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Abstract 
 

This paper presents the study on the utilization of recycled Waste printed circuit 

board (WPCB) powder in synthetic rubber, Styrene - Butadiene Rubber (SBR) 

composite. Synthetic rubber composites are used in a wide variety of applications such 

as marine, automotive and aerospace. The use of WPCB in rubber composite is cost-

efficient and gains some improvement in the property. Five sets of SBR-WPCB powder 

rubber composites are made by two-roll mill technique by varying the weight fractions. 

The influence of WPCB powder on tensile, elongation, tear, density and 

Thermogravimetric Analysis (TGA) for thermal stability of rubber composites is studied. 

The obtained result reveals that the tensile, tear and thermal stability increased when the 

weight of WPCB powder increased, whereas the density decreases. The microscopic 

study reveals the dispersion of the reinforcement and the pores present in the synthetic 

rubber composite. 

 

Keywords: Mechanical properties, Thermogravimetric Analysis, Waste Printed Circuit Board, 

Tear, Rubber. 
 

1. Introduction 

 
Composite materials are superior in physical and mechanical properties due to their inherent 

characteristics of the constituent materials. Also, these materials are widely used in automobile, 

aerospace and various Engineering fields. Rubber composites are easy to fabricate; since the 

processing temperature is less than other composites. Styrene-butadiene rubber (SBR) is most 

commonly used as a general-purpose synthetic rubber. Physical recycling and the efficient use of 

Non-Metallic fractions from waste PCBs are used as fillers in polymer matrix composites [6]. 

The contamination associated with E-waste and the degradation of the environment and health in 

poor countries is studied [15]. Methods like pneumatic separation and electrostatic separation are 

found suitable for the processing of PCB material which contains metal and non – metals [5]. 

Mechanical recycling units perform manual dismantling followed by crushing, screening, 

magnetic separation and electrical conductivity, corona electrostatic separation and eddy current 

separations[2]. A review of the mechanical recycling techniques of WPCB’s recycling is studied. 

[3] 

The maximum clay loading for NR/Organoclay nanocomposite is 10phr and the 

properties of the clay composites decreases [9].  The effect of pyrolytic carbon black on 

SBR compounds and the mechanical properties are improved by increasing the carbon 

black content [4]. The inclusion of Super Abrasion Furnace Black and Silica as a filler 

with SBR enhances the mechanical properties of rubber due to good dispersion in the SBR 

Tierärztliche Praxis

ISSN: 0303-6286

Vol 40, 2020

28



 

 

[7]. The thermal properties of the composites decreased with the addition of NMPCBs 

[14]. The processing parameters fibre loading, mixing ratio, and alkali treatment on 

sisal/oil palm hybrid fibre reinforced with natural rubber (NR) composites have been 

considered [10]. The crosslink density of NR composite increases due to the addition of 

waste rubber and hence the tensile increases and elongation at break decreases [1].  The 

addition of carbon black significantly influences the hardness, tensile strength and 

elongation for all Acrylonitrile-Butadiene/Ethylene-Propylene-Diene (EPDM) rubber blend 

composites, and also these properties are decreased when subjected to thermal ageing [11]. 

Mechanical properties and thermal conductivity of Wood/Natural Rubber and foamed 

EPDM layers increase slightly [16]. The factors influencing the thermal stability of 

polymeric nanocomposites containing montmorillonite (MMT) and the improvement in 

thermal properties are studied [12]. The thermal stability of the NBR / Halloysite 

nanotubes (HNTs) is increased due to good interfacial adhesion of NBR, and HNTs. The 

morphological study demonstrates a better dispersion of HNTs in NBR [8].  The addition 

of nPS or PS-nSio2 to rubber improves the tensile strength and thermal stability with 

optimal loading conditions, whereas the elongation at break decreases. The thermal 

degradation of SBR occurs at a higher temperature than NR, and the accuracy of 

Thermogravimetric(TG) and the derivative thermogravimetric analysis(DTG) confirms the 

rapid prediction of rheological properties of SBR/NR blends [13]. In this work an exertion 

is made to fabricate synthetic rubber composite reinforced with PCB powder properties 

and their tensile strength, thermal stability, tear strength, density, and microstructure is 

investigated. 

 

2. Experimental Procedures 
 

2.1 Materials 

 

This experimental study focuses on the fabrication of synthetic rubber composite 

using Styrene-Butadiene Rubber 1502 and PCB powder as a matrix and reinforcement 

material respectively. The PCB powder is prepared from discarded printed circuit boards, 

and the methodology for the preparation of PCB powder is presented in Figure.1. 

 

 

 

 

 

Figure 1. Preparation of PCB Powder 

 

2.2 Fabrication Method 

 

The SBR/PCB powder composite samples are prepared in a two-roll open mill. It is 

the most profitable method for the manufacture of rubber compounds. This approach 

increases blending quality, gives steady production and lessens human intervention. The 

two- roll mill setup is shown in Figure 2. In the roll mill, the roll temperature is maintained 

between 70 - 1500C and the roll nip opening is set to 2 mm. SBR rubber is added into the 

mill along with the activators, accelerator and allowed to move through the roll nip until a 

smooth rolling band is formed on the nip. The PCB powder up to 20 parts per hundreds of 

rubber(phr) used as filler is added to the mill with the nip size increased to 3 mm. Further 

addition of filler affects the curing of rubber. The rolled rubber is passed through the mill 

nip up to 6 times to homogenize the rubber. The SBR / PCB rubber composite samples 

with different proportions of PCB powder is made into sheets. The compositions of the 

samples are itemized in Table 1. 

 

 

Collection of 

Waste PCBs 

Dismantling of Electronic 

Components from the PCBs 

Powdering of PCB Shredding  
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Figure 2. Two- Roll Mill Setup 
 

Table 1. Weight Percentage of SBR Composites 

 

SBR Composite 

SBR in wt. % PCB powder in wt. % Identification symbol 

90 10 SBR1 

80 20 SBR2 

70 30 SBR3 

60 40 SBR4 

50 50 SBR5 

 

2.3 Testing 

The tensile test is executed on a Universal Testing machine as per ASTM test standard 

D412 for Rubber. Gage length (G) = 49 mm, Specimen width (W) = 6 mm, Specimen thickness 

(T) = 2.15 mm. Tear test is conducted in the tensile testing machine (model INSTRON 5569) as 

per the ASTM test standard D624 for rubber to identify the tear strength essential to initiate a 

tear in the rubber material. The two ends of the specimen are fixed, and gradually the tearing 

force is applied at the ends until failure of the specimen and the readings are noted. 

Thermogravimetric Analysis (TGA) is conducted as per ASTM D6370 standards for rubber 

materials to analyse the dimensional changes of rubber material in terms of temperature. The 

device used for TGA is STA 449 F3 Jupiter, and the specimen is placed in a crucible for a 

specific set of temperatures and mass changes have been noted. The specimens are made and 

tested according to the ASTM D 792 standards for testing the density of rubber material. 

Densimeter is used to test the density of the rubber materials, and the readings are noted. In the 

Microstructural study, specimens are tested to find the morphology, dispersion of PCB powder 

and bonding between SBR and PCB powder using an optical microscope. 
 

3. Results and Discussions 
 
3.1 Tensile test  

 

The tensile test for SBR composite is conducted as per the standard procedures. The test 

outcome confirms that the inclusion of PCB powder decreases the tensile strength of the SBR 

composite. The maximum tensile strength is 4.27 MPa for SBR1, and the elongation at break is 

242 mm, and there is a steady downfall in the tensile strength of rest of the specimens. Figure 3 

displays the specimens after the tensile test. The ultimate tensile strength, percentage of 
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elongation and elongation at break are exposed in Table 2. The sample graph generated from the 

UTM machine for load versus elongation is made known in Figure 4. The comparison of the 

SBR composite specimens for tensile properties is illustrated in Figure 5 and Figure 6. 

 

 

 

 

 

 

Figure 3. Tensile Testing Arrangement and Ruptured Specimen after Tensile Test. 
 

 
 

Figure 4. Sample Graph Generated for Load Vs Elongation for SBR1 Composite 
 

Table 2. Tensile Properties of Different Compositions of SBR Composite 
 

Specimen 
Tensile Strength 

(Mpa) 

Elongation  

percentage (%) 

Elongation at 

break(mm) 

SBR1 4.27 456.5 248 

SBR2 3.86 439 213 

SBR3 3.79 400 187 

SBR4 3.46 332.5 146 

SBR5 3.38 300 128 
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Figure 5. Comparision of the Tensile Strength of all the Combination of SBR 
Specimens 

 

 
 

Figure 6. Comparison for the Percentage of Elongation and Elongation at Break of 

all the SBR Composites 

3.2 Tear test  

 The standard procedure is followed to prepare SBR specimens and the tear strength test 

for the specimens before and after is presented in Figure 7 and the testing arrangement is shown 

in Figure 8. After testing, the SBR5 exhibits high tear strength of 26.70 N/mm; this is due to the 

increase in the hardness of the specimens. On analyzing the values of the tear strength of the 

other compositions of SBR, the strength increases with the increase of PCB powder. SBR1 

shows low tear strength of 20.20 N/mm. The tear strength of all the SBR composites and the 

comparison is displayed in Figure 9.  
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Figure 7. Tear Strength Test SBR Specimen Before and After the Test 

 

 
Figure 8. Tear Test on Universal Testing Machine  

 

 

 
Figure 9. Tear Strength Comparisons of all SBR Specimens 

 

3.3 Thermogravimetric analysis 
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The TG curve for SBR composites is shown in Fig.10. It indicates the degradation of 

composites at two stages. The weight loss of rubber takes place at the first stage between 230oC 

and 462.6oC. The weight loss of PCB powder takes place at the second stage between 462.6oC to 

615.6oC. It is found that the weight reduction of SBR5 is higher than the weight reduction of 

other composite combinations. It may be due to the reduction in density and the weight 

percentage of the PCB powder. All the specimens exhibit fine thermal stability up to 200oC. 

Table 3 shows the various degradation temperatures of SBR composites during the thermal 

analysis. The relationship of all the SBR specimens is represented in Figure. 11. 

 
Table 3. Degradation Temperatures of SBR Composites 

 

Specimen 
Initial degradation 

temperature °C 

Final degradation 

temperature °C 

Peak temperature 

in °C 

SBR1 221 798.3 616.6 

SBR2 220 797.5 614.3 

SBR3 217 798.5 615.2 

SBR4 230 797.8 615.6 

SBR5 219 797.9 616.6 

 

 

 

 

 

 

 

 
Figure 10. Sample Thermograph of SBR4 Composite from the Instrument. 

 

 

 

 

 

 
 

 
Figure 11. Comparison of TG Curves of SBR Composites 

3.4 Density test 
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The density test of SBR composite is done as per the standards. The densities of all the 

specimens don’t vary significantly, whereas a marginal increase in the density of the SBR4 

composite is observed. This is because of the increase in the addition of PCB powder. The 

highest density noted is 1.320 gram /cubic centimetre. The graph illustrates the density property 

of the SBR composite with PCB powder in Figure12. 

 

 

 

Figure 12. Comparison of The Density of SBR Composites  
 

3.5 Microstructure Test 

 

The microstructure of the rubber composites confirms the presence of PCB powder and 

is reasonably scattered in the rubber medium as shown in Figure.13. The even dispersal of PCB 

powder is identified from the microstructural images. Further, the image shows that there is an 

acceptable bonding between the matrix and the reinforcement; however, there is no pores found 

in the first specimens. Among the three rubber composites some pores are found in the third 

specimen, this is due to the increase in the addition of PCB powder. 

  

 
 

Figure 13. Surface Morphology of Composite Specimen SBR3 
 

4. Conclusion 

 
The utilization of non-metal fractions from PCB finds application in rubber materials as 

fillers in the form of powder. This powder is added to synthetic rubbers in five different 

proportions and specimens are prepared. These specimens are tested to find mechanical and 

thermal properties. From the tested results, acceptable outcomes are identified. Between all the 

combinations of SBR composites specimen SBR1 (90% SBR and 10% PCB powder) has better 

tensile property compared to other compositions. But the tear strength of SBR5 specimen (50% 
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SBR and 50% PCB powder) are superior to the other combinations and density of SBR4 is 

higher. The Thermogravimetric analysis of all the SBR composites shown better thermal stability 

and the topmost among them is SBR4 (60% SBR and 40% PCB powder) specimen. SEM 

micrograph of the SBR composite specimen finds certain voids present and uniform dispersion 

of PCB powder.  
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