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Abstract Taking as an example two commercial varieties of rock crystal used for the manu-
facture of transparent silica glass, the effect of the total content of isomorphous substitutions on
the melting rate of quartz and the rate of its transformation to cristobalite has been determined.
Quartz that contains more than 100 ppm of these impurities melts more rapidly than pure quartz.
More rapid is also the rate of its transformation to cristobalite, yet the optical properties of silica
glass formed from cristobalite are worse than those of glass obtained from quartz. Therefore, quartz
should be heated to its melting point at a rate preventing its change into cristobalite.

INTRODUCTION

; Phase transformations of SiO, have been a subject of extensive studies. The

temperature of polymorphic changes, their mechanism and kinetics, as well as the
factors determining these changes, have been investigated in detail. Relatively
little known, however, is the process of melting of quartz. The course of this pro-
cess is of primary importance for the manufacture of transparent silica glass
as it determines the quality of this glass, particularly its homogeneity, force
of crystallization and transmission of ultraviolet light.

It is now generally held that the two thermodynamically stable polymorphs
of Si0, are quartz and cristobalite, each of them having a high- ‘(a) anfi low-
-temperature (B) modification. The transformation of quartz to cristobalite has
been a subject of extensive studies (Chaklader 1963; Chaklader, Roberts 1958;
Roberts, Chaklader 1961). As appears from these studies, cristobalite forms from
quartz at about 1450°C. This change, however, does not take place di;ectly but
through a transient phase, metacristobalite, the exact nature of which is not yet
known. It is thought to be either an amorphous substance (Pranisnikov 1971)
or cristobalite with a poorly ordered structure (Chaklader 1963).
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Pure quartz heated at a sufficiently rapid rate melts at 1600 — 1650°C, changing
into a melt without the transformation to cristobalite. Upon cooling, ‘the melt
becomes silica glass. The high-temperature modification of SiO,, a-cristobalite,
which is stable above 1470°C, melts at 1713°C.

As appears from earlier investigations (Stoch, Laczka, K}lqharski 1980), sam-
ples of coarse-crystalline quartz (rock crystal) of different origin melt at dxfferent
rates. Heated in the same way, they change directly into a melt or their melting is
preceded by the formation of varying amounts of cristobalite. The latter has the
form of fine-grained powder which is hard to sinter and melts at a much higher
temperature than quartz.

The rate of phase transformations of silica is appreciably affected by minera-
lizers. They are substances containing alkalis, as well as CaO, MgO, Fe,0,, Al,O,,
in their composition. The addition of substantial amounts of mineralizers causes
quartz to pass to tridymite. Tridymite is not pure silica as it contains alkalis and
alkaline earth metals, as well as iron and aluminium, in its structure, their
total content running up to a few per cent. It is feasible that the behaviour
of quartz in the process of melting, and especially the amount of cristobalite being
formed, may also depend on the content of impurities, including isomorphous
substitutions in the structure, as well as on the imperfection of its crystals, such as
lattice defects, gas and liquid inclusions, etc.

The effect of structural impurities on the formation of cristobalite in the process
of melting of rock crystal is the subject of this paper. Studies have been made of
the behaviour of rock crystal in the process of manufacture of silica glass by the
method developed by Thermal Syndicate Company Ltd. The method involves
the melting of raw material at 1950°C in an electric vacuum rotary furnace with
a graphite electrode. Rock crystal used in this method is reduced to a grain-size
of 0.3—0.5 mm. To facilitate the grinding, its crystals are heated to 900°C and
subjected to thermal shock.

EXPERIMENTAL

Investigations were carried out on quartz used for the large-scale production
of silica glass. It was African rock crystal of the trade name of ”Angola” and the
“Telequartz” rock crystal from Brazil, differing in the degree of chemical purity.
The total content of impurities in the Brazilian quartz was twice as high as
in the African rock crystal (Table 1).

The quartz crystals to be investigated were carefully purified and ground to
a grain-size of 0.1 —0.5 mm. They were preheated in an electric furnace in an atmo-
;p}l)_e{re of air at 1500°C for two and four hours to induce the change into cristo-

alite.

Quartz in natural state and samples subjected to thermal pretreatmen
melted at 1650°C and 1750°C in a Baltzers vacuum furnace inI;talled atetl:ewliz
search and Development Centre POLAM in Ozar6w near Warsaw. The samples
were held in graphite c.rucibles at the melting temperature for 0.5 hr. The heating
rate was: 50 —60°C/min. over the temperature range from 20 to 1300°C, 4°C/min
fror_rllhl30(})]° to 1500°C, and 6°C/min. above 1550°C. , ,

he phase composition of samples heated at different tem -
termined using a variety of research methods. Thermal analysli)ser:/::;rt:rslagzsw(ijteh
:tihMOMkBudapest Derivatograph apparatus. Quartz content was determined from
e peak of DTA curve of B-quartz = a-quartz polymorphic transformation at

573°C, and cristobalite content from the peak i ite 2 i i
transformation, appearing at 240 —265°C. eak il il R
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Fabiliel
The content of impurities in ,, Telequartz” and ,,Angola” quartz
Impurities ppm
Quartz -
AlLO, | Fe,0,| CaO | MgO [ Na,0| K,O | Li,0 | MnO| CuO | TiO, | Total
Angola 42.6 28 2.8 1.0 5.0 155 35 1.0 1.0 2.0 60,7
Telequartz 69.7 2.8 21.8 812 14.0 6.0 6,5 0.6 0.5 1.5% ) 1267

To determine the content of cristobalite, infrared absorption spectroscopy was
also used. Infrared spectra were obtained with a Zeiss UR-10 spectrometer. Cristo-
balite content was estimated from the intensity of the 620 —622 cm ! band, charac-
teristic of B-cristobalite.

Raman spectra were recorded for some samples with a Varian Carry 82 spectro-
meter. This method was used to confirm the presence of vitreous phase. Ac-
cording to Gorlich et al. (1980), silica glass displays bands at 604, 444 and 490 cm ",
permitting one to detect its presence besides crystalline forms of silica when
its content is as low as 1 wt. %. The phase composition was also controlled
by X-ray method, using a DRON-3 diffractometer. Ultraviolet spectra of silica
glass melted from the rock crystals studied were obtained with a Zeiss UVIS
spectrometer.

RESULTS AND DISCUSSION

Quartz heated at 1500°C changes progressively into a-cristobalite. From DTA
curves (Fig. 1) it is evident that the degree of this change is different for the
two rock crystals under study. As the heating time is prolonged, the peak of
the low-high quartz transformation at 573°C diminishes and simultaneously
there appears a peak of the polymorphic transformation of cristobalite (263°C).
The “Telequartz” quartz changes rapidly into cristobalite. After 4-hour heating
the peak of quartz disappears, which indicates that its content has decreased to
less than 10 wt. %. The degree of transformation for the ”Angola” quartz,
which shows higher purity, is less. After 4-hour heating the bulk of quartz has
not changed, and a weak peak of quartz is still visible (Fig. 1, curve 6).

As a result of heating of the “Angola” quartz at 1500°C, the doublet at
780 —798 cm !, typical of quartz, becomes less pronounced in its infrared absorp-
tion spectrum (Fig. 2). After 4-hour heating, a single band of cristobalite appears
in its place at 790 cm~'. This phase also displays a characteristic band at 623 cm ™.
At the same time a change has been noted in the shapes of quartz bands occurr-
ing between 400 and 600 cm~' and between 900 and 1300 cm™!.

In the case of the “Telequartz” quartz, cristobalite bands attain considerable
intensity already after 2-hour heating (Fig. 3, curve b). This fact confirms the earlier
statement that this quartz changes more rapidly into cristobalite than the ”An-

"gola” quartz. The degree of transformation of "Telequartz™ after 4 hours, determin-

ed from its infrared spectrum, is 80 wt. % compared with 35 wt. 7 for the
”Angola” quartz (Table 2).

X-ray investigation has confirmed the presence of cristobalite anq unchanged
quartz alone in the two quartz samples heated at 1500°C. The determined content
of quartz. however. is relatively low. It follows therefore that besides cristobalite
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Fig. I DTA curves: a — untreated , Telequartz”, b — ,Telequartz” preheated at

1500°C Ioi 2 hours, ¢ — ,,Telequartz” preheated at 1500°C for 4 hours, d — untreated

»Angola™ quartz, ¢ — ,, Angola” quartz preheated at 1500°C for 2 hours, / — ,,Angola’
quartz preheated at 1500°C for 4 hours '
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Fig. 2. Infrared absorption spectra: @ — untreat-  Fig. 3. Infrared spectra: a — untreated ,Tele-

ed ,,Angola” quartz, b — ,,Angola” quartz heated quartz”, b — ,,Telequartz” heated at 1500°C for

at 1500°C for 2 hours, ¢ — ,,Angola” quartz 2 hours, ¢ — ,Telequartz” heated at 1500°C for
heated at 1500°C for 4 fours 4 hours

and quartz, a substance is present that completes the content of these two crystalline
phases to 100%. It failed, however, to be detected by X-ray method or infrared
absorption spectroscopy.

Optical examination under the polarizing microscope has revealed the presence
of isotropic substance besides quartz and cristobalite grains which are anisotropic
in polarized light. This substance fills up fractures and fissures in quartz grains
and corresponds to the so-called metacristobalite, described in several papers.
It is held that it is a substance with the structure of cristobalite which is so
defect that it deos not show optical anisotropy.

As a next step, the behaviour of quartz heated at 1650° and 1750°C in
a Baltzers furnace was investigated. It is known that quartz begins to melt at
these temperatures. After heating at 1650°C for 0.5 hr the “Angola’ quartz grains

T aibilve* 2
Phase composition of quartz heated at 1500°C
Quartz Heating time (hrs) Phase composition
Angola 2 Quartz, ca 4% of cristobalite
Angola 4 Quartz, ca 35% of cristobalite
Telequartz 2 Quartz, ca 20% of cristobalite
Telequartz 4 Quartz, ca 80% of cristobalite
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become sintered due to the formation of a small amount of glass-like, optically
isotropic, substance at the grain boundaries. An isotropic soubstance also appears
along fractures in quartz grains. It makes up gbgut_ 20 wt. %. Locally cnstoballte
crystallizes from the substance, yet its amount is insignificant (Table 3). At 17500C
the amount of isotropic substance increases markedly, running up to 40 wt. %.
The areas it occupies expand sideways from the fractures and fissures, deep
into the grains. This manifests itself as the broadening of these fractures. The
substance in question occasionally forms lenses inside quartz grains and cements
separate grains, whereby the material becomes strongly sintered. The content of
this phase, determined by optical microscopy, is 20 wt. %. At 1750°C the melting
of cristobalite also takes place. Its content decreases, being 4% compared with 7%
ascertained at 1650°C. ‘

The “Telequartz”” quartz melts at a considerably more rapid rate. At 1650°C
the content of optically isotropic phase is as high as 40%. At 1750°C its content
runs up to about 80 wt. %. It replaces quartz grains, the shape of which has been
largely preserved. These grains are cemented with this substance, and their edges
have been rounded. Small relics of unchanged quartz are mainly preserved near
the grain edges. The change of quartz grains into optically isotropic glass involves
a gradual decrease in their birefringence. The content of cristobalite also decreases
from 7% at 1650°C down to 4%.

“Telequartz” contains twice as many structural impurities as the ’Angola”
quartz. Due to this, the amount of silica glass formed after 0.5-hour melting at
1750°C is twice greater than in the case of “Angola”.

Preheating of the "Angola” quartz at 1500°C for 2 and 4 hours and subsequent
heating to 1650° and 1750°C enhances the rate of its transformation to cristobalite.
The content of this phase increases respectively from 4 and 79 to 17 and 35%.
It appears therefore that the transformation initiated by the longer heating of
quartz at a temperature favouring the formation of cristobalite takes place rapidly

Tia'b l'ei'3
The content of cristobalite in samples heated at 1650 and 1750°C
i Heating Approximate content
temperature (°C) of cristobalite

Angola 1650 i
Angola 1750 4
Angola preheated at 1500°C for 2 hrs - 4
Angola preheated at 1500°C for 2 hrs 1650 17
Angola preheated at 1500°C for 2 hrs 1750 12
Angola preheated at 1500°C for 4 hrs = 35

" | Angola preheated at 1500°C for 4 hrs 1650 65
Angola preheated at 1500°C for 4 hrs 1750 45
Telequartz 1650 i
Telequartz 1750
Telequartz preheated at 1500°C for 2 hrs - 20
Telequartz preheated at 1500°C for 2 hrs 1650 45
Telequartz preheated at 1500°C for 2 hrs 1750 60
Telequartz preheated at 1500°C for 4 hrs - 80
Telequartz preheated at 1500°C for 4 hrs 1650 85
Telequartz preheated at 1500°C for 4 hrs 1750 56
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during further heating at higher temperatures. At 1750°C the content of cristo-
balite is markedly lower than at 1650°C because its melting takes place.

Similar phenomena have been observed during the heating of “Telequartz”
to 1650° and 1750°C. It melts, however, much more rapidly than the ”Angola”
quartz. The amount of preserved quartz grains is considerably smaller. “Tele-
quartz” preheated at 1500°C shows the far-advanced transformation to cristobalite
at 1650° and 1750°C. The content of this phase runs up to 45% for a sample pre-
heated at 1500°C for 2 hours. The maximum content of cristobalite is 85%
(Table 3) while the optically isotropic phase makes up the remaining 15%.

In order to determine more precisely the nature of the optically isotropic
substance being formed in the process of transformation of quartz to cristo-
balite, Raman spectra (Fig. 4) were recorded for a ,'Telequartz’’ sample heated

800 600 200 200 o1

Fig. 4. Raman spectra of quartz: a — ., Telequartz” heated at 1650°C for 0.5 hr, b —
. Telequartz” heated at 1500°C for 4 hrs and then at 1650°C at 0.5 hr
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Fig. 5. Raman spectrum of silica glass

to 1650°C and for one preheated at 1500°C for 4 hours to produce cristobalite
and then heated to 1650°C. The first sample displayed only bands at 465, 205
and 130 cm~, attributed to unmelted quartz. In the other sample intense cristo-
balite bands were recorded at 417 and 230 cm!. Neither of them, on the other
hand, displayed bands owing to the presence of vitreous phase (Fig. 5). Worth

T aile 4
Transmission of light of various wavelengths (nm) in silica glass obtained from quartz
preheated at 1500°C

Wavelength (nm)
Quartz 220 240 250 300 350 400
siveay; 1
Transmission (%)
Angola 86.8 89.1 89.6 92.1 92.4 92.5
Angola preheated at 1500°C for
2 hrs 84.7 88.0 87.8 89.8 90.4 90.6
Angola preheated at 1500°C for
4 hrs 82.0 86.5 86.7 89.6 90.1 90.4
Telequartz 87.1 88.6 88.6 91.9 92.3 92.5
Telequartz preheated at 1500°C
for 2 hrs 86.9 87.8 88.2 91.7 92.1 92.3
Telequartz preheated at 1500°C
for 4 hrs 81.8 82.0 85.5 89.5 90.0 90.5
Minimum admissible transmiss-
on L 82.0 82.0 85.5 88.5 90.5 90.5
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noting is the fact that X-ray diffraction patterns of these samples do not show
a broad band at 0.4 nm that is typical of silica glass.

Pure quartz and quartz that has largely changed into cristobalite behave
differently in the process of melting. The melting of quartz proceeds progressi-
vely, beginning with the sintering of the raw material throughout its volume.
It is noticeable already at 1650°C and causes a small amount of liquid phase to
appear at this temperature. At 1750°C the charge has the form of solid, partly
vitrified sinter.

Quartz that has been largely transformed to cristobalite by preheating at
1500°C sinters only at temperatures higher than 1700°C. Pelléts of vitrified
sinter form at 1750°C, the bulk of material remaining in the form of powder. The
temperature interval between the beginning of sintering and the melting of fine-
-grained cristobalite appears to be much narrower than for quartz, which has
an effect on the quality of silica glass.

Glass obtained from quartz that showed a high degree of transformation to
cristobalite exhibits lower transmission of light in the ultraviolet region of the
spectrum compared with glass obtained by melting of quartz (Table 4). It also
contains more bubbles.

CONCLUSIONS

From the above studies it appears that isomorphous substitution of Al, Ca,
Mg, Na, K and other elements in the structure of quartz affects substantially its
melting rate and the rate of its polymorphic transformation to cristobalite, even
though the extent of this substitution is insignificant (Table 1). It increases the
rate of formation of liquid phase at 1650°C and higher temperatures. In the rock
crystals studied the increase in the total content of these metals from 60.7 ppm
(”Angola” quartz) to 126.7 ppm (" Telequartz”) was attended with a nearly fourfold
increase in the amount of vitreous phase formed as a result of heating at 1650°C
for 4 hours.

It has also been found that quartz having a higher content of structural
impurities changes more rapidly into cristobalite. At 1500°C "’ Telequartz”, which
contains more impurities, shows a nearly twice higher degree of transformation
than the purer ”Angola” quartz.

Fine-grained cristobalite sinters and melts at a temperature higher by about
100° than quartz from which it has formed. The temperature interval between the
beginning of sintering and the melting.of cristobalite is considerably narrower
than for quartz. Due to this, silica glass obtained from quartz that has largely
changed into cristobalite contains more bubbles than glass obtained by melting
of quartz. It also shows worse transmission of light in the ultraviolet region of the
spectrum.

In consequence, when quartz used as a raw material for the manufacture of
silica glass contains isomorphous substitutions in an amount of 100 ppm or more,
it is recommended to heat it at such a rate that it will not change into cristo-
balite before melting. ] ;

The glass being formed during the melting of quartz at 1650°C fails to display
Raman bands at 480, 444 and 604 cm™!, characteristic of silica g{ass. Neither
does the 0.4 nm band, typical of silica glass, appear in X-ray diffraction patterns.
It can be inferred from these facts that while melting, quartz forms initially
a melt in which the structural elements of quartz are preserved. Upon cooling,

65



B

closer to that of quartz than to

i i ilica glass with the structure : .
I does not display the bands in

the structure of cristobalite, and therefore 1t
question.
n this paper were a contribution to the Research

* Science, Higher Education and Technology. The
financial support of these studies.

Acknowledgements. The studies pre;emed 1
Project No 1-33 sponsored by the Ministry of |
authors wish to thank the supervisors of the Project for the

Translated by H. Kisielewska

REFERENCES

CHAKLADER A.C.D., 1963 — X-ray study of quartz-cristobalite formation. Jour. Amer. Cer. Soc.,

2, 66—71. . # : ¢ _
(‘HAK“lf’ADER AIGD;, ROBERTS ALES'1958 = Kinetics of transformation of quartz. Trans. Brit.

Ce Socti57; 115=147. 4 ! _ _
GORLIC(;-(l”E., l;)l(.ASZCZAK K. et al.. 1980 — The devitrificattion of glasses in the binary system

SiO, —TiO,, Mater. Chem.. S, 289 —302.
[PRIANISiNIKOW W.R.] NPAHUWHKKOB B.P., 1971 — Cucrema kpemHesema. Msa. Jlutep. no
cTpouTensbcTey. Jlenunrpaa. :
ROBERTS A.L., CHAKLADER A.C.D. 1961 — Transformation of quartz to cristobalite. Journ.
Amer. Cer. Soc., 44, 1, 35—41. ] :
STOCH L., LACZKA M., KUCHARSKI J., 1980 — Badania nad procesami wytwarzania szkta
krzemionkowego (raport). Migdzyresortowy Instytut Materialow Budowlanych i Ogniotrwatych
Akademii Goérniczo-Hutniczej. Krakow.

Leszek STOCH, Maria £ACZKA, Jan KUCHARSKI

WPLYW PODSTAWIEN IZOMORFICZNYCH NA PRZEMIANE
W KRYSTOBALIT I TOPIENIE KWARCU

ST ZIciZie e

Na przykladzie dwoch handlowych gatunkow, krysztatu gorskiego ,,Angola’
i ,telequartz” (Brazylia), uzywanych do wytwarzania przezroczystego szkta krze-
mionkowego, okre$lono wplyw sumarycznej zawarto§ci podstawien izomorficz-
nych na szybkos$¢ topienia i przemiany kwarcu w krystobalit.

Z przeprowadzonych badan wynika, ze podstawienia izomorficzne Al, Ca,
Na, K i innych pierwiastkow w strukturze kwarcu maja istotny wpltyw na szyb-
ko$¢ jego topienia oraz przemiang polimorficzna w krystobalit, mimo ze wystepuja
one w nieznacznych ilosciach (tab. 1). Zwigkszaja one szybkos¢ tworzenia si¢ fazy
cieklej w temperaturze 1650°C i wyzszych. W przypadku badanych kwarcow zwigk-
szeniu sumarycznej zawarto$ci tych metali z 60,7 ppm (kwarc ,,Angola”) do
126,7 ppm (,,telequartz’) towarzyszyt okoto czterokrotny wzrost ilosci fazy szklistej,
powstatej w wyniku ogrzewania w 1650°C przez 4 godziny. Rownocze$nie kwarc
o wigkszej iloSci zanieczyszczen strukturalnych szybciej przechodzi w krystobalit.
W temperaturze 1500°C sposrod dwu badanych kwarcow, ,,telequartz’”’ zawieraja-
cy wiecej zanieczyszczen wykazywat okoto dwukrotnie wigkszy stopien przemiany
w pordéwnaniu z bardziej czystym kwarcem ,,Angola”.

'Drobno'ziarnigty krystobalit spieka si¢ i topi w temperaturze okoto 100°C wyz-
szej W porownaniu z kwarcem, z ktorego powstal. Przedzial temperatur pomigdzy
poczatkiem spiekania a topieniem krystobalitu jest znacznie krotszy niz kwarcu.
Powoduje to, ze szklo krzemionkowe otrzymane z kwarcu, ktéry w znacznym
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stopniu przeszedl wczesniej w krystobalit, zawiera wigcej pecherzy niz uzyskane
przez stopienie kwarcu. Wykazuje ono tez gorsza przepuszczalno$é w ultrafioleto-
wej czgSci widma. W konsekwencji uzywajac do wytwarzania szkta krzemionko-
wego surowca w postaci kwarcow, ktore zawieraja podstawienia izomorficzne
w iloci okoto 100 ppm lub wigcej, zalecane jest grzaé je z taka szybkoscia, aby
przed ich stopieniem nie zaszta przemiana w krystobalit.

Szklo powstajace w czasie topienia kwarcu w temperaturze 1650°C nie daje
ramanowskich pasm 480, 444 i 604 cm !, charakterystycznych dla szkla krzemion-
kowego. Na dyfraktrogramie rentgenowskim nie pojawia si¢ tez pasmo okoto
0,4 nm, typowe dla szkla krzemionkowego.

Nasuwa si¢ przypuszczenie, ze kwarc topiac si¢ tworzy w pierwszej chwili stop,
w ktorym zachowane sa elementy struktury kwarcu. Ostudzony przechodzi on w
szkto krzemionkowe, ktorego struktura blizsza jest strukturze kwarcu niz krysto-
balitu i stad brak wspomnianych linii. »

OBJASNIENIA FIGUR

Fig. 1. Krzywe DTA: a — , Telequartz” w stanie naturalnym, b — , Telequartz’ po wstgpnej ob-
robce termicznej w temperaturze 1500°C przez 2 h, ¢ — ,,Telequartz” po wstepnej obrobce
termicznej w temperaturze 1500°C przez 4 h, d — kwarc ,,Angola™ w stanie naturalnym, e —
kwarc ,,Angola’ po wstgpnej obrobce termicznej w temperaturze 1500°C przez 2 h, f — kwarc
., Angola” po wstepnej obrobee termicznej w temperaturze 1500°C przez 4 h

Fig. 2. Widma w podczerwieni: a — kwarc ,,Angola” w stanie naturalnym, b — kwarc ,,Angola”
ogrzewany w temperaturze 1500°C przez 2 h, ¢ — kwarc ,,Angola’ ogrzewany w temperaturze
1500°C przez 4 h

Fig. 3. Widma w podczerwieni: a — , Telequartz” w stanie naturalnym, b — , Telequartz” ogrzewany

w temperaturze 1500°C przez 2 h, ¢ — ,,Telequartz” ogrzewany w temperaturze 1500°C przez
4 h

Fig. 4. Widma ramanowskie kwarcu: a — ,,Telequartz” ogrzewany w temperaturze 1650°C przez 0,5 h,
b — ,,Telequartz” ogrzewany w temperaturze 1500°C przez 4 h, a nastgpnie w temperaturze
1650°C przez 0,5 h

Fig. 5. Widmo ramanowskie szkla krzemionkowego

Ilewek CTOX, Mapus TTOHYKA, An KYXAPCKH

BTMAHUE U3OMOP®HbIX 3AMEWEHUN
HA NMPEBPALIEHUE B KPUCTOBANMUT
N NMIABINEHUE KBAPLIA

Pesrome

Ha npumepe aByx KOMMepuyeckux BWAOB ropHoro xpycrana — ,AHrona’”
u ,, Teneksapu’ (bpasunusa), npuMeHseMbIX ANA NONYYEHWA NPO3PaYHOro CUnu-
KaTHOFO CTeKna, ONpeAeneHo BAMAHUE CyMMapHOro COAGPXAHUA W3OMOPPHbIX
3aMeLeHmii Ha CKOpPOCTb MNaBNEHWA KBApLA W €ro NpespalleHns B KpUcTobanuT.

Mccneposanus nokasanu, 4To usomopoHsie samewenus Al, Ca, Na, K n apyrux
3N1EMEHTOB, HECMOTPA Ha MX HesHauMTenbHoe konuyectso (Tabn. 1) B cTpykType
KBapua, OKa3bIBakOT CyLLECTBEHHOE BIMAHWE HA CKOPOCTb €ro MNNaBneHWA W nonu-
MopdHoe npespaiieHne B Kpuctob6anuT. OHM yCKOPAIOT BOIHUKHOBEHUE XNAKOM
¢asbl npu TemnepaTypax 1650°C u Bbiwe. B uccneaoBaHHbIX BUAAX KBapua ysenu-
YeHne obLIErO KONMUECTBA yKasaHHbIX MeTannos ¢ 60,7 ppm (keapu ,AHrona™)
ao 126,7 ppm (,,Tenekeapuy'’) conpoBoXAanock NOYTH YETbIPEXKPATHBIM POCTOM

kL 3 5 .
KOnu4ecTsa CTeknoBaToi (hasbl, obpalytoLencs Npu Harpese npu 1650°C 8 Te
YyeHue 4 vacos.
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B To e BpeMa KBapL C MOBbILIEHHbIM coaepxaHueM CTpYKTYpI:bIX 3arpﬂ3H6HMﬁ
BbicTpee npespaliaeTcs B Kpuc*ronanwr. Mpu Tempenatype 1500°C ,:Tenexaapu
copepXalwui Gonblie 3arpasHeHUn B cpasHeHuM C BUAOM ,,AHrona”, npoaenan
nouTH B ABa pasa Gonbllylo CTeNeHb NpeBpaLLEHA.

Menko3epHUCTbIM KpUCTOBanuT cnekaetca W nAaBMTCA Npu TemnepaTtype
noutH Ha 100°C Bbiwe TeMnepaTypbl NNaBNeHUA KBapua, 3a CHeT KOTOPOro OH
obpasosancs. TemnepaTypHblii MHTEPBAN MEXAY HAYANOM CNeKaHUA U NnaeBneHuem
KpUCTOBANUTA 3HAYUTENBHO yXKe, YeM Y KBapLa. B cBA3M C 3TMM CUNUKATHOE CTEKNO,
NONy4YEHHOE M3 KBApLa, KOTOPbIW paHee B 3HaUUTENbHOM CcTeneHu npeBpaTUncs
8 KpUCTOBANUT, COAEPXHUT Bonblue Ny3bIpbKOB, YeM cTekno, nony4enHoe nyTem
nnasnenus ksapua. Kpome TOro, OHO OTNIU4AGTCA 6onee cnaboi NPOHULAEMOCTbIO
B ynbTpaduONeTOBOM MHTepBane CnekTpa.

Ovcropa CneayeT, 4To Npu NPOUIBOACTBE CUNUKATHOTO CTEKNA U3 KBApLEBOTO
Cbipb, COAEPXALIEro M3OMOPGHbIE MpUMECH B KONMUUECTBE 100 ppm u bonee,
peKoMeHAyeTCA NpOMU3BOAUTL Harpes C TaKkoW CKOpOCTbIO, 4TOBbI A0 MOMEHTa
NNaBneHWA KBapua He NPOM3OLUNO ero npespalieHne B KpucTobanuT.

Crekno, obpasytolieecs BO BpeMA NNasneHWs Keapua npu 1650°C, He paeTt
pamaHosckux nonoc 480, 44k w 604 c™', KOTOpbI€ XApaKTEPHbLI ANA CUNUKaT-
Horo cTekna. Ha peHTreHoBckoi AnddpakTorpaMme he NOABNIACTCA TakkKe TUNUH-
Has ANA CUNMKATHOro CTekna monoca 0,4 nm.

BosHWUKaeT NpeanofioXeHue, YTO Npu NNaBneHun Keapua B nepBoOHaYanbHbIN
MOMEHT BOIHWUKAeT CNNaB, COXPAHAIOLLMA SNEMeHTbI CTPyKTypbl keapua. [pu
OCTbIBAHUM OH NEpexoAuT B CUIMKATHOE CTeKNo, CTpYKTypa KOTOpOro 6onee
6nu3Ka CTPyKType KBapua, 4eMm kpuctobanuta, u no 3TOMy OTCYTCTBYIOT yNOMA-
HYTbl€ CﬂeKTpaﬂbele NUHUN.

OBbACHEHUA K ®UTYPAM

®ur. 1. Kpuesie ATA: a — , Teneksapu'’’ 8 HaTypanbHoM Buae, b — ,Teneksapu’ nocne npeasapu-
TenbHoM TepMUueckoi obpaboTkm npu 1500°C, B Teyenue 2 wacos, ¢ — ,, Teneksapu’ nocne
npeasapuTenbHoil TepMuueckoir obpaboTku npu 1500°C, & Teuewue 4 uacos, d — kBapu
,AHrona' B HaTypanbHOM BUAE, € — KBapL ,,AHrona’’ nocne npeAsapuTeNbHOW TEPMUYECKOM
o6paboTku npu 1500°C, B Teuenne 2 4acos, f — ksapu ,,AHrona’” nocne npesBapuTeNnbHOM
TepmMuyeckoin obpaboTku npu 1500°C, 8 Teuyenne 4 vacos
®ur. 2. Undpakpacksie cnekTpbl: d — KBapu ,,AHrona’” 8 HWaTypanbHoM Buae, b — keapy ,,Anrona”
npokanenusin npu 1500°C 8 Teuenue 2 vacos, ¢ — kBapu ,,AHrona’”, npokaneHHblih npu
1500°C B Teuyenue 4 uacos
. Undpakpachbie cnektpel: @ — ,, Teneksapu'' e HaTypansbHom suae, b — ,,Teneksapu’, npo-
kanexHbiin npu 1500°C 8 Teuenne 2 vacos, ¢ — , Teneksapu', npokaneHHsih npu 1500°C
B Teyenue 4 vacos
. Pamanosckue cnekTpsi keapua: a — ,, Teneksapy'’, npokanenHbit npu 1650°C & Teuenue 0,5

yaca, b — ,, Tenekeapu’, npokaneunHsiit npu 1500°C 8 Teyenue 4 vacos, a 3atem npu 1650°C
8 Tevyeune 0,5 vaca

®ur. 5. PamaHOBCKMI CNEKTp CMNMKATHOro CTekna



