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             ศึกษาพอลิเมอรผสมระหวางพอลิโพรพิลีนโคพอลิเมอร (PP-cp)  อิลาสโตเมอร (เอทิลีน-1-ออกทีน โคพอ
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1-ออกทีน โคพอลิเมอร และแมลิอคิแอนไฮไดรดกราฟตพอลิโพรพิลีนและสัดสวนในการผสมที่มตีอโครงสราง
สัณฐานและสมบัติเชงิกลของผสม โครงสรางสณัฐานไดทําการศึกษาโดยใชเทคนคิ SEM สวนสมบัติเชงิกลของ
ผสมที่ศึกษาไดแก ความทนตอแรงกระแทก ความทนตอแรงดงึและความทนตอการโคงงอ คณุสมบตัิการไหล
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CHAPTER IV 

 
RESULTS AND DISCUSSION 

 
The purpose of this research is to improve mechanical properties of 

polypropylene copolymer with ethylene-1-octene copolymer. The focus of 
this research is on the application for the automobile part, car bumpers. At 
present, commercial resin has been used for manufacturing the car bumpers 
according to their quality. Thus, their mechanical properties have been 
measured and used as the benchmarks to compare with those of the blends of 
this study. They are as follow: 
 
 Melt Flow Index, g/10 min    11 

Tensile Strength at Yield, MPa    >16 
Flexural Modulus, MPa    750 
Elongation at break, %    >300 
Notched Izod impact strength, MPa  not break 

 
4.1 Effect of EG Concentration on Melt Flow Index of PP-cp/EG Blends  

From Figure 4.1, Table 4.1 when the percentage of elastomer, EG 
concentration increased the melt flow index value decreased, therefore the 
viscosity of the blends increased. Choudhary et al. [35] showed that addition 
of EPDM rubber results in an increase in viscosity of PP/HDPE blend. It is 
possible that the EG could be obstructing the flow and reducing the fluidity of 
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PP-cp so that the melt flow index value reduced which agreed the results of 
Liao et al. [36] that the increased rubber content caused a decrease in the melt 
flow index value of a PC/PET blend system. 
 

 Table 4.1 Melt flow index of PP-cp/EG blends 
 

EG 
(wt%) 

MFI 
(g/10min) 
EG 8150 

MFI 
(g/10min) 
EG 8100 

0 2.10 2.10 
5 2.04 2.07 

10 1.96 2.00 
20 1.80 1.85 
30 1.75 1.79 
40 1.52 1.68 
50 1.35 1.57 
60 1.30 1.42 

 

0.0

0.5

1.0

1.5

2.0

2.5

0 10 20 30 40 50 60

EG concentration, wt%

MFI
 (g/10min)

EG 8150
EG 8100

Figure 4.1 Melt flow index (MFI) of PP-cp/EG blends. 



 40

4.2 Effect of EG and MAH-g-PP Concentration on Thermal Behavior 
 4.2.1 Study by Differential Scanning Calorimeter 
 The mechanical properties of PP-cp are determined by its crystalline 
structure. Any changes in that structure will result in a change of properties. 
So it is essential to determine the effect of elastomer blending on the 
crystalline structure as well as on the melting and crystallization behavior of 
PP. DSC curves illustrating melting behavior of the pure polymer and PP-cp 
blends are showed in Figures 1-12 in Appendix III. The PP-cp/EG and PP-
cp/EG/MAH-g-PP blends had only one melting peak, which situated between 
the peaks of PP-cp and EG. Thermal properties of PP-cp, PP-cp blends are 
summarized in Tables 4.2-4.3. It can be seen that there is change in the 
crystallization behavior of the PP-cp matrix when EG and MAH-g-PP 
contents are added. The melting temperature (Tm) and heat of fusion (∆Hf) 
were determined from the heating cycle of a DSC scan. The percentage 
crystallinity was also calculated by using the relationship 
 
  % Crystallinity   =      [∆Hf

obs  /∆Hf
0 (100%)]  x 100 

 
 A value of ∆Hf

0 (100%) is heat of fusion of 100 % crystallinity PP = 
209.0 J/g. In this work PP-cp containing 10% ethylene comonomer, so heat of 
fusion of 100 % crystallinity PP-cp = [209-(209x10)/100] = 188.1 J/g and 
 ∆Hf

obs is heat of fusion from experiment [37]. 
 The blends show a broad melting endotherm, which is probably related 
to changes in the distribution of PP-cp crystal morphology when elastomers 
are added. The melt temperatures of pure PP-cp and PP-cp blends occur at 
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about 153.7-157.2 0C. As should be expected, the results show that as the EG 
and MAH-g-PP concentrations increase, the percentage crystallinity and the 
heat of fusion decrease in relation to pure PP-cp. In the composition analyzed, 
the percentage crystallinity of the PP-cp/EG8150, PP-cp/EG8100 and PP-
cp/EG/MAH-g-PP blends are similar. 
 

Table 4.2 Effect of EG 8150 and MAH-g-PP concentration on the   
                  thermal behavior by DSC measurement 

 

Sample 
No. 

EG 8150 
(wt%) 

MAH-g-PP 
(phr) 

Tm  
(0C) 

∆H  
(J/g) 

Crystallinity 
(%) 

1 0 - 157.3 75.9 40.4 
3 10 - 155.4 63.5          33.7 
4 20 - 154.3 53.2 28.6 
7 50 - 153.8 30.0 16.0 

17 20 1.0 157.2 53.2 28.3 
18 20 2.0 154.2 55.9 29.7 

 

Table 4.3 Effect of EG 8100 and MAH-g-PP concentration on the  
                  thermal behavior by DSC measurement 

     

Sample 
No. 

EG 8100 
(wt%) 

MAH-g-PP 
(phr) 

Tm  
(0C) 

∆H  
(J/g) 

Crystallinity 
(%) 

1 0 - 153.7 75.0 40.4 
10 10 - 155.3 62.8          33.4 
11 20 - 154.1 56.6 30.1 
14 50 - 155.3 33.5 17.8 
21 20 1.0 154.6 55.7 29.6 
22 20 2.0 155.0 54.6 29.0 
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4.3 Effect of EG Concentration on Mechanical Properties of  
       PP-cp/EG Blend. 

4.3.1 Tensile Properties and Flexural Properties 
Figures 4.2-4.9, Tables 4.4-4.5 and Appendix II show the effect of EG 

concentration on tensile properties and flexural properties. It can be seen that 
the tensile strength, Young’s modulus, yield stress and flexural properties of 
PP-cp/EG blends decrease while the elongation at break and impact strength 
increase with increasing the EG concentration. It can be described due to the 
crystallinity and orientation. Side chain branching of EG disrupts chain of 
molecular order and chain regularity of PP-cp, thereby reducing both 
crystallinity and the melting point. Orientation has a very large effect on both 
crystallinity morphology and rate of crystallization [38]. It induces nucleation 
growth along the flow lines by shear, and then growth occurs from these 
nuclei. 
 

Table 4.4 Tensile and flexural properties of PP-cp/EG 8150 blends. 
 

Sample 
No. 

EG 8150 
(wt%) 

TS 
(MPa) 

TM 
(MPa) 

YS 
(MPa) 

EB 
(%) 

FS 
(MPa) 

FM 
(MPa) 

1 0 25.55 232.52 24.85 334.31 25.44 878.01 
2 5 21.41 184.64 20.95 350.23 25.19 834.83 
3 10 21.03 160.46 19.72 370.77 22.25 782.51 
4 20 20.10 154.28 13.38 410.12 14.72 501.33 
5 30 19.14 130.48 11.38 470.20 12.36 450.26 
6 40 16.33 117.65 6.73 526.00 7.05 225.47 
7 50 15.26 104.25 5.41 580.72 4.39 187.38 
8 60 14.04 94.28 4.35 593.20 3.15 160.25 
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Table 4.5 Tensile and flexural properties of PP-cp/EG 8100 blends. 
                    

Sample 
No. 

EG 8100 
(wt%) 

TS 
(MPa) 

TM 
(MPa) 

YS 
(MPa) 

EB 
(%) 

FS 
(MPa) 

FM 
(MPa) 

1 0 25.55 232.52 24.85 334.31 25.44 878.01 
9 5 22.06 195.80 21.18 345.20 25.29 854.37 
10 10 21.75 180.99 20.35 357.71 23.85 838.34 
11 20 20.59 170.70 15.54 368.72 16.01 534.20 
12 30 19.92 147.66 12.89 424.51 13.24 492.36 
13 40 18.45 128.53 7.53 450.81 7.74 266.40 
14 50 15.76 115.72 6.28 510.25 5.02 210.35 
15 60 14.95 107.13 5.52 552.11 3.93 182.76 

 

Figure 4.2 Tensile strength and Young’s modulus against the concentration of              
                   EG of PP-cp/EG 8150 blends. 
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Figure 4.3 Tensile strength and Young’s modulus against the                           
                   concentration of EG of PP-cp/EG 8100 blends. 
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Figure 4.4 Yield stress against the concentration of EG of PP-cp/EG  
                   8150 blends and PP-cp/EG 8100 blends. 
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The properties of PP-cp/EG blends were examined as a function of the 
1-octene content in EG. Figures 4.4-4.8 indicate that yield stress, the tensile 
strength, Young’s modulus and flexural properties decrease with increasing 
amount of 1-octene content in the blends. It was noted that the tensile 
strength, Young’s modulus and yield stress of the system containing EG with 
high 1-octene content (EG 8150, 25 wt% 1-octene) showed the low value, as a 
result of branching or 1-octene content which it strongly influences the 
crystallization, melting behavior and the degree of crystallinity of the 
fractions. The lamellae become decreasing with increasing branch content and 
eventually the crystallinity has fewer tendencies to be occurred [39]. 
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Figure 4.5 Tensile strength against the concentration of EG of PP-cp/EG     
                   8150 blends and PP-cp/EG 8100 blends. 
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Figure 4.6 Young’s modulus against the concentration of EG of PP-cp/EG  
                   8150 blends and PP-cp/EG 8100 blends 

Figure 4.7 Flexural strength against the concentration of EG of PP-cp/EG  
                   8150 blends and PP-cp/EG 8100 blends. 
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Figure 4.8 Flexural modulus against the concentration of EG of PP-cp/EG  
                   8150 blends and PP-cp/EG 8100 blends. 
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Figure 4.9 Elongation at break against the concentration of EG of PP-cp/EG    
                   8150 blends and PP-cp/EG 8100 blends. 
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addition of EG concentration up to 30 wt%. A similar behavior was found for 
high flow polypropylene/ethylene-propylene elastomers blends by 
Dharmarajan and Kaufman [42]. They found that long chain branched 
ethylene-propylene elastomers provide enhanced impact resistance with a 
ductile failure mode in high flow polypropylene. 
 

Table 4.6 Notched Izod impact strength of PP-cp/EG blends 
 

EG   (wt%) NI (KJ/m2) 
EG 8150 

NI (KJ/m2) 
EG 8100 

0 57.60 57.60 
5 58.92 58.44 
10 62.97 62.12 
20 64.80 63.55 
30 NB NB 
40 NB NB 
50 NB NB 
60 NB NB 

 
NB: sample did not break 
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Figure 4.10 Notched Izod impact strength against the concentration of EG of  
                     PP-cp/EG 8150 and PP-cp/EG 8100 blends. 
 
4.4 State of Dispersion of PP-cp/EG Blends. 
 The Notched Izod impact fracture surface of the blends was studied by 
using SEM. Figures 13-17 in Appendix III shows the effect of concentration 
of EG. The SEM micrographs show that EG particles are uniformly 
distributed in the PP-cp matrix and the size of the elastomer domains 
increases as the EG concentration increases. Perhaps some agglomeration may 
have taken place. No phase separation seems to be evident for any 
concentration. The disperse phase seems to be in elongated form for blends 
containing more than 20 wt% EG blends. 
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Table 4.7 Properties of commercial resin, PP-cp and PP-cp/EG blends 
 

Properties Commercial  
resin 

PP-cp 
(100%) 

PP-cp/EG 
(80/20) 

Melt Flow Index, g/10 min 
Tensile Strength at Yield, MPa 
Flexural Modulus, MPa 
Elongation at break, % 
Notch Izod impact strength, MPa 

11 
>16 
750 

>300 
Not break 

2.1 
24.85 
878.01 
334.31 
57.60 

1.8-1.9 
13.4-15.5 

501.3-534.2 
368.7-410.1 
63.5-64.8 

 
PP-cp/EG (80/20) has lower yield stress or tensile strength at yield, 

flexural modulus and impact strength than commercial resin. MAH-g-PP is 
added 0.5-3.0 phr in PP-cp/EG (80/20) blends in order to improve those 
properties.  
 
4.5 Effect of MAH-g-PP Concentration on Melt Flow Index of 
       PP-cp/EG/MAH-g-PP Blends at 20 wt% EG 
 Figure 4.11, Table 4. show that the influences of the addition of MAH-
g-PP on melt flow index of PP-cp melts. The addition 1.0 phr MAH-g-PP 
gave the system a further decrease melt flow index or increase in viscosity, 
though the viscosity of MAH-g-PP was lower than that of PP-cp. This 
phenomenon implied that MAH-g-PP might have improved the interfacial 
adhesion of PP-cp and EG. Other studies showed that functionalized 
thermoplastics such as maleated polypropylene could be used to improve the 
compatibility of waste paper and thermoplastic [44]. 
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Table 4.8 Melt flow index of PP-cp/EG/MAH-g-PP blends  
                             at 20 wt% EG 

Grade MAH-g-PP 
(phr) 

MFI 
(g/10min) 

EG 8150 0 1.80 
 0.5 1.87 
 1.0 1.84 
 2.0 1.78 
 3.0 1.76 

EG 8100 0 1.85 
 0.5 1.93 
 1.0 1.91 
 2.0 1.90 
 3.0 1.89 
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Figure 4.11 Melt flow index of PP-cp/EG/MAH-g-PP blends at 20 wt% EG. 
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4.6 Effect of MAH-g-PP Concentration on Mechanical Properties of 
       PP-cp/EG/MAH-g-PP Blends at 20 wt% EG  

MAH-g-PP had two part structures, polar and non-polar parts. In this 
case maleic anhydride is the polar part and PP is the non-polar part. Therefore, 
it can be expected that each part of the compatibilizer can be miscible with 
each phase of compound that similar in polarity. MAH-g-PP was added to 
improve the adhesion between the phases and enhance the mechanical 
properties of the blends. The effect of increasing concentration of MAH-g-PP 
on the tensile properties, flexural properties and impact strength of the PP-
cp/EG blends with a fix EG concentration at 20 wt% was investigated. 
 The results of this work are shown in the Figures 4.12-4.18 and Tables 
4.8-4.9, the concentration of MAH-g-PP within the blend rises to 3.0 phr. 
There is a large improvement of the Young’s modulus, yield stress, impact 
strength and a moderate change of tensile strength and flexural properties at 
the amount of MAH-g-PP 1.0 phr. At the same figure, it can be seen that 0.5 
phr MAH-g-PP was enough to improve the tensile properties, flexural 
properties and impact strength. A highest tensile strength, Young’s modulus, 
yield stress, flexural strength and flexural modulus properties of PP-cp/EG 
8150 blends are obtained using 1.0 phr MAH-g-PP with 17.91%, three times, 
59.19%, 23.23% and 25.76% increases, respectively. The tensile properties, 
flexural properties and impact strength of the blends with different amounts of 
MAH-g-PP in this experiment are better than those of the blends without 
compatibilizer at the same percentage of EG, while impact strength increases 
slightly and sample did not break as MAH-g-PP concentration up to 1.0 phr 
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and the elongation at break shows 69.36% decrease i.e. from 368.7 to 
112.95%. 

EG8150 has the more 1-octene content than EG8100. Consequently, the 
tensile properties, flexural properties and impact strength of PP-
cp/EG8150/MAH-g-PP blends should be less than PP-cp/EG8100/MAH-g-PP 
blends, as a result of branching or comonomer (1-octene) content which it 
strongly influences the crystallization and melting behavior. The lamellae first 
become decreasing with increasing branch content and eventually the 
crystallinity has fewer tendencies to be occurred [39]. 
 

Table 4.9 Mechanical properties of PP-cp/EG/MAH-g-PP blends 
                            at 20 wt% EG 8150 
 

Sample 
No. 

MAH-g-PP 
(phr) 

TS TM YS EB FS FM NI 

4 0 20.10 154.28 13.38 410.12 14.72 501.33 64.80 
16 0.5 22.06 244.06 17.68 182.51 15.78 522.05 66.79 
17 1.0 23.70 456.30 21.30 133.20 17.05 550.30 NB 
18 2.0 23.19 365.29 18.72 150.10 18.14 630.46 NB 
19 3.0 22.61 326.25 16.94 165.40 17.97 610.48 NB 
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Table 4.10 Mechanical properties of PP-cp/EG/MAH-g-PP blends 
                             at 20 wt% EG 8100 
 

Sample 
No. 

MAH-g-PP 
(phr) 

TS TM YS EB FS FM NI 

11 0 20.59 170.70 15.54 368.72 16.01 534.20 63.55 
20 0.5 22.21 258.43 19.08 159.97 16.52 540.43 65.54 
21 1.0 24.09 541.21 21.80 112.95 18.12 610.40 NB 
22 2.0 23.47 380.18 20.45 129.70 19.47 665.15 NB 
23 3.0 22.94 351.55 18.18 137.75 18.42 630.70 NB 

 
Figure 4.12 Tensile strength against the concentration of MAH-g-PP        
                     of PP-cp/20 wt% EG/MAH-g-PP blends. 
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Figure 4.13 Young’s modulus against the concentration of MAH-g-PP of  
                     PP-cp/20 wt% EG/MAH-g-PP blends. 

Figure 4.14 Yield stress against the concentration of MAH-g-PP of  
                      PP-cp/20 wt% EG/MAH-g-PP blends. 
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Figure 4.15 Elongation at break against the concentration of MAH-g-PP  
         of PP-cp/20 wt% EG/MAH-g-PP blends. 

Figure 4.16 Flexural strength against the concentration of MAH-g-PP of 
            PP-cp/20 wt% EG/MAH-g-PP blends. 
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Figure 4.17 Flexural modulus against the concentration of MAH-g-PP of 
            PP-cp/20 wt% EG/MAH-g-PP blends 

Figure 4.18 Notched Izod  impact strength against the concentration of 
                MAH-g-PP of PP-cp/20 wt% EG/MAH-g-PP blends 
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4.7 State of Dispersion of PP-cp/EG/MAH-g-PP Blends 
        at 20 wt% EG 
 Scanning electron microscope (SEM) was used to study the surface of 
blends containing 20 wt% EG. SEM micrographs are shown in Figures 18-20 
in Appendix III. As described in Section 2.6, compatibilization reduces the 
interfacial tension, which contributes interfacial adhesion, a finer dispersion 
and a more uniform distribution of the dispersed phase. MAH-g-PP 
compatibilized blends exhibit more finely dispersed phase than blends without 
compatibilizer. 
 From SEM micrographs, the size reduction and increased dispersion 
occur in proportion to MAH-g-PP concentration. At 1.0 phr MAH-g-PP the 
EG domains have a finer dispersion related to other MAH-g-PP 
concentrations. This explains maximum tensile properties, flexural properties 
and impact strength found at 1.0 phr MAH-g-PP. When the amount of MAH-
g-PP higher than 1.0 phr, the tensile properties and flexural properties drop 
from the maximum values. The optimum amount of compatibilizer gives 
highest mechanical properties. 
 
4.8 Economic Consideration 

From the result of this research, the best composition is PP-cp/EG/MAH-
g-PP at 80/20/1, which its mechanical properties approach to commercial 
resin. The cost of this blend is based on the cost of PP-cp, EG, MAH-g-PP. 
The costs of PP-cp, EG, MAH-g-PP in August 2000 are approximately 30, 
110, and 225 Baht/kg, respectively. Table 4.11 indicated the cost analysis of 
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the blends. It can be seen that the cost of the blends per kilogram is relatively 
low.  

Using blends of EG and PP-cp would reduce the cost versus a 100% EG 
compound. Conversely, addition of small amounts of EG to PP-cp would only 
increase price slightly. The use of a chemically modified polyolefin (MAH-g-
PP) as a compatibilizer in PP-cp/EG blends will be explored as a way to 
achieve cost-effective blends with desirable mechanical properties. 

 
Table 4.11 Cost analysis of PP-cp/EG/MAH-g-PP blends. 

 

PP-cp/EG/MAH-g-PP PP-cp EG MAH-g-PP Cost of blends  (Baht/kg)
80/20/1 30 110 225 48.2

Materials Cost (Baht/kg)

 
** Cost of commercial resin  = 100 Baht/kg. 

 
 
 
 
 



 
CHAPTER V 

 
CONCLUSIONS AND SUGGESTIONS 

 
5.1 Conclusions 

The polypropylene copolymer, PP-cp has been blended with two 
different types of ethylene-1-octene copolymer, EG and 20 wt% EG were 
added with maleic anhydride-grafted-polypropylene, MAH-g-PP. The effects 
of increasing octene content, EG concentrations and MAH-g-PP 
concentrations on mechanical properties, thermal properties and morphology 
of PP-cp/EG/MAH-g-PP blends were investigated. The following results 
should to be noted: 

1. The values of PP-cp/EG blend melt flow index are between the 
values of the pure component melt flow index, and these values decrease as 
the EG concentration and 1-octene content increase. The melt flow index of 
PP-cp/EG 8150 is higher than PP-cp/EG 8100 blend. This behavior can be 
related to the effect of the presence of EG long chain branches that become 
more significant and thus entanglement between branching and chain 
segments of EG and PP-cp can occur. The addition of 1.0 phr MAH-g-PP 
gave system a further decrease melt flow index. This behavior implied that 
MAH-g-PP might have improved the interfacial adhesion of PP-cp and EG. 

2. Thermal analysis shows that there is no change in the crystallization 
behavior of the matrix when different elastomer and compatibilizer content 
are added. It is also verified that as the EG, 1-octene and MAH-g-PP content 
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increases, the crystallinity degree and the heat of fusion decrease in the 
relation to PP-cp. 

3. The main factor affecting the mechanical properties of the 
investigated ethylene-1-octene copolymer is the degree of crystallinity. In 
general, the higher the crystallinity, the higher the tensile strength, Young’s 
modulus, yield stress and the resistance to strain of copolymers. Since the 
degree of crystallinity is directly related to the concentration of EG and octene 
content, it decreases as the concentration of EG and 1-octene content increase.  

4. The present study shows that incorporating EG and MAH-g-PP can 
enhance the impact properties of PP-cp in the PP-cp matrix. At 20 wt% EG 
and 1.0 phr concentration, PP-cp/EG blends showed a significant increase in 
impact strength and sample did not break at up to 30 wt% EG and up to 1.0 
phr MAH-g-PP. 

5. The elasticity of the blends increase with increasing the EG and 1-
octene content. This behavior is a result of the presence of the entanglements 
between branching and chain segment of EG and PP-cp. 

6. MAH-g-PP is a compatibilizer for PP-cp/EG blends.  It can be 
expected that the PP segments of MAH-g-PP formed misicible blends with 
the bulk PP through cocrystallization and the polar of MAH-g-PP (maleic 
anhydride) formed a chemical bond with the EG. Thus it can improve the 
compatibility of PP-cp and EG and hence increase the mechanical properties 
of the blends. 

7. The SEM micrographs show that the presence of 0.5-1.0 phr MAH-
g-PP enhanced the adhesion of EG and PP-cp, improved the compatibility of 
two phases and therefore led to better mechanical properties. 
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In this research, the formulations of PP-cp blends that provide good 
balance of mechanical properties comparable to commercial resin, composed 
of 80 wt% PP-cp, 20 wt% EG and 1.0 phr MAH-g-PP. This formulation 
shows MFI ca. 1.84-1.91 g/10 min, tensile strength ca. 23.70-24.09 MPa, 
tensile modulus ca. 456.30-541.21 MPa, yield stress ca. 21.30-21.80 MPa, 
elongation at break 112.95-133.20 %, flexural strength ca. 17.05-18.12 MPa, 
flexural modulus ca. 550.30-610.40 MPa and sample from Izod impact test 
did not break. Consequently, this formulation is a potential material replacing 
commercial resin due to good mechanical properties and cost advantage. 

 
Table 5.1 Properties of commercial reain, PP-cp, PP-cp/EG (80/20)  
                  blend, PP-cp/EG/MAH-g-PP (80/20/1) blend 

 
Properties Commercial  

resin 
PP-cp 

(100%) 
PP-cp/EG 

(80/20) 
PP-cp/EG/MAH-g-PP 
           (80/20/1) 

Melt Flow Index, g/10 min 
Tensile Strength at Yield, MPa 
Flexural Modulus, MPa 
Elongation at Break, % 
Notch Izod Impact Strength, MPa 

11 
>16 
750 

>300 
not break 

2.1 
24.85 

878.01 
334.31 
57.60 

1.80-1.85 
13.38-15.54 

501.33-534.20 
368.72-410.12 
63.55-64.80 

1.84-1.91 
21.30-21.80 

550.30-610.40 
112.95-133.20 

not break 

 
 

5.2 Suggestion for Further Study 
According to this research, the mechanical properties and physical 

properties such as elongation at break and melt flow index of PP-cp blends 
cannot be achieved compared with the commercial resin. In order to improve 
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the properties close to that of commercial resin, the following study are 
suggested. 

1. The effect of high MFI of PP-cp and EG on MFI of the polymer 
blends.   

2. The effect of type of polyolefin elastomer, type and content of 
comonomer on the properties. 

3. The effect of temperature on Notched Izod impact strength. 
4. In order to improve mixing efficiency, the varying rotation speed of 

twin screw extruder should be investigated. 
Moreover, it is important to consider the cost performance, 

environmental impact of the polymer blends as well. 
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Table 1. Typical Data of Polypropylene Copolymer (grade 2500H). 
 

      Item                  Test method         Typical  data 
Melt Flow Index, g/10min                         ASTM D1238                      2.1 
Charpy Notched Impact Strength               DIN 53453                          10 
at –200C, mJ/mm2                                                           
Tensile Strength at Yield, N/mm2       ASTM D638                         23                         
Shear Modulus, N/mm2                                            DIN 53457                          465 
 
Table 2. Product Specification of Ethylene-1-Octene Copolymer 
              (EG8150) 
 

Item                   Test method  Specification 
Percent Comonomer, Octene Content            25.0 
Melt Flow Index, g/10 min      ASTM D1238                      0.5 
Mooney Viscosity, ML 1+4 at 1210C     ASTM D1646                    35.0 
Ultimate Tensile Strength, N/mm2     ASTM D638-90                  15.4                   
 
Table 3.  Product Specification of Ethylene-1-Octene Copolymer 
                (EG8100) 
 
            Item       Test method  Specification 
Percent Comonomer, Octene Content            24.0 
Melt Flow Index, g/10 min      ASTM D1238                     1.0 
Mooney Viscosity, ML 1+4 at 1210C     ASTM D1646                    23.0 
Ultimate Tensile Strength, N/mm2     ASTM D638-90                  16.3                   
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Table 4.  Product Specification of Maleic Anhydride-Grafted-  
                Polypropylene (MAH-g-PP) 
 
         Item                                                                Specification                    
Composition : Maleic Anhydride Modified Homopolymer Polypropylene                        
Physical Form : Pellets                                        
Melt Flow Index, g/10min                                                             50 
Density at 23 0C, g/cc                                                                0.91 
Melting Point, 0C                                                                        157 
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Table 5.  Physical Analysis Data Sheet of PP-cp/EG Blends. 
 

Sample 
No. 

Analysis 
No. 

MFI TS TM YS EB FS FM NI 

1 1 2.08 25.61 232.45 24.89 334.27 25.45 878.05 57.50 
 2 2.10 25.50 232.60 24.80 334.31 25.46 878.01 57.72 
 3 2.11 25.55 232.52 24.85 334.35 25.42 877.98 57.58 
 Average 2.10 25.55 232.52 24.85 334.31 25.44 878.01 57.60 
2 1 2.03 21.38 184.59 20.93 350.21 25.23 834.81 58.93 
 2 2.04 21.40 184.62 20.95 350.23 25.20 834.86 58.90 
 3 2.04 21.44 184.70 20.97 350.25 25.15 834.83 58.94 
 Average 2.04 21.41 184.64 20.95 350.23 25.19 834.83 58.92 
3 1 1.97 21.05 160.50 19.73 370.80 22.29 782.54 62.93 
 2 1.96 21.01 160.42 19.71 370.77 22.25 782.50 63.00 
 3 1.95 21.03 160.46 19.72 370.75 22.21 782.48 62.97 
 Average 1.96 21.03 160.46 19.72 370.77 22.25 782.51 62.97 
4 1 1.80 20.12 154.32 13.39 410.07 14.74 501.31 64.76 
 2 1.80 20.09 154.25 13.36 410.10 14.68 501.33 64.80 
 3 1.81 20.10 154.27 13.39 410.18 14.75 501.36 64.83 
 Average 1.80 20.10 154.28 13.38 410.12 14.72 501.33 64.80 
5 1 1.76 19.14 130.46 11.37 470.17 12.38 450.34 NB 
 2 1.74 19.15 130.50 11.38 470.20 12.34 450.24 NB 
 3 1.75 19.14 130.47 11.38 470.24 12.36 450.20 NB 
 Average 1.75 19.14 130.48 11.38 470.20 12.36 450.26 NB 
6 1 1.52 16.31 117.63 6.69 525.97 7.07 225.50 NB 
 2 1.50 16.35 117.67 6.75 526.00 7.03 225.44 NB 
 3 1.53 16.34 117.64 6.74 526.04 7.06 225.46 NB 
 Average 1.52 16.33 117.65 6.73 526.00 7.05 225.47 NB 
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Table 5.  (continued) 
 

Sample 
No. 

Analysis 
No. 

MFI TS TM YS EB FS FM NI 

7 1 1.36 15.28 104.28 5.43 580.69 4.40 187.46 NB 
 2 1.33 15.26 104.24 5.41 580.71 4.42 187.35 NB 
 3 1.35 15.25 104.22 5.40 580.75 4.36 187.32 NB 
 Average 1.35 15.26 104.25 5.41 580.72 4.39 187.38 NB 
8 1 1.30 14.07 94.35 4.38 593.18 3.15 160.19 NB 
 2 1.32 14.01 94.25 4.32 593.20 3.18 160.25 NB 
 3 1.28 14.03 94.27 4.34 593.21 3.11 160.31 NB 
 Average 1.30 14.04 94.28 4.35 593.20 3.15 160.25 NB 
9 1 2.06 22.05 195.90 21.17 345.15 25.32 854.32 58.50 
 2 2.07 22.07 195.70 21.17 345.20 25.25 854.42 58.38 
 3 2.07 22.06 195.80 21.20 345.25 25.29 854.36 58.43 
 Average 2.07 22.06 195.80 21.18 345.20 25.29 854.37 58.44 

10 1 1.99 21.78 181.02 20.38 357.73 23.82 838.34 62.11 
 2 2.02 21.74 180.97 20.35 357.68 23.88 838.30 62.15 
 3 2.00 21.73 180.99 20.33 357.71 23.85 838.38 62.09 
 Average 2.00 21.75 180.99 20.35 357.71 23.85 838.34 62.12 

11 1 1.85 20.56 170.72 15.52 368.70 16.05 534.24 63.56 
 2 1.84 20.59 170.69 15.54 368.67 16.01 534.16 63.53 
 3 1.85 20.61 170.70 15.57 368.80 15.97 534.20 63.57 
 Average 1.85 20.59 170.70 15.54 368.72 16.01 534.20 63.55 

12 1 1.80 19.94 147.64 12.87 424.49 13.27 492.36 NB 
 2 1.78 19.90 147.65 12.89 424.51 13.24 492.38 NB 
 3 1.79 19.93 147.68 12.92 424.53 13.21 492.34 NB 
 Average 1.79 19.92 147.66 12.89 424.51 13.24 492.36 NB 
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Table 5.  (continued) 
 

Sample 
No. 

Analysis 
No. 

MFI TS TM YS EB FS FM NI 

13 1 1.68 18.43 128.53 7.52 450.84 7.78 266.45 NB 
 2 1.66 18.45 128.56 7.54 450.80 7.74 266.41 NB 
 3 1.70 18.46 128.51 7.54 450.80 7.70 266.35 NB 
 Average 1.68 18.45 128.53 7.53 450.81 7.74 266.40 NB 

14 1 1.57 15.75 115.71 6.27 510.29 5.06 210.40 NB 
 2 1.59 15.75 115.72 6.28 510.25 4.99 210.35 NB 
 3 1.56 15.77 115.74 6.29 510.21 5.02 210.30 NB 
 Average 1.57 15.76 115.72 6.28 510.25 5.02 210.35 NB 

15 1 1.42 14.97 107.14 5.52 552.14 3.96 182.80 NB 
 2 1.41 14.94 107.11 5.50 552.09 9.90 182.75 NB 
 3 1.44 14.95 107.14 5.53 552.10 3.94 182.72 NB 
 Average 1.42 14.95 107.13 5.52 552.11 5.93 182.76 NB 

16 1 1.87 22.07 244.08 17.72 182.51 15.79 522.10 66.82 
 2 1.86 22.08 244.07 17.69 182.55 15.82 522.05 66.79 
 3 1.88 22.04 244.04 17.64 182.48 15.72 521.99 66.77 
 Average 1.87 22.06 244.06 17.68 182.51 15.78 522.05 66.79 

17 1 1.84 23.72 456.30 21.32 133.24 17.06 550.33 NB 
 2 1.83 23.69 456.28 21.27 133.20 17.01 550.27 NB 
 3 1.84 23.70 456.31 21.30 133.17 17.08 550.30 NB 
 Average 1.84 23.70 456.30 21.30 133.20 17.05 550.30 NB 

18 1 1.77 23.23 365.33 18.75 150.12 18.17 630.42 NB 
 2 1.80 23.16 365.25 18.69 150.11 18.11 630.45 NB 
 3 1.78 23.19 365.30 18.72 150.07 18.14 630.50 NB 
 Average 1.78 23.19 365.29 18.72 150.10 18.14 630.46 NB 
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Table 5.  (continued) 
 

Sample 
No. 

Analysis 
No. 

MFI TS TM YS EB FS FM NI 

19 1 1.78 22.64 326.29 16.98 165.43 17.97 610.52 NB 
 2 1.76 22.61 326.25 16.94 165.38 18.04 610.42 NB 
 3 1.76 22.59 326.22 16.90 165.40 17.91 610.49 NB 
 Average 1.76 22.61 326.25 16.94 165.40 17.97 610.48 NB 

20 1 1.94 22.24 258.46 19.12 160.07 16.53 540.47 65.52 
 2 1.93 22.21 258.43 19.08 159.95 16.46 540.42 65.57 
 3 1.92 22.19 258.41 19.04 159.90 16.58 540.40 65.54 
 Average 1.93 22.21 258.43 19.08 159.97 16.52 540.43 65.54 

21 1 1.91 24.10 541.24 21.83 112.90 18.14 610.35 NB 
 2 1.92 24.08 541.22 21.81 112.95 18.13 610.43 NB 
 3 1.89 24.10 541.18 21.77 112.99 18.10 610.41 NB 
 Average 1.91 24.09 541.21 21.80 112.95 18.12 610.40 NB 

22 1 1.90 23.47 380.20 20.49 129.74 19.44 665.20 NB 
 2 1.91 23.44 380.17 20.40 129.67 19.47 665.16 NB 
 3 1.90 23.50 380.18 20.45 129.70 19.51 665.08 NB 
 Average 1.90 23.47 380.18 20.45 129.70 19.47 665.15 NB 

23 1 1.90 22.95 351.58 18.21 137.74 18.43 630.77 NB 
 2 1.89 22.92 351.52 18.15 137.79 18.45 630.64 NB 
 3 1.88 22.94 351.54 18.19 137.71 18.38 630.70 NB 
 Average 1.89 22.94 351.55 18.18 137.75 18.42 630.70 NB 
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Remarks :  MFI     = Melt Flow Index, g/10min 
  TS       = Tensile Strength, MPa 
  TM = Tensile Modulus, MPa 
  YS = Yield Stress, MPa 
  EB = Elongation at break, % 
  FS = Flexural Strength, MPa 
  FM = Flexural Modulus, MPa 
  NI = Notched Izod Impact Strength, MPa 
 NB = Not break   
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