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Abstract

The paper examines the cavitation resistance of the sintered basalt samples. A change in the sample
mass in function of the cavitation time was monitored for the evaluation of cavitation resistance. The
level of degradation of the surface of the sample was quantified using the image analysis. Analyzing
the progression of erosion samples of sintered basalt, it can be concluded that the mass loss is small,
for 120 min exposure is 2,26 mg, with a cavitation rate of 0.02 mg/min and total surface damage of
the sample surface of 15%. It has been shown that sintered basalt samples can be applied in
conditions in which high cavitation loads are expected.
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1. INTRODUCTION

Basalt is hard volcanic rock. It has good technical characteristics and is used to obtain glass-
ceramics by processes of sintering, melting and casting from basalt aggregate. Glass-ceramic
based on basalt find application in all industrial branches where the problem with the
chemical resistivity and wearability is actual: metallurgy and mining, chemical engineering,
civil engineering [1-3]. In the world, basalt is used as a raw material for the production of
basalt wool, thin and super thin basalt fiber, cast and sintered products, composite materials,
basalt plastics, anti-corrosive materials, building materials, thermal insulation materials [4,
5]. For general application, basalt is used for making technical ceramics, art ceramics, for
making decorative furniture, dishes, glazes and other products [6, 7].

The paper investigated the resistance of basalt to the effect of cavitation. Cavitation is process
of creation, growth and collapse of the cavitation bubble in the flowing fluid. In doing so,
there are high temperatures, pressures and large materials damage in contact with the flowing
fluid. One way to reduce the impact of cavitation is to choose materials that have a high
resistance to damage under the effect of cavitation [8, 9].

2. EXPERIMENTAL

Samples of sintered basalt (SB) were obtained by pressing the basalt powder of 20 um grain
size using the Leitz pressure device under the pressure of 1 MPa. The sample sintering at
1150°C was according to the following regime: raising the temperature to 1000 °C with a
heating rate of 5 °C/min in a time of 200 min; then, heating up to 1150 °C with heating rate of
2 °C/min in a time of 100 min; sintering at 1150 °C in a time of 1 hour. Basalt sample were



analyzed using X-ray diffractometer, "Philips” model PW-1710. The microstructure of the
sample was characterized with the scanning electron microscope JOEL model JSM 6610 LV.

The ultrasonic vibration method (with stationary samples) was used to test cavitation
resistance according to both the ASTM G32 standard [10] and the procedure described in
earlier works [1, 2, 8]. The selected sample time (min): 15, 30, 60, 120. After each test
sequence, mass loss of the sample was measured and sample surface was photographed. The
change in the morphology of the sample surface with the test time was followed by scanning
electron microscopy. Sample surface degradation level was quantified using the image
analysis [11].

3. RESULT AND DISCUSSION

Figure 1 shows the XRD and SEM microphotography of the sintered basalt sample. The
mainly minerals feldspat (basic plagioclase) and pyroxene (diopside) are present. In the
structure of sintered sample, the plagioclase and pyroxene crystals in the basalt mass are
uniformly distributed. Bubbles of different size filled with gas or glass are present in the
structure.
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Figure 1. XRD and SEM microphotography of SB sample.

On the surface of the sample, small pits are located near the bubbles. The pits are arranged
along the edge of the bubble and very little change during the cavitation test, Figure 2.

a. 30 min

Figure 2. The appearance of the bubbles and pits during the cavitation test: small changes in size of
the pits and surface of the bubbles.

This corresponds with a small loss of sample mass. At the end of the test for 120 min, the
mass loss is 2,26 mg, the cavitation rate is 0,02 mg/min. Analyzing the formation and
development of damage to SB samples under the effect of cavitation, a large number of small
pits may be formed in the first 30 min, which are merged and re-formed. The surface damage



mechanism is carried out by continuous and joining of small pits whose average surface is
small, at the end of the test, 120 min, the formed pits were merged, Pay, mm? is 0,9 mm? and
the surface degradation level is 15%. Figure 3 shows the mass loss of the sample during the
cavitation testing and the results of the image analysis: the level of damage to the surface of
the sample, P/Po, ( %), the number of formed pits (Np) and the average area of the formed pits
Pav, (MM?). The pits change the shape and dimensions very little until the end of the test.
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Figure 3. Results of sintered basalt samples during the cavitation testing: mass loss of samples (mg);
surface degradation level, P/Po, %; number of formed pits, Np; average area of formed pits, Pa, mm?,

The high resistance of sintered basalt samples can be interpreted with a fine-grained structure

of basalt, in which the smaller crystals of plagioclase and piroxene are evently distributed in
basalt structure.

4. CONCLUSION

The cavitation erosion of the sintered basalt samples is characterized by the appearance of
small pits located near the bubbles in the basalt structure and their number increases at low
speed during exposure. It has been shown that glass ceramic samples based on sintered basalt
can be applied in conditions in which high cavitation loads are expected.
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