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Abstract. In this study PA12 was reinforced with E-glass woven fabric by 
dip-coating. PA12 powder and ethanol suspensions were prepared with 
ratios at 30, 40 and 50% of powder to obtain different fibre contents. 
Coated fabrics were laid-up and kept in oven at 60°C to evaporate ethanol. 
Then it was placed in a compression mould and pressed. Obtained 
laminates were subjected to tensile, bending and impact tests. Fractured 
surfaces were observed. It was found that mechanical properties were 
highest when 40% PA powder used in suspension with dip-coating with 
additional lamination. Fibre failure and fibre pull-out were observed on 
fractured surfaces. 

1 Introduction  
Thermoplastic composites have some advantages over thermoset composites with 

higher strain, chemical durability, lower water absorption, recyclability, etc. [1]. Polyamide 
(PA) is one thermoplastic polymer, also used in composites as matrix. It has applications in 
automotive, electrical and electronic, and packaging industries [2]. In these industries, most 
used types are PA6 and PA66 which are the toughest types. However, there are various 
types of polyamides showing different properties. Among them, PA12 has lowest water 
absorption, besides it has good chemical resistance and high impact resistance and 
toughness. 

The studies of polyamide composites are generally on short fibre reinforcement [3-5] 
and long fibre reinforcement [6-8]  that are processed in extrusion or/and injection 
moulding lean on melt compounding. However only limited numbers of studies have 
focused on woven fabric reinforcement [9]. 

In this study, E-glass woven fabric reinforced PA matrix was produced. E-glass woven 
fabric was impregnated in PA powder/ethanol suspensions at 30, 40 and 50% PA ratios. 
Suspension was applied by spraying and dip-coating. Also dip-coating procedure 
implemented by two ways: with/without additional lamination. The final step was pressing 
for consolidation for all. Produced samples were burned out to determine fibre volume 
ratio. Tensile, bending and impact test was performed to obtain mechanical properties. 
Fractures surfaces were investigated with Scanning Electron Microscope (SEM). 
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2 Experimental 
PA12 was reinforced with E-glass woven fabric. Spraying and dip-coating was applied 

to fabric. PA12 powder and ethanol suspensions were prepared with ratios at 30, 40 and 
50% of powder to obtain different fibre contents. To prevent collapsing of PA particles in 
suspension, stirring was applied to suspension constantly. Three production procedures 
were applied. These were spraying suspension to fabric, dipping fabric to suspension and 
additionally laminate each layer before pressing, and dipping and directly pressing without 
lamination. Impregnated fabrics were laid-up and kept in oven at 60°C to evaporate 
ethanol. Then these were placed in a compression mould and pressed at 200°C for 3 
minutes and following another 3 minutes at ambient temperature. Obtained composites 
were subjected to burned out, tensile, bending and impact tests. Fractured surfaces were 
observed.  

3 Results and Discussion 
Produced composites were burned out to find out fibre volume ratios (Vf). Results are 

given in Fig. 1. According to this, proportional results with PA powder used in suspension 
were obtained from composites. For 30, 40 and 50% PA powder in suspension, 70 to 77%, 
56-74% and 53-69% Vfs obtained, respectively.  Highest Vfs were obtained from 
composites produced by spraying method, while lowest values were taken from composites 
produced by dipping+pressing method. In general, deviation from the expected values was 
5% for 30% PA, 8.3% for 40% PA, and 22% for %50 PA. Thus, the lower the used powder 
ratio, the more stable the Vf of produced composites were. 

 
Fig. 1. Fiber volume ratios of the samples. 

In Fig. 2 and 3, tensile test results were given. Although samples with 30% PA powder 
ratio in suspension had higher Vfs, ultimate tensile stress and modulus values were lower.  
It is possibly because of less fibre-matrix interface formation. 30% PA matrix might 
inadequate to form fully wetting of fibres. As the matrix ratio increased, in other words Vf 
decreased, tensile test results increased, especially in samples with 40% PA ratio. However 
increase in tensile results did not continued in samples with 50% PA ratio. Although 
sufficient wetting achieved at and over 40% PA, over 40% PA Vf decline lead decrease in 
tensile test results. Therefore samples with 50% PA slightly decreased except samples 
produced with spray+press method. Because Vf was higher than the others in same 50% 
group.    
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Fig. 2. Ultimate tensile stress results. 

 
Fig. 3. Tensile modulus results. 

In the study of Niforoz et al. [10], unidirectional E-glass/polyamide 6 prepregs were compression 
moulded at various conditions and composites were obtained at 58% Vf. 397-494 MPa tensile 
strength and 21-29.8 GPa tensile modulus values were determined from [0n/90n]s cross-ply laminates. 
Although we had similar modulus results with them, they achieved higher stresses. Due to woven 
structure leads pockets at cross-over points [11], these points may cause weakening and lead lower 
stress results.  

Similar trends were obtained from bending test with tensile test. In Fig. 4 and 5, bending test 
results are seen. Here the samples produced with dipping+lamination+press had considerably higher 
results. Addition lamination step improved the flexural properties much.  
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Fig. 4. Ultimate flexural stress results. 

 

Fig. 5. Flexural modulus results. 

Impact strength values as seen in Fig. 6 showed similar trends also with tensile and bending test 
results. Again higher values obtained with the production of dipping+lamination+press method and 
samples at 40% PA. Caminero et al. [12] were used fused deposition modelling technique to reinforce 
polyamide matrix with continuous fibres and investigated impact behaviour. They found impact 
strength in the range of 75-275 kJ/m2 with various glass reinforcement layer thicknesses. In our study, 
optimum results were around 100 kJ/m2, nearly in the lower limits of Caminero and et. al. findings. 

 

Fig. 6. Impact strength results. 

After impact test, SEM observations were applied to fractured surfaces. Samples produced with 
Spray+Press, Dip+Lamination+Press, and Dip+Press was compared in Fig.7. Fibre failure and fibre 
pull-out was seen on samples. In Spray+Press, clean fibres mostly observed which is the evidence of 
poor interface adhesion. However there were some matrix residuals on fibres in the samples of 
Dip+Lamination+Press, and Dip+Press. These were also the ones which had better mechanical results 
than Spray+Press samples. 
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Fig. 7. SEM micrographs: a) Spray+Press, b) Dip+Lamination+Press, c) Dip+Press. 

4 Conclusions 
In this study, E-glass woven fabric reinforced PA matrix samples were produced with 

suspensions at 30, 40 and 50% PA ratios. Also three production procedures were applied. 
These were spraying suspension to fabric, dipping fabric to suspension and additionally 
laminate each layer before pressing, and dipping and directly pressing without lamination. 
The final step was pressing for consolidation for all. Mechanical tests and burn out test 
were performed to obtained composites. According to these: 
 Vf decreased in samples with the increase in PA ratio in suspension 
 Lowest mechanical results were obtained when 30% PA used in suspension. At this 

ratio, Vfs were higher. Thus matrix might inadequate to form well interface. 
 Highest results were achieved when 40% PA used in suspension. This was possibly 

because of rise in matrix enabled wettability on fibres and therefore improved interface 
formation.  

 In 50% PA, results started to decrease slightly. Although sufficient interface formation 
gained at 40% PA, Vf of the samples decreased critically that lead reduction in 
mechanical properties at 50%. 

 When methods compared with each other, sprayed samples had lowest results. In SEM 
observation of this group, clear fibre surfaces were observed. It indicates weak interface 
bonding. 

 In SEM observation of dipped samples, some matrix residuals were seen in both 
with/without laminated groups. However, additional laminated ones showed better 
mechanical properties. 
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