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Abstract 
 
Recycling of materials is being insisted by many of the countries for their 

sustainable development. This is because the resources have to be used in 

such a way that the resource will be provided to the future generations. 
Recycling of materials also indirectly supports a country in economic 

perspective. As recycling is an economic activity it represents the recovery of 

residual value from the waste product. In environmental perspective, 

recycling the waste products considerably reduces the land and water 
pollution and thereby maintaining the ecosystem. Recycling is a process 

where the waste materials are converted into a new material. In this paper the 

Scanning Electron Microscopy (SEM) images of the virgin rubber, plastic, 
glass, metal sheets and the recycled rubber, plastic, glass, metal sheet have 

been provided. The properties of the above mentioned materials were also 

briefly discussed. By comparing these properties we can able to identify 

where we have to use the recycled material instead of a virgin material which 
is being extracted from the earth. 
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1 Introduction 
 

Recycling is not a new term for humans. This recycling process emerges 
in the ancient period itself. The studies of the archaeological department 

found out that the ancient waste dumps are very less even during the periods 

when the resources were scare. During the period of pre-industrial era, there 
is an evidence which shows that the scrap bronze were melted and reused by 

the Europe people. They were also recycled materials other than bronze also. 

The main idea of recycling is that it will reduce the extraction of raw 

materials from the earth. Recycling also saves the energy that we have to 
spend to extract the raw materials from the earth [1]. There are mainly three 

types of recycling: primary, secondary and tertiary.   

The primary recycling means recycling one material into the same 
material itself. For example converting the used paper into a recycled paper. 

The secondary recycling means turning one material into a new one. For 

example tyre waste is converted into a fuel oil and crumb rubber. In tertiary 

recycling the waste materials are broken down into entirely different 
material. The example for tertiary recycling is that plastic bottles are broken 

down to make brand new products [2]. 

The materials which will undergo recycling process includes corrugated 
cardboard, high density polyethylene (HDPE) plastic bottles, steel cans, glass 

containers, computers, sheet metals, tyre rubber, asphalt etc.. In this 

recycling process the produced half of the corrugated cardboards are recycled 
into a new corrugated cardboards and the remaining are down cycled into 

paperboard and other paper related products [3]. The high-density 

polyethylene plastic bottles are recycled into plastics like room lockers, 

commercial vanities and toilet partitions.  
The steel cans are recycled into a new steel can, rain gutters, recycled 

bicycles, steel beams and window frames. Recycled glass containers are used 

to make fiberglass insulation, flux in brick manufacturing process, abrasives. 
The tyre rubber are mainly recycled into crumb rubber and also to get fuel oil 

[4]. The sheet metals are being recycled into a shelf frame, chair and grill. 

Asphalt is recycled mainly into pavements. The computers are recycled to 
get the hardware so that it will be used for future production and also to 

reuse, aluminium, tin, silicon, iron and a variety of plastics. Asphalt is the 

product which is being recycled in a large manner when compared to other 

materials [5-7]. Bio-degradable products cannot be recycled and reused like 
non-bio degradable products. 
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2   Various Recycled Products With Their Properties 
 

2.1 Virgin Rubber 
 

 
Figure 1: SEM image of pure rubber (1000X) 

Virgin rubbers show a better resistance to heat and their oxidation, ozone 

and weathering resistance which is shown in the figure 1. The above 

mentioned properties of virgin rubber are because of their stability and also 
saturated polymer backbone structure [1]. The virgin rubbers also show the 

property of a good electrical resistivity. This polymer shows a well response 

to loading of filler and plasticizer as shown in the figure 2. When virgin 
rubber is mixed with other materials will develop a high tear and tensile 

strength, exceptional abrasion resistance, and better flame retardance [2]. 

 

2.2 Recycled Rubber 
 

 
Figure 2: SEM image of recycled rubber (1000x) 

The crumb rubber mixed in Portland cement concrete result shows that 
this type of concrete can be used in the areas where the mechanical properties 

are not a prime importance.  

 



 

                                                                                                                  
 

 

 
 

 

 
4523 S Godwin Barnabas et.al 

 

However the chloride iron penetration and permeability were reduced; 

while the properties such as impact resistance and crack resistance were 

improved [3].  
These crumb rubber can also be used as an aggregate in asphalt mixtures. 

Pavements made of rubberized asphalt mixtures with the aggregate particles 

shows a better skid and rutting resistance and also shows an improved 
fatigue cracking resistance. The pavement made of rubberized asphalt shows 

a better service life when compared with the conventional one [4]. 

  

2.3   Virgin Plastic 
 

 
Figure 3: SEM image of pure plastic (1000x) 

The relationship between mechanical properties and structural properties 

was evaluated by using the images taken from the SEM. SEM Micrographs 
helps in learning the surface morphology of fracture is shown in figure 3 [5]. 

It was noted that there was a mechanism of fracture in the formation region 

with localized fiber debonding and there was a distortion of plastic, 
following that there is a bigger zone showing the characteristics of fragile 

cleavage rupture. The aged plastic shows a fewer or no localized plastic 

deformation at all. The final result shows that ageing will led to a decline in 
the polymer mechanical properties [6]. 

 

2.4 Recycled Plastic  
 

 
Figure 4: SEM image of recycled HDPE (5000x) 
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A research was conducted between high density polyethylene (HDPE) 
and coffee dregs (COFD). The results were analysed by getting the images 

from the Scanning Electron Microscopy (SEM) image. The SEM analysis 

showed a finer dispersion of COFD within the HDPE is shown in the figure 

4. While mixing HDPE and COFD in the composition of 40-60 percentage 
resulted in a uniform structure formation than the other mixing composition 

of 100-0, 90-10, 80-20 and 70-30. The result showed that there was an 

increase in the content of residue proportional to the increase of the filler in 
the composites. Finally mixing HDPE with COFD could be an economic 

factor for choosing this fiber waste as filler for polymeric composites [7]. 

 

2.5 Glass  
 

This paper investigates the ceiling panel installation contact to the fiber 

glass and also to study the airborne fibers size distribution in the working 
day. The fibers on the filters were being investigated by using Scanning 

Electron Microscopy (SEM) images as shown in figure 5 [8]. Some control 

measures were taken to minimize the exposures to dusts, fibers from wool 
insulation, prevents discomfort and irritation, and prevents health oriented 

risks in using the same kind of products [9]. 

 
Figure 5: SEM image of glass fiber (5000x) 

 

2.6 Recycled Glass 
 

 
Figure 6: SEM image of recycled glass (5000x) 
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The recycled glass is being mixed with the concrete and the properties 

were analyzed. For the better understanding of bonding properties of waste 
fine aggregate concrete SEM analysis was used. It has been found that the 

surface of fine aggregate sample from waste glass was smoother is shown in 

figure 6 [10, 11]. The presence of silica in the glass particles provides better 
bonding with fine aggregate. The enhancement of the bonding strength is 

much better in the fine aggregate is may be due to presence of silica particles. 

The result shows that the compressive and the split tensile strength of the 

waste glass fine aggregate sample was reduced to 5% in comparison with the 
normal concrete. But the pull out test of the waste glass fine aggregate 

concrete was improved by 5% when compared with control concrete [12]. 

 

2.7 Metal Sheet 
 

 
Figure 7: SEM image of SS304 (5000x) 

 
Micro electromagnetic bulging process was carried out by using the 

stainless steel foil, and the effects of foil thickness on deformation quality 

and discharge parameters were analyzed by using the Scanning Electron 
Microscopy test as shown in figure 7 [13]. The result revealed that the 

forming depth of micro channels and quality of surface will be improved by 

increasing discharge energy and frequency. While increasing the discharge 
frequency, the depth of micro channels increases to a certain extent and the 

decreases. The micro channel depth and the surface quality first decreases 

and then increases with increase in foil thickness [14].  
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          2.8   Recycled Metal Sheet 
 

 
Figure 8: SEM image of recycled metal sheet 

 

In this study usage of the recycled steel powder for the laser melting 

process is being analyzed by using Scanning Electron Microscopy (SEM) 

test is shown in figure 8. By reusing these powders we can able to reduce the 
power usage, cost of production and the required time. The results shows 

there is an increase in the level of oxygen on the powder surface and the 

metallic oxide gases will diffuse through the powders during the 

manufacturing process [15]. These changes will not going to affect the 
reusability of the powders for many times [16].  The SEM Micrographs 

shows more satellites on the recycled powders. 

 

3  Conclusions 
 

Now a day many industries starts identifying the recycled materials by 
means of that huge amount of energy can be saved instead of producing the 

virgin material. This paper highlights the importance of the internal structure 

arrangement of various solid waste materials. This is important for these 
recycled materials for their major applications. This internal structure 

arrangement plays a key role in  identifying the material properties like 

tensile, compressive, flexural, shear strength and young’s modulus of a 
material. This paper also discusses the similarity of the material properties of 

virgin and recycled materials. This shows that this material can be used as a 

substitute for virgin material. 
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