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ABSTRACT 

This article is an experimental investigation of the effects of temperature and atmosphere on the 
tensile behaviour of basalt fibres. The heating conditions were chosen in order to replicate those 
typically used in thermal recycling of polymer matrix composites. The change of properties is assessed 
at room temperature on fibres heat-treated for 1 h up to 600 °C in air and in argon. The loss in fibre 
strength was found to be affected by both temperature and atmosphere while the modulus of 
thermally-treated basalt fibres increased with conditioning temperature and these effects have been 
discussed in terms of decomposition of the organic sizing and structural relaxation during thermal 
treatment. X-ray diffraction excluded the effect of crystallization on the mechanical behaviour of the 
fibres after thermal exposure. Scanning electron microscopy showed that failure for all heat treatments 
was caused by surface flaws. 

 
1 INTRODUCTION 

Europe’s production volume in glass fibre reinforced plastics (GRPs) reached 1.069 megatonnes in 
2015, representing the highest level in eight years [1]. Considering the world market, glass fibre 
reinforced thermoset composites account for about 90 % of all the composites currently produced and 
these are traditionally directed to landfill at their end of life, mainly because recycling operations are 
often difficult and expensive [2]. Despite such technical and economic issues, there is a growing 
environmental pressure to ban or at least limit the disposal of waste composites via land fill. It is 
therefore not surprising the growth of a number of methods to recycle composites over the last years 
[3–7]. Among these methods, pyrolysis is likely the most preferred technique to recycle composites 
with the objective to reclaim fibres that represent the most valuable part of the waste. This process 
allows the recovery of carbon fibres largely maintaining their reinforcement capability, whilst glass 
fibres are usually quite damaged. In particular, the tensile strength is reduced to a great extent (~ 50–
80%) [2,8–13] and this aspect seriously affects their potential reuse as fibrous reinforcement in new 
structural composite materials. Pyrolysis basically involves the matrix degradation at high temperature 
(typically 400-550 °C) in the absence of air to produce oil, gases and solid products (fibres, fillers and 
char). The fibres are usually contaminated by this char and require a post-treatment in air in a furnace 
at least at 450 °C to oxidize the residual char and remove surface contamination. The mechanisms 
responsible for the loss in fibre strength represent a much debated issue in literature and two main 
mechanisms have been proposed: (i) thermally-activated changes to the anisotropic silica network 
structure initially created by the high drawing stress during fibre manufacture [12–15] and (ii) 
thermally-induced diffusion of water into the fibre surface leading to increased surface area and larger 
micropores [11,16,17]. In an attempt to shed light on this important issue, recently Feih et al. [2] 
compared the tensile strength of heat-treated glass fibres with that of fibres containing a single nano-
sized surface flaw of controlled size artificially created by focussed ion beam (FIB) milling. The 
authors concluded that bulk changes (such as a change in fracture toughness or fibre modulus) 
influencing the stress–flaw relationship for E-glass fibres do not occur during thermal recycling and 
therefore the reduction in fibre tensile strength during thermal conditioning can be attributed solely to 
thermally-activated growth of surface flaws. This growth, according to the authors, is ascribed to the 
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diffusion of water molecules in the glass fibre structure and their subsequent reaction with stressed 
siloxane bonds at the crack tip.  

In an attempt to reduce the environmental impact of synthetic polymers and reinforcements, there 
has been a resurgent interest in the use of natural fibres in polymer matrices [18]. Many types of 
natural fibres like sisal, kenaf, hemp, flax, jute have been studied and applied but lignocellulosic fibres 
are very sensitive to thermal and hygroscopic loads and show limited and variable mechanical 
properties due to the plant growing and harvesting conditions, the fibre extraction process, the variable 
fibre shape and geometry. Another drawback is the chemical incompatibility with many hydrophobic 
polymer matrices which results in a low fibre/matrix interface strength and limited stress transfer 
efficiency. A possible solution that takes into account the environmental issues is represented by the 
use of natural fibres but of mineral origin, like basalt. The basalt fibre is an environmentally friendly 
material characterized by excellent sound insulation properties, resistance to heat greater than that 
offered by glass fibres and a good chemical inertia [19]. As regards the mechanical properties, basalt 
fibres compare quite favourable with traditional E-glass fibres, at the expense of a slightly higher 
density [19,20]. Basalt fibre is superior to E-glass for high operating temperature limit (~650 °C for 
basalt compared to ~460 C for E-glass), and higher softening temperature (1050 °C for basalt and 600 
°C for E-glass). This often claimed higher thermal stability and resistance of basalt fibres compared to 
glass ones could provide in principle basalt fibres with better prospects to survive a pyrolysis 
treatment, thus having the chance to be re-used in valuable products. Despite the potential high 
temperature applications of basalt fibres, their mechanical properties retention after a thermal exposure 
is not known in detail. In particular, it is not completely understood whether the higher operating and 
softening temperatures of basalt fibres result into superior tensile strength retention properties after a 
thermal treatment. 

While the strength loss of E-glass fibres due to exposure to high temperature has been well 
documented in literature, less information are available for basalt fibres. Most of these papers 
addressed the thermal response of basalt tows (bundles) [21–24]. Bhat et al. [24] tested at room 
temperature basalt tows previously heated to temperatures ranging from 150 to 650 °C for times up to 
two hours and compared the results with those obtained for glass tows in the same experimental 
conditions. The authors found that the failure load of both tows began to decrease after exposure to 
250 °C and the reduction was much more severe with increasing temperature up to 650 °C. They 
concluded that there were no significant differences in strength loss between basalt and glass tows. 
Kessler et al. [25] performed tensile tests with impregnated rovings. Before being impregnated, basalt 
rovings were maintained for two hours at temperatures between 100 °C and 600 °C in air. Up to 300 
°C the decrease in tensile strength was limited but between 300 °C and 400 °C the tensile strength of 
impregnated basalt rovings was found to decrease significantly, exhibiting at 600 °C a lower absolute 
tensile strength compared to E-glass rovings. Usually the onset of crystallization phenomena is 
reported to be the cause of such behaviour of basalt fibres after thermal exposure [22,23,25]. Recently 
Jenkins et al. [26] performed a detailed experimental campaign aimed at comparing the tensile strength 
retention of single basalt and E-glass fibres after high temperature exposure. They found a good 
strength retention after a heat treatment at 300 °C (for 20 min) but a sharp decrease at higher 
temperatures for both fibres (600 °C), with strength losses of 65 % and 80 % for glass and basalt 
fibres, respectively. Differences in tow strength could be likely due to the sizing and related friction 
effects between fibres during testing rather than to the single fibre strength. In addition, differences in 
sizing between different fibres can definitely play a role in determining the final mechanical properties 
of single fibres. In view of all these issues, the aim of the present work is to study the effect of thermal 
recycling processing conditions on the properties of single basalt fibres. The variation of the 
mechanical behaviour was determined following treatments at different temperatures (200 - 600 °C) 
for a total heating time of 1 h and different furnace atmospheres (air and argon). These conditions 
were chosen in order to simulate those used in industrial thermal recycling processes.  

 
 



21st International Conference on Composite Materials 
Xi’an, 20-25th August 2017 

2 MATERIALS AND METHODS 
 
2.1 Raw materials 

The effects of temperature and atmosphere on fibre properties were investigated using basalt fibres 
of commercial grade supplied by Kamenny Vek as a continuous roving with a nominal fibre diameter 
of 13 µm, linear density of 1200 tex and sized with a commercial epoxy resin compatible sizing 
(BCF13). 

 
2.2 Fibre heat treatment 

Fibre bundles were heat treated as-received in a tube furnace (Lenton Thermal Designs Ltd) with 
controllable temperature and atmosphere. The effect of the furnace atmosphere was assessed by 
heating the fibres in high purity argon and ambient air. All fibres were thermally treated at a 
temperature of 200, 300, 400, 500 and 600 °C in air for 1h, and then removed from the furnace and 
allowed to cool in room temperature air. The treatment in argon was performed at temperatures of 400, 
500 and 600 °C for a duration of one hour. The argon atmosphere was chosen to replicate the initial 
stage of the thermal recycling process of composites when heating is performed under inert conditions 
in order to decompose the matrix. The ambient air reproduces the second stage when the fibres are 
heat-treated in air to remove residual char and contamination from the surface.  

 
2.3 Single fibre tensile testing 

Tensile properties of virgin and thermally treated fibres were determined in accordance with 
ASTM C1557. Single fibres were carefully separated by hand from the fibre bundles. Tensile tests 
were carried out at room temperature by means of a Zwick/Roell Z010 equipped with a 200 N load 
cell. Tests were performed in displacement control at a cross-head speed of 2 mm/min. Individual 
fibres were glued onto a card tab with a central window cut out to match the gauge length of 20, 30 
and 40 mm. At least 20 fibres were tested for each kind of basalt fibre and heating condition. Single 
fibres were fixed to the card at both sides of the window using Loctite™ Gel Superglue. Fibre 
diameter was evaluated through an optical microscope Nikon Eclipse 150L equipped with the image 
analysis software Lucia Measurement. The cross-sectional area of each fibre was calculated from 
individual average fibre diameters measured at five points along the gauge length. The actual 
specimen elongation in the gauge length was determined by subtracting the displacement associated 
with the system compliance from the total cross-head displacement. The system compliance was 
measured according to ASTM C1557 by obtaining the force versus displacement behaviour of the 
fibres at three gauge lengths, namely 20 mm, 30 mm and 40 mm. For each gauge length 30 fibres were 
tested. The evaluated testing device compliance was 0.0149 mmN-1. 

The scatter of the Young’s modulus and tensile strength was statistically analysed using a two-
parameter Weibull distribution, according to the equation (1): 
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where F(χ) is the probability of failure of the parameter χ, α is the Weibull modulus and χ0 represents 
a scale parameter. The probability of failure was estimated using the following estimator (equation (2)) 
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where N is the number of tested fibres and j is the rank of the jth data point. This is generally 
recommended because it is essentially independent of sample size for sample sizes greater than 20 
[27]. 
 A single set of parameters for each property (tensile strength or Young’s modulus), χ0 and α, was 
obtained from the intercept and slope, respectively, of the plot ln{ln[1/(1-F)]} against ln(χ).  
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2.4 Thermogravimetric analysis (TGA) 

Analysis of the mass loss of fibres with temperature was carried out using a SetSys Evolution 
(Setaram Instrumentation) thermogravimetric analyser. The fibres were placed in a platinum pan and 
heated at a rate of 10 °C/min to a maximum temperature of 600 °C in air and in argon atmosphere. 

 
2.5 X-ray diffraction (XRD) 

To identify the crystalline phases and their formation sequence, basalt fibres were heat treated at 
500, 600, 700, 800, 900 and 1000 °C for 1 h in air. X-ray diffraction (XRD) analysis of thermally 
treated fibres was performed at room temperature on a Philips X’Pert PRO powder diffractometer with 
a X’Celerator PW 3015 detector (CuK1 α radiation = 1.54060 Å, CuK2 α radiation = 1.54443 Å). XRD 
patterns were collected in the range of 2θ = 10°–70° with a scan step 2θ = 0.02° and scan rate of 
1°/min. 

  
2.6 Density measurement 

In order to evaluate possible variations of density of basalt fibres subjected to thermal treatment, 
the density was measured by helium pycnometry (AccuPyc 1330). The density measurements involved 
both the non-heat-treated fibres and those treated at 200, 300, 400, 500 and 600 °C. 

 
2.7 Scanning electron microscopy (SEM) 

After tensile testing, the fracture surfaces of the fibres were examined using a scanning electron 
microscope Philips XL40. All specimens were sputter coated with gold prior to examination. 
 
3 RESULTS AND DISCUSSION 

 
3.1 Mechanical properties of untreated basalt fibres 

In order to evaluate the effects of different heat treatments on the mechanical properties of basalt 
fibres, initially tensile tests were carried out on untreated fibres at three different gauge lengths. In 
tables 1 and 2 are reported the results from the tensile tests as well as the values of the characteristic 
parameters of the Weibull distribution. Optical microscopy measurements pointed out the existence of 
a significant scatter in fibre diameter, with actual values different from the nominal ones. Diameter of 
fibres is a very important parameter for the correct evaluation of the mechanical properties and this 
value is influenced by different production process parameters, such as the speed of molten basalt flow 
and the uneven distribution of the sizing on fibre surface. 

 
Gauge length 

(mm) 
Diameter 

(mm) 
Tensile strength 

(MPa) 
Young’s 

modulus (GPa) 
Strain at 

failure (%) 
20 13.33 (1.21) 2307.76 (351.51) 72.20 (4.59) 3.01 (0.60) 
30 13.94 (1.45) 2097.22 (294.23) 70.15 (5.72) 2.85 (0.36) 
40 13.44 (1.36) 1804.82 (264.77) 69.57 (6.00) 2.49 (0.35) 

 
Table 1: Summary of tensile properties of untreated basalt fibres (figures in parenthesis represent 

standard deviation). 
 
 

Gauge length 
(mm) 

Tensile strength 
– ασ 

Tensile strength 
– σ0 

Young’s modulus 
– αE 

Young’s modulus 
– E0 

20 7.90 2451.67 19.27 74.23 
30 8.54 2220.18 14.84 72.66 
40 8.18 1914.03 13.78 72.28 

 
Table 2: Weibull distribution parameters for untreated basalt fibres. 
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The measured strengths of basalt fibres are typical of fibres currently being produced, with values 
exceeding 2 GPa at room temperature [26]. It is worth noting the dependence of tensile strength on 
gauge length. At short gauge lengths the strength values are higher and decrease with an increase of 
the fibre length, while no significant dependence was detected for the Young’s modulus. This is the 
demonstration of the dimension effect on the strength of brittle basalt fibres, as observed for other 
ceramic fibres, including glass fibres [28, 29]. Weibull modulus for tensile strength was found to range 
from 7 to 8, higher compared to what usually reported for glass fibres (3-5) [28, 30] and carbon fibres 
(3-6) [31] but lower compared to the values of other high performance ceramic fibres, such as 
Nextel™ (8-12) [32]. Weibull theory predicts that fibres with greater diameter should, on average, 
have a greater chance to have a large flaw, and will therefore be weaker than smaller fibres. In 
addition, because diameter was experimentally found to vary from fibre to fibre even within a tow, 
testing fibres at constant gauge length does not assure a constant tested volume. Thus, the measured 
strength distribution is to be considered as the overlap of the dispersion of strength due to the 
volumetric distribution of flaws and due to the variable fibre volume. Because of this effect, the actual 
distribution of fibre strength is artificially broadened, lowering the measured Weibull modulus. No 
clear dependence of Weibull modulus on gauge length was found for basalt fibres, as supported by 
other researches on different ceramic fibres [28, 29]. 

Weibull distribution plots of strength and Young’s modulus for untreated single basalt fibres as a 
function of gauge length are reported in figure 1.  

 

 
(a) 

 
(b) 

Figure 1: Weibull plots of single fibre strength and Young’s modulus for BCF13 fibres. 

A linear trend was detected thus suggesting the validity of a unimodal Weibull function with few 
exceptions for very low strength values. Such deviations have been the subject of numerous 
discussions over the years [33, 34], and generally they have been ascribed to two main causes, namely 
the presence of more than one failure mode in the material or that the threshold stress, which is usually 
set to zero for brittle materials, is not zero and therefore a three parameter Weibull distribution should 
be used. As recently discussed by Thomason [33], it is not entirely correct to infer sound conclusions 
on the fracture process of the fibres from Weibull graphs because the Weibull theory is a statistical one 
without being based on the physics of the fracture process [35]. This means that Weibull plots are 
useful to support the existence of several fracture modes only if additional information are available. 
To this purpose, the lateral surface of virgin fibres and cross-section of the fracture surface after single 
fibre tensile tests were investigated by scanning electron microscopy. Most fibres, both low strength 
and high strength fibres, showed a typical and common fracture pattern (figure 2a). Distinctive 
markings were found, which are all compatible with a failure caused by surface flaws. The crack front 
propagated through the material, originating three different regions, namely mirror, mist and hackle as 
commonly reported for brittle materials, in particular for glass fibres [30,36]. For most fracture 
surfaces investigated, the location of the fracture mirror suggests that fracture originated from the 
surface of the basalt fibres, thus confirming the existence of a single common failure source. 

For glass fibres [12, 30, 34] it has been shown that different film formers and coupling agent/film 
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former combinations on the surface of fibres can significantly affect the mechanical properties of the 
resulting fibres themselves due to a different healing effect for surface flaws. The crucial role played 
by the silane based sizing layer has been previously studied by Wang and Jones [37]. They showed 
that such sizing is made up of three different layers: a physisorbed layer, a cross-linked and an 
interfacial layer. According to Zinc et al. [38] these three layers can influence the effect of surface 
defects on the mechanical properties of the fibres because they can fully or partially fill the surface 
cavities. It is clear that sizings characterized by different chemical compositions may have a different 
filling capacity of the surface defects of the fibres. A morphological analysis carried out by SEM 
showed that the fibres have a very regular and even surface finish, figure 2b. 

 

 
(a) 

 
(b) 

Figure 2: Scanning electron micrographs of the fracture surface and of the lateral surface of BCF13 
fibres without heat treatment. 

3.3 Mechanical properties of heat treated basalt fibres 

After thermal exposure in air, single basalt fibres were meticulously separated from the fibre 
bundles and glued onto a card tab with a central window cut out of 20 mm. As found for glass fibres 
by Jenkins et al. [9], a significant drop of the tensile strength of the different basalt fibres with 
increasing temperature has been recorded. From figure 3 it can be inferred that passing from room 
temperature up to 200 °C, BCF13 fibres exhibited a reduction in tensile strength around 26 %. The 
tensile strength continued monotonically to decrease with increasing temperature up to the maximum 
temperature of 600°C where a strength loss of about 75 % was measured.  

 

 
Figure 3: Tensile strength as a function of heating temperature in air for single basalt fibres.  
 
These values compare quite favourably with those reported for glass fibres [2,9,11,12,26] and the 

one reported for basalt fibres [26]. The strength of basalt fibres tended to converge as the thermal 
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conditioning temperature increased and this can support the role played by the deterioration of the 
surface coating due to the thermal exposure. The fibres experienced a significant and rapid strength 
loss after heat treatments performed up to 400°C. Further increase in temperature up to 500°C did not 
caused a marked strength loss which instead was found to increase again in the temperature range 
500°C-600°C. The Weibull analysis was performed also for thermally treated fibres (table 3, 4) and 
again a linear trend was observed which indicates that the mechanical behaviour of the fibres is still 
influenced by the presence of a single population of defects and that the temperature increase does not 
involve a change in the nature of defects, but rather it can affect their concentration and severity 
(figure 4).  

 
Temperature 

(°C) 
Tensile strength 

– ασ 
Tensile strength 

– σ0 
Young’s modulus 

– αE 
Young’s modulus 

– E0 
400 3.90 1032.62 24.91 83.39 
500 10.10 1042.49 16.33 89.47 
600 3.03 639.92 18.28 88.52 

 
Table 3: Weibull distribution parameters for treated basalt fibres (air). 

 
Temperature 

(°C) 
Tensile strength 

– ασ 
Tensile strength 

– σ0 
Young’s modulus 

– αE 
Young’s modulus 

– E0 
400 5.82 1539.13 27.04 77.65 
500 4.49 1317.56 36.53 78.22 
600 3.62 719.41 26.62 83.42 

 
Table 4: Weibull distribution parameters for treated basalt fibres (argon). 

 

 
(a) 

 
(b) 

Figure 4: Weibull plots of single fibre strength and Young’s modulus for treated basalt fibres.  

As a confirmation, figure 5 reports representative fracture surfaces of basalt fibres after heat 
treatment at 300°C and 600°C. The mirror, mist and hackle regions were present in every investigated 
fibre fracture regardless of heat-treatment condition, thus suggesting a failure process not affected by 
temperature. The only significant difference caused by the different treatment conditions was the size 
of the mirror zone. It was observed that the size of the mirror zone increased with the increasing of 
temperature and decreasing of the fibre strength. This increase can be ascribed to an increase in the 
size of surface defects during heat treatment [11].  
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(a) 

 
(b) 

Figure 5: Scanning electron micrographs of the fracture surfaces of BCF13 basalt fibres after treatment 
at different temperatures. 

When dealing with glass fibres, the loss of protective sizing during high temperature exposure is 
usually reported as one of the factors contributing to the strength loss observed [9,12]. This appears to 
hold also for basalt fibres, as confirmed by the thermogravimetric results shown in figure 6. The basalt 
fibres exhibited a two-stage sizing degradation: an initial rapid mass loss between approximately 
160°C–400°C followed by a second, with markedly slower rate, between 400°C–500°C. It is clear that 
the removal of organic coating is only one of the mechanisms that are responsible for the strength loss, 
which can be active in the lower temperature range but not at higher temperatures (>450°C), where the 
volatilization is already almost complete. The strength reduction occurring at higher temperatures is to 
be ascribed to some additional fundamental mechanisms. Other works on stone wool fibres with a 
basalt-like composition [39,40] showed that oxidation can take place at temperatures higher than 
500°C. This phenomenon is related to the oxidation of Fe2+ to Fe3+. Indeed, the presence of iron oxides 
represents one of the main differences in chemical composition between glass and basalt fibres. This 
oxidation process was confirmed also in the present study, as from the TGA (figure 5) it is evident an 
increase in mass at temperatures higher than 500°C, which is due to the incorporation of oxygen in the 
fibres. In stone wool fibres this oxidation was reported to lead to the formation of a nanocrystalline 
surface layer able to lower the activation energy for crystallisation, thus dominating the crystallization 
behaviour of the fibres.  

 

 
Figure 6: Mass loss for BCF13 fibres measured by TGA in air and in argon.  

In the present work, in order to assess the possible development of crystalline phases in heat-treated 
basalt fibres and to establish a potential relationship between crystalline phases and tensile strength 
loss, diffraction analysis (XRD) was conducted on basalt fibres, whose results are summarized in 
figure 7. Basalt fibres exhibited a fully amorphous structure up to 700°C and crystallization started 
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beyond 800°C, in accordance with what reported by Manylov et al. [41]. Based on these findings, it is 
unlikely that crystallization can be used to explain the measured strength loss behaviour, as 
temperatures in excess of 800 °C are needed. In addition, a similar trend in strength loss was also 
observed for basalt fibres heat treated in inert (argon) atmosphere, where no oxidation is expected to 
occur, as supported by the TGA curve shown in figures 5. The data reveal no increase in mass and a 
less mass loss rate for fibres heated in argon, thus suggesting a slower decomposition rate for the 
sizing in the absence of oxygen.  

 

 
Figure 7: X-ray diffraction patterns for basalt fibres heat treated in the temperature range 500-1000°C 

for 1 h in air. 

This behaviour is reflected in the lower strength loss in argon compared to air (figure 8), even if 
fibre strength was reduced by the heat-treatment regardless of the atmosphere. 

If oxidation and crystallization cannot be appealed for explaining the observed strength loss 
occurring at the highest temperatures, it is reasonable to suppose the existence of some form of 
structural rearrangement [14]. In this regard, relaxation of structural anisotropy and enthalpy 
relaxation due to high temperature exposure can be both possible at different extents and rates [15], 
with structural relaxation occurring at faster rates and at lower temperatures. These two phenomena 
originate from the high cooling rate during fibre drawing which can induce a certain degree of 
preferred structural and defect orientation along the fibre axis. Structural relaxation involves both local 
structural rearrangements and change in defect orientation towards a random state with much more 
probability of leading to a catastrophic failure. Enthalpy relaxation is instead due to relaxation of the 
silicate network. The higher the starting anisotropy of the fibre (increase in fibre drawing speed), the 
easier the relaxation, which in case of structural relaxation can take place already at temperatures 
equal to 0.5 Tg [42]. These phenomena could explain the observed strength loss in basalt fibres which 
are characterized by Tg around 900-980 K [14,41]. The exact nature of these mechanisms needs a 
further and deeper investigation as well as their relationship with strength loss. 

 

 
Figure 8: Tensile strength of basalt fibres as a function of temperature and furnace atmosphere. 
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An indirect evidence of the existence of structural arrangements caused by thermal exposure can be 
obtained by considering the variation of Young’s modulus with increasing temperature (figure 9a). It 
was found an increasing trend with increasing temperature that suggests a thermal compaction 
phenomenon, already reported in glass fibres [12,43,44] and therefore likely active also in basalt fibres 
as confirmed in the present study by the systematic increase in basalt fibre density (figure 9b) 
measured by helium pycnometry [45]. 

 

 
(a) 

 
(b) 

Figure 9: Young’s modulus (a) and density (b) as a function of temperature for basalt fibres treated in 
air. 

 
4 CONCLUSIONS 

The strength loss of continuous basalt fibres with commercial sizing optimized for epoxy matrices 
was assessed following a 1 hour heat treatment in the temperature range 200-600°C in two different 
furnace atmospheres, namely air and argon. These operating conditions were selected in order to 
mimic those potentially experienced by fibres during a recycling process by pyrolysis. The basalt 
fibres showed a failure process dominated by a single population of defects mostly originating on the 
fibre surface as supported by the SEM analysis of the fracture surfaces, even after exposure to high 
temperatures. The final values of strength retention of tensile strength were comparable with those 
reported for glass fibres, even if in most studies on glass fibres the duration of exposure to high 
temperature was much lower compared to the present study. The effect of time has been proved to 
influence markedly the strength retention at each temperature level [11], therefore basalt fibres can 
show better chances to survive a recycling step by pyrolysis. 

Heat treatment of basalt fibres revealed a rapid reduction in the fracture stress with increasing 
temperature up to 400°C, which was found to depend on both temperature and heating atmosphere. 
The progressive loss of the strength of heat treated basalt fibres has been interpreted as a combination 
of surface damage caused by manual handling following sizing degradation and structural 
rearrangement.. As regards the second mechanism, the onset of significant oxidation triggering early 
crystallization of basal fibres was excluded by XRD analysis. The heat treatment-induced decay of 
tensile strength was proposed to be ascribed to structural anisotropy relaxation (local structural 
arrangement and defect reorientation), even if this potential strength controlling mechanism requires 
specific and further investigation. 
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