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Heat-induced structural and mechanical changes of basalt wool 
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Changes in the meehanical properties during heat treatment were investigated for three basah wools of different compositions and 
production conditions. 

Below 600 °C the increased hquation of fibres results in enhanced embrittlement. Decrease of the tenshe strength can be found only at 
the beginning of structural changes which are indicated by the changes in density (from 600 up to 800 °C). Above 600 °C an intensive 
crystallization induced by the oxidation of Fe(II) is observable which - due to the simultaneous deterioration of fibre elasticity and tenshe 
strength - gives rise to an abrupt ceasing of the mechanical stabihty. This phenomenon takes place in the x-ray amoφhous region, 
therefore, the change of fine structure can be observed only by means of electron diffraction at temperatures above 400 °C. 

The apphcable temperature ränge of basalt wools is influenced by the mechanical properties of the original fibres besides the changes in 
structure during heat treatment. One of the samples, which had originally low strength, became easily breakable during treatment and could 
not be evaluated after a heat treatment at 400 °C. This phenomenon was found at 650 and 700 °C for the other two basalt wools that had 
more favourable parameters originally. 

Durch Wärmebehandlung hervorgerufene strukturelle und mechanische Veränderungen an Basaltwolle 

An drei verschiedenen Basaltfasern, die sich durch ihre Zusammensetzung und Herstellungsart voneinander unterschieden, wurden die 
durch eine Wärmebehandlung hervorgerufenen Änderungen der mechanischen Eigenschaften untersucht. 

Unterhalb einer Temperatur von 600 °C setzt mit zunehmender Faserentmischung eine verstärkte Faserversprödung ein. Die Abnahme 
der Zugfestigkeit ist erst bei Temperaturen über 600 °C mit der Entstehung von Strukturveränderungen, die durch Dichteänderungen 
angezeigt werden, festzustellen. Oberhalb von 600 °C ist als Folge der Fe(II)-Oxidation eine intensive Kristahisation zu beobachten, die 
durch die gleichzeitige Abnahme der Faserelastizität und der Zugfestigkeit zum vollkommenen Verlust der mechanischen Festigkeit der 
Fasern führt. Dieses Phänomen tritt im Γ ö n t g e n a m o φ h e n Bereich auf; daher lassen sich Veränderungen der Feinstruktur nur mit der 
Elektronenbeugung bei einer Temperatur über 400 °C nachweisen. 

Der Anwendungstemperaturbereich von Basaltfasern wird sowohl von den mechanischen Eigenschaften des Ausgangsmaterials als 
auch von den durch die Wärmebehandlung hervorgerufenen Strukturveränderungen beeinflußt. Die Fasern mit der ursprünghch 
niedrigeren Festigkeit konnten nach einer Wärmebehandlung bei 400 °C nicht mehr beurteilt werden, da sie zu leicht brachen. Diese 
Erscheinung trat bei den beiden anderen Fasern mh den ursprünglich besseren mechanischen Eigenschaften erst bei Temperaturen von 650 
und 700 °C auf. 

1. Introduction 

The useful temperature ränge of fibres apphed for 
heat insulation is determined by their mechanical 
stability. During the common heat treatment of glass 
fibres, a significant decrease of strength is occurring. 
According to some results of investigations described 
in [1] the degree of this decrease is increasing as weU 
with decreasing fibre diameter as with temperature 
and hold time at a certain temperature during heat 
treatment. 

Contrary to these results other authors State [2] 
that the thermal stabihty of thinner fibres is better; 
they explain it by the smaller probabihty of formation 
of inner stresses resulting in microcracks during the 
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faster and more homogeneous cooling of these fibres 
in the course of manufacturing. The mechanical 
properties of fibres are changing during the treatment 
even below the transformation temperature. This was 
observed at about 100 °C for E-glass fibres [3], at 
about 400 °C for quartz glass fibres [4] and at 600 °C 
for basalt wool [5]. 

In heat-treatment studies performed on mineral 
wool fibres of different compositions an increase of 
the tensile strength was shown at 100 to 200 °C, while 
a decrease was found at higher temperatures. To 
explain the initial increase of the strength it is 
assumed that there is originally a stress gradient 
inside the fibre which reduces at higher temperature 
[6]. The decrease of the strength during heat 
treatment is caused generally by some changes in the 
structure of the glass including the hquation of fibres 
and the crystallization of the glass [7]. Microcracks 
formed between the glass matrix and the hquated 
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Table 1. Characteristic properties of the basalt wools studied 

component content in wt% 

sample Α sample Β sample C 

loss of ignition - - 0.08 
S i02 41.50 49.62 46.58 
AI2O3 14.66 11.90 15.27 
Fe203 1.23 0.14 5.99 
FeO 5.63 4.62 5.50 
T i 0 2 1.62 1.47 2.44 
CaO 20.51 15.48 10.80 
MgO 10.23 13.15 8.58 
K2O 1.51 1.70 1.36 
Na20 2.54 1.46 2.58 
SO3 0.21 0.10 -
MnO - 0.13 0.17 

average fibre 
diameter in pm 5.79 4.55 5.27 

Table 2. Fe(II) and Fe(III)oxide contents of heat-treated basalt 
wools 

material temperature of heat 
treatment in °C 

FeO 
in wt% 

Fe203 
in wt% 

sample Α original 5.63 1.23 
600 4.32 3.30 
650 2.92 4.69 
700 2.04 6.07 
800 0.30 7.20 

sample Β original 4.62 0.14 
600 3.61 1.28 

sample C original 5.50 5.99 
600 4.22 7.27 

regions as well as at the interfacial layers of the 
amorphous and crystalhne phases result in modifica­
tion of the mechanical properties [8]. 

In the present experimental work the relationship 
between structural and mechanical changes of 
heat-treated fibres was studied for three basalt wools 
that had different chemical compositions and were 
produced under different conditions. The aim of this 
work was to estabhsh a laboratory evaluation method 
for heat resistance of basalt wool. 

2. Experimental 

The structural V a r i a t i o n of the materials given in 
table 1 was studied by measuring the density and by 
means of x-ray and electron diffraction methods. The 
changes in the morphological properties were fol­
lowed in a scanning electron microscope. The 
mechanical properties of the fibres were measured 
simultaneously. 

Before heat treatment the usual emulsion layer on 
the basalt wool was removed by washing with 
acetone. 4 g of each sample placed into a Pt crucible 
was heat treated in a programmable furnace of a 
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Figure 1. Volumes per unit oxygen ion VQ for basalt wools heat 
treated for 3 h at different temperatures. 

derivatograph, then cooled down to room tempera­
ture. The rate of increasing the temperature was 
5 K/min and the treatments at constant temperature 
lasted for 3 h. 

The degree of the structural Var i a t ion of 
heat-treated basalt wool was evaluated on the basis of 
the glass volume per one oxygen ion. This can be 
calculated by knowing the chemical composition and 
the density. The density of the samples was measured 
by an automatic pycnometer type Micromeritie on the 
basis of the amount of hehum displaced. The 
accuracy of the instrument was ± 0.002 g/cm^. 

Crystallites of 10 to 100 nm size were recognized 
in the x-ray amorphous region by a transmission 
electron microscope, type U EMV-100, by means of 
microdiffraction. Α carbon layer of 30 to 40 nm 
thickness was evaporated onto coUodion-covered 
microgrids. The fibre material was prepared by 
dispersing in alcohol and grounding in an agate 
mortar, and then it was placed on the microgrids. 

In accordance with the Standard MSZ 10787/3 [9] 
on the mechanical testing of fibres, fibres were 
mounted onto a (10 x 10) mm^ paper frame. The 
plots of load against extension were taken by a 
Chevenard DP 49 dilatometer. The rate of displace­
ment of the sample holder was 40 mm/min, the 
mounting length was 5 mm. By knowing the tensile 
force and the fibre diameter, the tensile strength and 
the slope of the force against Var i a t ion of length, i.e. 
the Young modulus was calculated. The value of the 
latter means the specific tensile force necessary to 
unit elastic extension. The increase of the Young 
modulus of the fibre is connected with the decrease of 
its elasticity. 

On the basis of 100 successful tensile tests for each 
sample the average strength, ä, and the Young 
modulus, E, were determined for fibres with the same 
diameter. 
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Figures 2a and b. Sample Α heat treated for 3 h at a) 400 °C, 
b) 600 °C. 

3. Results 

3.1. Structural and morphological changes 

On the basis of the data hsted in table 1 basalt wool Α 
manufactured in a cupola furnace has the smaUest 
sihca and the highest alkaline earth oxide content 
compared to basalt wool Β produced also in cupola 
furnace and basalt wool C produced in a tank 
furnace. Sample C has a high iron oxide content 
which is mainly in Fe(III) form. Basalt wool Β has the 
smallest, while Α has the largest average fibre 
diameter. 

By x-ray diffractometry crystalhsation was found 
to Start from ~ 800 °C for samples Α and B , while 
from 750 °C for sample C. In each case augite was 
formed as crystalline phase. By comparing the 
intensities of some given reflections in the tempera­
ture ränge of 750 to 900 °C sample Β has the lowest, 
sample C the highest degree of crystaUisation. 
Structural changes occurred in x-ray amorphous 
region were recognized by electron diffraction and by 
measuring the density. Crystallites could be found by 

40 

30 

25 

20 

15 

10 

1 1 1 1 

original samples: 

— + : Α — 
Δ \ • : Β 

» \ Δ : C — 

- \\ -

- ·\· \ \ -
\ \ Δ 

_ _ 
Q ) 

1 1 1 

20 -

15 -

10 -

10 15 20 

d in pm 

Figures 3a and b. Tenshe strength σ versus fibre diameter d for 
a) samples A, Β and C, b) heat-treated sample A. 

electron diffraction for all types of the samples above 
400 °C. 

Densification of the structure of glass is well 
ihustrated by the changes of the glass volume, VQ, per 
unit oxygen ion (figure 1). This can be recognized 
from about 600 °C for the fibres studied. This 
temperature is connected with the beginning of the 
transformation of Fe(II) to Fe(III) (table 2) , that 
initiates also the formation of seeds and their growth 
[10]. Simuhaneously with the oxidation of Fe(II) (600 
to 800 °C) an intensive erystahization of the fibres is 
started. 

Enhanced liquation of fibres is characteristic to 
heat-treated fibres between 200 and 600 °C, which is 
ulustrated by figures 2a and b. Comparing with 
samples Α and B , in sample C smaller changes 
observable by microscopy can be found until 500 °C, 
however, it becomes more intensive above 700 °C. 

3.2. Changes in the mechanical properties of fibres 

Mechanical properties of various basalt wools and 
their variations during heat treatments are shown in 
figures 3a and b, 4, 5a and b. 
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Figure 4. Young modulus Ε versus fibre diameter d for heat-trea­
ted sample A. 

Figure 3a shows that the tensile strength of the 
original fibres is increasing with decreasing fibre 
diameter. Comparing fibres with the same diameter, 
the tensile strength of fibres C is the highest, while 
that of Β is the lowest. The mechanical properties of 
the original fibres are influenced not only by the 
chemical composition of the glass, but also by their 
structural homogeneity. Studies made by SEM for 
sample Β have shown that the low tensile strength is 
due to a strong liquation, while sample C that was 
made in tank furnace and therefore has a more 
homogenous structure, exhibits the best parame­
ters. 

During heat treatment of the samples Α and C 
tensile strengths remain unchanged until 600 to 
650 °C, deterioration of the mechanical properties 
can be due only to embrittlement of fibres (figures 3b, 
4, 5a and b). Sample Β having originally low tensile 
strength (figure 3a) could not be studied for mechan­
ical properties due to the structural Va r i a t ion at 
400 °C. The smaUer the fibre diameter of heat-treated 
fibres, the more favourable are the elasticity and the 
strength. 

By summarizing it can be stated that the appli­
cable temperature ränge of basalt wool is highly 
influenced by the mechanical properties of the 
original fibres besides the V a r i a t i o n in structure 
occurred during heat treatment. It was not possible to 
find a reasonable relationship between the mechani­
cal changes in fibres and the parameters characteristic 
to the structural properties of glass (hke density, 
intensities of the x-ray lines, etc.), which would be 
useful to evaluate the heat resistance of fibres. 
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Figures 5a and b. Influence of heat treatment of sample C with 
increasing fibre diameter d on a) tensile strength σ, b) Young 
modulus E. 
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