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ABSTRACT
This project examines the effect of using glass-waste powder as a reinforcement material in brake pads composite. The specimens were prepared using hot isostatic pressing at 250 0C within 2 hours. Fabrication of brake pad specimens was carried out by varying the volume fraction of glass powder (9.9 %vol – 29.9 %vol). Characterization of material carried out included hardness. wear. density. thermal resistance. and surface structure. The results of characterization showed that the maximum value of the specimen with the ingredient of glass powder was 29.9 %vol with hardness value of 80 HRB. wear value of 0.63 x 10-4 mm2/kg. density 2 g/cm3 and thermal resistance until 500C. The improvement of brake pad material characteristics confirms the increase in friction coefficient due to the increase in the amount of glass powder during the simulation.
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[bookmark: InstructionText]INTRODUCTION
The rapid development of industry is not accompanied by adequate waste management. resulting in accumulation and even environmental pollution [1]. One of the largest wastes is glass. which is an amorphous solid and is composed of various chemical compositions of natural materials connected by oxygen bridges [2]. Overall. total glass production in the world reached 77 million tons in 2014 [3]. The large use of glass materials is due to its good characteristics such as optical transparency. chemical moisture. high intrinsic strength and low gas permeability [4]. Although with a very large amount of glass waste. it has the potential to be managed properly considering that the raw material for the glass industry is glass waste itself. logically any amount of glass waste can be recycled into new valuable products [3]. 
One of the uses of recycled glass waste is as a brake pad reinforcement material [5]. Glass fiber is chosen because it can increase surface hardness and increase the wear resistance of brake pads at temperatures below the glass transition temperature [6]. In addition. glass fiber can also increase the overall strength of the composite structure [7]. The presence of glass fiber in the composite can increase the modulus of elasticity so that resistance to crack propagation also increases [8]. 
However. the use of glass fiber in composites causes a decrease in the overall flexural strength of the composite [9]. This is because glass fiber has a low strain modulus [10]. Another material that has the same material properties as glass fiber is glass powder because glass powder is the main ingredient in making glass fiber [11]. The addition of glass powder in polymer composites can increase the hardness value. especially with smaller sizes [12].
MATERIALS AND METHOD
The specimen manufacturing refers to the brake pad design according to SNI (National Standard of Indonesia) SNI 09-0143-1987. through the hot isostatic pressing technique. at 250 0C and 6 metric-tons for 2 hours. 
The friction coefficient test was conducted on a laboratory scale for safety reasons by utilizing the high-speed brake disc loading method. with a 933 wats motor power and a 9.5 cm radius of metal disc brake. The loads used were 5 kg. 7 kg. 9 kg. 11 kg. and 13 kg in a perpendicular direction. Several other tests were added to see the characteristics of the material.
The specimen was successfully processed and looks like golden-gray color with evenly distributed yellow spots of brass waste. having a mass of 18 g - 20 g and 0.6 cm - 0.7 cm thickness. The characteristics of the material are described including hardness. wear. density. thermal resistance. and surface morphology. 
Rockwell Ball Hardness Test  
Rockwell hardness testing shows that brake pads containing 29.9% vol glass powder have a higher hardness value than those containing 9.9% vol. The increase in hardness value is directly proportional to the increase in glass powder content in the brake pad composite composition. The increase in hardness value forms a positive exponential line. ranging from 75 HRB for a 9.9% vol glass powder content to 89.5 HRB for a 29.9% vol glass powder content. The increase in hardness occurs because the material becomes denser and is dominated by the properties of the glass powder. which accounts for almost 30% volume. 
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Figure 1. Effect of increasing the volume fraction of glass powder on the Rockwell Hardness. 
The glass powder naturally has a high level of hardness. making the composite material harder [13]. The difference in hardness is caused by the deformation process between the constituent materials during the formation of the brake pad composite material. Differences in the inherent properties of each constituent material cause differences in the deformation process. In addition to the inherent properties of the constituent material. the size of the material also affects the properties of the particles. especially for reinforcing materials. By using fine reinforcing materials. the particle density will increase because the micro cavities will be closed with fine particles. Metal powders on the market only have the smallest size of ≤100 mesh (149 µm). so they require additional materials that have smaller size. namely glass powder which has a size of up to ≤200 mesh (74 µm) so that it is more effective in closing micro cavities [14]. 
Wear Ogoshi Test
The results of wear testing are shown in Figure 2. where the brake pad composite with has a wear value of 4.22x10-4 mm2/Kg - 0.63 x10-4 mm2/kg. The addition of glass powder volume fraction in the ingredient causes an increase in wear resistance. The increase occurs because the gaps between the constituent material particles will be filled by glass powder particles so that the material can maintain inter-particle bonds during friction. Because the volume of glass powder in the ingredient is increased. the inter-particle bonds will be stronger [15]. The presence of glass powder contributes to the densification process of the material so that the specimen is harder and more resistant to wear.
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Figure 2. Effect of increasing the volume fraction of glass powder on the Wear value
The wear is inversely proportional to the hardness. This is because the higher the hardness of a material. the higher the wear resistance of the material. Similar to hardness testing. the wear value will be greatly influenced by the adhesion force between particles. However. unlike the hardness test. which is oriented perpendicularly. the wear test is oriented parallel so that the particle erosion process will take place gradually. The material will tend to maintain interparticle bonds during the erosion process [16].
Density Test
The results of the density test were obtained on the specimen with glass powder ingredient 29.9 %vol. the density of the brake pad composite has the smallest density of 2.0 g/cm2. In contrast to the specimen with glass powder ingredient 9.9 %vol which has a density of 2.4 g/cm2.
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Figure 3. Effect of increasing the volume fraction of glass powder on the Density value
The density of composite materials is greatly influenced by the density of the constituent materials. The greater the density of the constituent materials. the greater the density of the composite material. The constituent materials that have a percentage of content in the ingredients have a stronger influence on the properties of the composite material including density. Metal powder has a density of 1.21 g/cm2 while glass powder has a density of 0.65 g/cm2. So. the specimen that uses more glass powder by reducing metal powder. the density decreases [17].
Thermal Resistance Test (DTA-TGA)
From the DTA/TGA test results. it was found that the specimen experienced exothermic at two peak points. namely at temperatures of 336 °C and 444 °C as shown in Figure 6. The exothermic curve indicates a chemical reaction. After a temperature of 444 °C. the specimen began to experience an endothermic phase until it reached a peak at a temperature of 522 °C due to the decomposition of organic materials such as carbon and oxygen. The endothermic curve tends to widen. indicating a dehydration reaction. During the heating process from a temperature of 218 °C - 507 °C. the specimen has lost up to 8% weight from its initial weight. The loss of some material is caused by the softening and oxidation processes during heating. This indicates that the specimen is still quite good at withstanding heat up to a temperature of 500 °C [18].
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Figure 4. DTA and TGA test results for composite brake pads reinforced with 29.9%vol glass powder
Microstructure Characterization
Observation of the brake pad microstructure was carried out using a Scanning Electron Microscope with a magnification of 5000 times. In Figure 7. the surface relief of the brake pad composite forms solid grains with various sizes. The difference in grain size is caused by the size of each component material [19]. However. at some points there are objects with an oval shape. The oval object is a material that has undergone elastic deformation so that it changes shape [20]. The image also shows a fluorescent object. At the bottom of Figure 7. there are fewer fluorescent objects than at the top of the image. indicating that the material mixing is uneven. The height of the material surface tends to be flat because there is no visible dark and light pattern and no hole area [21].
The microstructure is shown during Energy Dispersive X-Ray Spectroscopy (EDX) testing. The test results. Figure 8. 
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Figure 5. Surface appearance of brake pad composite reinforced with 29.9%vol glass powder with 5000x magnification
show that the concentration of Si compounds has the highest peak with a fairly large interval with other compounds. This is because the glass powder material. which is predominantly composed of Si compounds. has the highest ingredient of almost 30%vol. In addition to coming from glass powder material. Si compounds also come from coal fly ash material [22]. The second most abundant material is compound O which functions as a natural binder of Si compounds by forming SiO2. The compounds contained quite a lot in the brake pad composite are metal groups such as Fe. Al. and Cu which come from metal powder materials.
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Figure 6. Curve of material content of glass powder reinforced brake pad composite 29.9 %vol
RESULTS AND DISCUSSION
Friction stability is described through the friction coefficient that was obtained during the simulation. The simulation was carried out on a laboratory scale for safety reasons. During the simulation. the environment was attempted to be as similar as possible to the real event during the braking process.

Tabel 7. Friction coefficient values ​​at all braking load levels
	Glass Powder (%vol)
	Load (Kg)

	
	5
	7
	9
	11
	13

	9.9
	0.66
	0.49
	0.39
	0.33
	0.29

	14.9
	0.70
	0.52
	0.42
	0.37
	0.33

	19.9
	0.75
	0.57
	0.47
	0.39
	0.36

	24.9
	0.82
	0.61
	0.50
	0.44
	0.38

	29.9
	0.89
	0.69
	0.56
	0.48
	0.44



The friction test results show that the greater the load is used to press. the smaller the friction coefficient created. The amount of pressure on the brake pad composite increases the braking load so that the process of particle release from the material is greater due to hard friction [23].
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Figure 8. Friction Coefficient of brake pad composite against increasing braking load
In addition to being influenced by the test load. The friction coefficient is also influenced by the material of the brake pads. Materials that have high adhesion are more resistant to abrasion due to friction with other objects. Therefore. A composite brake pad material must consist of components that physically support each other. From Figure 5. It can be 
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Figure 8. Friction Coefficient of brake pad composite against increasing volume fraction of glass powder
seen that the more glass powder ingredients. the higher the friction coefficient. The effect of particle bonding is the same as the effect of particle bonding on wear testing where the particle adhesion force is directly proportional to the wear resistance of a particle [24].
Due to limited facilities. The friction coefficient test does not include the evaluation of the effect of temperature during the braking process. The increase in temperature affects the erosion of the material during friction with the disc plate. Therefore. Further investigation is needed in the next development stage.
Conclusion
The addition of glass powder in the composition of brake pad material has been proven to have a positive effect on the characterization and friction coefficient value. The results of all tests obtained values ​​​​close to the standards set by SNI 9370:2025. Although the evaluation of the effect of temperature increases during braking has not been carried out. The results of thermal resistance tests (DTA-TGA) show that the material has quite good resistance in high temperature environments up to 500 0C.
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