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Two techniques are used to manufacturing composites of carbon fiber reinforced plastic (CFRP) and 
glass fiber reinforced plastic (GFRP): Liquid composite molding (LCM) and autoclave. The process 
selection depends mainly on the size, quality and application of composite. LCM is predominant due to 
low-cost equipment while the autoclave is used to fabricate CFRP structures for aerospace applications 
[1]. In the LCM process there are many parameters that influence the quality of composite: resin 
injection pressure, mould temperature, location of inlet and ventilation gates, application of vacuum, and 
postcuring [2]. The autoclave process is a high-quality technique to reproduce parts [3].  The laminate 
quality and curing are related to content, size and distribution of voids in a laminate [4].  The voids and 
delaminations represent the most common defects due to unsuitable production procedures [5]. 
   
In the present work, CFRP and GFRP composites were manufactured, by the two techniques described 
above, in the National Center for Aeronautical Technologies (CENTA, Querétaro, Mexico) [6]. The 
composites were cut by diamond saw to analyses the cross section., all samples were imaged in dark 
field on a Zeiss Axiovert 25 Inverted Microscope, Software Zen lite [7]. 
 
As show in Figure 1 a), the composite CFRP manufactured by LCM has some voids with spherical 
shape, the average size range of 116 to 165 µm approximately, there are also other voids with elliptical 
shape with 1 mm longitudinal size, and these defects are in the interface between the carbon fiber and 
the polymer matrix. In the Figure 1 b), the same composite manufactured by autoclave technique, 
showed a good adhesion in the interface between the carbon fibers and the matrix, and there were not 
voids observed.  In the Figure 2 a) and b) the sectional view GFRP composites manufactured by LCM 
and autoclave technique, respectively, is showed. Figure 2 a) shows an interface with fiber bundles and 
in the polymer matrix there were small voids with irregular round shapes an average size range of 10-20 
µm, approximately. In the Figure 2 b), microscopic examination indicated that, there was good adhesion 
between the matrix and the glass fiber without presence of voids. 
 
The composites that were manufactured by autoclave technique showed an interface polymer-fiber with 
good adhesion, no voids were found.  In CFRP and GFRP composites, by LCM technique, showed 
interfaces with defects, the CRFP composite showed an interface with voids of different shape and size 
[7]. 
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Figure 1. Cross Section of CFRP composites. a) LCD technique, b) autoclave process. 
 

  
 

Figure 2. Cross Section of GFRP composites. a) LCD technique, b) autoclave process. 
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