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STUDY OF THE FREE SURFACE ENERGY IN ORGANIC MATRICES BY INVERSE GAS 

CHROMATOGRAPHY TO DEVELOPMENT OF COMPOSITES 

Composite materials (or composites) are engineered materials made from two or more 

constituent materials with significantly different physical or chemical properties which remain separate 

and distinct on a macroscopic level within the finished structure. Composites are made up of individual 

materials referred to as constituent materials. There are two categories of constituent materials: matrix 

and reinforcement. At least one portion of each type is required. The matrix material surrounds and 

supports the reinforcement materials by maintaining their relative positions. The reinforcements impart 

their special mechanical and physical properties to enhance the matrix properties.  

Most commercially produced composites use a polymer matrix material often called a resin 

solution. There are many different polymers available depending upon the starting raw ingredients. The 

most common are known as polyester, vinyl ester, polyimide, polyamide, polypropylene, PEEK, and 

others. The reinforcement materials are often fibers but also commonly ground minerals or glass 

beads. 

Composite materials have gained popularity (despite their generally high cost) in high-

performance products that need to be lightweight, yet strong enough to take harsh loading conditions 

such as aerospace components1,2,3 (tails, wings, fuselages, propellers), boat and scull hulls, bicycle 

frames and racing car bodies. Other uses include fishing rods, storage tanks, and baseball bats. The 

new Boeing 787 structure including the wings and fuselage is composed largely of composites. 

Composite materials are also becoming more common in the realm of orthopedic surgery.4,5 Carbon 

composite is a key material in today's launch vehicles and spacecraft. It is widely used in solar panel 

substrates, antenna reflectors and yokes of spacecraft. It is also used in payload adapters, inter-stage 

structures and heat shields of launch vehicles. 

A central goal of modern materials physics and nanoscience is the control of materials and 

their interfaces to atomic dimensions. In traditional semiconductors, this reconstruction is achieved by 

an atomic disordering and stoichiometry change at the interface. Shock, impact, or repeated cyclic 

stresses can cause the laminate to separate at the interface between two layers, a condition known as 

delamination. Individual fibers can separate from the matrix e.g. fiber pull-out. 

We study the interface in composites using Inverse gas chromatography (IGC). IGC6 has 

proved to be a suitable tool to study solid surfaces and their interaction capability. The solutes are 

retained in their way trough the chromatographic column accordingly to their particular interaction with  
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6 O. Smidsrød, J. E. Guillet, Macromolecules 2, 272 (1969) 



   Summary  141 

 

the stationary phase, which depends on the surface groups in the stationary phase and the solute 

nature. The principle of IGC is very simple7. A column is filled with the powder material under test and 

molecules with clearly identified features called probes are injected into the column. The retention time 

and peak elution profiles of the probes give information on their interactions with the surface of the solid 

and on the characteristics of both the surface of the solid and the probe. The complexity of these 

interactions depends on the amounts of probe injected. The retention volume, VR is related to the free 

energy of adsorption and many thermodynamic parameters can be obtained from the experimental 

data. Surface interactivity of fibers and fillers is a crucial feature.   

 

A new approach8 is proposed in this work, the main achievement being to bring acid-base 

characterisation of the surfaces to the same energetic scale than the London component of the free 

surface energy measured by the interaction of the n-alcanes with the surface. Traditionally, the main 

reference set of probes used in the IGC at infinite dilution is the n-alkane series (RH). The free energy 

of adsorption of the members of this series provides a significant value, the free energy of adsorption of 

the CH2 group. In this work other homologous series, ROH, are used as probes to obtain outstanding 

information of the surface characteristics.  

 

A new methodology is proposed which allows an energetic surface mapping of the resins. The 

first result is quantification the free energy of adsorption of the OH group, in close relation with the acid-

basic character of the surface. 

 

The second interesting result is the observation of the anomalous free energy of adsorption of 

the lower memebers of the series, which we think is closely relate to the formation of hydrogen-bridge 

bonds. Solid cured phenolic, furanic, cyanoester and epoxi resins are studies, and their capability to 

form hydrogen-bridge bonds evaluated. 

 

We can conclude from our results that the traditional total London component of the surface is 

mainly an indication of the concentration of active sites rather than real information of their energetic 

activity. In all equations we use work of adhesion per unit area. Up to now, Debye interactions between 

probes and solid stationary phase have been ignored. Our proposal is based on the inclusion of these 

in all calculations. Also, we make an estimation of areas of all probes, both polar and non-polar. This is 

done with the help of atomic radii, and bond lengths of diatomic molecules found in the literature.  

 
 We propose new values of AN (aceptor number) and DN (donor number) for polar probes 

using poly(ethylene), clean glass fiber, glass beads, modified glass beads and carbon fiber, and a 

ranking order in surface energy. We also propose a method to estimate the potential interactivity of the 

cured solid resin with the hydroxyl group through Hydrogen Bridge bonding. The projection of these 

results to choose the processing resins in the manufacturing of reinforced composites is noted. 
                                                 
7 J.B. Donnet, T.K. Wang, Y.J. Li, H. Balard, G.T. Burns, Rubber ChemTechnol. 73, 634 (2000) 
8 M.C.Gutiérrez, S.Osuna,  I.Baráibar, J.Chromatography A, 1087, 142-149  (2005) 


