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Abstract. Brakes are one of the most important components of every vehicle, including agricultural machines 
(tractors, harvesters, etc.). The nature of the brakes causes generation of abrasive wear products. Unfortunately, 
they get into the environment and cause its pollution. Nowadays, great emphasis is placed on environmental 
protection, which is why in this work an attempt was made to use plant waste materials as one of the components 
of friction material (as reinforcement) used for the production of friction linings. The fibrous nature of the stalks 
used gives great hope for a composite suitable for use in the braking systems of vehicles traveling at low speeds 
(like agricultural machines). Of many available plants, rye stalks were selected for the experiment. They were 
obtained as a local farm waste. The fibres were milled to the desired size and then mixed with the other 
ingredients. Five samples with different percentage composition were prepared. Then they were tested in 
laboratory. For this purpose, a pin-on-disc stand was used, which allows the determination of selected friction 
pair cooperation parameters. Using this test stand, the values of the friction force between the sample and the 
counter sample were determined. This value was used to calculate the coefficient of friction for each case. Then, 
measuring the weight loss (as a difference in the sample weight before and after the test), the abrasive wear rate 
was calculated for each sample. The obtained results show the differences between the prototype friction 
material and materials similar to commercial. The quantity of differences gives hope for the possibility of using 
waste materials of plant origin in the production of friction materials used in brake pads. Therefore, the 
composition presented in the paper contributes to environmental protection.  

Keywords: mechanical engineering, plant wastes, friction, wear, brakes. 

Introduction 

The high civilizational development of today’s society has some consequences. The biggest of 
these is irreversible destruction of the natural environment [1; 2]. Many researchers from various 
institutions are trying to prevent, or at least limit that destruction. One of the promising possibilities is 
the modernization of the automotive industry [3]. Advanced economy must be accompanied by highly 
developed transport, so it is important that all types of vehicles emit the lowest possible pollution, and 
that in their production (and production of their components) biodegradable or recyclable materials are 
used [4-6]. 

One of the most important components of each vehicle is the braking system. The brake system 
must be reliable and display unchanging action throughout its use time, as it guards the health and life 
of many people. When the speed decreases, two elements rub against each other, and as a result the 
kinetic energy of the movement changes into thermal energy. As this is accompanied by dry friction, 
numerous wear products are created. These products are components of friction materials and also 
new materials that arise as a result of high temperature and high pressure. Unfortunately, wear 
products end up in the environment causing pollution. 

Properly matched friction pairs, a rotating disc or drum and standing still brake pad or shoes, have 
a great impact on these factors. In most cases, the disc (drum) is made of grey cast iron. The brake 
pads and shoes are far more complex components. Manufacturers utilize approximately 2000 different 
materials, which have different effects of the final product. An average brake pad or shoe consists of 
from 15 to 20 different substances [7]. Selecting the right composition for the friction material and 
predicting its impact on the final products, is a difficult task. It requires tremendous amounts of 
research and abundant experience. The decision must also take into account the intended use of the 
brake linings, and their operating conditions. The final properties of the friction material are also 
shaped by production technology, which is usually the best kept trade secret of every manufacturer. 
One of the many ingredients of the brake friction material is reinforcement [7-9]. The reinforcement is 
a fibrous material (one or more), which improves the binder’s mechanical properties (increasing its 
strength). Different types of reinforcement materials have a significant impact on the durability and 
resistance of the brake pad, therefore, the selection cannot be random. In the past, asbestos was an 
excellent reinforcement fiber. However, due to its harmful properties [10], it was necessary to find a 
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replacement (which today is no problem at all, since there is a whole range of materials, which can be 
used successfully to this end [11; 12]). 

Today’s industry generates a lot of waste, including biological waste, e.g. of plant origin. They 
can be used in various ways, e.g. as fuel [13; 14]. The cases of using banana peels [15; 16], palm 
kernel shells [17; 18], cocoa beans [19-21] or periwinkle shells [22; 23] as a component of friction 
material are also becoming more and more well known. 

Having the above in mind, the aim of the study was to find out, if there is a possibility to produce 
a composite friction material with waste of plant origin as one of the components. 

Materials and methods 

The object of the study was samples of prototype friction material containing dried rye stalks, 
which are currently widely used in industry [24-26]. They were obtained as waste after the threshing 
process. The stalks were shredded into fragments about 3-5mm long. A total of 5 samples with 
different percentage of rye were made: 0, 5, 10, 15, 20 % of total material weight. Proportions were 
measured using a scale (Fig. 1). The exact composition of each sample is summarized in Tab. 1. The 
samples were made as cylindrical objects with a diameter of 1” and a height of 10 mm. Steel discs 
were used as the basis, which greatly facilitated the sample production process (Fig. 2). 

 

 

Fig. 1. Test stand Fig. 2. One of the samples 

Table 1 
Composition of prototype samples 

Sample 

No. 

Rye 

stalks 
Fly ash 

Steel, Cu 

and Al 

fibers 

Abrasive: 

ZrSiO4 
Graphite 

Resin 

(matrix) 

Fillers: 

BaSO4 

1 0 % 16 % 15 % 15 % 8 % 21 % 25 % 
2 5 % 13 % 15 % 15 % 8 % 21 % 23 % 
3 10 % 11 % 15 % 15 % 8 % 21 % 20 % 
4 15 % 8 % 15 % 15 % 8 % 21 % 18 % 
5 20 % 6 % 15 % 15 % 8 % 21 % 15 % 

The T-11 test stand (with pin-on-disc combination) was used in the research. It is located at the 
Faculty of Mechanical Engineering of the Bialystok University of Technology. Despite many types of 
tribotesters, this station is commonly used for testing friction materials [27-30]. In addition, a Radwag 
WAS 160/C/2 scale (accuracy: ± 0.1mg), MT886 hygrometer (accuracy: ± 3 %), and Velleman 
DEM106 temperature sensor (accuracy: ± 0.1º) were used (Fig. 1). 

Experimental studies have many advantages, the largest of which is an accurate representation of 
the actual process [31-33]. Thanks to this, very good quality results are obtained, which is not always 
possible in the case of simulation tests, in which a number of simplifications are often assumed [34-
35]. Laboratory tests, however, require proper planning, which is aimed, for example, at reducing the 
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number of repetitions, therefore, reducing the duration of the test [36; 37]. In these tests, the input 
parameters of the experiment, i.e. speed, friction path, diameter of cooperation and load, were assumed 
for all tests constant and equal, respectively: speed v = 1 m·s-1, path S = 1000m, cooperation diameter  
d = 18mm, and load Q = 5 kg. The tests were carried out at an air humidity of 35 % and a temperature 
of 22 ºC. In addition, each sample was weighed before and after the test. This was to determine the 
amount of material loss. The counter-sample was a 6mm diameter cylinder made of gray cast iron 
(Zl250). 

Results and discussion 

The direct results of the performed tests were the friction force values of the counter-sample 
against the sample. The original software of test stand automatically saved its value every 0.5 s, which 
gave 2000 measuring points and allowed the determination of the friction force time profiles (Fig. 3). 
The course of graph makes it possible to distinguish the run-in period and the period of specific 
friction. In this case it took about 125 s to run-in. 

 

Fig. 3. One of the fiction force time profiles 

After rejecting the running-in period, the average friction force was calculated for each sample. 
Then, using the Amonton-Coulomb law of friction [38], the value of the coefficient of friction can be 
calculated, which in this case is: 

 
gQ

F f

⋅
=µ  (1) 

where Ff – friction force, N; 
 Q – mass of the load, kg;  
 g – gravity constant, m·s-2. 

After testing on the T-11 stand, each sample was washed, dried and then weighed. Next, the 
average weight loss relative to the pre-test state was calculated for each sample. Then, using the 
Archard equation, the abrasive wear rate was calculated: 

 
V

gQS
K c

⋅⋅
=  (2) 

where S – length of the friction path, m; 
 V – loss of the material volume, m3. 

Archimedes’ law was used to determine the density of samples. A summary of the results 
obtained in research is shown in Tab. 2. 
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Table 2 
Research results 

Sample 

No. 

Density, 

kg·m
-3

 

Average 

friction force, N 

Coefficient of 

friction 

Material loss, 

g 

Kc,  

10
-13

m·N· m
-3

 

1 3241 19.84 ± 0.21 0.404 ± 0.004 0.0032 ± 0.1mg 4.972 ± 0. 155 
2 3027 18.43 ± 0.14 0.375 ± 0.002 0.0040 ± 0.1mg 3.714 ± 0.093 
3 2870 17.21 ± 0.18 0.350 ± 0.003 0.0043 ± 0.1mg 3.275 ± 0.076 
4 2735 16.55 ± 0.12 0.337 ± 0.002 0.0046 ± 0.1mg 2.917 ± 0.063 
5 2512 15.02 ± 0.23 0.306 ± 0.005 0.0048 ± 0.1mg 2.568 ± 0.053 

The obtained results show how the physical properties of the friction material change depending 
on its composition. The rye used for the production of samples is light and has low mechanical 
strength compared to other ingredients. This explains why as the percentage of this component 
increased, the density of the final product decreased. High percentage content caused a drop of about 
26 % in the density value (this will have a positive effect on the total weight of the vehicle). On the 
other hand, low mechanical strength caused a decrease in the coefficient of friction and the abrasive 
wear rate. COF drops about 25 %, and Kc about 49 %. Analyzing the magnitude of these changes, it 
can be safely stated that the obtained values do not differ significantly from each other, or from the 
results obtained by other researchers while studding commercial friction materials [39-41].  

The results showed that while the decrease in the coefficient of friction was not significant, the 
change in the abrasive wear rate was large. However, bearing in mind that the proposed material is to 
be intended for slow-moving vehicles, the Kc value is not that important. In the near future more 
extensive research is planned (including high temperature cooperation), but it can already be said that 
in our opinion the use of plant-derived waste for the production of friction materials, especially 
working at low and moderate temperatures, is possible, as shown by the results of this work. 

Conclusions 

For the purpose of this work, five samples of prototype friction material containing plant-derived 
waste as one of the components were made. After performing a series of tests, it was established that: 

1. The tests allowed to determine the values of the friction force in cooperation with gray cast iron. 
This data were used to calculate the coefficient of friction for each sample. It turned out that its 
lowest value, 0.306 ± 0.005, was for samples with 20 % rye stalks content. The highest 
(0.404 ± 0.004) was recorded for samples without rye stalks. Difference in both COF’s is about 
25 %. 

2. The experiment also allowed to measure the scale of material loss. These values allowed to 
determine the abrasive wear rate. Samples with the highest rye stalk content are characterized by 
the fastest wear. The Kc value was 2.568 ± 0.053 for them. The highest abrasive ware rate was 
noted for samples without rye stalks. The value was 4.972 ± 0. 155. 

3. The obtained results show that rye stalks can be used as a component of friction material, 
especially when working conditions do not require resistance to very high temperatures. 
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