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Results are reported from a study of the effects of temperature on the enthalpy and heat capacity of quartzite.

These effects lead to changes in the crystalline lattice of quartzite. Quartzite is used in the lining of cruci-

ble-equipped industrial-frequency induction furnaces. The patterns of change in the enthalpy and heat capac-

ity of quartzite during service are determined, and it is established that these changes are related to phase

transformations in the lattice and properties of the material that affect the durability of the lining.
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Most crucible-equipped industrial-frequency induction

furnaces have an acid lining based on quartzite. The quartzite

is subjected to the effects of various types of factors during

service: thermal effects — the high temperatures of the mol-

ten metal and sharp fluctuations in temperature during heat-

ing and cooling, particularly during the introduction of a cold

charge; mechanical effects — the high pressure exerted by

the liquid metal, mechanical loading by the solid charge ma-

terials during the charging operation, the erosive action of

the moving melt under the influence of electromagnetic

forces, compressive and tensile forces created during the ro-

tation of the furnace, vibration of the induction coil; chemi-

cal factors — reactions between the melt, the slag, and the

material of the lining. Thus, the compacted and sintered lin-

ing of the furnace needs to have the following characteris-

tics:

– resistance to the action of the liquid metal when it is at

its working temperature and when its temperature randomly

rises above that point;

– the ability to function during the normal temperature

cycles in the furnace and during the repeat melting of the

metal after it solidifies;

– adequate mechanical strength in the cold state and at

the working temperature for the refining operation without

any significant loss of mechanical properties;

– the ability to be removed at the end of the campaign

without having the induction coil damaged;

– the existence of a large temperature gradient between

the melt and the coil, since the metal should rapidly crystal-

lize (solidify) if it enters the lining; that will avoid having

molten metal melt the coil;

– good resistance to erosion and corrosion.

Silica (quartzite) is the very material that (with allow-

ance for its cost) can meet the above requirements if certain

conditions are met. It can do so because of its polymorphism:

a transformation to lighter-weight modifications accompa-

nied by an increase in volume compensates for the shrinkage

of the lining during sintering and stabilizes its volume during

frequent thermal cycling [1]. The service properties of

quartzite are determined by its chemical composition and,

even more so, by its structure and the phase transformations

which take place in it. Those transformations are accompa-

nied by changes in enthalpy and heat capacity. Previous stud-

ies have found that polymorphic transformations take place

in quartzite at 117, 270, 573, 1025, and 1470°C. In addition,

proper operation of a crucible-type induction furnace re-

quires a knowledge of how the lining will perform at the fol-

lowing temperatures: 1550°C — the temperature that the lin-

ing is held at at the end of its sintering; 1000 – 1050°C — the
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temperatures to which the furnace cools when the first batch

of metal is being tapped without additional cold-charging;

1450 – 1470°C — the temperature at which the metal is dis-

charged, the exact temperature within this range depending

on the grade of the metal being made; 800 – 900°C — the

temperature to which the lining cools during discharge of a

batch of metal and charging of the next batch.

The goal of the experiments we performed was to estab-

lish the laws that govern the changes in the crystalline lattice

of quartzite as it is heated during the sintering operation and

the changes in the temperature regime during the operation

of the furnace. The material that was tested was quartzite of

grade PKMI-2, which is made by the OAO “Dinur” in accor-

dance with the standard TU 1511-022-00190495–2003.

A synchronous thermal analysis was performed on the in-

strument “NETZSCH STA 449C Jupiter” with a heating rate

of 10 K/min. Data points were collected at a rate of

100 points/min during the analysis.

Two corundum crucibles were used. The test specimen

was placed in one crucible and the other crucible served as

the control. The crucible material was chosen based on the

highest temperature to which the specimen and the test mate-

rial would be heated. The material should not react with cru-

cible in the course of the experiment. To ensure accurate

measurement, the area of contact between the specimen and

the bottom of the crucible was made as large as possible and

test material was distributed over the crucible as evenly as

possible [2]. First, two experiments were conducted with the

use of the following regimes for drying (calcining) the raw

quartzite: 1 — heating to 800°C and holding at that tempera-

ture for 2 h; 2- heating to 200°C and holding at that tempera-

ture for 4 h. The results are shown in Fig. 1.

An intensive exothermic phase transformation took place

at 570°C in the quartzite that was calcined by regime 1. This

transformation was characterized on the derivatogram by the

area of the peak or the area of the thermal effect (enthalpy)

associated the formation of the new phase, which was nu-

merically equal to –367.3 mJ. The phase transformation was

accompanied by the formation of a looser state of aggrega-
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Fig. 1. Derivatograms of quartzite calcined at 800°C with a 2-h

hold (a) and at 200°C with a 4-h hold (b ).

Fig. 2. Derivatograms of quartzite calcined at 800°C (a) and 200°C

(b ) and subjected to sintering in the lining of an induction furnace.

Fig. 3. Derivatograms of quartzite calcined at 800°C (a) and 200°C

(b ) and subjected after sintering to the working regimes used in al-

loy production.



tion (an increase in volume and a decrease in density due to

expansion of the crystalline lattice). No such changes were

seen in the quartzite calcined by regime 2.

After the quartzite was dried and cooled, a lining compo-

sition was prepared in accordance with the standard practice

and was rammed into place and sintered in accordance with a

special schedule. The maximum sintering temperature was

1500 – 1550°C. The changes that took place in the quartzite

(during the sintering of the lining) are shown in Fig. 2.

Heating to 1550°C was accompanied by exothermic phase

transformations. Roughly twice as much heat was released

(in absolute terms) in the case of the quartz that was calcined

at 800°C.

The next stage of the investigation entailed studying

quartzite at the temperatures that correspond to the service

temperatures of the lining during refining (1470 – 1250

– 870°) immediately after sintering (four refining cycles

were studied). These regimes were maintained until the lin-

ing had completely worn, i.e. until it was removed from the

furnace. As long as the furnace is operated properly, the lin-

ing can last 350 – 380 heats. The exact service life in a spe-

cific case depends on the capacity of the furnace [3]. Thus,

both varieties of quartzite were subjected to further investi-

gation in the above-described temperature regimes (Fig. 3).

The data that was obtained was used to construct graphs of

the changes in the enthalpy and heat capacity of the quartzite

(Fig. 4). The following conclusions can drawn from these

graphs:

– after analyzing the graph that describes the change in

the enthalpy of the quartzite calcined at 200°C and was con-

structed based on the areas of the peaks which were propor-

tional to the thermal effect or enthalpy, it can be concluded

that the process of heat absorption takes place nearly twice as

intensively as the process of heat transfer. For this reason, the

decrease in the volume of the material is greater than the in-

crease in volume and higher-density phases are formed;

– the graph of the change in heat capacity shows that the

�-like jumps connected with phase transformations are quite

large. This means that the phase which is being formed has a

denser atomic packing;

– the heat transfer which takes place in the case of

quartzite calcined at 800°C is 130% greater than the heat ab-

sorption. The total amount of heat expended on phase trans-

formations is 17.7% greater and the �-like jumps on the

graph of heat capacity are 20% smaller than in the case of the

quartzite calcined at 200°C;

– all of the changes take place in the layer of the lining

that undergoes sintering (in the sintered layer). This layer

should have a high density and should release as little heat as

possible to the unsintered or buffer layer. The sintered layer

should also compensate for volumetric changes in the lining

and thus help prevent the formation of large cracks that could

be penetrated by the liquid metal. Based on the proceeding,

quartzite that is calcined at 200°C provides the lining with

more resistance to wear by liquid metal, transfers less heat to

the semi-sintered layer, and slows the wear of the lining as a

whole;

– from an economic standpoint, the use of quartzite cal-

cined at 200°C is very cost-effective because it reduces elec-

tric power consumption, allows the use of low-temperature

furnaces, and eliminates the need for containers made of

heat-resistant alloys.
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Fig. 4. Temperature dependences of enthalpy (a) and heat capacity

(b):�) quartzite calcined at 800°C;�) quartzite calcined at 200°C.
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