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Evaluation of Basalt Continuous Filament 
Fibres in composite mater ial 

 
 
1. Problem statement 
It was shown in earlier research that Basalt Continuous Filament (BCF) fibres have 
very interesting mechanical properties compared to Glass Fibres (GF). In the 
meantime new types of Basalt fibres with different kinds of sizing have been 
developed of which the properties are not exactly known. 
To investigate this, mechanical properties of BCF fibre epoxy composite with two 
new types of Basalt fibres have been determined. Also comparisons with conventional 
glass fibres and older types of basalt fibres have been made. 
 
2. Set up of exper imental work 
It was decided to approach the study in the following way: 

- Produce BCF fibre UD prepregs on a drumwinder. With a drumwinder it is 
possible to make UD prepregs where the fibre alignment and impregnation are 
well controlled. 

- Produce with these prepregs UD and Cross-ply laminates. 
- Cure the laminates under vacuum in an oven or autoclave. 
- Cut from the produced plates samples for tensile tests and fibre volume 

fraction determinations. 
- Test the BCF fibre epoxy composite samples with a tensile machine and 

determine the tensile strength, E-modulus and strain at failure. 
- Determine the fibre volume fraction. 
- Calculate the mechanical properties of the BCF fibres. 
- Compare the properties with GF and previously tested BCF fibres. 

 
Because of the limited time schedule and the available resin system it was decided to 
do the work in two work packages as shown in the table below: 
 

  WP 1 WP 2 
Fibres: 3 kinds of BCF fibres 2 kinds of BCF fibres + 1 type of GF  
Curing: under vacuum in an oven under vacuum in an autoclave 
Resin system: filament winding epoxy resin hot melt epoxy resin 
Test direction:     

UD plates 0° 90° 
Cross ply plates 0°, 90°, +/-45° - 

Table 2.1. Overview work package 1 and 2. 

 
 
Because porosity has much influence on the tensile strength transverse to the fibre 
direction in UD composite material, a slightly different processing was chosen for 
WP2 with a hot melt epoxy and curing in an autoclave to achieve a porosity of as 
good as zero.  
In WP2 one type of the BCF roving was replaced by an E-glass roving. This because 
the left out type contained a lot of broken filaments, which cause problems during the 
processing on the drum winder with a hot melt resin. Besides this, testing UD glass 
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fibre composite that is made with the same processing parameters gives a fair 
comparison. 
 
 3. Mater ials 
For the production of prepregs on a drumwinder a roving is required. It was calculated 
with respect to the die size of the drumwinder´s resin bath that a roving of 1200 tex 
(g/km) was required to achieve a fibre volume fraction of around 50%. 
 
Basaltex delivered three bobbins of BCF fibres with a roving of approximately 1200 
tex. It was decided to test two different types of BCF fibres with different types of 
sizing as shown in table 3.1. 
 

BCF Product description Resin compatibility Sizing code 
BCF 13-1200-KV11 ext Epoxy, vinyl ester, polyester KV11 

Type 1 
BCF 13-1200-KV12 ext Epoxy KV12 

Type 2 BCF 13-1200-A-76 ? A-76 
 Table 3.1. BCF fibres delivered by Basaltex. 

 
 
From now on in this report the three products will be named by the sizing codes 
KV11, KV12 and A-76.  
 
For WP2 the E-glass fibres were ordered at Owens Corning. In consideration of the 
production process, the resin to be utilized and the type of BCF fibres to be compared 
against, it was recommended to use a SE1200 Type30 roving of 1200 tex.  
 
The resins used are shown in the table below. 
 
  Resin Hardener Supplier Type 

WP1 Rutapox L20 Rutadur SL KNS - CONSIST bvba filament winding epoxy resin 
WP2 XB 3515 Aradur 5021 Huntsman Advanced Materials hot melt epoxy resin  
Table 3.2. Resin systems used for the production of the BCF fibre epoxy composites. 

 
 
Datasheets of all the materials that were used can be found in appendix A1. 
 
 
4. Production of composite laminates 
The production of the BCF fibre epoxy plates started with the production of prepregs. 
This is done with the filament drum winding equipment at the KULeuven, see figure 
4.1. The BCF fibre roving is pulled from the bobbin through a temperature controlled 
resin bath were the fibres are impregnated with the resin. In the resin bath the roving 
is pulled past flattening pins for better impregnation. At the bottom of the resin bath 
the roving goes through a die, which controls the fibre volume fraction of the 
impregnated roving.  
After impregnation the roving passes two more temperature controlled flattening 
rollers and a guide roller where after it is wound onto the rotating drum. 
The drum was rotating with an average of 1,60 rpm and the cross speed of the guide 
roller was set at 35. 
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 Figure 4.1. Drum winder equipment. 
 
 
The produced prepregs of 1,93 m long and maximum 0,31 m wide were cut into 
smaller sheets and laminated. The lay-up of the produced laminates is shown in the 
table below. 
 

Test direction Lay-up Layers   Length Width 
        [mm] [mm] 

0�  UD 4 450 200 UD plates 
90�  UD 8 230 300 

Cross ply plates 0� , 90� , +/-45�  [0,90,0,90,90,0,90,0] 8 450 300 
 Table 4.1. Lay-up laminates. 

 
 
After the lay up the laminate is packed into a vacuum bag in accordance with the lay 
up in figure 4.2. 
  

 
Figure 4.2. Lay-up. 

 
 
The laminates in WP1 were cured under the following conditions: 

- vacuum level: -1,0 bar for 30 minutes, - 0,6 bar for 6,5 hours 
- pressure: atmospheric 
- temperature: 4 hours @ 60°C, 3 hours @ 130°C 

Drum 

Control unit 

Resin bath 
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In WP2 the following conditions were used: 
- vacuum level: -0,9 bar  
- pressure: 3,0 bar 
- temperature: 1,5 hours @ 125�C 

 
After the laminates were cured, the test samples were cut out of the plates using a 
diamond saw.  
 
 
5. Tensile tests 
Tensile test were carried out according to ASTM D 3039/D 3039M – 00 “ Standard 
Test Method for Tensile Properties of polymer Matrix Composite Materials” .  
According to the recommendations of this standard, the dimensions of the test 
samples that are used are shown in table 5.1. 
 
Fibre orientation Width [mm] Overall length [mm] Thickness [mm] 

0�  UD 15 250 1.0 
90�  UD 25 175 2.0 

Cross ply 25 250 2.5 
Table 5.1. Dimensions test samples. 

 
 
From the measured force and displacement the strength and E-modulus of the tensile 
samples are calculated. The values that were found are attached in the appendix, the 
average values are shown in the table below. 
For the cross ply samples, the 0�  test direction means that the 0�  layer was at the 
outside and parallel to the test direction.  

 
Table 5.2. Overview composite tensile properties WP1. 

 
 
The properties that were found in WP2 with the test direction transverse to the fibre 
direction are shown in table 5.3. 

 
 Table 5.3. Overview composite tensile properties WP2. 
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During the tensile tests an extensometer is used to determine the E-modulus more 
accurately. Because part of the test samples more or less explode during failure 
because of the high stresses that are involved, it was decided to remove the 
extensometer before failure at 1,0% strain to prevent damage to the extensometer.  
After this removal the tensile machine monitors the displacement with less accuracy 
when big loads are involved. That’s why the strain at failure cannot be determined 
with high accuracy with this test set up. 
 
However, using the stress-strain curves, a realistic approximation of the strain at 
failure can be made. A strain at failure of  +/- 3,1% is found for the UD samples (test 
direction 0� ) and Cross ply samples (test direction 0�  and 90� ).   
For the UD samples tested in the 90�  a strain at failure of +/- 1,0% is found. 
 
The following figures show the stress-strain curves of the different tests that are done. 
 

BCF fibre / epoxy composite: UD 0°
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BCF fibre / epoxy composite: UD 90°
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BCF fibre / epoxy composite: Cross ply 0�
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BCF fibre / epoxy composite: Cross ply 90�
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BCF fibre / epoxy composite: Cross ply +/- 45�
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6. Fibre volume fraction 
The fibre volume fractions were determined for four pieces out of each plate. First the 
density is determined after which pyrolysis (resin burn off) is used to determine the 
fibre weight content of the samples. Finally the weight fraction is recalculated to a 
fibre volume fraction. 
 

 KV11 KV12 A-76 GF SE1200 
UD 0�   53,7 46,6 58,6 - 

UD 90�  57,7 47,6 - 54,8 

Cross ply 54,4 50,9 51,6 - 
Table 6.1. Fibre volume fractions in %. 

 
 
For the calculation of the fibre volume fractions, densities were supposed to be: epoxy 
resin L20: 1,13 g/cm³, hot melt epoxy XB3515: 1,18 g/cm³, Basalt fibre 2,75 g/cm³ 
and E-glass 2,55 g/cm³. 
 
 
7. Discussion  
Due to the differences in fibre reinforcement fractions between the composites, it’s 
necessary to make an additional interpretation of the test data. This will be done by 
means of simple micro mechanics formulas. 
 
7.1. Tensile test results parallel to the fibre direction  
Using the rule of mixtures, where the contribution of the matrix is ignored, a realistic 
approximation of the strength and E-modulus of the fibres itself can be calculated by 
dividing the values of the UD composite by the fibre volume fraction.  
 
In the table below the calculated tensile strength and stiffness are shown for the three 
tested BCF fibres. A comparison is made with values for E-glass and S-glass 
properties that are determined from different literature sources.  

 
 Table 7.1. Comparison of calculated properties of BCF fibres with properties of Glass fibres. 

 
 
These BCF fibre properties are confirmed by the tensile tests results on the cross ply 
samples in the 0�  and 90�  direction. 
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7.2. Tensile test results transverse to the fibre direction 
The transverse tensile strength of a composite can be predicted with MicroMechanics 
software that has been developed at the KULeuven. Based on Skudrá s model and the 
properties that are shown in table 7.2. the transverse strength is determined for the 
three tested composites. By comparison of these predictions and the values found with 
the tensile tests a rough indication of the interfacial strength can be made. The 
interfacial strength factors that are found, where 1,0 is a perfect bonding between 
matrix and fibre, are shown in table 7.3. 
 

    Resin BCF fibre Glass fibre 
Density [g/cm³] 1,18 2,75 2,55 
E-modulus [Gpa] 3,1 84 72 
Strength [Mpa] 140 2447 2710 ** 
Ult. Strain [%] 5,5 3,2 4,7 

  Table 7.2. Properties used for micromechanics software. 
   ** = this strength is for a modified E-glass that is used in WP2, so higher  than for conventional E-glass 
  

 
A prediction of the composite transverse stiffness can be calculated using the Chamis 
formula: 

 
 
 
Where E22 is the transverse composite stiffness, Em is the matrix stiffness, Vf is the 
fibre volume fraction and Ef22 the transverse fibre stiffness. 
 
Table 7.3. gives an overview of the predicted and tested values for the transverse 
strength and stiffness. 

 
  Vf [%] E-modulus [Gpa] Strength [Mpa] Interfacial strength factor 
    Calculated Tested Calculated Tested Calculated 

KV11 57,7 11,5  10,4 79,0 78,7 0,99 
KV12 47,6 9,2 6,6 82,7 56,1 0,68 
GF SE1200 54,8 10,6 9,2 81,6 66,2 0,81 
Table 7.3. Predicted and tested transverse strength and stiffness, inerfacial strength factors. 

 
 
Because the transverse properties are influenced by many different factors like quality 
of the sizing, voids, fibre distribution, compatibility sizing-matrix, etc, real numbers 
can not be found with this test set up. However, with these results in general it can be 
concluded that the interface between BCF fibres and the epoxy resin should be in the 
same order of magnitude as for glass fibres. 
These test results also give an indication that the bonding between the XB3515 resin 
and the KV11 sizing is better than with the KV12 sizing. To be able to conclude 
something like this, more detailed research should be done. 
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7.3. Tensile test results +/- 45° direction 
Tensile tests where the fibres are orientated in the +/-45�  direction also give a first 
approximation about how good the interfacial strength of one sample is compared to 
another. The results found indicate a better interfacial bonding between the BCF 
fibres (KV12) and the Rutapox L20 resin than for the BCF fibres (KV11). This can be 
accounted for due to the fact that KV12 is a sizing compatible specially to epoxy resin 
and KV11 not. 
 
However, these results are in contradiction to the results that were found with the 
tensile tests transverse to the fibre direction, where it was found that the KV11 sizing 
has a better bonding to the epoxy matrix than the KV12 sizing. The different type of 
resin that is used for both tests could explain this. 
 
7.4. Compar ison with results from the repor t “ Use of Basalt continuous filament 
fibres in composite materials: a comparison to E-glass fibres” , 14th of July 2004. 
The strength and E-modulus of the BCF fibres (KV11 and KV12) are slightly higher 
compared with the properties that were found in 2004.  
The strength of BCF fibres (A-76) is the same and the E-modulus is 5% lower 
compared with the properties from 2004. 
 

 Test Strength E-modulus 

  year [Gpa] [Gpa] 

E-glass 2004 1,9 70 
BCF fibre C3 2004 2,2 84 
BCF fibre P8 2004 2,3 83 
        

BCF fibre KV11 2007 2,4 83 
BCF fibre KV12 2007 2,4 86 
BCF fibre A76 2007 2,2 79 

   Table 7.4. Comparison of calculated properties of glass and BCF fibres. 

 
 
It should be remarked that the properties from 2004 were determined by bending tests 
in contrast to tensile tests this time. This could be an explanation for the small 
differences between the properties that are found. 
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8. Conclusions 
Based on the tensile test results found and the properties of E- and S-glass from table 
7.1. it can be concluded that: 

- BCF fibres (KV11, KV12) are 17% stiffer  and 34% stronger  than E-glass 
fibres and 5% less stiff and 6% less strong than S-glass fibres. 

- BCF fibres (A-76) are 10% stiffer  and 18% stronger  than E-glass fibres and 
11% less stiff and 16% less strong than S-glass fibres. 

 
It is found that the type BCF fibre with the A-76 sizing is about 6% less stiff and 9% 
less strong compared to the other type BCF fibres with the KV11 and KV12 sizing. 
This can be explained by a less quality of the fibre, which was already known 
beforehand. 
 
Based on the transverse tensile properties that are found and the predictions using the 
Micromechanics software and the Chamis formula, it can be concluded that: 

- the interfacial bonding between the epoxy resin XB3515 and the BCF fibres 
(KV11, KV12) is similar  to the bonding between E-glass (SE1200) and the 
same resin. 

The tensile tests with the fibres in the +/- 45�  direction show: 
- a better  interfacial bonding between the epoxy resin Rutapox L20 and the 

BCF fibres with the KV12 sizing than BCF fibres with the KV11 sizing. 
 
 
It should be remarked that these are first approximations about the interfacial strength 
between the BCF fibres and matrix. For better understanding of the interfacial 
properties more detailed research should be done. 
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