a spinodal decompo-
sition in the case of V48.

In total, the results from the investigated Vycor glass
system show very similar rheological properties and de-
pendencies with respect to composition of the initial and
the decomposed glass melts across the mixing gap as
those from the system PbO—B,0; [7].
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6. Conclusion

The mixing gap in the system SiO,—B,0;—Na,O gives
rise to interesting rheological phenomena which can be
interpreted with the rules of decomposition. With the
cylinder compression method the influence of various
two-phase systems on the flow, viscoelastic and elastic
fracture properties could be studied. The obtained re-
sults and findings show the importance of the decompo-
sition mechanisms not only for the theoretical under-
standing of the rheological behaviour but also for the
practical workability of glass melts of the investigated
three- component system.

7. List of symbols

B oix stress generation modulus, as measure of stiffness of
a melt (maximum value of the slope of stress-strain
curve)

F(z) compressive force

h(t) instantaneous height of the cylindrical sample
(=ho— Ah)

ho initial height of the cylindrical sample

h =dh/dt = axial deformation rate of the sample

he critical deformation rate of the sample at which the

first crack appears for a certain deformation degree,
Ahlhy, of the sample

m geometrical factor for shear, tension and compressive
experiment, respectively

R(1) instantaneous radius of the cylindrical sample

Ry initial radius of the cylindrical sample

r correlation coefficient

T, transformation temperature

t time

vV sample volume

@ coefficient of thermal expansion

Ah axial compressive deformation of the cylindrical
sample

& = Ahlhy = axial compressive deformation degree of
the sample

é =de/dt = h/h = axial strain rate

&g flow relaxation rate without the influence of viscous
heating

n(t) time-dependent, thermally uncorrected viscosity

Yavp apparent or mean non-Newtonian viscosity

. true or differential non-Newtonian viscosity

o Newtonian viscosity at ¢ — 0

oo ultimate Binghamian viscosity at very large ¢ values

a(1) axial stress

O thermally corrected axial stress

gy equatorial tensile stress

Gis high-temperature tensile strength = ¢, at the first
crack of the compressed glass cylinder

ao fictive yield value at ¢ = 0 of dynamic metastable

Binghamian flow curve
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