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Most of the melts and glasses investigated crystallized in volume during
heat treatment wup to 1000 °C. The tendency to metastable separation,
which precedes crystallization, tncreases with tncreasing MgO/[Al,O;
ratto. The course of crystallization of the ZrO. phase, Mg petalite, solid
soluttons of P-quartz and enstatite depends on initial composition,
way of treatment and crystallization temperature.

Increasing crystallization temperature brings about decomposition
of Mg petalite and precipitation of B-quartz solid solutions. The com-
positron region of metastable Mg petalite was determined by means of
X-ray diffraction analysts.

INTRODUCTION

The system MgO-Al,05-SiO, comprises, in addition to the 11 known stable
compounds (some of which may form solid solutions), also several metastable
phases: solid solutions of f-quartz [1], osumilite [2] and Mg petalite [2], [3].

During heat treatment of glasses and melts, these crystalline phases may
precede precipitation of stable phases and up to certain temperatures they
may survive even for considerably long periods of time.

Heat treatment of three-component glasses in this system results in surface
crystalization only. Volume crystallization of suitable phases can only be
accomplished with the use of nucleating agents. This method has been employed
in the preparation of glass-crystalline materials of advantageous properties,
e.g. on the basis of solid solutions of f-quartz., «-cordierite, enstatite.

The chemical composition of Mg petalite is not yet known; crystallographic
data and the conditions of its formation and transformation frequently differ.
For this reason petalite has been paid special attention in the present study.

The region of assumed composition of Mg petalite according to Schreyer
and Schairer [2] differs from the composition considered by Varshal [4]. Both
these regions are shown in Fig. 1. They are three-component composition
regions where MgO/Al,O; > 1. However, with glasses containing ZrO, as
nucleant, Holmquist [3] and Conrad [5] succeeded in obtaining Mg petalite
even from compositions in which the ratio MgO/Al,O; was equal to unity.
Solid solutions of f-quartz and enstatite precipitated in most of the instances
simultaneously with Mg petalite.

According to the results of Varshal [6] — [8], three-component glasses and
TiOz-nucleated glasses, in which the MgO molar content was higher that
the Al,O3 one, were subject to metastable separation which preceded crystal-
lization and affected precipitation of the crystalline phases. On the other
hand, with ZrO,-nucleated glasses Neilson [13] has found no closer relation
between metastable separation and the crystallisation mechanism.

In the available literature, crystallisation has been brought about by heating

Silikaty &. 4, 1976 303



J. Dusil:

the base glasses within the 7'y to 7T';, tempzrature raings. Azzording to the
data in [9] — [11] there is a possibility of achieving volume crystallization
and creating glass ceramics by controlled cooling of malts.

The present study had the aim to f5llow phase transformaitions up to
1000 °C for compositions in which the ratio M30/AL:0; > 1. The nucleating
agents employed ware 6 mol. %, ZrO, 4 3 mol 9, Ti0O, in all the compositions
examined. Crystallization was effzcted mostly by cooling the melts down to ,
crystallization temperature, and in som?2 instaces (for the sake of comparison)
also by heating the glasses up to the crystallization temperature region.

EXPERIMENTAL

Composition and preparation of the glasses

As all the glasses in question contained the same amounts of ZtrO, and Ti0,,
they are further on designated only according the molar percent content of
the basic components (e.g. 60/10/30 = 60 %, SiO;, 10 % AlL,O;, 30 % MgO).
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IMg. 1. Composition of the examined melts and glasses in a three-component diagram,
an mol Y%, )
O clear glasses, ® opalescent glasses, @ white opague glasses, » glass separated
#nto two layers; A — metastable separation region according to Varshal [6], B — region
of glasses separated on cooling, according to Varshal [6]. The regions marked in the
diagram are the regions of assumed Mg petalite composition ([2] and [4]).

Phase transformations in the course of heat treatment were studied on
12 different compositions, which are plotted in Fig. 1. The diagram shows
that both regions considered for Mg petalite composition are covered by the
composition range selected.
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The glasses were melted from pure or A. R.— grade raw materials; ground
and refined rock quartz was used as the siliceous component. The materials
were melted in PtRh crucibles in an electric furnace under the following
conditions:

glass charge 100 to 500 g

melting temperature 1550 to 1620 °C (according
to composition)

time of melting 7 to 10 hours.

The melt was agitated several times during melting in order to ensure its
homogeneity. After melting the material was cast into the form of rods in
a steel grate.

Heat treatment

In the case of melt crystallization, 6.5g of the glass was first remelted in a Pt
boat above the liquidus temperature for a period of 20 minutes. The boat was
then quickly transferred into the isothermic zone of another tube furnace
heated at the crystallization temperature. After the required period of time the
boat with sample was removed and cooled down in air. The rapid transfer
into another furnace ensured stepless cooling down of the melt to its crystal-
lization temperature, as has been verified by direct measurement. Equalization
of the required crystallization temperature in the sample was achieved within
about 2 minutes.

In the case of glass crystallization a 6.5g sample in a Pt boat was placed
in the same crystallization furnace heated at the required treatment tempera-
ture, and then cooled in air.

The heat treatment temperatures were varied in the range of 800 to 1000 °C;
the time of crystallization was in both cases counted from the moment of
placing the sample in the isothermic zone of the crystallization furnace.

X-ray diffractometry

The measurements were carried out on powdered samples ground under
identical conditions, using the Rigaku-Denki diffractograph with mono-
chromatic CoK, radiation, scanning region @ = 5 to 30 deg.

For identification of the precipitated phases the determined d-spacings and
relative intensities I/I, were compared with ASTM standards.

The heights of the main diffraction peaks of precipitated phases were deter-
mined as a measure of their relative content.

Differential thermal analysis was carried out on the Netzsch apparatus.
The sensitivities employed were 1 mV and 0.05 mV, the heating rate 10 °C/min
and 2 °C/min respectively. The ground samples had a grain size of 0.3 tol mm.

Metastable separation
Some of the glass samples exhibited metastable liquid separation, taking
place during the cooling of the homogeneous melt down from its melting
temperature. The critical immiscibility temperature of some samples was
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high, c.g. with 65/10/25 it amounted to 1150 °C. In these cases the samples
cast into the form of rods (3 to 7 mm in thickness) werc whitish in colour or
opaque. Phase separation could only be suppressed by extremely rapid
quenching of small amounts of melt.

In the ternary diagram in Fig. 1 the compositions examined are plotted
together with specification of sample appearance after air cooling. As implied
by this Figure, the tendency to separation decreases with increasing Al,Os
content at both constant MgO content (glasses 75/5/20, 70/10/20/, 65/15/20),
and identical SiO, content (glasses 65/5/30, 65/10/25, 65/15/20).

For comparison, the diagram in Fig. 1 further shows the region of metastable
separation for the three components and 1000 °C and the boundaries of
three-component compositions separating on cooling according to Varshal [6].
A comparison of these results with our experimental ones shows that addition
of the nucleants employed broadens somewhat the region of compositions
separating in the course of cooling.

Characteristics of the precipitated crystalline phases

The following crystalline phases were determined by X-ray diffraction
analysis in the crystallized samples: a ZrO, phase, Mg petalite, solid solutions
of f-quartz, enstatite.

In view of the low ZrO, content in the glasses, only higher intensity dif-
fraction peaks could be identified in the compositions in question. Their width,
in particular at the beginning of crystallization, allows to assume a very small
size of crystals of this phase or a considerable degree of nonuniformity in the
crystalline structure.

The experimentally determined values d and relative intensities I/, for
vhe ZrO; phase are listed in Table I.

Table I

The results of X-ray diffraction analysis
of the ZrO; phase

d(&) I/I,
2,92 100
2,63 21
1,80 ©21
1.51 14
1.46 17

A comparison of the experimental values with tabellated data on known
zirconium compounds has shown that very similar values d and /I, arc exhi-
bited by several phases, namely tetragonal ZrO,, =olid solutions of ZrO, wit,
cubic or tetregcnal lattice, and Z1TiO,.

Since the values determined for the main diffraction maxima did not permi
their explicit identification, this crystalline phase is further called “‘the ZrOt
phase’. ] 2

In literature [3], [6] where Z10, was likewise used as nucleant of volum

e
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crystallization, the ZrO, phase is designated as ‘“ZrO, solid solutions with
a tetragonal or cubic lattice’.

Some compositions contained, after their crystallization, considerable
amounts of Mg petalite which constituted the main phase and coexisted only
with the ZrO, phase.

Evaluation of X-ray diffraction spectra of the crystallized samples yielded
for Mg petalite the d and I]I, values listed in Table II, columns 4 and B.
Column A4 pertains to Mg-petalite precipitated from glass containing 5 to
10 mol 9%, Al,O3;. The composition which was closer to the connecting line
Si0, — MgO . Al;O3, i-e. that for MgO/AL,O; = 1, containing 15 mol %, Al,Os,
yielded Mg petalite with somewhat different d and I/I, values, which are
listed in column B. Table II also lists literary X-ray data for Mg petalite.

Table 11
The results of X-ray diffraction analysis for Mg petalite

SS?}::?;ZII- ?él]d Holmquist [3] Values measured
d[A] 1/I, d[A] I/I, a[A] A I/, d[A] B IiI,
7.2 8 7.17 8 7.1 7 7.02 11
4.08 8 — — — — - —
3.79 20 3.74 100 3.75 8 3.69 100
3.69 100 3.66 90 3.66 100 3.63 95
3.58 25 3.56 15 3.55 17 3.54 22
— — 2.66 4 — — — —_
2.55 11 2.54 8 2.59 5 2.54 7
2.47 8 2.45 3 — — — —_
2.39 8 2.38 5 - — — —
— - 2.10 2 - — — —
1.95 6 2.05 9 2.05 7 2.04 10
1.90 5 1.91 3 1.91 6 1.91 7

The comparison shows that similar differences in d and /I, of Mg petalite
also arise in the results by Schairer [2] and Holmquist [3]. The ratio MgO/A1,O3
in the initial glass was larger than unity in study [2] and equal to unity in
study [3].

The course of crystallization in terms of temperature and
composition

The time of heat treatment was 30 minutes with all the samples. The
crystallization was effected by cooling the melts down to crystallization
temperature. Apart from composition 45/15/40 all the melts investigated
crystallized in volume after having been cooled down to the respective suitable
temperature of max. 1000 °C. The formed crystalline phases were determined
in the crystallized products by of X-ray diffraction. The height I of the main
diffraction peak of each phase was used as an index of its relative amount.
The results are summarized in Fig. 2.
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Crystallization of the ZrO, phase

The ZrO, phase precipitated at both the lowest and the highest crystallization
temperatures with all the compositions. The amount of this phase increases
proportionally with crystallization temperature. As indicated by Fig. 2 e.g.
on compositions 45/10/45 and 60/10/30, the ZrO, phase precipitates at lower
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I'ig. 2. The course of precipitation of crystalline phases in terms of melt crystallization
temperature and composition. Time of treatment 30 minutes. Composition of melts
wn mol % Si02/A1203 MgO:

1 45/10/45 2 — 45/15/40 3 — 50/10/40
4-—60/10/30 5 — 65/5/30 6 — 65/10/25
7 — 65/15/20 8 — 70/10/20 9 — 7515120 10 — 75/10/15

A ZrO, phase, O Mg petalite, @ enstatite, + solid solutions of (3-quartz.
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temperatures than the other crystalline phases. In agreement with the results
of study [12] it can be stated that ZrO, phase is the first crystalline phase in
the compositions investigated.

Crystallization of Mg petalite

According to the results in Fig. 2, Mg petalite is the main crystalline phase
in the material containing 10 to 15 %, Al,03; and more than 50 %, SiO:.

The temperature dependence of precipitation for this phase is similar with
most of the compositions in question. The amount of Mg petalite first increases
to a maximum with increasing temperature, and then decreases. The decrease
of Mg petalite content is accompanied by an increase in the content of §-quartz
solid solutions; with some compositions (65/10/25) also enstatite is formed
at higher temperatures. A comparison of the results in Fig. 2 further suggests
that the crystallization temperatures at which the maximum Mg petalite

10 20 30 4‘0 50 Gn
Aly03 [ mol %]

Fig. 3. Metastable existence region of Mg petalite;

O composition yielding Mg petalite by crystallization, x composition at which Mg
petalite was not determined.

content was achieved, increase with increasing SiO. content in the initial
material. The height of this temperature is likewise affected by the molar
ratio MgO/AlL:Os in the initial material. The results in Fig. 2 (e.g. compositions
70/10/20 and 75/10/15) indicate that with MgO/Al,O; approaching unity
there increases the tendency of the melt to crystallization of S-quartz solid
solutions.

Analyses of the phase compositions of heat treated samples allow to determine
approximately the composition range of melts yielding Mg petalite during
crystallization. This region is plotted in Fig. 3, and the relative quantitites for
the individual compositions are distinguished by the size of the dots.
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The highest content of Mg petalite was determined in samples prepared by
crystallization of the melt 65/10/25. The kinetics of volume crystallization of
this phase was studied in detail in [12]. The maximum crystallization degree
attained the value of 0.72 at a crystallization temperature of 950 °C.

Crystallization of f-quartz solid solutions

Solid solutions of f-quartz do not crystallize from the material containing
5mol. % Al,O;. According to the results in Fig. 2, with the exception of
composition 45/10/45, the amount of this phase increases with temperature.
The onset of crystallization is shifted towards higher temperatures when
compared with Mg petalite.

The increase in the content of f-quartz solid solutions mostly involved
a decrease in the content of Mg petalite. An increasing content of the former
was noted in relation to a shift of the initial melt composition towards the
Si0;-MgO . Al:O; line, i.e. closer to the composition of the crystals of this
phase. This tendency is indicated in Table III. With most of the compositions

Table 111

Relative amounts of 3-quartz solid selutions in terms ef melt composition

. . . ! Crystalliz.
Composition Main diffr. . )
[mlol. %] MgO/AL0, peak intensity ‘I fcm[Eizg]l.tuxc
45/10/45 4.50 12 ‘ 950
50/10/40 4.00 34 ] 1000
65/10/25 2.50 139 | 1000
70/10/20 2.00 57 | 1000
75/10/15 1.50 264 | 1000
65/15/20 1.33 230 950

the highest content of f-quartz solid solutions was found at 1000 °C with the
exception of compositions 45/10/45 and 65/15/20 where the temperature was
950 °C.

As shown by Table 111, f-quartz solid solutions crystallized even in compo-
sitions considerably far from the SiO.-MgO . Al,O; line. This can be explained
so that crystalization is preceded by metastable liquid separation, where
composition of separated liquid phases differs from that of the initial melt
above the critical immiscibility temperature. Separation taking place before
crystallization was proved by electron microscopy in study [12], and in the
case of TiO,-containing glasses in studies [7], [8].

The course of enstatite precipitation

The pyroxen crystalline phase was the main crystalline product in low-
silicate compositions (up to 50 9, SiO,) and in those of 5 9, Al,0; content
(Fig. 2, composition 65/5/30). The amount of enstatite increased with increasing
temperature of crystallization.
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A comparison of phase compositions of samples with 10 9, Al,O; (Fig. 2)
suggests that the amount of precipitated enstatite decreases with increasing
SiO, content and the onset crystallization temperatures of this phase increase
simultaneously. Similarly to the case of f-quartz solid solutions, enstatite was
precipitated even from compositions quite removed from the existence region
of this phase, as for example composition 75/5/20 at 1000 °C. This composition
exhibited a strong tendency to liquid separation (Fig. 1).

A comparison of the courses of crystallization between melt
and glass '

Composition 65/10/25 was employed for this purpose. The temperatures
and time of crystallization were the same for samples prepared by cooling
the melt, as for those prepared by heating the glass to the crystallization
temperature. Use was made of glass separated by casting the melt into the
form of dia. 8 mm rods and their free cooling in air, and of unseparated glass
obtained by rapid quenching of small amounts of melt. After appropriate heat
treatment the samples were subjected to X-ray diffraction analysis. The
results and crystallization conditions are listed in Table IV.

Table IV

Comparison of melt and glass crysrallization 65/10/25 composition. Time of crystallization 30 min.

Initial state i Cl‘ysthg?atlon Crystalline phase, main peals intensity in mm
| )
Clear glass 900 ZrO; — 21
950 7ZrO; — 33, Mg pet. — 187 B-quartz
solid solution — 22
Separated glass 900 ZrO; — 25, Mg pet. — 30
950 7Zr0O2 — 38, Mg pet. — 226 B-quartz
} solid sol. — 8
| Melt 900 7Zr0; — 44, Mg pet. — 210
950 ZrO, — 68, Mg pet. — 240

The results in the Table indicate that the same phases are precipitated
in the crystallization of both melt and glass. Only in the case of glasses crys-
tallized at 950 °C there was an additional minority content of f-quartz solid
solutions.

On the other hand, the mutual differences in the amount of phases precipit-
ated from melt and glass suggest that crystallization proceeds at its highest
rate in melt, and at a higher rate in separated glass.

Stability of Mg petalite

Examination of the course of crystallization in terms of temperature (Fig. 2)
showed that a decrease in the content of Mg petalite was in most cases accom-
panied by precipitation of f-quartz solid solutions.
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However, enstatite was also precipitated from composition 65/10/25. The
following measurement was carried out in order to verify the assumption that
high-temperature decomposition of petalite involves crystallization of f-quartz
solid solutions.

A low-temperature crystallization product containing considerable amounts
of Mg petalite was reheated at a higher temperature where it is already
unstable. The final phase composition was determined by X-ray diffraction
analysis. The results are listed in Table V, an example of powder diffraction
patterns is shown in Fig. 4.

Table V
Decomposition of Mg petalite at higher temperature
Initial sample Final sample
Treatment Crystalline Treatment Crystalline
temperature y I [mm] | temperature o1y - I [mm]
. phase " phase
and time and time

65/10/25 Mg petalite 226 Mg petalite 85
crystallized Zr0O, phase 38 1030 °C B-quartz ss. 61
glass B-quartz. 30 min. ZrQ; phase 44
950 °C/30 min. S cnstatite 15
65/15/20 Mg petalite 133 B-quartz ss. 193
crystallized ZrO, phase 37 980 °C Mg potalite 83
melb 3-quartz ss. 16 90 min. ZrO, phase 56
900 °C/30 min.

According to these results, Mg petalite as a low-temperature crystallization
product becomes unstable when heated at higher temperatures, decomposes
and there arise solid solutions of f-quartz as phases more stable at the given
temperature. If the crystallization is preceded by separation, then at low
temperatures Mg petalite crystallizes from one liquid phase, while at higher
temperatures solid solutions of f-quartz are formed. The second separated
phase is probably a source of enstatite, as implied by a comparison of the
phase composition of crystallized samples in Fig. 2 for the composition of
10 % Al,0; and 45 to 75 mol 9, SiO-.

Differential thermal analysis

The conditions of formation and transformation of Mg petalite were also
investigated by means of DTA on glass 65/10/25, at first at a heating rate
of 10 °C/min. The DTA record shown in Fig. 5 yielded 7y = 712 °C, the
first exothermic peak onset 7'; = 820 °C, the second peak 7', = 1030 °C.

Iig. 4. A part of X-ray diffraction patterns. Base glass composition 65/15/20. 1 — melt
crystallization at 900 °C, 30 minutes, 2 — change in phase composition of sample
due to exposure of sample 1 to 980 °C for 90 minutes, P — Mg petalite, Z — ZrO:
phase, B — B-quartz solid solution.
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1030°C
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820°C
1 1 I 1
700 800 900 1000 t[°C]
Iig. 5. DT A of glass, composition 65[/10(25, heating rate 10 °C[min.
T T T T [
885°C
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1 1 1 1 1
700 800 800 1000 1100
t{ec]

Fig. 6. DT A of glass, composition 65[10[25, heating rate 2 °C|min.
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X-ray diffraction analysis showed the first DTA peak to correspond to
crystallization of the ZrO, phase, the other peak to crystallization of f-quartz
solid solutions and enstatite. Immediately after attaining 1030 °C, only the
Zr0O; phase was determined. This means that at a glass heating rate of 10 °C/min
Mg petalite cannot form and at temperatures of about 1000 °C there crystallize
directly solid solutions of f-quartz, and enstatite.

The DTA measurement was therefore repeated at a heating rate of 2 °C/min.
The DTA record is shown in Fig. 6. X-ray diffraction analysis has shown
that the first minor thermal changes at 710—820 °C correspond to gradual
precipitation of the ZrO, phase, the main exothermic peak with its onset
at 885 °C corresponding to crystallization of Mg petalite. The minor high-
temperature peak in Fig. 6 probably pertains to precipitation of f-quartz
solid solutions after previous decomposition of Mg petalite, or crystallization
of enstatite.

The heating rate of 2 °C/min is thérefore sufficient for the crystallization
of Mg petalite.

DISCUSSION

The transformation of Mg petalite to f-quartz solid solutions observed
in the present study is in agreement with the results by Holmquist [3] and
Conrad [5]. The increasing amount of Mg petalite with increasing SiO, content
up to 65 mol. 9, within the region shown in Fig. 3, and the simultaneously
decreasing enstatite content in crystallized products allow to assume that
the composition of Mg petalite belongs to the higher-siliceous region, as
suggested by Schreyer and Schairer [2].

The samples corresponding to the assumed region according to Varshal [4]
contained enstatite as the main phase.

Precise determination of Mg petalite was complicated by the fact that the
compositions from which it crystallized in larger amounts separated prior to
crystallization, in agreement with the results by Varshal [6], [7].

The composition of the separated liquid phases is unknown; however,
according to the results of our measurements, Mg petalite and f-quartz solid
solutions at higher temperatures should precipitate from a liquid phase having
a higher SiO, content.

T'he second separated phase with a lower SiO, content may be the source
of enstatite.

Varshal, on the other hand, assumes that the low-siliceous separated phase
is the source of Mg petalite. Some of the disagreements may be due to different
effects of ZrO, (used in [4], [5] and in the present study) on separation and
nucleation (in particular on the composition of the separated phases) when
compared to the effect of TiO, employed as nucleator in Varshal’s work.

The differences in d and 1[I, of Mg petalite in Table II for crystallized
samples of various compositions suggest that the substance is probably
a solid solution. It is interesting that similarly to f-quartz solid solutions,
there were prepared samples containing Zn petalite and composed, MgZn
petalite [10], [14], [15], [16].

From the point of view of properties these phases are interesting in that
by gradual substitution of MgO with ZnO in the initial composition the glass
crystalline materials exhibit a continuous decrease of thermal expansivity
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from o = 36 to 46X 10-7/°C for Mg petalite-based materials down to « ~ 0
when MgO is totally replaced by ZnO.

The differences in the crystallization rates of melt and glass are probably
due to the fact that nucleation begins already during the cooling down of the
melt to the crystallization temperature [12], [16].

The differences observed in the rates of transformation between separated
and unseparated glass, obtained by different cooling rates, are probably the
result of a similar effect.

As the precipitated crystalline phases were identical in both types of glass,
heating up of primarily unseparated glass to crystallization temperature prob-
ably again brings about separation preceding the crystallization proper.

CONCLUSION

Most of the melts and glasses investigated crystallize in volume. It is possible
to utilize single-stage treatment without tempering in the regions where
nucleation alone prevails. The crystallization rate of melt is higher than that
of glass of the same composition at the same crystallization temperature.
The ZrO, phase (first crystalline phase), Mg petalite, f-quartz solid solutions
and enstatite crystallize in that order at up to 1000 °C. The course of their
precipitation depends on temperature and initial composition. Mg petalite
is decomposed at increasing temperatures, and f-quartz solid solutions are
precipitated.

The composition of Mg petalite is in the higher-siliceous region of about
65 to 75 mol 9, SiO; in the ternary diagram; the substance is probably a solid
solution. Precise determination of the composition of Mg petalite is complicated
by metastable liquid separation taking place before crystallization, so that
crystallization proceeds in separated liquid phases which have a composition
different from that of the original homogeneous melt.
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KRYSTALIZACE TAVENIN A SKEL V SYSTEMU MgO — Al;0; — SiO:
S NUKLEATORY ZrO, + TiO,

Josef DUSIL
Vyzkumny a vyvojovy ustav technického skla, Praha

V literatuie vénované krystalizaci v systému MgO—Al,0;—SiO; je nékolik informaci
o metastabilni fazi Mg petalitu [2]—[5]. Mezi predpokladanym sloZenim podle [2] a [5]
jsou rozdily (obr. 1), podobné jako v udajich o podminkédch jeho tvorby a pfemény na
stabilngjsi féze. Precipitaci Mg petalitu byla proto vénovéna hlavni pozornost.

Byla utavena skla, pro néz molarni podil MgO/Al,O; > 1 (obr. 1). Pro docileni obje-
mové krystalizace bylo pouzito nukledtortt 6 mol. % ZrO, + 3 mol. % TiO, stejné pro
vSechna sloZeni. Skla s mz$im obsahem Al,Os; byla opalescentni az bild v nasledkem meta-
stabilniho odmiseni béhem ochlazeni taveniny na vzduchu (obr. 1).

Na zdakladé udaju v [9], [11], [16] byla krystalizace provéddéna pretavenim primdrniho
skla a rychlym ochlazenim taveniny na krystaliza¢ni teplotu s vydrzi po stanovenou
dobu. Pro srovnéni bylo pouzito i izotermni krystalizace skla.

Kromé slozeni 45 SiO,, 15 Al,0;, 40 MgO (mol. % zdkladnich sloZek) vSechny ostatni
taveniny krystalovaly v objemu pri vhodné krystaliza¢ni teploté do 1000 °C. Vysledky
praskové rtg. difrakéni analyzy jsou na obr. 2.

Prvou krystalickou fazi byla ZrO, — faze (pravdépodobné tuhy roztok), experimen-
talné uréené d a I[I, jsou v tab.I. Rentgenografické udaje pro Mg petalit jsou v tabulce II.
Ze slozeni s obsahem 10 mol. % Al;O; (sloupec 4) se vylu¢oval Mg petalit, jehoz d a I/1o
byly ponékud odlisné od téze faze krystalujici ze slozeni s 15 mol. % Al,O;3 (sloupec B
tab. II).

Okruh sloZeni poskytujicich pii krystalizaci Mg petalit je na obr. 3, kde je rozliseno
1 mnozstvi této faze u jednotlivych sloZeni. Obsah dalsi faze — tuhé roztoky B — ki‘e-
mene, vzrustal s posunem sloZeni ke spojnici SiO, — spinel (tab. III).

Z vysledkti v tabulce 1V vyplyva, ze krystalizace probihd rychleji v taveniné nez ve
skle, rozdily vSak byly i mezisklem odmisenym a neodmisenym (pfipravenym drastickym
ochlazenim taveniny). Pfi¢inou jsou pravdépodobné rozdily v nukleaci, k niz dochdzi
jiz v prabéhu ochlazovani taveniny [12], [16].

Podle vysledkt v tabulce V a obr. 2,4 dochdzi za vyssich teplot k rozpadu Mg petalitu
a precipitaci tuhych roztokt B-kfemene. Podminky tvorby Mg petalitu pfi zahfivéni
skla byly sledovany DTA (obr. 5, 6).

Pred krystalizaci tavenin, které poskytovaly Mg petalit jako hlavni fdzi, nastdvé
odmiseni. Podle vysledka na obr. 2 a podle [12] je zdrojem Mg petalitu i tuhych roztoka
B-kiemene (za vyssich teplot) odmisend fdze s vy$sim obsahem SiO;, z druhé nizko-
kifemi¢ité faze se vyluéuje enstatit. Slozeni Mg petalitu je proto ve vyse ki‘emidité oblasti
slozeni (cca 65—75 mol. % Si0O;) podobné jako uvédi Schreyer a Schairer [2] a pravdé-
podobné jde o tuhy roztok.

Obr. 1. Slozent vysetiovanych tavenin a skel v trojslotkovém diagramu v mol. %, O &ird skla,
® opalescentni skla, @ zakalendt skla, @ sklo rozdélené na dvé vrstvy; A — oblast metasta-
bilntho odmisent podle Varsala [6], B — oblast sloZent skel odmésujicich pii ochlazent podle
Varsala [6)].
Graficky rozlisené oblasti wvniti diagramu jsou oblasti piedpoklddaného slozent Mg petalitu
podle [2] a [4].
Obr. 2. Prabéh vyludovani krystalickych fazi v zavislosti na teploté krystalizace tavenin a na
jegich slozent. Doba zpracovani 30 min. Slofeni tavenin v mol. % SiO; [Al,0;f MgO:

1— 45/10/45 2 — 45/15/40 3 — 50/10/40
4—60/10/30 5—65/5/30 6 — 65/10/25
7 — 65]15/20 8 —70/10/20 9 — 7515120 10 — 75/10/15

A ZrO, — faze, O Mg petalit, @ enstatit, + tuhé roztoky B — kiemene.

Obr. 3. Metastabilnt oblast existence Mg petalitu; O sloZent poskytujict pit krystalizact
Mg petalit, x sloZent, u nichz nebyl Mg petalit zjistén.

Obr. 4. Cast zaznamd z rtg. difrakéni analyzy pro slozeni skla 65/15/20; 1 — krystalizace

taveniny pii 900 °C 30 mainwut, 2 — zména fazového sloZent po vystaveni vzorkw 1 teploté

980 °C 90 minut, P — Mg petalit, Z — ZrO, — faze, 3 —t. t. B — kifemene.

Obr. 5. DT A, slozent skla 65/10/25, rychlost vzestupu teploty 10 °Clmin.

Obr. 6. DTA, slozent skia 65/10/25, rychlost vzestupu teploty 2 °C[min.
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J. Dusil:

KPHUCTAGIJH3AIIMSA PACIIJABOB M CTEROJ B CUCTEME
MgO—AlLO3;—SiO, C KATAJU3ATOPAMM KPUCTAJIJHIAITIIL
Zr0; + TiO,

Hozed Jlycuu

ITayuHo-11ce:1e,{0BaTeLCKII II IPOCKTHLI HIICTHTYT TeXHIIYECROI'o cTekia, llpara

B mureparype no kpucrasumdaiuun B cicreMe MgO—Al,03—Si0, 1piBofATes HEKOTOPLIC
JNaHHbIE OTHOCHTEJLHO MeracTabiapmoil gassr Mg meramura [2]—[5], HO Mexmy 1pej-
I10J1araeMBIM COCTaBOM coryacuo [2] i [4] mmerotes pasyunuist (pic. 1). [Tojjo6HEIM 06pasomM
pacXofATcsI aHHBIE O YCJOBHSIX cro 00pasoBAHMsI H IIpeBpanieiss B Gojiee CTaOMIBHYIO
¢azy. Ilosromy B mpuBopuMOIi paboTe y/eisieTcsi 1JIaBHOE BHIMAHHE KPHCTAJIIIM3alliil
Mg perajmTa.

TIpHroTOBIIIM pasHbIe BIYIGI CTCKAd C MOJIAPHBIM oTHouieHineM MgO/Al,Os > 1 (pic. ).
[l moJrydeHust 00LEMHOI KPHCTAIIN3AINIT IPHMEHSII KaTausaTopsl 6 Mou. 9%, ZrO, +
+ 3 mom. Y TiO2, ogHHAROBLIC ;WA BeeX cocTaBoB. Crexia ¢ 0ojice HHBKUM COjlepH<aHICM
Al,03 oKasaich OlIAJICCIEHTHAIMIL ¢ TIePeX0oM B OeJIbIil IiBeT B pe3yJIbTaTe MeTacTaOHIILHOro
paccJIoeHHsI BO BPCMs OXJIaM{eHllsi pacIulaBa Ha Bosgyxe (puc. 1).

CoryiacHo maHubpM B [10], [14] npoBommin KpHCTa/mIN3alio IIyTCM MepellJaBKH ICPBU-
HOTO CTeKJIa, ﬁesuo OXJIaKJasl PACIIAB JJO TeMIIEPATyPLl KPHCTAJIH3ALMIL C YCTAaHOBJICHHOI
Beitepkoi. [losi comocraBiensl I10JI530BaJINCH TOMKE H30TEPMHYECKOll KpHcraluimsaleif
cTexia. Bee pacrnuraBni, 3a HCKIIIOUEHHMEM paciliaBoB, cojepxamux 45 SiOa, 15 Al O,
40 MgO (Moi1. 9, OCHOBHLIX KOMIIOHEHTOB), KPICTAJLIN3YIOT B 0OBeMe IIPH NOJ{XOJsiiieil
remireparype Kpuerammdamun o 1000 °C. PesyxanTaThl JI0POIIKOBOIO PEHTI€HOBCKOIO
IupaKIHOHHOIO aHAJI3a IIPHBOJIATCS Ha pic. 2. llepBoi kpucrammayromntei (pasoif oxasnl-
Baerca ZrO, — (asa (npaBfenofoOHO TBepJblii pacTBOP). IKCIEPHMEHTAJLHBIM ITyTeM
ycranoBjieHHble (pasnl & 1 I/I- npuBoATcs B Tadi. 1. PeHTreHorpaguueckie JanHne OTHOCIH-
TeapHO Mg merasura mpusefeHbl B Tabu. II. I13 cocraBa, cojepariero 10 Moi. 9% AlOs
(cTou6 A) Buigesnsiercs Mg neranut, & 1 /7o HECKOILKO OTIHYAIOTCSI OT TOil 2Ke ()asbl, Kpi-
CTAIIIN3YIONIeH 113 cocTaBa, cojeprxkaiero 10 moi. % Al,Os (cToub B B Taba. II). KommyectBo
COCTaBOB, JAIONUIX IIPII KPHCTAJIIIN3alui Mg merasiiT, HPHBOJNUTCSI HA PIIC. 3, TE PA3JIuaeTcsa
Aaxke KOJIM4eCTBO Toii ke (asbl y OoT/edbHBIX cocTaBoB. CoflepkaHie JasbHeiimeil assr —
TBEpJile PacTBOPLL (-KBaplia, IIOBHIIAETCS B 3aBHCHMOCTH OT CMEINEHHs COJEepPIKaHIIA
K coeuuHsromeif nmpsmoii Si0, — mmmpexns (ta6ir I1I). Ilpn KpucTasyMsauun paciulaBoB
M CTEKOJI ¢ HH3KHM cojepxanieM SiO, BBIENANCA 9HCTATHT Kak IviaBuas (pasa. U3 peayin-
TaTOB, JIPHBOJHMBEIX B Ta0i. IV ciiegyer, uTo KpicTa/uIM3aisI B pacoiaBe IIporexaer OvicTpee
yeM B cTexje. Pasimyus B CKOPOCTH KPHCTAJNIM3AIUMII ObLINM TaKKe YCTAHOBJIGHBI MEKTY
PACCIIOCHHBIM 1 HCPACCJIOGHHBIM CTEKJIOM (IIOJIYUCHHRIM DE3RHM OXJIalKj[eHlieM pacllaBa).
IIpaBpenofoOHOIl IIPHYNHOM SIBJIAIOTCST Pa3iUMA B HYKJIeallll, IIpoTekaloneil yzKe Bo BpeMs
oxJlaskaenis1 pacoiana [12], [16].

CorstacHo peaysisTataM B Ta®i. V m Ha puc. 2, 4 npu 6ojiee BLICOKHX TeMIlepaTypax
IPOHCXOAHT pacnaji Mg meTannTa 1 KpHCTaJIJIH3amiis TBEPALIX PacTBOPOB B-KBapua. Y cJo-
BHA oOpasoBaHuA Mg ieraiuTa IIpI HarpeBaHMM CTeKJIa McclejloBayich ¢ nomomsio JITA
(puc. 5, 6).

o KpHCTauIM3aLMI paclulaBOB, AAONMX Mg IerasuT, KOTOPYIO CYHTAIOT OCHOBHOIf
$asoii, npoxomuT paccsoerne. COrslacHO pes3yJIbTaTaM Ha PHC. 2 0 corIacHO [12] nerounurkom
Mg netasmira 1 TBEpALIX pAacTBOPOB B-KBapma (mpir 6osiee BEICOKMX TeMIlepaTypax) sBJIfAeTc s
pacciroenHas ¢asa ¢ 6osiee BHICOKIM colepxkamueM SiO;, B TO BpeMs Kak 13 (asbl ¢ HH3KHM
cofiepKaHieM KBapna Bbigensercs sHcratHT. lloaromy cocraB Mg merasita HaxXOmNTCHA
B obiacti ¢ GoJice BLICOKHM COfiepscaHMeM KBapha (nmpuosmsnuressHo 65—75 Mo %, SiO;
U IpaBfemnoj[o0HO 3TO TBCPALIH pacTBOP).

Puc.. 1. Cocmag uccaedyesmbis pacnaagos w CMeroa ¢ mperkosnorewmol duazpasse 6 aon. Y%;

O — npoapaunvie cmeraa, @ — onasecyenmuvie cmeraa, @ — eaywenvie cmeraa,
@ — cmerao, pasdeaerroe na déa caos;, A — obaacmuv smemacmabuaviiozo paccaoenus
coeaacro Bapwasy [6], B — o6aacmv cocmasa cmekon, y Komopux npu oxaaicdenuu

coeaacno Bapwany [6] npoxodum paccaoenue. I'pagpunecku omaunarowuecs obaacmu
enympu Ouazpasmpl npedcmasasiom coboli obaacmu npednoaazaesozo cocmasa Mg
nemaauma coeaacro aumepamype (2] w [4].
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Crystallization of Melts and Glasses ...

Xo0 swideacnus kpucniaaaneckuy (iaz ¢ 3a6UCUMOCINIL ONL INCMNEPAIMYPOL K PUCTRARAIL-
sayuu pacnaasos. Bpess mepsoobpadomrit 30 wmun. Cocmas pacnaasos e soa. Y
S102/Al05/MgO:

1 — 4511045 2 4515140 3 — 50[10]40

4 — 60/10/30 ; a — 05/5/30 6 — 0656]10]25

7 — 65]15/20 8§ — 70/10]20 9 — 75/5/20

10 — 75110(15

A — ZrOz-aza, O — Mg nemaaum, @ — oncmamum, -+ — meepdvie pacmeopbl
B-reapya.

. Memacmaduavias obaacmy cywecmeocanus Mg nemaauma: O — coCTaB, daowguii
npu kpucmarsuzayuw Mg nemaawm, X — cocmas, y womopoeo Ng nemasum re Gora
yemaiegac.

Permeenoepasar 0aa cocmasa 65[15[20; I — rpucmasauszayus pacneasa npu

meanepamype 900 °C, gpesa 30 yun., 2 — usatenenue cocmasa faz npoodu 1, nodeep-
eaexoic me.ssnepamype 980 °C go epessa 90 sun., P — Mg nemaaum, Z — 2LrOz-gpasa,
B — meepduiti pacmeop B-neapya.

3. ATA, cocmas cmeraa 65[10[25, chopocms nodvesta mesnepamypuy 10 °C [aun,

. 6. AT, cocmas cmeraa 65[10(25, ckopocmo nodwvesa mestnepamypur 2 °C[muin.
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