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Influence of heat treatment on the crystallization process during 
melting and drawing of continuous basalt fibres 

By Lyubtcho Lyubtchev, Zhivko Liptchev and Ginka Davarska, 
High Chemical-Technological Institute, Bourgas (Bulgaria) 

From all the natural raw materials basalts and rocks related to them 
are of paramount industrial importance for the production of 
mineral fibres. Their mineral and chemical composition meets to a 
great extent the requirements for obtaining well homogenized and 
clarified melts, from which different kinds of staple and continuous 
fibres can be obtained by using well-known technologies [1 and 2]. 
A certain number of factors [3] exerts significant influence on the 
processes of fibre formation, but the crystallization treatments of 
the basalt melt are of dominant importance [4] . They, on the other 
hand, depend on the chemical composition as well as on the 
thermal prehistory of the basalt melt. 

It is known that basalts are crystallized natural glasses and that 
their crystal phase has formed according to the chemical compo-
sition of the magma. In terms of developing a technology for 
drawing continuous basalt fibres, it is of interest to study to what 
extent the crystal "memory" of the basic basalt material will 
influence the passing secondary crystallization processes in the 
basalt melt, within the process of formation of fibres. 

From this point of view, the crystal structure of basalt from 
"Izgrev" deposit near the town of Mitchurin (Bulgaria) and the 
changes in that structure as a result of heat treatment were studied 
by means of Differential Thermal Analysis (DTA) and X-ray 
diffraction. It was traced to what extent the crystal "memory" of 
the basic basalt material is restored in the resulting basalt fibres 
after heat treatment. 

The samples that were submitted to examination were divided 
into 3 batches: 
batch I: basalt flour submitted to isothermal crystallization at 500, 
700, 900 and 1100 °C; 
batch II: basalt glass submitted to isothermal crystallization at 
850 °C; 
batch III: continuous basalt fibres, drawn from basalt glass 
submitted to isothermal crystallization at 800, 900, 1000 and 
1100°C. 

An isothermal hold was carried out for 4 h for all examined 
samples. This time is consistent with the maximum possible stay of 
basalt glass in the drawing fillers. 

The X-ray examinations were carried out with a TUR M 61 
unit (Jenoptik Carl Zeiss JENA GmbH, Jena (FRG)) equipped 
with a HZG 3 diffractometer by using Cu K a  radiation and a nickel 
filter (I = 20 mA, U = 35 kV) . The rotation speed of the sample , 

was 1/2  per minute. 
The results from the X-ray analysis of the basic basalt material 

are shown in figure 1. Numerous minerals are present in the 
untreated basalt, which makes the X-ray diffraction pattern rich in 
reflexes on the one hand, and on the other hand, it hampers the  

identification of minerals with close X-ray diffraction lines or of 
those present in small amounts. The most intense lines are those of 
minerals from the plagioclase group (d = 0.321; 0.318; 0.295; 
0.283 nm), the pyroxene group (d = 0.298; 0.294; 0.283; 0.252; 
0.212 nm), amphibole (d = 0.317; 0.272 nm), biotite 
(d = 1.002 nm) . Starting from the chemical composition of basalt 
(in wt% : 51.23 SiO 2 ; 13.46 Al2O3 ; 8.95 Fe2O3 ; 10.98 CaO; 9.68 
MgO; 3.93 R2O; 1.11 TiO2 ; P2O5  + MnO = 0.82) one must expect 
the presence of magnetite. However, its identification is hampered 
by the fact that its characteristic peaks (d = 0.299; 0.254 nm) 
coincide with the characteristic peaks of other basic minerals 
present in basalt (plagioclase, pyroxene, etc.) . Lines characteristic 
for a quartz (d = 0.335 nm) and a crystobalite (d = 0.404 nm) can 
be seen on the diffraction patterns, too [5] . 

From the data of figure 1 (samples no. 2 to 4) can be seen that 
the crystal "memory" of basalt is preserved up to 900 °C. While 
increasing the temperature up to 1100 °C (figure 1, sample no. 5) 
significant changes are observed. The characteristic line of biotite 
(d = 0.1002 nm) disappears and the characteristic lines of plagio-
clase and amphibole are weakening their intensity. The alteration 
of diffraction maximums of the pyroxene phase is characterized by 
increasing the intensity of lines d = 0.298 and 0.294 nm and by 
greatly decreasing the intensity of line d = 0.287 nm. This can be 
accounted for by the decomposition of the low-temperature 
metastable phase of the rhombic pyroxenes (enstatite); and by the 
formation of a stable phase in the form of solid solutions with 
diopside-like structure. Besides that the intensity of line 
d = 0.252 nm is significantly increased. This is very likely con-
nected with the formation and growth of magnetite as a result of 
thermal influence. Similar events are observed with blends having 
pyroxene composition [6] , and it shows that there exists a com-
mon natural law for the transition from crystal to amorphous 
phase. 

Further increase of temperature up to 1400 °C leads to the 
formation of basalt glass. The crystallization ability of the obtained 
basalt glass was studied by the DTA method. Exothermal effects 
are observed at 800 and 850 °C and an endothermal effect is 
observed at 1050 °C (figure 2). By the temperature of formation, 
height and area of the exothermal peaks one can judge of the 
activation energy of the crystallization process. This energy is in 
inverse proportion to the height of the exothermal peak; and the 
quantity of liberated crystal phase is in direct proportion to the area 
of the peak. 

The low intensity of the exothermal peaks at 800 and 850 °C 
predetermines the high value for the activation energy of the 
crystallization process (figure 2) . It is very likely that the higher 
activation energy is due to the high degree of coherence of the 
silicon—oxygen frame and to the covalent character of the links 
between the separate elements. 

Intensive crystallization starts at 800 to 850 °C as the DTA 
data show. The basalt glass was submitted to isothermal crystal-
lization at 850 °C for 4 h and to X-ray analysis, in order to 
determine the quantitative composition of the separated phase. 
Recrystallization of basalt glass shows that the crystal "memory" is 
preserved most strongly with regard to pyroxene, plagioclase and 
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Figure 1. X-ray diffraction patterns of basalt samples (no. 1 to 5) heat-treated at different temperatures. 1: untreated, 2: 500 °C, 3: 700 °C, 
4: 900 °C, 5: 1100 °C. 

magnetite, for which reflexes appear on the diffraction pattern 
already at 850 °C (figure 3) . On the other hand, the studies show 
that this group of minerals is preserved until the highest basalt 
treatment temperatures are reached. Therefore, they will exert 
most significant influence on the technological process of drawing 
continuous fibres. 

The obtained continuous basalt fibres, heat-treated at 800, 
900, 1000 and 1100 °C, were also examined by X-ray diffraction. 
Examining the X-ray diffraction patterns one can see that up to 
800 °C the fibres preserve their amorphous and fibrous structure 

Figure 2. Differential thermal analysis of basalt glass. 

Figure 3. X-ray diffraction patterns of basalt glass heat-treated at 850 °C. 
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Figure 4. X-ray diffraction patterns of basalt fibres (samples no. 1 to 4) heat-treated at different temperatures. 1: 800 °C, 2: 900 °C, 
3: 1000 °C, 4: 1100 °C. 

(fgure 4). Above this temperature, the first reflexes start to appear 
that are responsible for the presence of plagioclase, pyroxene and 
magnetite. With raising the temperature from 900 to 1000 °C, 
change occurs only in quantitative respect and that can be judged 
from the different degree of intensity of the lines. Besides, 
processes of flowing down between the fibres start at temperatures 
above 900 °C and these are expressed most clearly at 1100 °C. 
Above this temperature the fibrous structure disappears and a 
strongly crystallized melt is obtained that has the main reflexes, 
characteristic for the basic basalt material. These data show that 
with fibres the basic crystal "memory" of the basic basalt material is 
also preserved. 

In conclusion one can say that the Speed of formation and 
growth of pyroxene and magnetite crystal phase in the basalt glass 
will exert decisive influence over the technological processes of 
fibre drawing. That is why, in order to expand the raw material 
basis of fibre production the crystallization process must be 
influenced by premelting the basalt raw material. This way of 
development will allow purposeful research in the field of basalt 
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Spring Meeting of the European Materials Research Society 

The meeting of the European Materials Research Society (E-MRS 
1991) will be held at the Council of Europe in Strasbourg (France) 
from May 28 to 31, 1991. Among the 5 symposia there will be one 
(Symposium E) on "Laser surface processing and characteriza-
tion". 

This 4-day symposium will cover all aspects of laser materials 
processing, from basic studies to novel phenomena for applications 
and devices. Surface, interface and thin film reactions of 
dielectrics, semi- and superconductors, metals, organic and 
biological materials will be emphasized in terms of fundamental 
understanding and assessing the criteria for future practical 
applications. Specific topics will include: new organometallic 
precursors for surface processing; 2-step processes: ion/laser beam,  

fibres and to obtain basalt fibres having preprogrammed charac-
teristics. 
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laser/conventional treatment; deposition, growth, doping and 
patterning of thin films; ablation, etching and cutting; interface 
control and multilayers; surface characterization techniques; 
kinetic studies of surface reactions; process diagnostics and in-situ 
analysis; novel approaches for integrated processing; industrial 
applications and device fabrication. 

For further information please contact: E-MRS/P. Siffert, 
C.R.N., B.P.20, F-67037 Strasbourg Cedex. 

Conference and Exposition "EFOC/LAN 91" 

This event will take place in London (UK) on June 19 to 21, 1991. 
EFOC/LAN 91 is the 9th European Conference, following recent 
successful conferences in Munich, Amsterdam and Basel, dealing 
with Fibre Optic Communications (FOC) and Local Area 
Networks (LAN). EFOC/LAN provides a unique forum in Europe 
for discussion of practical aspects and recent advances in fibre optic 
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