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Abstract— Recycled tire particles are used to make a HDPE- recycled rubber composite.  rubber particles either treated or 
untreated  are  used .  The chemical treatment for rubber particles by H2SO4 is essential to increase the adhesion between the 
polymer and rubber particles. Mechanical properties, Bending  strength, toughness,  Young’s modulus  and impact  strength, 
are  studied  to  evaluate  the  effect  of rubber particle weight percentage and also the effect of rubber treatment on the 
properties of the composite. SEM is used to justify the results achieved from the mechanical testing. 
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I. INTRODUCTION  

 
Used tires are big problem in Egypt. Passenger tires 
consumption in Egypt is approximately 2.4 Million 
tires/year (22,000  tons/year)  and  that  for  truck  
tires  is  1  Million tires/year (20,000 tons/year). The 
life time for passenger tire is 4 years or 50,000 Km. 
Until now the major way of getting rid of such tires is 
burning that results in harmful fumes and heavy 
smoke of CO2  and other gases from chemicals used 
in tire manufacturing. The other ways of tires 
disposal in Egypt are reclaiming, reusing and 
recycling. The researchers now find ways to use the 
tire wastes by blending it with concrete[1-3] and with 
polymers such as Polypropylene and  High density 
polyethylene (HDPE) [4-8]. 
Recycled rubber particles could be obtained from 
waste  tires on  several  steps as  removing  steel,  
cutting tire sidewall,  grinding rubber particles to 
smaller sizes,  removing fibers and grading by 
different mesh sieves according to the application.  
The  sieved  sizes  can  be  blended  with  polymers to  
produce  a  composite  material. The research is 
directed to use different chemicals such as H2SO4 , 
HNO3 and HCLO4 [4]  to get treated rubber particles 
to improve the adhesion between waste tire rubber 
particles and polymer. 
In this study, H2SO4 and NaOH are used as pre-
treatments for waste tire rubber particles to improve 
the interface with HDPE. This treatment could be 
useful in enhancing mechanical properties of the 
composite. It is used to increase the surface roughness 
of the rubber particles as the acid attacks the surface 
of waste tire rubber particles. The procedures followed 
to get the HDPE-waste tire rubber particles composite 
are simple given that the  production process  doesn’t  
need  complex  machines  or high labor skills. A novel 
composite is produced from HDPE and waste tire 
rubber particles. This will participate in decreasing the 
waste of tires in Egypt. 

 Polymer is selected  for certain application according 
to the required mechanical properties such as bending 
strength, toughness, Young’s modulus and impact 
strength. The usage of rubber particles imparts elastic 
behaviour for the resulting composites. Waste tire 
rubber particles are added to polymer to toughen the 
composite. The properties of resulting composite 
depends not only on the properties of the polymer and 
waste tire rubber particles but although on their 
interaction with each other.  
H2SO4  is  used  as  a  chemical treatment  for  rubber 
particles to enhance the interaction which affects the 
mechanical properties of the composites. The effect of 
this treatment is tested by mechanical testing  such  as  
bending  and  impact  tests  and  justified by scanning 
electron microscopy (SEM). 
 
II. METHODOLOGY 

 
A.  Materials 
High  density  polyethylene (HDPE)  supplied by  
SAPIC company with the properties shown in table 1. 
Recycled tire rubber particles supplied by HOPPEC 
company. Sulphuric acid H2SO4 of 97% concentration 
is used for recycled rubber particles treatment. NaOH 
of 30% concentration is used to neutralize the effect of 
acid on treated recycled tire rubber particles. 
 

Table 1. Properties of HDPE 
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B. Treatment of rubber 
The recycled rubber particles are treated with H2SO4 
by following these steps: 1. Immerse the particles in 
the acid for 1 min., 2. Leave treated rubber particles 
in air to react for 2 min, 3. Immerse the particles in 
NaOH solution to be neutralized, 4.Wash the particles 
by water at room temperature, 5. Dry the particles in 
air for 48h then in oven for 24h at 100°C. 

 
C. Preparation of composite 
Treated and untreated recycled tire rubber particles-
HDPE composites are prepared with different rubber 
particles weight percentages with the following 
procedures:  The  tire  rubber  is  sieved  to  (3-5)  
mm  and  then oven dried at 100°C for 24h, also the 
HDPE granules are oven dried at 100°C for 24h; The 
HDPE granules and recycled tire rubber particles are 
blended at 155°C in thermal mixer of 1 HP motor and 
65 rpm, the mixing is kept until a homogeneous 
mixture is formed; The mixture of 300 gm is hot 
pressed at 100°C and 150 bar for 5 min to prepare 
composite plates of (20*20) mm.; The treated and 
untreated recycled tire rubber particles-HDPE 
composite plates are water cooled under the same 
pressure. 

 
D. Mechanical testing 
Bending tests are carried out to determine bending 
strength, toughness and Young’s modulus for the 
different recycled rubber particles weight percentages. 
According to ASTM D790, three point bending tests 
are carried out with sample length 140 mm and width 
13 mm using WDW-10 Computer Control Electronic 
Universal Testing Machine. Toughness and Young’s 
modulus are calculated from stress strain curve 
obtained from bending tests. Five samples for each 
plate are tested and average is calculated. Impact tests 
are carried according to ASTM D6110 using XJJU-
5.5/50J Izod & Charpy Impact Tester. 

 
E. Scanning electron microscopy 
Field  emission  scanning  electron  microscope  
QUANTA FEG 250 is used to examine the surface of 
rubber particle in the composite and its interface with 
the polymer. 
 
III. RESULTS AND DISCUSSION 
 
A. Mechanical properties 
The mechanical properties of H2SO4 treated rubber-
HDPE  composite of different recycled rubber weight 
percentages are shown in figs.1-5, also they are 
compared to untreated composite. 
The mechanical behaviour of recycled rubber 
particles-HDPE composites under bending load at 
different rubber weight percentages is shown in fig. 1 
and this explains the mechanical behaviour for 
composites. 
The bending strength of untreated composite generally 
decreases with the increase of rubber weight 

percentage, fig.2 shows improvement in the bending 
strength when testing treated composite, the use of 
treatment show improvement in the adhesion between 
HDPE and rubber particle at the interface.  
Consequently the bending strength is affected by 
rubber weight percentage and surface treatment of 
rubber. The effect of treatment appears significantly at 
30% rubber as there is an increase in bending strength 
by 42%. As  shown  in  fig.3, The  Young’s  modulus  
takes  the  same trend  of  the  graph  of  the  bending  
strength;  as  the  rubber weight percentage increases 
the Young’s modulus decreases and the treated  
composites have  higher  Young’s  modulus  than  un- 
treated composites, this can be explained by the 
increase in strain and decrease in the strength resulting 
from the increase in rubber particles. 
Toughness of the composite is shown in Fig.4. In case 
of untreated rubber, the toughness increases 
significantly at 10% rubber weight percentage by 60% 
and 100% for treated and untreated rubber particles-
HDPE composites compared to pure HDPE and this 
can be expected due to high impact resistance of 
rubber. As the rubber weight percentage increases 
more than 40%, the mechanical properties shows a 
significant decrease and this may be due to the lack of 
homogeneity at the high rubber content leading to the 
increase of particle to particle contact as shown in fig. 
6. 
As shown in Fig.5, the impact strength and also the 
absorbed energy significantly increases by the increase 
of rubber weight percentage. The untreated recycled 
rubber particles shows better impact strength, and this 
is due to the effect of treatment on the rubber particle 
as it make it loses its impact resistance property. As 
the rubber weight percentage increases more than 
40%, impact strength shows a significant decrease and 
this may be due to the lack of homogeneity at the high 
rubber content leading to the increase of particle to 
particle contact as shown in fig. 6. 

 

 
Figure 1. Typical load deflection curve for HDPE recycled 

rubber composite 
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Figure 2. Bending strength versus tire rubber weight 
percentage for untreated and H2SO4 treated rubber. 

 

 
Figure 3. Young’s  modulus versus tire rubber weight 
percentage for un- treated and H2SO4 treated rubber. 

 

 
Figure 4. Toughness versus tire rubber weight percentage for 

untreated and H2SO4 treated rubber. 
 

 
Figure 5. Impact  strength  versus  tire  rubber  weight 
percentage  for  untreated and H2SO4 treated rubber. 

 
B. Scanning electron microscopy 
SEM of several composites are shown in Figs.6-8. The 
untreated particle shows a smooth surface compared to 
the rough surface of treated rubber particle, shown in 
fig.6, this affect the interface between rubber and 
polymer. For untreated rubber particle, it has smooth 
surface leads to lack of adhesion where as the 
treatment attacks the rubber surface making it rough 
which increase the adhesion between rubber particle 
and HDPE, as shown in fig.7. 
Fig.6 shows the rubber to rubber contact that appears 
by examining the 50% rubber weight percentage 
composite, this will lead to poor adhesion leading to 
decrease in the mechanical properties, this also agrees 
with results discussed previously. Fig.8 also shows the 
good adhesion resulted from the treatment compared 
to what is shown in fig.7 for the untreated rubber 
particle with smooth surface resulting in a poor 
adhesion. 

 

 
Figure 6. Treated rubber composite with 50% rubber weight 

percentage. 
 

 
Figure 7. Untreated rubber composite with 30% rubber weight 

percentage. 
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Figure 8. Treated rubber composite with 30% rubber weight 

percentage. 
 

CONCLUSIONS 
 
Referring to the above study, we can draw the 
following conclusions: 
1) The using of H2SO4 as a treatment for rubber 

particle shows a higher adhesion than untreated 
rubber. 

2) The surface roughness resulting from chemical 
treatment is due to the ability of the acid to 
attack the surface of the particle. 

3) By adding the recycled tire rubber particles to 
HDPE, the bending strength decreases in both 
cases of treated and untreated rubber. 

4) Treatment improves the bending strength of 
composite compared to the untreated one and this  
is  due  to  the  increase  of  adhesion  between  
polymer and rubber particles. 

5) Rubber weight percentage from 10% - 40% 
shows a significant improvement in toughness of 
the treated tire rubber - HDPE composite. 

6) Impact strength and absorbed energy of untreated 

rubber composites shows higher v a l u e s  
compared to treated rubber composites. 

7) The addition of the rubber particles above 40% 
weight percentage increases the accumulation of 
rubber particles leading to rubber to rubber 
contact results in deterioration in  the mechanical 
properties. 
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