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3.7. Flexural modulus
 

When the specimens are subjected to flexural strength 
tests, the compression tension and tensile tension are 
formed at the upper and lower surface of the specimen. 
Here (F), the maximum force, exerted on EPD60R1 

and the nanocomposites is different. The highest force 
exerted is attributed to nanocomposites EPD60R2 and 
EPD60R3.This represents an increase in nanoclay 
and (PP-g-MA) interaction. Indeed, high penetration 
of polymeric chains between silicate sheets results 
in a higher tensile strength for the nanocomposites. 
Consequently,  the force of  the flexural strength of  the 
nanocomposites EPD60R2 and EPD60R3 increased up 
to 8 and 14 MPa respectively, compared to EPD60R1 
(Fig. 5, Table 8).

3.8. Ring stiffness test

Ring stiffness tests were performed on the prepared 
pipe from EPD60R1 and EPD60R2 a typically. As it 
can be seen in Table 9, EPD60R2 ring stiffness rise 
by about 25% compared to EPD60R1, which is the 
reason for the ring stiffness. Adding nanoclay increased 
crystallinity in the polymer because the nanoclay acts 
as a nucleated agent, based on DSC results stated in the 
preceding discussion (Tm, XC); therefore, increasing the 
crystallinity enhances ring stiffness. 

4. Conclusion

In this study, we successfully prepared nanocomposites 
based on PP (EPD60R grade nanocomposites based on PP 
(EPD60R grade produced at the Shazand Petrochemical 
Company). The compatibility between the nanoclay 
and EPD60R matrix was significantly improved by 
the addition of maleic anhydride as a compatibilizer. 
The existence of a compatibilizer induced even more 
intercalation of the nanoclay. Nanoclay, (PP-g-MA) 
as compatibilizer, and polymer were combined using 
a melt mixing technology. Then, SEM, TGA, XRD, 
mechanical, and thermal tests were performed on the 
granule of specimens. The introduction of clay into 
the EPD60R matrix improved its properties. SEM 
imaging showed that the clay in the nanocomposites 
was dispersed uniformly in the EPD60R matrix. 
TGA studies revealed that the thermal stability of the 
nanocomposites improved in the presence of nanoclay. 
The XRD shows clay gallery separation or d-spacing 
increases at 2.5 wt% nanoclay, and thereafter remains 
unchanged so that nanocomposites form intercalated 
structure. However, the penetration of nanoparticles 
between the polymeric chains and increasing nanoclay 
content in the composite results in higher tensile 
modulus, crystallinity, LOI and thermal degradation 
temperatures. But it reduces the percentage of elongation 
at break and at the yield. Because non-pressure push fit 
pipe is used in underground applications, ring stiffness 
resistance is very important to inhibit deformation of 
the pipe. This research showed the addition of 2 wt% of 
nanoclay increased ring stiffness by 25%, but the impact 
strength of nanocomposite pipe was not obviously 
changed compared to pure polymer pipe.

Fig. 5. Flexural strength diagram of EPD60R1, EPD60R2, and 
EPD60R3.

Table 8. Flexural strength results for EPD60R1, EPD60R2, and EPD60R3.

EPD60R3EPD60R2EPD60R1Batch No. ↓

321321321Points

5.63.51.565.33.11.254.92.51Force (MPa)

0.260.150.050.260.150.050.260.150.05Flexural

Table 9. Ring stiffness results for EPD60R1 and EPD60R2.

T (ᵒC)Ring stiffness(kN.m-2)Batch No. ↓

233.8EPD60R1

234.75EPD60R2

PP60R1

PP60R2

PP60R3

7

6

5
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11

0

Flexural %

F 
(M

Pa
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0      0.05      0.1      0.15     0.2      0.25      0.3
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