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ABSTRACT 
 
The compressive response of palm slag composites is an essential 
part of basic property data required for optimized design of 
composite structure. The compressive strength and wear rate 
behavior at room temperature of palm slag composites was 
experimentally investigated using various percentage weight of 
materials content. The six recipes of various composition 
materials content were compacted for the green body of palm slag 
composites (palm slag, phenolic resin, steel fiber, graphite, and 
alumina). Each recipe was mixed to obtain a homogenous mixture 
and then the mixtures were prepared by compression molding. 
The compressive strength of palm slag composites was 
determined by a universal testing machine. The wear behavior of 
palm slag composites was calculated from the data determined 
using polisher grinding machine. The SEM micrographs were 
used for surface observation. The compressive strength of palm 
slag composite was determined and it was found the compressive 
strength increases with increasing steel fiber content and palm 
slag content decreased. The wear behavior decreases with 
increasing alumina content. 
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1.0 INTRODUCTION 
 
It is well known that palm slag is considered can be used 
effectively as alternative filler for the brake pad composite [1, 2]. 

Because of its advantages such as zero filler material cost, palm 
slag composites are prospective structural materials for 
automotive brake pad. The study on mechanical properties and 
morphology of palm slag has shown that palm slag having better 
wear properties than the conventional asbestos based brake pads 
[2]. 

The compressive response of palm slag composites is an 
essential part of basic property data required for optimized design 
of composite structure [3, 4]. Although numerous studies relating 
to the compressive behaviors have been conducted, the effect of 
various composition materials content in compression has not 
been well understood.  

In this paper, compressive strength and wear behavior at room 
temperature of palm slag composites using various composition 
materials content were studied experimentally. The main 
objectives of this study are first to investigate the effect of various 
percentage weight (%wt) of materials content on the compressive 
strength, wear behavior and then look into the abrasive wear 
mode on the microstructure. 
 
 
2.0 EXPERIMENTAL MATHOD 
 
2.1 Specimen preparation 

The composition of palm slag composites used in this study is 
shown in Table 1.  
 

Table 1: Material content (%wt) in the composite brake pad material 

Materials 
No. specimen 

1 2 3 4 5 6 

Phenolic resin 20 20 20 20 20 20 

Steel fiber 40 20 20 30 20 20 

Graphite 10 30 10 10 20 10 

Al2O3 10 10 30 10 10 20 

Palm slag 20 20 20 30 30 30 
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Palm slag was obtained from local palm oil producer. Phenolic 
resin was selected as the binder steel fiber was used for 
reinforcement, graphite was used as a lubricant, and alumina was 
used as an abrasive [2]. 

Each specimen was mixed to obtain a homogeneous mixture 
of ingredients. Then, the mixtures were compacted at a pressure 
of 15 MPa using a shearing bending machine for the plate of the 
brake pad composite. Then, the plate was compacted further and 
cured using a hot press at 150 °C with 60 tons of compressive 
molding pressure for ten minutes as shown in Fig. 1. At the end 
of the hot-pressing process, samples were taken out of the molds, 
allowed to cool to room temperature. 

 
Figure 1:  Experimental setup of hot press for the brake pad 

composite preparation 
 
2.2 Testing methods 
The compressive strength of the brake pad composites were 
determined by a universal testing machine (UTM) at room 
temperature. Each sample, consisting of an initial cross-sectional 
area of 86.6 mm² as shown in Fig. 2, was placed between the 
lower cross member and lower cross head of the UTM, and the 
load was applied at a cross-head speed of 2.5 mm/min. The load 
at which failure occurred was used to calculate the compressive 
strength of the sample.  

 
Figure 2: Dimensions and geometry of a specimen 

The wear of the brake pad composites were calculated from 
the data determined using a transversal polisher grinding machine 
(as per ASTM standard D4060-95 for abrasion resistance organic 
coatings by the steel abraser). For each material, six specimens, 
having nominal dimensions of 100×100×10 mm (Fig. 2b). The 
specimens were placed on a steel abraser with a load of 5 N and a 
wheel speed of 800 rpm. Before and after wear test, the surface of 
each specimen was observed by mean of scanning electron 
microscope (SEM). 
 
 
3.0 EXPERIMENTAL RESULTS and DISCUSSIONS 
 

The typical density of palm slag brake pad composites using 
various percentage weight of materials content is shown in Fig. 3, 
respectively. The density of palm slag composite increases along 
with the increase of percentage of steel fiber. This is because the 
density of steel fiber is higher than other materials. 

 

 
 

Figure 3:  Density of brake pad composite using various 
percentage weight of materials content 

 

Figure 4 shows the averaged compressive strength of brake 
pad composite using various percentage weight of materials 
content. It was observed in the current compressive test, as well 
as in Reference [2], that compressive strength dependence of 
percentage weight of steel fiber. Because of steel fiber as the 
reinforcement of composites, compressive strength of brake pad 
increased with the increase in percentage of steel fiber weight. 
With increasing percentage weight of steel fiber, the compressive 
strength of brake pad composite changes from low compressive 
strength and low density to a more stable compressive strength 
behavior, see Figs 3 and 4.  

 
 

Figure 4: Compressive strength of brake pad composite 
using various percentage weight of materials content 
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Figure 5 shows the wear behavior of brake pad composite 
using various percentage weight of materials content. It is clearly 
seen that wear behavior decrease significantly with the increase of 
percentage weight of alumina. The abrasive material was used in 
brake pad composite is alumina. The wear behavior of brake pad 
composite depend on percentage weight of alumina.  It is clearly 
seen that wear behavior of palm slag brake pad composite 
decrease significantly with alumina percentage weight. 

 

 
 

Figure 5: Wear rate of brake pad composite using various 
percentage weight of materials content 

 
Composition analysis of palm slag brake pad composite was 

examined by EDS. The microscopic surface of palm slag brake 
pad is shown in Figs. 6 and 7. The map sum spectrum indicates 
that compressive strength and wear behavior are known 
dependent on various percentage weight materials content. With 
increasing carbon percentage weight, higher wear behavior was 
occurred to each specimen. Note that the materials content 
indicated by EDS layered image in Fig. 6 is the specimen number 
5.  

 

 

Fig. 6 EDS layered image of specimen no. 5 

 
In order to understand the percentage weight materials 

content, SEM observation was conducted on each various 
specimen. Fig. 7 shows the SEM micrographs of microstructure 
before and after wear test of palm slag composites using various 
percentage weight of materials content. From the SEM images, it 
is clear that materials content change the microstructure of palm 
slag brake pad composite. The change in the distribution phenolic 
resin, steel fiber, graphite, alumina and palm slag of palm slag 
brake pad composite may be due to the changed microstructure 
which is influence for the compressive strength and wear 
behavior. Of course, further study is needed to fully understand 
the mechanism. 
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Figure 7: Scanning electron micrographs of the surfaces of brake 

pad composites before and after wear test 
 

The above results are practical value for engineers and 
technologist in the automotive industry who use non asbestos as a 
filler brake pad composite. Since the palm slag is considered can 
be used effectively as alternative filler for the brake pad 
composite, understanding of their behavior under compressive  
and wear loading is essential and can be useful in finite element 
simulations of the structures made of these materials. The 
understanding of their behavior allows one to utilize that 
information for appropriate selection of palm slag brake pad 
composite based on certain design criteria or operational needed.  
 
 
4.0 CONCLUSIONS 
 

The compressive strength and wear behavior of palm slag 
composites using various percentage weight of materials content 
were studied experimentally. Six different weight percentage of 
materials content palm slag brake pad composite have been 
studied. The results are summarized as follows:  (1) The 
compressive strength of palm slag composite was determined and 
it was found the higher compressive strength, the higher steel 
fiber content, the lower the percentage weight of palm slag. (2) 
Under abrasion loading, wear behavior of palm slag brake pad 
composite is dependence on percentage weight of alumina. The 
wear behavior of palm slag brake pad composite decrease 
significantly with alumina percentage weight. (3) The 
compressive strength of palm slag brake pad composite around 
76.2 MPa whereas the wear rate is around 6.26×10-13 m3/m. 
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