


2574

The least possible wear of a cast iron piston ring is achieved by 
the application of new generation composites with glassy carbon 
which were patented in 2008 [7,8]. Composites with glassy 
carbon particles feature such the wear of a sliding partner (cast 
iron for piston rings) which is similar to the wear of cast iron 
when sliding against composites containing Al2O3 fibers. These 
composites also demonstrate the lowest friction coefficient of 
all those materials tested by the authors [6]. Therefore, still new 
technologies for manufacturing this type of composite should 
be developed. The most difficult problem which has hindered 
the dissemination of the manufacturing technologies used so far 
was a non-uniform distribution of carbon particles.

Some constructions require a low density composite while 
keeping its other properties at the existing level. This requirement 
could be met by composites with foam materials, e.g., porous 
reinforcing particles [9-11] and porous particles with Cr [13]. 
Higher porosity reduces the density of composites and makes it 
possible to shape tribological properties of contacts where such 
composites have been used. One of the methods of lowering 
the friction coefficient and wear is an introduction of solid 
lubricants into the reinforcing particle pores. Silesian University 
of Technology in Gliwice together with the University of 
Silesia in Katowice have developed a new generation of hybrid 
composites in which the reinforcing phase is made of porous 
spheres of Al2O3 and the glassy carbon functions as a solid 
lubricant uniformly distributed within the entire volume of the 
composite [8,12]. The amount and properties of the introduced 
carbon influence tribological properties of the composite. This 
paper deals with the structure and selected properties of hybrid 
aluminium-ceramic composites with glassy carbon. 
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Fig. 1. Preform from porous ceramic foam before (a) and after (b) 
carbon introduction and after infiltration with AC-AlMg5 (c) and AC-
AlCu3Mg1 (d) aluminium alloy

2. Materials and methods

By combining gelcasting of foams, nanotechnology of glassy 
carbon manufacturing and pressure infiltration, it was possible 
to elaborate a novel manufacturing technology of composites 
with aluminium alloy matrices reinforced with ceramics and 
glassy carbon. The essence of this technology is the ability to 
decrease the density and increase tribological properties of the 
composite through the application of hybrid reinforcement, e.g., 
foams from aluminium oxide filled with glassy carbon. Apart 

from aluminium alloys, other metal alloys such as magnesium 
or copper can be used as matrix materials. Preparation of these 
composites consists of the following steps [12]:
1. Manufacturing of ceramic foam with porosity of up to 

90% which would ensure high wear resistance and reduce 
composite density (Fig 1(a)),

2. Foam saturation with a glassy carbon precursor which 
would guarantee low friction forces and low wear of 
sliding contacts,

3. Precursor pyrolysis in argon atmosphere (Fig 2),
4. Pressure infiltration with Al alloy penetrating the foam 

saturated with carbon (Figs 3-5).

More information on the composite production can be 
found in the patent description [12].
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Fig. 2. Ceramic foam surface before (a) and after (b, c) carbon 
precursor introduction and its pyrolysis; element distribution (d), 
SEM: 1 – open pores for matrix infiltration, 2 – pores closed with 
glassy carbon, 3 – glassy carbon piece inside ceramic spheroid
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Fig. 3. Polished crosssections of examined composite with AC-
AlCu3Mg1 matrix (a) and AC- AlMg5 matrix (b): 1- matrix alloy, 
2- ceramic foam reinforcement
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