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PARTICLE-REINFORCED COMPOSITES : 

Large-particle composites 
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- Some polymeric materials to which fillers have been added are really large- particle 

composites. 

- The fillers modify or improve the properties of the material. 

- Example of large-particle composite is concrete, which is composed of cement (the 

matrix), and sand and gravel (the particulates). 

- Particles can have quite a variety of geometries, but they should be of approximately 

the same dimension in all direction (equiaxed). 

- For effective reinforcement, the particles should be small and evenly distributed 

throughout the matrix. 

- The volume fraction of the two phases influences the behavior; mechanical properties 

are enhanced with increasing particulate content.  

- Rule of mixture: equation predict that the elastic modulus should fall between an  

upper and lower bound as shown:  

 

 

 

 

where: 

     Ec: elastic modulus of composite 

      Ep: elastic modulus of particle 

      Em: elastic modulus of matrix 

      Vm: volume fraction of matrix 

      Vp: volume fraction of particle 

Example: Fig. 16.3 plots upper and lower bound Ec – versus Vp curves for a copper – 

tungsten composite; in which tungsten is the particulate phase. 
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Application to other properties: 

- Electrical conductivity,e:replace E by e . 

- Thermal conductivity: K: replace E by K. 

 

Dispersion-Strengthened Composites 

 

Dispersion-strengthened metals. Particular composites in which a stable material, usually an oxide, is 

dispersed throughout a metal matrix. The particles are less than 39 in (1 m) in size, and the particle 

volume fraction ranges from only 2 to 15%. The matrix is the primary load bearer while the particles serve 

to block dislocation movement and cracking in the matrix. 
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FIBER-REINFORCED COMPOSITES : 

 

Microscopic Representative Volume Element 



9 
 

AGS-TECH Inc., Tel: 505-550-6501 and 505-565-5102, Fax: 505-814-5778, Email: sales@agstech.net, Web:http://www.agstech.net 

 
 

 

Random chopped fiber composite 

 

Microscopic View of Glass Fiber Polymer Matrix Composite Laminate  
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Microscopic View of Short Chopped Fiber Polymer Composite  

 

Chopped Carbon Fiber  
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Carbon Fiber Polymer Matrix Composite  
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Processing of Continuous Fiber-Reinforced Plastics with Uniformly Distributed 

Fibers Oriented in the same Direction 

Pultrusion Process 

 

 

 



19 
 

AGS-TECH Inc., Tel: 505-550-6501 and 505-565-5102, Fax: 505-814-5778, Email: sales@agstech.net, Web:http://www.agstech.net 

 
 

 

 

 



20 
 

AGS-TECH Inc., Tel: 505-550-6501 and 505-565-5102, Fax: 505-814-5778, Email: sales@agstech.net, Web:http://www.agstech.net 

 
 

 

Pultruded Profiles 

Prepreg Production Process 

 

Schematic of process and materials used in laminate production 
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An example of a Prepreg Lay Up Process 

 

Mould Preparation 
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Creating Cutting Templates 

 

 

http://www.easycomposites.co.uk/Images/Guides/beginner-pre-preg/Large/scoring-with-stanley-blade.jpg
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Cut Prepreg Material 
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Putting Down the Surfacing Ply 
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Putting Down the Backing Ply 
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Release Film 

 

 

 

 

Breather Cloth 
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Make the Vacuum Bag 

 

 

Bagging 
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Loading the Parts and Positioning the Through-Bag Connector 

 

 

Complete the Vacuum Bag 
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Vacuum Bag Pull-down 

 

 

Loading into the Oven for Curing 
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De-moulding 
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Fine plates manufactured by automated prepreg process 

 

 

Filament Winding 
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STRUCTURAL COMPOSITES:  

Laminar Composites 
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Sandwich Panels 

 

A honeycomb carbon fibre sandwich panel 
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Sandwich panel components and construction 

 

 

Composite thermoplastic oil pan is more impact-resistant than aluminium or sheet steel oil pans. 
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NANOCOMPOSITES:  
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From a structural point of view a composite material made by a polymer and a lamellar 
filler can be: 

 a microcomposite that is a conventional composite in which the two phases are 
separated with low interaction between lamellae and polymer chains; 

 an intercalated nanocomposite in which polymeric chains are partially 
intercalated into the interlamellar region and the filler shows a regular lamellar 
structure yet; 

 an exfoliated nanocomposite in which lamellae are completely and casually 
dispersed into polymeric matrix. 

The exfoliated structure offers the highest interaction between the polymer and the 

lamellae and it produces the maximum effect on the final nanocomposite 

properties., The dispersion of a small quantity of nanometric size inorganic particles 

(about 5 wt. %) into organic polymers produces new composite materials with enhanced 

mechanical, gas and liquid barrier, flame retard, chemical stability properties than a neat 

polymer properties. Some particular metals can also induce optical, catalytic, electric 

and magnetic properties in polymers. 
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Double Core Tennis balls 

Clay coating keeps the air in tennis balls. Double Core tennis balls with a composite 

made from butyl rubber and vermiculite. The clay nanoparticles spread out like sheets 

of paper scattered across a floor and keep air molecules from escaping, which keep the 

balls firm for an unusually long time. 
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