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This paper covers the possibilities of domestic basalt processing by advanced
ceramics and melting treatment. We used basalt from the locality of “Donje
Jarinje” (Leposavic) and “Vrelo” (Kursumlija) as a raw material.

Laboratory examinations of the possibilities of basalt processing have
been made mostly in “Centre for Manufacturing of Advanced Ceramics
and Nanomaterials”, Queen’s University (Canada). In processing, we
applied two, in essence different processes. One included milling, pressing
and sintering, and the other melting and casting.

Before sintering, basalt aggregate was milled in the powder then mixed
with the additives and after that, isostaticaly pressed under pressure of 225
MPa.

Casting as a method of basalts processing consists of melting of the
aggregate in an electric resistant furnace, pouring into the mold and
cooling of the castings, with relaxation of internal stress.

Experimental results obtained in these examinations show that the
casting method of treating the basalt gives more possibilities in a matter of
shapes and dimensions of pieces, but the mechanical characteristics of
final products were approximately the same. Wear resistance was high in
both cases, considering that cast pieces have a slightly better wear
resistance. Pieces received by advanced ceramics process show porosity,
and in some cases, this characteristic can be the limitation in final

products application.

Keywords: basalt, basalt glass, sinter basalt, isostatic pressing, wear

resistance.

1. INTRODUCTION

Products made by the processing of basalt can be
considered as entirely new products on our market.
Basalt can eliminate some of the materials that are used
today, and to be a substitute for different imported
materials. Besides the properties of the materials, which
define their application, it is necessary to point out that
the basalt products are not cancerous and that the
technologies of their preparation are clean from the
ecological point of view.

Basalt is a very strong and hard aluminosilicate rock
which belongs to a wide group of granites. Materials
(rocks) from the locality of “Donje Jarinje” belong to
andesite basalts. Andesite basalts are made of
fenocrystals of andesine and basalt plagioclases,
monoclinical augit, rhombic hyperstenes and olivine in a
holodo microcrystalline porphyric base. In the structure
of the basalt we noticed magnetite as a metallic material.
Silica, calcite, chlorite and epydot are the secondary.
Present feldspats are fresh, while alternative products
appear on colored minerals. Andesite basalts have
intensive black color, massive structure, and good
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toughness. Chemical compositions of representative
samples from this locality are given in Table 1 [1,2].

Table 1. Chemical composition of basalt from Donje Jarinje
locality

Percentage of respective components in five
representative samples

1 2 3 4 5

SiO, 5739 | 5596 | 56.82 | 56.21 55.11
TiO, 0.71 0.74 0.80 0.68 0.74
Al O5 18.90 19.40 | 17.27 18.64 | 18.78
Fe,05 2.76 2.80 2.54 3.12 2.80

Component

FeO 3.60 3.01 3.72 4.01 3.12
MnO 0.06 tr. tr. 0.07 0.05
MgO 3.32 3.68 4.01 2.87 3.69
CaO 6.92 8.13 7.99 8.00 8.48
Na,O 2.80 2.60 2.57 2.88 297
K,O0 1.36 1.40 1.58 1.27 1.60
CO, 0.36 0.90 1.06 1.01 1.42
H,0" 0.86 0.72 0.60 0.51 0.74
H,O™ 0.99 0.87 0.90 0.91 0.80

Totally 100.03 | 100.21 | 99.86 | 100.18 | 100.30

It can be seen from the analyses of basalt samples
from “Vrelo” locality, that these rocks are very
compact. Porphyric structure with distinctly marked
fenocrystals, 1 — 3 mm size, was easily noted. Rock
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mass is very fine-grained, crypto crystalline and mat-
black colored. Mineral composition appears in two
ways: as olivine fenocrystals that are predominating and
pyroxene that is inferior. Basic mass is made of
plagioclases, glass and rare ferromagnesian ingredients.
Chemical composition of basalt from this locality is
shown in Table 2 [1,2].

Table 2. Chemical composition of basalt from Vrelo locality

Percentage of respective components in four
Component representative samples
1 2 3 4

SiO, 43.94 45.92 45.63 47.82
TiO, 1.12 1.04 1.20 1.20
Al 04 28.97 26.85 25.43 25.03
Fe,04 3.68 4.20 4.98 2.89
FeO 5.78 5.19 4.84 4.48
MnO 0.12 0.10 0.10 0.11
MgO 3.92 4.93 5.33 3.81
CaO 7.19 6.99 7.89 7.71
Na,O 2.25 2.45 245 2.90
K,0 0.85 0.83 0.83 1.62
P,0s 0.03 0.02 0.09 0.11
S 0.05 0.03 0.03 0.03
H,0'"° 0.68 0.54 0.59 0.28
H,0'"" 1.61 1.03 1.06 2.09

Totally 100.19 100.12 100.45 100.08

Physical and mechanical properties of andesite
basalt (Donje Jarinje) and olivine basalt (Vrelo) are
very similar, and are shown in Table 3.

Table 3. Physical and mechanical properties of andesite
basalt

Characteristic Meas.ure DO.”/ ¢ Vrelo
unit Jarinje
Density kg/m’ 2600 2630
Melting point °C 1170 1150
Compression strength MPa 260 240
(dry state)
Compression strength
(hydro saturated state) MPa 225 210
Compression s‘trength MPa 195 190
(after freezing)
Wear resistance 3 3
(Bohme method) cm’/50 cm 4.50 4.10
Wear resistance o
(Los Angeles method) % 1.5 12.0

2. AIM OF RESEARCH

Because of its exceptional mechanical properties, basalt
is a valued raw material, which is used in civil
engineering, mechanical engineering and processing
industry. Basalt aggregate is irreplaceable in “fast
railways” construction; basalt fibers are excellent
isolation materials that also are used for glass-plastic
composites. Basalt glass is used for wear resistant plate
production, high-quality kitchenware, and many
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machine parts and elements of constructions. The aim of
this paper is just to examine the possibilities of machine
parts and similar elements production, using domestic
basalts as basic raw material. To find the optimal way of
basalt aggregate processing, we performed a wide range
of research, mostly in the Centre for Manufacturing of
Advanced Ceramics and Nanomaterials, Queen’s
University, Kingston, Canada. We considered two
possible technologies:

« sintering of fine milled and isostatic pressed

basalt powder, and

« melting of basalt aggregate and casting of melt in

moulds.

Both processes are manifested as suitable for
production of above mentioned parts, although, we
should say that the sintering process is limited to small
parts and parts where porosity has no influence on
exploitation.

3. RESEARCH PROCEDURES AND THE RESULTS
OF INVESTIGATIONS

Pressing and sintering as a process of making test
samples and later machine parts consisted of: a phase of
milling, namely micronising of basalt aggregate, mixing
with additives, pressing and sintering. Basalt powder
was milled and micronised in a tungsten-carbide
vibrating mill. Milling lasted 60 minutes, and after that
granulometric composition (grain size) was as follows:

e <100 microns 100 %;

e <10 microns 60 %.

Then, basalt was mixed with pressing additives (5 %
PEG or 0.6 % cellulose) and dried in an electric dryer at
100 °C. Pressing was done in two steps. Standard
moulds and a hydraulic press, with force of 30000 N,
were used for shaping of the samples. After that samples
were isostaticaly pressed at the pressure of 225 MPa.
Sintering of the samples was done in an electro-resistant
furnace at a temperature range from 1000 to 1100 °C.
For getting high-density, 5 % of a very fine powder of
MnO was added to a certain number of samples.

A number of experiments that we have done showed
that the optimal sintering temperature for the clean basalt
powder is 1060 °C, and for the powder with 5 % MnO is
1020 °C. Dependence between density of sintered basalt
and sintering temperature is shown in the Figure 1.
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Figure 1. Dependence between density of sintered basalt
and sintering temperature

Dependence between density of sintered basalt with
addition of 5 % MnO and sintering temperature is
shown in the Figure 2.
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Figure 2. Dependence between density of sintered basalt
with 5 % MnO and sintering temperature

Sixty minutes was the sintering time, which is
necessary for our samples at these temperatures. While
working on this project we noticed several interesting
phenomena that could have influence, not only on
technological parameters, but also on the selection of the
possible basalt processing technology. It was found that
small changes of temperature have an important
influence on the quality and color of samples. At 1070
°C on the surface of the samples the vitreous phase
already exists and at 1100 °C the liquid phase appears in
considerable quantity with strong bubbling of samples.
Opposite to that, with cooling down to 1030 °C, speed of
sintering decreases and the same is with density and the
bending strength. That means that the furnace, which we
used, must have the possibility of precision regulation of
temperature in the whole range, without appearance of
temperature gradient. Respectively, the furnace, which is
chosen, must have a very homogeneous temperature
field. If it was not the case, sintered basalt would not
have the reproductive quality regarding the mechanical
properties and color of the samples. Optimal results that
we got are given in Table 4.

Table 4. Physical and mechanical properties of sintered
basalt

Characteristic Meagure DO{U ¢ Vrelo
unit Jarinje
Density of sintered ke m’ 2550 2550
samples
Density related to 3
theoretical kg/m 97.77 96.95
Compression MPa 250 250
strength
Bending strength MPa 80— 100 80-90
Fracture B brittle, without pores,
flaws and gas bubbles
Color — brick red or dark brown

It has to be mentioned that the sintering temperature
has influence on the color of the samples. At the
sintering temperatures that we used in our experiments,
present FeO is oxidized into Fe,O;. The color of
samples, which is pale gray, after pressing, becomes
brick red. Of course, the color has no influence on the
quality of machine parts.

Sintering, as a technology process, gives products of
good quality, but it requires exceptional techno-logical
discipline and strict respect of all process parameters.
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To that effect, process of production of basalt parts, by
melting and casting is considered just as the sintering
process alternative. Reasons for that are better economy
and better lucrativeness of this process regarding
pressing and sintering. According to this technology,
coarse crushed basalt is directly melted and after that
poured into metal or sand molds.

Milling, micronizing, and pressing are not necessary,
and mixing, namely homogenization of molten basalt
was done by natural diffusion or with a mixer.
Possibility of waste castings occurrence is much smaller
and the demands for respecting the technology
parameters are considerably less strict. Mechanical
properties of melted basalt are similar to products,
which were produced by sintering, its density is equal to
theoretical and porosity almost does not exist.
Afterwards, the cast basalt plate has a very beautiful
dark color, resembling natural stone, it is easy to polish
and machine it, and because of that, it can also be used
for production of decorative components.

The process that we used in our experiments consists
of: melting in an electric resistant furnace, pouring into
the moulds and cooling to =~ 650 — 700 °C. Cooled
samples were annealed at 650 °C, and the aim of
annealing was relaxation of internal stresses, which
appear during the cooling process. Melted basalt that we
made, had a compact structure, without visible pores and
inclusions and it was suitable for cutting and grinding.
The melting point of pure basalt aggregate was =~ 1420
°C, for andesite basalt, and 1360 °C for olivine basalt,
but, in both cases, with addition of 20 % dolomite it was
reduced to =~ 1300 °C. Physical and mechanical properties
of tested basalt glass samples are given in Table 5.

Table 5. Physical and mechanical properties of basalt glass

Characteristic Mz::lsiilre 2:%.86 Vrelo
Density kg/m® 2550 2550
Compression strength MPa 270 250

Bending strength MPa 50-70 50-70
Wear reisgfl?gg)(%hme cm¥/50 cm®|  4.05 4.00

It was necessary to solve several technological
problems during the melting and casting process of
basalt aggregate. Most important were bubbling of melt
and gas segregation in cast basalt. Mostly present gas
was oxygen that occurs by transforming of Fe,O; to
Fe;04. The process of gas segregation is very slow,
taking into consideration the fact that melted basalt has
very high viscosity. It can be faster by adding additives
— fluxes and with temperature increase. Only when gas
segregation is completely over, we can begin pouring.
In accordance to that, if gas bubbles stay in the basalt
glass mass, they will create defects in pieces we made.
Therefore, it is necessary to keep melted basalt at the
pouring temperature for about 20 minutes for total
degassing [3]. It is only an approximately determined
time, because the degassing process is a function of
several technological parameters: pouring temperature,
sort and quantity of additives, mixing, chemical
composition of initial aggregate, etc.
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We tested basalt samples by melting in an electro
resistant furnace without the protective atmosphere. The
basalt aggregate was fragmentized in the tungsten
carbide vibro mill. Milling of the charge lasted 10
minutes, and the granulometric composition after
milling was:

¢ <1lmm 100 %;

e <0.lmm 30 %.

Prepared granulation was heated in a corundum
crucible to the pouring temperature, ~ 1400 — 1470 °C,
and then poured without additional pressing. For casting
of experimental samples we used the parallelepiped
shaped metal mould, with dimensions 13 x 25 x 116
mm, (according to standard ASTM C1674-08)".

The pouring temperature for basalt samples from
Vrelo locality was 1400 °C, and for samples from the
locality of Donje Jarinje was 1470 °C. Difference in
pouring temperature is the result of SiO, content. The
higher content of this component in the samples from
the locality of Donje Jarinje (Tables 1 and 2) raises the
viscosity of the melt, so to get good fluidity, the pouring
temperature must be increased by 70 °C. In order to
decrease melt viscosity and reduce the pouring
temperature, in a number of samples 20 % the dolomite
was added [4,5]. Dolomite increases fluidity of melted
basalt and makes possible the reduction of pouring
temperature by 70 to 90 °C.

Basalt castings were cooled down in the mould to
approximately 700 °C, and then were taken out of the
mould, then put in the furnace tempered at 650 °C, and
cooled down slowly, together with oven. Cooling of
solidified castings must be slow, because high cooling
speed induces the appearance of internal stresses, which
can exceed the strength of the material and provoke
breakdown of the pieces. Namely, basalt is a poor heat
conductor so, in conditions of fast cooling, the
temperature gradient appears along the cross section of
the castings, and consequently, the appearance of
internal stresses. During pouring of basalt into metal
moulds, the heat flux is very intensive; cooling is fast
and can lead to the breakdown of castings. Due to that,
it is necessary to cool castings in the control regime,
thereby achieving relaxation of internal stresses and
protection of all mechanical characteristics of the
material.

Pouring of melted basalt can be performed in metal
and in sand moulds. Sand mould castings have mostly a
crystalline structure, while the structure of castings
which have been poured into metal moulds is
predominantly no-crystalline (glass phase). The type of
structure is a function of cooling speed, and the slower
the cooling, the higher the crystallization. Since the aim
of this work was not structure testing, but the testing of
processing possibilities in regard to achieving good
physical and mechanical characteristics of castings,
determination of amorphous structure content was done
on only two samples, and the degree of crystallizations
was 10 %. Extracted crystals were practically drowned
into the homogeneous glass mass.

! Testing was done in Centre for Manufacturing of Advanced
Ceramics and Nanomaterials, Queen’s University, Kingston,
Canada
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Besides pouring of experimental samples, we made
trials of pouring some engine parts made of cast basalt,
such as a wheel for laboratory mill and element for a
sunflower huller. In the Figure 3 presented is the part of
the huller made of cast basalt, poured into a metal
mould.

Figure 3. Element of the sunflower huller made of cast
basalt

Industrial procedure for production of machine parts
from melted basalt, in principle, is not different from
that we used in our experiments. Melted basalt is poured
into warm molds, after that the casting is pressed, for
final forming and solidification of the parts. Solid parts
are carried to tempering tunnel to relax internal stresses
by controlled cooling. The cooled parts are then sent to
the finish machining. This is the way to get high quality
parts, with good mechanical characteristics, precise
dimensions, excellent wear resistance, excellent
corrosion resistance and great resistance to atmospheric
effects.

4. CONCLUSION

On the basis of the numerous experiments which were
done, it can be decided the next:

e Basalts from Donje Jarinje and Vrelo localities
can be used for the production of machine or
other constructing parts by both sintering and
melting process. Sintering method can be used
only for small parts production, while melting
technology has not any limitation regarding
shapes and dimensions. Bending strength and
toughness of basalt glass is less than sinter basalt
but, on the other side, glass has no porosity, its
strength is higher and the hardness and corrosion
resistance are similar;

e In production of basalt glass parts, it is
indispensable to use dolomite additives, since
they lower pouring temperature, reduce energy
consumption and simplify relaxation process of
cast parts;

e Degassing of basalt melt is the function of
temperature, and for dead degassing is necessary
to heat the melt fairly over melting point,
sometimes up to 1470 °C. To eliminate dissolved
gasses is also necessary to add additives, which
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improve fluidity of melted glass. We got the best
results with addition of 20 % of dolomite
aggregates,

¢ There are no any possibilities to avoid porosity in
sinter basalt, and, if this property is important for
exploitation, it is necessary to impregnate the
final product, or to apply some other production
process. Porosity is characteristic of the parts that
are produced by pressing and sintering and we
can not avoid that;

e Andesite basalt (Donje Jarinje) and olivine
basalt (Vrelo) have very similar technological
properties, except the melting temperature. Due
to that, olivine basalt is more suitable for casting
process than andesite basalt.
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MOI'YRHOCTH U3PAJIE KOHCTPYKIIMOHUX
JAEJIOBA OTIIOPHUX HA XABAIBE
ITPEPAZIOM BA3AJITA U3 CPBUAJE

Hejan Unkapa, Anexkcannap Toauh, [leana Uukapa-
Aunuh

Y oBOM paxy U3HETH Cy pe3yjiTaTh HCTPaKUBamba
MoryhHOCTH Tipepange momahmx ©Oazanra TOCTyHIIMMA
CHHTEpOBama (TEXHUYKa KepaMHKa) W IOCTyNIUMa
TOIUBCHAa M JHMBeWa. KopucTmmm cMmo 0asant ca
nokanureTa ,,Jlome Japume™ (JlemocaBuh) u ,,Bpemo™
(Kypmrymnmja) kao moia3HH wMmarepuan. VcTpakeHe
pe3epBe 0azaira Ha JIOKaIuTeTy ,,Jlome Japume u3noce
700.000, a Ha mokamutety “Bpeno” 1.030.000 ToHa.

HcnutuBama  MoryhHocTH — mpepame  0Oasaira
o0aBjbeHa cCy yIIaBHOM Yy LleHTpy 3a TEXHUUKY
KepaMHKy W HaHoMarepujayie, YHuBep3urera KBHHC
(Queen’s), Kanama. Y mpepaan 0azanrta IpUMEHHIH
CMO JIBa, Y OCHOBHM paziIM4yuTa npoueca. JemaH je
00yXBaTHO MIICBEH-C, IIPECOBAKE W CHHTECPOBAMKE, a
JPYTH TOIUBEHE U JINBEHE.

IIpe cuHTepoBama, OazanTHu arperar je Ouo
camiieBeH y mpax, 60 % mame ox 10 pum, 3aTuM ce mpax
Memnrao ca aautuBuma (5 % IIET u 0,6 % uemynose) u
MIOTOM, M30CTaTHYKH IIPECOBA0 Y aNaTy, 0. IPUTUCKOM
on 225 MPa.

JluBeme kao merona mpepane Oazanra cacrojana ce
Ol TOIUBCHA arperara y eJIeKTpooTrnopHoj rmehwu,
H3/IMBaka PacTona y Kajlyll U xjuahema y3 OTIyIITame
YHYTpaLIBUX Halpe3ama.

ExcnepuMmeHTanHu pesyiratd cy IOKa3alud Ja
npepana OasanTa JMBEHEM IpyXka BuIle MoryhHocTH
Kaja Ccy Yy THUTalby OOJMK, IUMEH3Hje TOTOBHX
MPOM3BO/A, alld M Ja Cy MeXaHHYKa CBOjCTBa Omia
npuONMMKHO ucCTa, 0e3 003Mpa Ha [PHUMEHEHY
TexHoorujy. OTHopHOCT Ha xabame Ouia je BHCOKa y
o0a ciydaja, y3 HallOMEHY Ja je KOJ JMBEHHX y30paka
Owra Hemro BHma. JlenoBM NOOWjEHM IIOCTYIIKOM
CHHTEpOBama OWIM Cy IIOpO3HH, a Yy HEKUM
cllyyajeBUMa OBa KapaKTepHCTHKa MOXKE IPEACTaBIbaTH
OrpaHUYCHE y IPUMEHH QUHATHUX IPOU3BOJA.

VOL. 38, No 4, 2010 = 207



