
averaged to improve the reliability of the obtained 
data.

3. Results and discussion

3.1. Mechanical testing

Fig. 6 presents a comparison of the compressive and 
tensile strength properties (in MPa) of four types of 
reinforcing fabrics. Compressive and tensile strength 

values are shown on the left (blue) and right (red) y- 
axes, respectively. The highest performance was 
demonstrated by the carbon fabric, with compressive 
strength of 310 MPa and tensile strength of 420 MPa. 
These values exceed those of the silica fabric, which 
exhibited the lowest properties, by more than three 
times: 101 MPa in compression and 164 MPa in ten
sion. The basalt fabric showed intermediate values, 
with 210 MPa in compression and 270 MPa in tension, 
approximately twice as high as those of the silica 

Fig. 4. Technological process for producing HTIMs and setup for fire resistance testing: (a) PF resin preparation, (b) reinforcement preparation, (c) 
impregnation with binder, (d) pressing, (e) final specimen, (f) test bench with propane-oxygen torch and thermal imager.

Fig. 5. Technological process for producing HTIMs for thermal conductivity measurement: (a) resin preparation, (b) reinforcement preparation, (c) 
impregnation with binder, (d) pressing, (e) cutting the specimen from the cured laminate with defined geometry, (f) final specimen, (g) DRP-II 
thermal conductivity analyzer.
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fabric. The glass fabric also demonstrated respectable 
properties - 190 MPa in compression and 260 MPa in 
tension - slightly lower than basalt but significantly 
surpassing silica.

The presented data clearly demonstrate significant 
differences in the mechanical properties of the fabrics, 
highlighting the necessity of a reasoned selection 
based on the operating conditions of the structure.

Fig. 7 shows the Brinell hardness test results for 
specimens reinforced with different types of fabrics. 
The bar chart illustrates the comparative hardness 
levels, accompanied by error bars indicated in red.

The highest hardness value was recorded for the car
bon fabric-approximately 43 HB-highlighting its high 
mechanical strength and resistance to indentation. The 
basalt fabric exhibited a hardness of about 35 HB, 
approximately 19 % lower than carbon but surpassing 
silica and glass fabrics. The silica fabric reached approx
imately 31 HB, while the glass fabric showed the lowest 
value at about 29 HB, roughly 33 % lower than carbon.

Thus, the hardness of the material also varies 
depending on the type of reinforcing filler. Carbon and 
basalt fabrics provide higher resistance to mechanical 
damage, making them preferable for applications 
involving abrasive or impact loads.

3.2. Thermal testing

Fig. 8 presents the results of flame resistance tests, 
reflecting the thermal stability of various reinforcing 
fabrics based on the maximum temperature reached 

during thermal exposure. The values are accompanied 
by error bars indicated by vertical lines.

The highest thermal resistance was demonstrated by 
the silica fabric, which reached temperatures of 
approximately 350 ◦C, confirming its gradual and sta
ble heating behavior under flame exposure. Carbon, 
basalt, and fiberglass fabrics exhibited similar 
maximum values-around 250—300 ◦C-before a sharp 

Fig. 6. Compression and tensile test results.

Fig. 7. Hardness test results.
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temperature drop, indicating their faster degradation 
or burning onset. These results confirm that the choice 
of reinforcing material significantly influences the 
thermal stability of the composite structure, which is 
especially important when designing thermal protec
tion systems for high-temperature zones such as 
combustion chambers and rocket nozzles.

Fig. 9 presents the thermal conductivity measure
ments (W/(m·K)) of various types of reinforcing fab
rics. The data are visualized as a curve showing the 
dependence of the thermal conductivity coefficient on 
the material type.

The highest thermal conductivity was recorded for 
the carbon material, at approximately 0.39 W/(m·K). 
This value is nearly nine times greater than that of the 
silica material, which exhibited the lowest conductivity 
of 0.045 W/(m·K). This sharp contrast highlights the 
pronounced insulating properties of the silica fabric 
and the high thermal conductivity of the carbon rein
forcing component.

The basalt material showed a thermal conductivity 
of about 0.14 W/(m·K), roughly three times higher 
than that of silica but 2.8 times lower than carbon. The 
glass fabric demonstrated a value of approximately 

Fig. 8. Flame resistance test results.

Fig. 9. Thermal conductivity test results.
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0.09 W/(m·K)-100 % higher than silica but nearly 77 
% lower than carbon.

Thus, the range of thermal conductivity among the 
studied materials varies by more than an order of 
magnitude. This emphasizes the necessity of careful 
selection of the reinforcing component depending on 
the required thermal performance of the composite 
material.

Table 2 presents the averaged mechanical and 
thermal characteristics of the studied composites, 
including strength properties, hardness, thermal con
ductivity, and maximum flame resistance. The sum
marized data provide a clear comparison of the 
materials and help identify the most suitable option for 
operation under high load and temperature conditions.

4. Conclusion

The conducted study demonstrated the effectiveness 
of the hand filament winding technology for fabri
cating high-temperature insulation composites based 
on phenol-formaldehyde resin and various types of 
reinforcing fabrics. The produced cylindrical preforms 
exhibited stable geometry, uniform structure, and 
reproducible wall thickness, ensuring reliability during 
thermal and mechanical testing.

Based on the quantitative data, composites with 
carbon fabric possess the best strength (up to 
420 MPa in tensile strength), hardness (43 HB), and 
the highest thermal conductivity (0.39 W/(m·K)). 
Basalt fabric and fiberglass composites provided a 
balanced combination of mechanical and thermal 
properties. Composites with silica fabric showed the 
lowest strength, but exhibited the best thermal 
insulation performance (λ ≈ 0.045 W/(m·K)) and 
the most stable behavior under short-term flame 
exposure, the maintaining structural integrity up to 
350 ◦C. These results enable informed selection of 
reinforcing materials according to prioritized opera
tional requirements.
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