
Copyright © 2015, American-Eurasian Network for Scientific Information publisher 

 

 

JOURNAL OF APPLIED SCIENCES RESEARCH 

 

ISSN:1819-544X 
 
JOURNAL home page:   http://www.aensiweb.com/JASR                                                                                  2015 February; 11(2): pages 39-47.    

Published Online 1 December 2014.                                                                                                           Research Article 

 

Corresponding Author: Hamed Ahangar-Darabi Department of mechanical Engineering, Islamic Azad University, Sari 

            branch, Sari, Iran.  

            E-mail: ahangar@iausari.ac.ir   

Morphological Investigations for Various Processing Conditions in Injection 
Molding for Polyethylene/Polyethylene Terephthalate and 
Polyethylene/Polycarbonate Blended Parts 
 
1Mehran Khaki-Jamee and 2Hamed Ahangar-Darabi 
 
1Department of Mechanical Engineering, Islamic Azad University, Sari branch, Sari, Iran. 
2Department of mechanical Engineering, Islamic Azad University, Sari branch, Sari, Iran. 

 
Received: 10 September 2014; Revised: 13 October 2014; Accepted:  14 November 2014, Available online: 1 December 2014 

 

© 2015 AENSI PUBLISHER All rights reserved 
 

ABSTRACT 

 
The morphology and microstructure in an injection molding for polyethylene/polyethylene terephthalate and polyethylene/polycarbonate 

blended parts have been investigated by SEM pictures. The part that is hollow cube produces in tow levels injection speed processing 

parameter. The studied sections of the parts are divided to four layers: skin layer, sub-skin layer, intermediate layer and core layer. The 
immiscible PET and PC particles were scattered into matrix PE. The skin layer has been ignored in this research. The results indicated that 

the scattered particles in the sub skin layer were elongated and fibrous. The scattered particles in core zone were spherical. The 

intermediate layer exists between this tow layers. The scattered particles in this layer were ellipsoidal. In this research, the injection speed 
parameter impact on microstructure has been explored. Furthermore, morphological exploration has been performed. The diameters of the 

scattered particles were examined in the three layers using cross section of the specimen and were compared together. The results 

indicated that the size, shape and microstructure properties depended not only on the type and material properties, but also on the injection 
parameters such as injection speed and the positions in the molded parts. 
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INTRODUCTION 

 

 To surviving and being compared in the 

industrial world needs not only the large quantity of 

the production, but also the production with high 

quality is essential. The new approaches and 

improvement invention of the existing production 

approaches is important, but It should be considered 

that material behavior and processing parameters 

have influences on final part quality in production 

processes. Materials along with the production are in 

the transient states between row materials and final 

parts [1]. Therefore, it is hard to produce parts with 

desired properties. As a result, the complicated 

strategy must be performed. Instruments are needed 

to control the production process; they should supply 

precise feedbacks from processing parameters and 

material properties along with the production.   

 Optimizing, analyzing and modeling are 

performed by computer simulations in production 

processes, but they are often based on simplified 

assumptions that they are different from real process. 

They are simplified because the problems are 

solvable, and it saves time. On the other hand, they 

are simplified because the measured information is 

limited to real process along the production [1, 2].       

 The plastic injection molding process is known 

as an approach for mass production, and it is 

performed by the injection machines and molds. In 

this process, on one hand, mold and injection 

machine parameters affect the molding process. The 

mold and machine parameters include part geometry, 

type and injection gate geometry (the place where 

molten material enters the mold, type and runner 

geometry, material type, molten material 

temperature, mold body temperature, injection 

pressure, injection speed, cooling approach, cooling 

time, shrinkage percent and etc and, on the other 

hand, the molding process are hardened by the 

nature of the plastic material properties [3-5].  

 Many production parts are the blends of the 

several polymers (plastic, rubber…). The polymer 

blended parts experienced two processing melting 

temperatures. One of them is the temperature that 

polymer blends are made and, the other is the 

temperature that polymer blended parts are made, 

both of this temperature play an important role in the 

final structure of the parts [6-10]. Several parameters 

affected the type and size of the scattered phase in 



40            Mehran Khaki-Jamee and Hamed Ahangar-Darabi, 2015 /Journal Of Applied Sciences Research 11(2), February, Pages: 39-47 

 

the matrix phase, morphology type, mixing time, 

shear stress and viscosity ratio during the production. 

The effects of these parameters investigated in many 

researches [11,12]. 

 Plastic injection molding process is known as 

one of the most important and applicable approaches 

to produce polymer blended parts. Anisotropic 

phenomenon usually occurred in the final structure 

because the complicated melting flow line is seen in 

the flow front arrival in the filling stage of the mold. 

This matter leads to fountain flow pattern in the 

direction of the flow front [9-12].       

 Karger-kocsis and Scikal [6] explored relation 

between structure properties such as the failure 

phenomenon of injection molded polypropylene (PP) 

blends modified with ethylene/propylene/diene 

terpolymer and thermoplastic polyolefinic rubber 

with processing parameters. It was found that skin-

core morphology was formed in both the pure PP 

matrix as well as the modified PP blends with rubber 

particles of various deformations in injection 

molding process. It was formed with a thin layer of 

PP in the surface of these parts, but the interior 

layers contained PP matrix phase with the scattered 

rubber particles. The scattered rubber particles 

oriented along the part thickness due to tensional 

flow front, and they are elongated. The orientation of 

these particles is tangent with the flow front 

direction.   

 Karger-kocsis and Mouzakis [13] investigated 

skin-core structure in the systems containing 

Rubber-Toughened Polypropylene (RTPP) in the 

failure in the injection molding process. RTPP with 

the high percent of the rubber particles witnessed no 

skin-core morphology in the PP matrix structure: in 

contrast, RTPP with the low percent of the rubber 

scattered particles formed the skin-core structure. 

The zones with the high and low percent of the 

rubber scattered particles were found in the studied 

section of the parts. This structure enhanced ductile 

failure in contrast to brittle failure, and, as a result, 

the flexibility of the PP parts increased with rubber 

particles.   

 Fellahi et al. [14,15] have studied the 

morphological behaviors of injection molded 

HDPE/PA6 blends with and without a 

Compatibilizer. They have investigated and found in 

the sub-skin layer that the scattered phase in the 

matrix phase of blended part    has oriented with 

flow direction increasingly.  

 Karger-kocsis and Fellahi et al. have showed by 

Scanning electron microscope (SEM) that a thin 

surface layer of parts have only contained matrix 

phase, and morphological behavior from surface 

layer to core layer have contained the scattered phase 

in the matrix phase. The precise analyses performed 

by Scanning calorimetry thermogram and X-ray 

photoelectron spectroscope have revealed that both 

the matrix phase and scattered phase in surface 

layers of parts have contained the same composition 

of the interior layers of the parts.  

 Son [16-17] studied the viscosity rate influence, 

injection molding condition and Compatibilizer on 

the injection molded polyphenylene oxide/PA6 

blended part structure. In this research, regarding the 

low viscosity rates, discrete layers: surface, sub-skin 

and core layers was found, but for high viscosity 

rates, beside these layers, another interior layer was 

found with low deformation in the scattered phase. 

This layer was named intermediate layer, and it was 

formed between surface layer and core layer. 

Injection flow rate affected on the sub-skin layer 

position, and injection temperature as well as 

Compatibilizer material resulted to batter spread the 

scattered phase in the matrix phase. As a result, it 

decreased the failure of the parts.      

 Generally, there are few studies on the blend 

systems especially on comparing on the injection 

molded blends with different properties together as 

well as the relationship between morphology and 

mechanical properties [6-10]. Therefore, great 

efforts are needed to fully understand the injection 

molded part morphologies. In this research, the 

microstructures and morphological behaviors of the 

injection parts for two immiscible polymer blends 

are investigated. The first polymer blend contains 

polyethylene trephthalate (PET)/polyethylene (PE) 

and the second polymer blend include polycarbonate 

(PC)/polyethylene. The reason for this material 

selection is that PE/PET blend is a typical semi 

crystalline/semi crystalline system with a viscosity 

ratio less than one, and PE/PC blend is a typical semi 

crystalline/amorphous system with a viscosity ratio 

higher than one.      

 

1- Plastic injection molding process:  

  Plastic injection molding process is performed 

by injection machine and mold that melting plastic 

under high pressure is injected into mold, and 

generally, this process is divided into three stages: 

filling stage, packing and holding stage and cooling 

and detachment stage. First, the raw granular plastic 

material is entered from the hopper to the injection 

machine cylinder, and it is pressurized into injection 

cylinder by the rotational and forward movement of 

the reciprocating screw, and it is melted by the 

heating elements on the injection cylinder body. 

Then, this melting material is injected into the mold, 

and it fills the cavity of the mold. The melting plastic 

in the mold is cooled and solidified by the 

circulating water in the cooling channel. In the end, 

the part(s) is (are) ejected from the mold by ejecting 

system. 

 In the filling stage, the material is injected into 

the mold with high pressure (several hundred bars), 

and it encounters the mold walls, and it cools 

quickly, and it shrinks. In the packing and holding 

stage, more melting material is injected into the 

mold with high pressure; so that it compensates the 
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lake of the material due to the shrinkage in the 

former stage. The pressure in the packing and 

holding stage is more than the pressure in the filling 

stage. At the end of the this stage, injection gate is 

frozen, therefore, no more material iS injected into 

the mold, at this time, the cooling system is 

performed, and, in the end, parts are ready to eject 

the mold. 

 

Material and equipment: 

3-1- Material:   

 The plastic materials that were needed in this 

research were High density polyethylene (HDPE), 

Poly ethylene terephthalate (PET) and Polycarbonate 

(PC). These materials were supplied from Iranian 

companies Golpaygan Petrochemical company. 

Table 1 are summarized several properties of these 

materials. 

 

 
 

Molding equipments:  

 The studied part is a hollow cube with the length 

of 160 mm , width of 80 mm and a height of 20 mm. 

The thickness in the wall is 3 mm, and it is 4 mm in 

the bottom. The vertical edges in the part were 

filleted in four different radii; Figure 1 shows the 

part. This part was injected from the smaller side 

edge, and injection gate was chosen fan gate type 

with 40 mm long and 1.5 mm deep. The injection 

gate width decreased in the farther distance from the 

contact position of the part, and, so that, it arrived to 

the 20 mm width. In contrast, injection gate depth 

increased in the nearer distance to the injection bush 

with 2˚ slope.       

 

 
 

Fig. 1: the dimensions of the injection part and gate. 

 

 

For this part, a mold was designed and 

manufactured. In figure 2, the manufactured mold 

was showed with injection part.     

 

2- Molding process: 

 The plastic materials consumed in this research 

were dried before molding process to avoid 

hydrolytic degradation at 90˚C for at least 10 hr. 

both PE/PET and PE/PC blends were mixed together 

with 75/25 weight ratio, and they were dried 

synchronically. The mixtures were blended in a 

twin-screw extruder with screw speed of 90 rpm and 

heating profile from 180˚C to 265˚C from hopper to 

nozzle. The part were molded using a 125/380 

injection molding machine made in Poolad 
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Company, Iran. The heating profile was 220˚C to 

265˚C from hopper to injection nozzle.  

 The injection molding process was repeated for 

whichever of the polymer blends for several times to 

arrive to the stable conditions. On the other hand, 

these repetitions give out the rest of material 

remained from former molding processes. Figure 3 

showed the mounted mold on the injection machine, 

and the stable molding conditions are shown for two 

low and high injection speeds in table 2. In this 

research, all adjustable parameters were assumed 

constant during molding condition, only the injection 

speed was varied in the two levels. 

The tensile test specimens were cut on the base of 

the ASTM D650. Figure 4 shows a test specimen 

that was cut from the bottom of the part. 

     

 

 
 

Fig. 2: The manufactured mold and injection part. 

    

 
 

Fig. 3: The mounted mold on the injection machine. 

 

 
 

 
 

Fig. 4: a schematic test specimen that was cut from the bottom of the part. 
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 Figure 5 shows a test specimen that was cut from the bottom of the part.     

 

 
 

Fig. 5: a test specimen that was cut from the bottom of the part. 

 

3- Morphological observations:  

 The morphological pictures were prepared by 

scanning electronic microscope (SEM) from Razi 

Metallurgy Institute, Iran. The test specimens were 

frozen in liquid nitrogen for one hour then the 

impact was broken to make surfaces for observation. 

The positions of the fracture section were fixed by 

making a prefabricated crack perpendicular to the 

melt flow direction. One of these fracture sections is 

near to the injection gate, and other is far from the 

injection gate. These sections are named (A-A) and 

(B-B) sections. Figure 6 shows these sections. 

   

 
 

Results and Discussions 

 

 

Figure 7 illustrates samples of micrograph for 

PE/PET and PE/PC blends. In this research, the skin-

core distribution has been used in agreement with 

some earlier researches [6,20]. The failure section 

was divided into the skin, sub-skin, intermediate and 

core layers based on such distribution. The degree of 

the deformation increased in the surface layers in 

contrast to the interior layers. In this research, the 

skin layer was ignored. Figure 7 illustrated that PET 

and PC particles in the PE matrix appeared in the 

spherical and ellipsoidal form. These particles were 

scattered in the PE matrix phase. The boundary 

between matrix phase and scattered phase is discrete, 

and as a result, there was no transition phase and 

vacant places of material.  

 On the other hand, the shrinkage percent of the 

PE parts is more than the PET and PC parts[1], and, 

as a result, it is refused to exist detachment and 

coalescence in the boundary between the scattered 

and matrix phases.     

 

 
    

 
 

 

The minimum, maximum and average diameters of 

the PET and PC particles in SEM pictures of figure 7 

are examined and summarized in table 3. 

 Figures 8 to 15 shows SEM pictures in two near 

and far sections to the injection gate for every part in 

two levels injection speeds in three layers of cross 

sections: sub-skin, intermediate and core layers.  
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 In figures 8 to 15, the spherical, ellipsoidal and 

elongated particles in the SEM pictures are PET and 

PC particles that were scattered in the PE matrix. 

The microstructure of the cross-sections 

perpendicular to flow direction had four layers: 

surface, sub-skin, intermediate and core layers. 

Ignoring the surface layer, the sub-skin layer is 

included in the elongated fiber particles. The core 

included the spherical particles that are scattered in 

the PE matrix, and between these two layers exist the 

intermediate layer that included ellipsoidal particles, 

and in this layer, spherical and elongated particles 

were also seen. Tests were performed in two low and 

high injection speeds. In low injection speed, the 

PET particles that were scattered in the PE matrix 

were usually spherical and ellipsoidal, but in the 

high injection speed, these particles showed more 

trends to elongation in the sub-skin layer. In contrast, 

in both two levels of injection speed, PC particles 

that were scattered in the PE matrix were more 

elongated than PET particles, and they formed like 

to fiber. The minimum, maximum and average 

diameters of the PET and PC particles in SEM 

pictures of figures 8 and 15 were examined and 

summarized in table 4 and 5.  

 

 
 

 
 

 

Tables 4, 5 and also figures 8 through 15 show that 

the diameter of the PET and PC particles in the PE 

matrix in the (B-B) section is greater than the (A-A) 

section in the three layers of the thickness part (sub-

skin, intermediate and core layers). On the other 

statement, the diameter of the particles in the farther 

points of the injection gate is more than the nearer 

points. As a result, the deformation in the far points 

of the injection gate is more. For example, the 

average diameters of the scattered PET particles in 

the PE matrix in the three layers: sub-skin, 

intermediate and core of the thickness part are 0.7, 

0.9, and 1 in low injection speed (level 1) in the near 

section (A-A) of the injection gate. In contrast, these 

diameters in the far section (B-B) of the injection 

gate are 1.3, 1.6 and 1.8. Even though, the average 

diameters of the scattered PET particles in the far 

section of the injection gate are more than the near 

section, another additive direction is seen in the 

particle diameter in every section from outer layers 

to the inner layers. On the other hand, the variation 

range of the particle diameter in the farther points of 

the injection gate is more than the nearer point. This 

fact is resulted that the deformation in the farther 

points of the injection gate is more unsystematic. 

These results and above additive directions are also 

seen in the scattered PC particles in the PE matrix, 

but the scattered PET particle diameter in the PE 

matrix is more than the PC particle diameter 

increasingly.    

 The scattered PET and PC particle diameter in 

the part thickness is increased from the surface layer 

to the core layer. Particles in core layer are appeared 

to spherical shape usually, and if it is moved from 

the core layer to the surface layer, scattered particles 

deform from spherical to ellipsoidal shape in the 
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intermediate layer and elongated particle in the sub-

skin layer. 

 The studied part is hollow cube that is injected 

and produced from smaller side by injection fan gate 

as shown in figure 1. Even though the part is simple 

in the geometry and molding condition, but it is 

complicated in the morphology. Basically, as a 

result, the properties, shape and size of the scattered 

PET and PC particles in the PE matrix phase are 

depended to the molding parameter such as injection 

speed and different points from the part that is 

studied. 

 

 
 

 
 

 
 

4- Conclusions: 

 The molding process of the polyethylene 

/polyethylene terephthalate and polyethylene/ 

polycarbonate blended parts have been investigated. 

The part was a hollow cube. They were produced in 

the two levels of the injection speed, and SEM 

micrographs are supplied for the two near and far 

cross-sections to the injection gate. The cross-section 
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of the parts on the base of the degree of the scattered 

particles is divided into the four layers named: 

surface, sub-skin, intermediate and core layers. In 

this research, the surface layer was ignored. The 

results are: 

 

 
 

 
     

1- The scattered PET particles diameter in the PE 

matrix is mare than the PC particles diameter.  

2- The microstructure of the perpendicular section 

to the flow direction is included four layers named 

surface, sub-skin, intermediate, and core layers. With 

ignoring the surface layer, the sub-skin layer is 

included the elongated–fibrous particles. The core 

layer is included the spherical particles that scattered 

in the PE matrix. Between these layers exists the 

intermediate layer that is included the ellipsoidal 

particles and also a few elongated and spherical 

particles.           

3- The average diameter of the scattered particles 

in the matrix phase in the near points to the injection 

gate is smaller than the far points   

4- The average diameter of the scattered particles 

in the matrix phase in the low injection speed is 

more than in the high injection speed in the three 

studied layers of the part thickness.  

5- The shape, size and properties of the 

microstructure of the scattered PET and PC particles 

in the matrix phase depend not only to the material 

properties, but also to the injection parameters such 

as injection speed and the different studied cross-

sections of the part.    
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