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Abstract: Test recipes of petrurgical materials, based on basalt raw materials and technological additives were developed. The 

influence of the additives used, their quantities and the mode of thermal treatment on the crystallization processes in the experimental 

samples was investigated. Products with microcrystalline structure and predominant crystalline phase of augite were obtained. By applying 

the gas counter-pressure casting method and a set of precision casting molds, products with a variety of mechanical and physicochemical 

characteristics were obtained. The optimal technological conditions for the production of petrurgical materials, suitable for the making of 

technical equipment with application in different industries, were established experimentally. 

Keywords: STIMULATED CRYSTALLIZATION, BASALT RAW MATERIALS  

 

1. Introduction 

The gas counter-pressure casting method makes it possible 

to improve the mechanical and operational properties of the 

casted products at high efficiency [1, 2]. It is a unique method for 

the production of materials with optimal structure, well-

reproduced shape configuration, hard surfaces and absence of 

external and internal defects. This method allows filling the 

casting molds with a dense laminar flow of melt as a result of 

which after crystallization castings that meet the preset technical 

requirements [2] are obtained. The difference between the 

pressure and the counter-pressure can be controlled and regulated 

within wide margins. It is possible to choose a suitable difference 

between these pressures not only for each individual casting but 

also for the filling and shaping of the individual parts of a 

casting. Crystallization occurs at high pressure (about 2 MPa), 

which prevents the gases dissolved in the melt from being 

released as gas bubbles. The value of the pressure can be 

controlled precisely at all stages of the process and thanks to this 

it is possible to fill the casting mold uniformly. This results in 

high-quality, dense and pore-free castings.  

The processes of glass formation, the structure of the glassy 

state and the crystallization of glassy materials have been 

investigated by a number of authors [3-11]. The obtained samples 

with amorphous structure can be subjected to heat treatment for 

secondary crystallization. It is slower than primary 

crystallization, but the structure that is formed is finer and 

homogeneous, as a result of which the physicochemical 

characteristics of the materials improve. At the same time, the 

introduction of some additional components (elements and 

compounds) into the primary compositions stimulates the 

crystallization process [3]. 

Basalt is one of the most widespread magma rocks and is a 

preferred raw material for petrurgy. It is suitable as feedstock for 

the production of a variety of cast stone products due to its 

relatively low melting temperature, suitable linear properties, and 

high crystallizing ability. The obtained products can be exploited 

under different conditions [12] and are characterized by a variety 

of properties [13-15]. 

The purpose of the present paper is to study the 

stimulation of the crystallization processes of casts made of 

petrurgical materials using the gas counter-pressure casting 

method and to explore the possibilities of obtaining products with 

microcrystalline structure. 

 

2. Experimental procedures     

The starting materials were prepared using a set of KERN 

laboratory scales, a 50 liter porcelain mill with milling bodies, a set of 

standard sieves, еtc. A prototype two-chamber autoclave installation 

for the casting of silicate melts by the gas counter-pressure method 

was used (Fig. 1). In the lower chamber was placed the melt to be cast, 

and in the upper chamber was installed the casting mold. 

 

 
 

Fig. 1. Casting installation using the gas counter-pressure method. 

 

The melt is pushed to the mold under the pressure in the lower 

chamber, overcoming the counter-pressure of the gas in the mold. 

The installation was designed as a standard vertical pneumatic 

machine with a working pressure of 10 kg/cm2, with the possibility of 

creating a difference between the pressures in the two chambers. The 

filling of the mold was monitored and, when necessary, was 

accelerated in order to improve the feeding in the areas of the casting 

where there was a risk of voids. The pressure was maintained until the 

crystallization was completed by adjusting the desired pressure 

difference between the two chambers. 
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The working gases used were nitrogen or argon, depending 

on the composition of the melt. The installation was able to 

function both under pressure and in vacuum. The melting 

chamber is a cylinder with a bottom and a top cover that has a 

hole and ends with a flange for attaching the casting chamber. 

Inside the melting chamber is installed an inductor powered by a 

25 kW, 8 kHz generator. Melting is carried out in a quartz glass 

ceramic crucible placed in a heating sleeve made of high-density 

graphite. The bottom cover has nozzles for filling with gas and 

for vacuuming, as well as mounting holes for the power supply 

cable of the inductor and for a thermocouple. The casting 

chamber consists of a cylindrical part with two connecting 

flanges and a cover. There is a guide bushing and a fixing bolt at 

the upper part of the camera. The casting parameters were:  

pressure of 5 kg/cm2, mold temperature of 250°C and casting 

time of 10 seconds. 

The experiments were conducted using basalt frit (with 

dimensions of less than 5 mm) obtained from a deposit near the 

village of Voneshta Voda – Veliko Tarnovo District and the town 

of Tsarevo – Burgas District. 

X-ray analysis was performed with an automatic X-ray 

powder diffractometer Bruker D8 Advance with CuKα radiation 

(Ni filter) and registration by a LynxEye solid state detector. 

Qualitative phase analysis was performed using the PDF-2(2009) 

database of the International Centre for Diffraction Data (ICDD). 

Differential Thermal Analysis (DTA) was performed using a 

STA PT1600 TG-DTA/DSC (Germany) apparatus. The 

experiments were done in an inert gas medium at a temperature 

range from 20 to 1300oC at a heating rate of 10oC/min. 

A microscopic examination was performed on laboratory 

prepared sections, which were micrographed using a Stemi 2000-

C binocular microscope and a Amplival Pol D laboratory 

polarizing microscope with installed ProgRes CT3 Jenoptic 

(Germany) camera.  

The obtained samples were examined using a SEM Philips 

525 U scanning electron microscope with an EDAX 9900 

analytical system. 

  

3. Results and discussion 

 

In the study of the crystallization process of the amorphous 

samples it was found that despite the well-defined peak of 

crystallization in the obtained DTA curves, the time for the 

formation of the crystalline structure (about 9 hours) was 

unsatisfactory. 

Different quantities of initiators were used to stimulate the 

crystallization processes of castings made of petrurgical materials 

(Table 1). 

 Table 1. Amount of the initiators added. 

Initiator CaF2 TiO2 Cr2O3 SiC MoSi2 

Quantity, % 2 ÷ 4 5 ÷ 8 2 ÷ 4 1,5 1 ÷ 4 

It was found that when using CaF2 as an initiator, at a 

concentration of 2-3% the samples began to opalesce after 5 

hours, and at a concentration of 4% – after 1 hour when kept at 

the temperature of maximum crystallization rate. The observed 

opalescence is considered a consequence of the presence of small 

amounts of residual CaF2 (due to its strong volatility) and of the 

prolonged retention during melting. On the other hand, the presence 

of CaF2 in larger quantities disturbs the CaO:MgO oxide ratio and 

adversely affects the physicochemical characteristics of the final 

product. On this basis, the introduction of CaF2 in the compositions 

was determined to be technologically inappropriate.  

Upon adding 5 to 8% of TiO2 as an initiator of crystallization, a 

surface crystallization was observed after keeping the samples at a 

temperature of 900°C for 6 hours, which suggests that upon 

prolongation of the retention time (over 6 h), the crystallization will 

spread into the volume of the samples. From a technological point of 

view, this retention time is unjustifiably long. 

Upon the addition of 2 to 4% Cr2O3 during melting (at about 

1350°C), an sustainable fluidized bed was observed, indicating that 

Cr2O3 is not absorbed by the melt, and the crystallization centers are 

unevenly distributed, resulting in a non-uniform structure of the final 

product. 

When SiC was introduced in varying amounts, satisfactory results 

were obtained, but at temperatures above 1400°C was observed an 

increase of the gas phase (when monitored under a microscope, small 

bubbles could be seen). This is probably due to the thermal 

decomposition of SiC and the oxidation of C to CO2.  

When introducing MoSi2, no such phenomenon was observed and 

therefore this stimulator has been considered the most appropriate one 

for the purposes of the study. 

Basalt frit was mixed with finely ground (below 0.063 mm) 

MoSi2 at concentrations of 1, 2, 3 and 4%. The melting was carried out 

at 1350°C for 2 hours. Crystallization was recorded at 820-840°C 

using DTA analysis. The petrographic analysis of the obtained 

samples showed that the structure is microcrystalline, grainy, with 

prism-needle transitions. The resulting petrosilicates were mainly 

formed from pyroxene (about 80-85%), which was in the form of grain 

germs of 2-10 μm. In some regions it was present in the form of 

developed individuals with a prismatic-needle, partially-skeleton 

shape, grouped into cirrus or pseudo-spheroid aggregates. The crystal 

sizes range from 15 to 30 μm and in rare cases, up to 40 μm. The 

performed X-ray analysis confirmed the petrographic one, with the 

crystalline phase of augite being identified (Fig. 2), and the resulting 

siltalic structure was characterized by the presence of augite mineral 

composition. 

01-088-0854 (A) - Augite - (Mg,Al,Fe,Ti,Cr)(Ca,Na,Fe,Mg)(Si,Al)2O6 - Y: 70.97 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 9.73100 - b 8.87900 - c 5.28000 - alpha 90.000 - beta 106.280 - gamma 90.000 - Base-cen
Operations: Background 1.000,1.000 | Import
File: plocha statichno.raw - Type: 2Th/Th locked - Start: 5.300 ° - End: 79.984 ° - Step: 0.029 ° - Step time: 52.5 s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 5.300 ° - Theta: 2.650 ° - Chi: 0.00 ° - Phi: 0.0
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Fig. 2. X-ray diffractogram of a sample of marlstone from a deposit near 

the village of Svetlen, Targovishte District. 

 

Using basalt raw material from a deposit near the village of 

Voneshta Voda, with the addition of 2% MoSi2, specimens of an 

amorphous structure were prepared using the method of gas counter-

pressure casting and were subsequently subjected to secondary 

crystallization. 
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The study of the physicomechanical properties of these 

samples gave the following results: 

• relative weight – 2.99 g/cm3; 

• acid resistance to H2SO4 – 99.04%; 

• acid resistance to HCl – 97.12%; 

• water absorption - no more than 0.13%; 

• compressive strength – 623.2 MN/m2; 

• flexural strength – 97.8 MN/m2. 

The developed materials can be used for the production and 

assembly of different aggregates, equipment and systems 

involved in metallurgical and chemical industrial technology: 

installations for  pneumatic transport of fluxes and other bulk 

materials, hydraulic transport of aggressive liquid reagents to and 

from reaction vessels (electrolysis baths, etc.), construction of 

supporting tubular fittings, lining of reaction vessels and of 

appliances supplying coke to blast furnaces, equipment for 

cyclones for capturing powder fractions in agglomeration plants, 

etc. 

Using the gas counter-pressure casting method, various 

articles were produced by the research team: stop valves; thin-

walled pipes (with diameter below 80 mm) suitable for pumping 

equipment for acids; stirrers resistant to aggressive substances 

(various liquids, suspensions), etc. 

 

4. Conclusion 

 

The processes of stimulated crystallization of samples 

obtained from basaltic raw materials using crystallization 

promoters/stimulators were investigated. When incorporating 

some additives (TiO2, CaF2, Cr2O3 and SiC), the desired 

technological results were not obtained. By introducing up to 3% 

MoSi2 as a crystallization stimulator, materials with a suitable 

microcrystalline structure and a predominant crystalline phase of 

augite were obtained. 

The physicochemical and mechanical properties of the 

products obtained by the gas counter-pressure casting method are 

superior to the performance characteristics of the products 

obtained by the conventional casting methods. The optimal 

technological conditions for obtaining technical products 

applicable in chemically aggressive and abrasive environments 

have been established. The obtained products can be used to 

manufacture industrial equipment for various technological 

processes: transportation of bulk raw materials and aggressive 

liquid reagents to and from reaction vessels, tubular fittings, 

lining of reaction vessels and of appliances supplying coke to 

blast furnaces, etc. 
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