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Abstract. The subject of this research is phasic transfoonatiof quartzites that are under
temperature treatment to remove moisture. Thisnigolgy is used in enterprises operating
melting furnaces. The studies have shown that wsitegnperature regime consisting in heating
to 800° C and holding for 2 hours, after coolingadzite changes its color and appears a shift
in the angle of the interplanar distances of thegstat lattice by 6.6% in it. The use of a
temperature treatment regime consisting in heatrigp0° C and holding for 4 hours does not
reveal such changes. With subsequent exposureete ttamples of the temperature regime
corresponding to the sintering process of the Jitiee following is established. In a sample
pretreated with a temperature of 800° C, at a teatpee of 1550° C, a tridymite phase
appears. In the sample of a 200° C pretreated teftiperature, a phase of cristobalite appears
without tridymite.

1. Introduction

Quartzite, based on silica, is widespread in theaalwegical industry, where it is used in the
production of ferroalloys and as a raw materialdoid refractory bricks — dinas. Quartzite alsowaf
producing unshaped refractory materials for martufacof linings for induction furnaces, iron
smelting and steel-casting ladles. The active @isedaiction crucible furnaces for smelting syntheti
pig iron from a metal scrap, consisting only okestcrap, carburizing and ferroalloys, reducespiar
the resistance of the acid liner and causes a mareful study of the properties of quartzite on
exposure to various temperatures. Because thengeémperature has risen to 1550-1600 °C, it is
necessary to get a more thermally stable phaseataite — cristobalite after sintering in the fgi
Traditional technology is used to obtain the tridgnphase, so the temperature regime for removing
moisture in the original quartzite is 800-900 °Qhem, a lining is made from this quartzite, which,
after sintering, guaranteed the appearance ofritigniite phase. This phase is the most stable at
operating temperatures not higher than 1470 °C.rébearch objective is to determine the conditions
under which the phase of cristobalite appears lsppaghe tridymite phase in the lining after its
sintering.
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2. Materials and methods

Research was conducted on a BRUKER D8 ADVANCE Xdfractometer with Bragg-Brentano
focusing. An HTK 16 high temperature chamber wasdu® carry out temperature experiments on a
diffractometer. An X-ray tube with a copper anodaswsed; the diffraction spectrum was recorded
with a high-speed position sensitive detector VAINCFE The survey was carried out at scanning
angles ® = 10- 90in steps of 0.007 [1].

In 1912, Fenner C.N. published in [2] the diagrana single-component Sgystem (Figure 1).
According to the diagram, it was believed that¢thenges occurring in quartzite when it is heated to
870°C are insignificant and do not affect refractomesnufacturing technology. This fact was noted
in [3, 4], but Wettegren V. |. found distortionsthie crystal lattice of the-phase of quartz under the
influence of growth dislocations [5].
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Figure 1. A diagram of a single-component Si€ystem constructed by K. Fenner

Vapor pressure, conv. unit

On that base, at the first stage let us assigtagieof studying the changes in the crystal latice
quartzite under different temperature regimes toone moisture. Two samples were prepared. The
first sample was exposed to a temperature regimsigting in heating to 800 °C and holding for 2
hours (the diffractogram is shown in Fig. 2).



International Conference Information Technologies in Business and Industry 2018 IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1015 (2018) 052016  doi:10.1088/1742-6596/1015/5/052016

1.37544

400

182040
d=1.542 56
138264 4

(]
(=]
[=]

d=
138553 4

(2]
(=]
[=]

Lin (Counts)
d=2. 8180

d
1.282849

125843

1R7257

g=g.4ﬂ3l:l1

d
d=

122870

d

d
=1.20114

d=

o= 1.60895

...-»L‘...._Al"u....__....__._.........J emrad

Ef:Theta - Sga le

Figure 2. A diffractogram of quartzite: heated to 800 °Cldnier 2 hours, removed after cooling
to a temperature of 30 °@:is quartzite; d is the interplanar distanée,

After cooling, quartzite changed its color and filieowing changes occurred in its crystal lattice.

1. The average value of interplanar distangeatl 25 °C was 1.89674] and at 800C — 1.9856
(A); that is, it increased by 4.5%. In the intervhlaagle ® = 20.419-59.859, this value increased
from 2.089 A) t0 2.46992 4) (15.4%). With subsequent cooling to 30 Yalue d, was 1.8822115(),
and in the interval of angle@= 20.419-59.859, this value was 2,28279.(Thus, with heating,
soaking and cooling,ddecreased by 0.77%, and in the interval of an@le=220.419-59.859 this
value increased by 8.5%.

2. The intensity decreased by 10.3%.

3. The angle of interplanar distancés shifted to the right by an average of 0.2% whiobld be
interpreted as an error. But in the interval oflar®p = 20.419-59.859, the shift was 10.9% at 800 °
C, and with further cooling up to 3CC; it was 6.6% relative to the original, which iretAuthors’
opinion led to a change in the color of the origopzartzite.

4. Along with the change in the interplanar dis&rthe density of unit cell Dx changed. At 25 °C
Dx = 2.643g / cfy and at 800 °C Dx = 2.216g / &nihe density decreased by 16.2%; with further
cooling to 30 °C, it took the initial value.

5. The density of unit cell V was changed. At 25VG 113.28A% and at 800C V = 118.86A°.
The density increased by 3.6%; with further cootm@O0 T, it took the initial value.

6. Simultaneously with these changes, the sizéefdttice was changed. At 25 °C, a = b = 4.921
A, ¢ =5.400A, and at 800C, a = b = 4.994 and c = 5,434\ Sizes a and b increased by 1.86% and
the size of ¢ increased by 1.5% and with furtheliog to 30 °C took the initial value.

The second sample of quartzite was subjecteal tamperature treatment regime consisting in
heating to 200 °C and holding for 4 hours. Figush8ws the diffractogram.
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Figure 3. Diffractogram of quartzite: heated to 200 °C, hield4 hours, removed after cooling to
a temperature of 30 °G:is quartzite; d is the interplanar distanke,

After cooling, quartzite obtained minor changes thd not affect the properties of quartzite:

1 The average value of the interplanar distang@ti25°C was 1.8541A), and at 200C — 1.9253
(A) that is, it increased by 3.8%. In the intervalagle = 20.419-59.859, this value decreased
from 2.215 Q) to 2,111 A) - by 4,7%, and at the subsequent cooling toG36Lg, it was 1,85243X),
and in the interval of angleg= 20.419-59.859, this value was 2. 2&3 (Thus, with heating, soaking
and cooling, g, decreased by 0.1% (one could say that it did hahge), and in the interval of angle
20 = 20.419-59.859, this value was equal to theahitalue.

2. The shift of the angle of interplanar distan2@svith heating to 200C and the exposure left to
2.94%, and with further cooling to 3Q teturned to the initial value.

Thus, the authors have established irreversiblexgd® in the crystal lattice of quartzite, when
exposed to a temperature regime consisting inrgeédi 800 °C, holding for 2 hours and then cooling.
For this reason, the next stage of the study waefiect on these samples of the temperature regime
corresponding to the sintering of the liner. Figdrehows a diffractogram of quartzite, from which
moisture removal was carried out at 800 °C.
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Figure 4. A diffractogram of quartzite at 1550 °@:is quartzite;# is tridymite; d is the interplanar
distance A

As a result, it was found that at a temperaturg5&0 T, a tridymite monoclinic (rhombic) phase
appears with lattice dimensions: z = 18.504p0 = 5.00644, ¢ = 23.84504, V = 2125.0843,
Dx = 2.25 g/cm, and the phase was quartzite hexagonal with éelensions a = b = 4.965 and
¢ =5.424, V = 116.79A3, Dx = 2.595 g/cth

Figure 5 shows the diffractogram of quartzite, frarhich moisture removal was carried out at
200 °C.
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Figure 5. A diffractogram of quartzite at 1470 °@:is quartzite# is crystobalited is the interplanar
distance A
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It is established that at a temperature of 1470tli€e was a phase - cristobalite cubic with cell
dimensions a = b = ¢ = 7.12000V = 360.94A3, Dx = 2.211 g/ct) and phase - quartzite hexagonal
with cell sizes a = b = 4.965 and ¢ = 5.424/ = 116.79A3, Dx = 2.595 g/cth Thus, the authors
have received a phase - cristobalite cubic, bypgdsie phase - tridymite monoclinic. The possipilit
of such transformation was noted in work [6].

3. Conclusion
It has been established that the drying of quartzita temperature of 200° C makes it possible to
obtain the phase of cristobalite, bypassing thaymnite phase; after that, the lining of the indoti
crucible furnace on its basis is made on this basis the cro-tobalite phase is carried out. In the
future, the share of cristobalite content will imase by 30% with each melting cycle. Studies of the
heat capacity and thermophysical properties ofettipgartzites showed the following advantages of
quartzite, pretreated at 200° C in comparison withrtzite pretreated at 800° C:

1 The heat capacity from the cycle to the meltipge varies smoothly and by a value greater by
100%.

2 The volume thermal deformation is lower by 40%.

3 The coefficient of linear expansion is less thartimes.

All this allows us to conclude that the use of bsaed changes in the crystal lattice of quartzite
makes it possible to create a lining for an inductcrucible furnace that has high resistance in
smelting synthetic pig iron at a metal scrap tequires melting at temperatures above 1500° C.
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