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Abstract

Mechanical properties of blend of high density polyethylene (HDPE) and low density polyethylene (LDPE) have been investigated. Four different 
HDPE/LDPE blends with various ratio (80/20,60/40,40/60, and 20/80) were prepared by melt-mixing technique using mini-twin-extruder at 200 ᵒC 
and 90rpm. Characterization tests including tensile and impact strength tests as well as hardness have been performed in order to better understand 
the behavior of these blends. Information on ductility and toughness were obtained from the stress-strain curves of HDPE/LDPE blends. Mechanical 
properties were varied according to LDPE content. Blends-rich with LDPE showed to have lower strength and hardness and higher elongation, impact 
strength, ductility and toughness than blends-rich with HDPE. Blend with the composition (HDPE (40)/LDPE (60)) showed comparatively better overall 
mechanical properties. 
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Introduction
Polymer blends have become more popular in research and 

in application because they offer a key option in solving emerging 
application requirements. Blending of chemically different 
polymers is an important tool in industrial production for tailoring 
products with optimized material properties [1]. Polymer blends 
offer a route for combining the favorable properties of different 
polymers to enhance various properties, which could not be 
obtained through the use of a single polymer. Polymer blends 
represent very important field in processing of new materials, 
which has better properties in comparison with the neat polymers. 
They are significant also from ecological and economical viewpoint 
[2,3]. There are five reasons to implement polymer blends; higher 
performance at a reasonable price, modification of performance as 
a market develops, extending the performance of expensive resins, 
reuse of plastics scrap and generation of a unique material as far 
as its process ability and/or performance are concerned [4]. Today 
the market pressure forces the resin manufacturers to provide 
better, more economic materials with superior combinations of 
properties, not as a replacement for wood or steel, but rather to 
replace the more traditional polymers [5]. Outstandingly, polymer 
blend technology could quickly respond to developing needs [6]. 
In other words, the properties of the blends could be manipulated 
according to their end use by correct selection of the component 
polymers [7].

A polymer blend is a member of a class of materials analogous 
to metal alloys, in which at least two polymers are blended  

 
together to create a new material with different properties. Their 
overall performance depends on the properties and composition 
of the individual components, the morphology of the blends and 
the interfacial properties between the blend components [8]. 
For example, the low interfacial adhesion between the polymeric 
components is responsible for a decrease in mechanical properties, 
including impact strength; strain at break and ductile to brittle 
transition [9]. A variety of polymer blends have been explored in 
recent years [10]. Generally, there are five main types of polymer 
blends: thermoplastic-thermoplastic blends; thermoplastic-rubber 
blends; thermoplastic-thermosetting blends; rubber-thermosetting 
blends; and polymer-filler blends. Thermoplastic-thermoplastic 
blends like polyethylene (PE) blends have been a topic of great 
academic and commercial interest for the past decades, owing to 
its relevancy to the understanding of processing and performance 
properties of blends containing different types of polyethylenes 
(PEs) [11]. PE-PE blends include low density PE/linear low density 
PE (LDPE/LLDPE), high density PE/low density PE (HPDE/LDPE), 
linear low density PE/high density PE (LLDPE/HDPE) and low 
density PE/linear low density PE/high density PE (LDPE/LLDPE/
HDPE). Blending was reported to improve process ability and 
mechanical properties of the neat PEs; HDPE, LDPE and LLDPE [2]. 
Blending of PEs has become a common industrial practice [12].

 PEs could be classified according to their density which is 
a result of their degree of crystallinity and type and content of 
branches. Three types of PEs are commonly accessible: HDPE, 
LDPE, and LLDPE. These polymers have the same chemical 
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formulas but differ in the density of their molecular chains due to 
the manner they are formed [13]. HDPE has linear structure with 
very few or no branching and possesses high degree of crystallinity. 
On the other hand, LDPE has chaotic structure with short and long 
chain branches and lower degree of crystallinity in comparison to 
HDPE. Although, there exists a basic disagreement over the issue 
of miscibility of HDPE with LLDPE or LDPE, it was agreed that 
branch content of branched component was the major molecular 
factor that controls miscibility of HDPE/LLDPE and HDPE/LDPE 
blends [14]. However, the most important parameter, governing 
PEs properties, is density which is taken as a measure of short chain 
branches. As crystallinity decreases with decreasing bulk density, 
the product becomes softer and more pliable, clarity and toughness 
increase while yield strength decreases [15].

A number of researches on PE blends have been published [16-
22]. PE blends could be miscible, partially miscible or immiscible 
depending on molecular parameters such as: molecular weight, 
molecular weight distribution, Branch content and distribution and 
composition distribution [23-28]. However, it could be noted that 
blending different PEs generally causes improvement in overall 
mechanical properties and durability if the correct selection and 
composition are achieved. Accordingly, it is interesting to explore 
the properties of blends of these materials. In this work, the 
influence of LDPE content on the mechanical properties of HDPE/
LDPE blends was studied.

Experimental
Materials

The polymers used in this study are commercial grades; LDPE 
from Lyondel Basell (PE 1840H) and HDPE from Ras Lanuf Co. 
(Libya) (HDF-5116). The melt flow index (MFI) and density values of 
LDPE are 1.5g/10min (ASTM D 1238, 190 o C, 2.16kg) and 919g/cm3 
(ASTM D 1505, 23 ᵒC), respectively. LDPE (PE 1840H) can be used 
for blow-fill-seal applications such as bottles, vials and healthcare 
applications like caps, closures, collapsible tubes, medical devices 
and medical films. Whereas the melt flow index (MFI) and density 
values of HDPE are 0.15g/10min (ASTM D1238, 190 o C, 2.16kg) and 
951g/cm3 (ASTM D 1505, 23 ᵒC), respectively. This type of material 
is suitable for general purpose of film applications such as bags, 
liners, barrier film, agriculture mulching film and co-extrusion film. 

Preparation of blends
Table 1: Blends composition and codes.

Sample HDPE, % LDPE, %

HDPE 100 0

Blend 1 80 20

Blend 2 60 40

Blend 3 40 60

Blend 4 20 80

LDPE 0 100

LDPE/HDPE blends with varying ratio (80/20, 60/40, 40/60, 
and 20/80), were prepared by melt-mixing technique using mini-
twin-extruder (Haake mini CTW twin screw with average screw 

speed of (90rpm.), and the barrel temperatures set on 200 ᵒC. The 
specimens for mechanical properties were prepared using mini-
injection mould (Xplore 12ml) at 230 °C. Details of the blends and 
codes are reported in Table 1.

Determination of mechanical properties

The tensile strength and elongation at break was determined 
using SATRA tensile tester. Tensile test were performed at room 
temperature. Four specimens (73mm- 4mm-2mm) were tested 
for each sample under speed test (100mm/min). Information on 
ductility and toughness were obtained from the obtained stress-
strain curves. The charpy impact test was carried out to determine 
the impact strength of the HDPE, LDPE and all blend materials 
using (CEAST Resil Impactor tester), with impact energy of 15J. The 
specimens for impact test were prepared and notched according 
to ISO 179. Five specimens were tested for HDPE, LDPE and each 
blend.

The hardness of molded HDPE, LDPE and their blends were 
determined using a Shore D durometer (RayRan) in accordance 
with ISO 868:2003. Hardness value for each sample is an average 
of 8 measurements.

Differential scanning calorimetry (DSC)
The measurement of melting point was carried out with Netzsch 

DSC 204 F1 Phoenix. The samples of 5mg were encapsulated in 
aluminum pans, an empty aluminum pan was used as reference. 
Melting point of polymer blends was determined at heating rate of 
10 ᵒC/min. 

Results and Discussion
Mechanical properties

Mechanical properties are very helpful in describing the 
behavior of polymers under certain circumstances involve its 
behavior under stress. It provides reliable information that could 
help polymer scientists and engineers to find suitable application 
to such materials. For example, the choice of a PE for any particular 
application will generally involve a compromise between various 
properties. This is because, products made from PE are liable to be 
pulled, bent, twisted, impacted or mechanically deformed in some 
way during service. 

Mechanical properties of tensile strength, elongation at break, 
impact strength and hardness were evaluated for the HDPE, LDPE 
and their blends, and summarized in Table 2. It is important to note 
that the standard deviations are given in parentheses next to the 
values of the mechanical properties.

Stress-strain properties
In the field of materials science, stress-strain curve is a widely 

used and practical tool that could help to understand and predict 
material behavior. It is possible to know many of a material’s 
mechanical properties from its stress-strain curve. Mechanical 
properties such as tensile strength, elongation at break, ductility, 
and toughness could be derived from stress-strain curves. In 
addition, the stress-strain curves could also be used to obtain real 
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information on the elastic and plastic deformation of a material 
during tensile test. 

The results in Table 2 and Figure 1 revealed that the blends 
could bear a load of 14 to 16MPa with an increase in the elongation 
ranging from 214 to 315%. It could also be noted that the blend 
1 could withstand maximum load as compared to other blends. 
As shown in Table 2, HDPE has a higher tensile strength value 

than LDPE. The tensile properties are mainly dependent on the 
crystallinity of the polymer [29]. The polymer chains in HDPE 
are linear which they pack closer together, resulting in greater 
intermolecular forces and a more crystalline structure. In contrast, 
the molecular chains in the LDPE are more branched and farther 
apart from each other, which cause lower degree of crystallinity 
and lower bonding forces between chains, resulting lower strength.

Table 2: Mechanical properties of the HDPE, LDPE and their blends.

Sample Tensile Strength, 
(MPa)

Elongation at Break, 
%

Impact Strength, (KJ/
m2) Hardness Toughness (MPa)

HDPE 27.93(1.2) 213.1(5.8) (35.7)247.2 91(0.6) 1.89(0.3)

Blend 1 16.37(0.8) 214.3(3.7) (30.4)461.1 85(0.4) 1.22(0.2)

Blend 2 15.01(0.2) 219.7(8.9) (55.2)1314 83.3(0.9) 1.29(0.1)

Blend 3 16.04(0.4) 263.0(9.6) 1421(40.7) 81.9(0.9) 1.92(0.7)

Blend 4 14.09(0.9) 314.5(2.9) (68.1)1264 80(0.0) 2.47(0.1)

LDPE 9.93(0.3) 349.0(9.6) (82.1)1134 72(1.9) 6.06(0.7)

The tensile strength values of all the blends were in between 
values of neat polymers, as illustrated in Table 2. A significant 
reduction in tensile strength is observed with increase in the LDPE 
content. This could be due to the reduction in crystallinity which 
takes place with addition of LDPE. Similar findings were reported 
in several studies [30,31]. Also, the reduction in crystallite size may 
be responsible of this behavior. According to many studies [32,33], 
the addition of LDPE could cause reduction in the crystallite size 
of both homopolymers in the HDPE/LDPE blends. Elongation at 
break values for HDPE, LDPE and their blends are presented also in 
Table 2. Elongation at break is the strain at which a polymer breaks 
when tested in tension at a controlled temperature. It is expressed 
in terms of the percentage of the original length. Elongation at 
break results showed that all the blends were deformed just like 
many plastics do. LDPE has very high elongation before breaking 
in comparison to HDPE. This could be attributed to the difference 
in the crystallinity between the two polymers, as discussed 
previously. This indicates that the rate of deformation, however, 
varies according to LDPE content, i.e. the higher the LDPE content, 
the higher the deformation rate.

Figure 1: Stress-strain curves of the HDPE, LDPE and their 
blends.

The typical stress-strain curves for HDPE, LDPE and their 
blends are shown in Figure 1. The hardest material is HDPE, 
while the softest materials are LDPE. This is expected since LDPE 
is softer and has low tensile strength compared to HDPE because 
it has lower crystallinity content [34], as explained above. Since 
many papers [34-39] are available in the literature studying the 
stress-strain relationship of different grades of PEs, the stress-
strain relationship of HDPE and LDPE are omitted in the following 
discussion. 

The stress-strain curves show that the behavior of all types 
of blends which are intermediate between their parent polymers, 
HDPE and LDPE. As with all polymer blends, the final blend 
properties depend on the properties of the individual materials and 
the blend composition [40]. Variation in composition may affect 
the crystallinity and phase morphology of HDPE/LDPE blends. 
According to Nora & Eguiazábal [41], in blends of two crystallizable 
polymers, the physical properties may be altered not only by the 
blend composition and the phase morphology, but also by the 
crystallization behavior of each of the two components.

As shown in the Figure 1, the stress-strain curves for the all 
blends could be divided into two main distinct deformation regions, 
which are the elastic deformation and the plastic deformation. In 
the elastic region stress is linearly proportional to strain and the 
deformation is reversible. The elastic deformation is temporary 
and is fully recovered when the stress is removed. As seen in Figure 
1, the elastic region in the stress-strain curves of all blends seems 
to be very small. According to Bijin [42], the elastic region is very 
small and the mechanical properties in small deformations (elastic 
region) are generally influenced by crystallinity, and the thickness 
of the crystallite lamellae. On the other hand, the plastic region 
stress is apparently opposite the elastic region stress. The plastic 
deformation is permanent and is not recovered when the stress 
is removed. Redakcji et al. [43] reviewed many studies and stated 
that plastic deformation of a semi-crystalline polymer is a complex 
process, because different elements of amorphous and crystalline 
phases participate in it, depending on the level of deformation. 
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The mechanical coupling between the amorphous phase and 
the crystalline phase is crucial for the plastic deformation [42]. 
Locker et al. [44] found from the simulation results that the 
plastic deformation mechanism depends on the concentration of 
molecules that link adjacent crystallites, including tie chains and 
bridging entanglements. 

The elongation or deformation during tensile testing could 
provide a relative indication of the ductility of the polymers being 
evaluated [45]. Ductility is the ability of materials to undergo plastic 
deformation before break, which normally expressed as percent 
elongation or percent area reduction from a tensile test. Materials 
with relatively high levels of elongation are indicative of highly 
ductile performance. According to this, the ductility of the HDPE/
LDPE blends seems to increase as the LDPE content increases. 
Blends 3 and 4 exhibit the more ductile failure characteristics in 
comparison to other blends. The mode of failure is either brittle or 
ductile, depending on the blend composition [46]. It is important 
to note here that the plastic deformation that occurs during ductile 
failure could be useful as warning sign to the failure that may occur 
in later stages. For this reason, high ductile materials are expected 
to have good workability. Consequently, ductile failure is preferred 
in most polymer applications. 

Other properties like toughness could be obtained from the 
stress-strain curve. Toughness could be determined from the area 
under the stress-strain curve. Toughness is the ability of a material 
to absorb energy and plastically deform without failure. It is 
different from ductility, although they are often related. Basically, 
toughness is used to describe the combination of strength and 
ductility. As might be expected, as the LDPE content increases, there 
is usually an increase in toughness, as illustrated in Figure 2. The 
combination of strength and ductility (ductility here was expressed 
as percent elongation) for all the blends are shown in Figure 2. 
Blend 3 exhibits the best combination of strength and ductility, 
which resulted higher toughness in comparison to other blends. 
On the other hand, lower combination of strength and ductility 
(or toughness) was exhibited by blend 1 and blend 4, respectively. 
Toughness results for all HDPE/LDPE blends were calculated and 
summarized in Table 2.

Figure 2: Combination of strength and elongation versus 
blend composition. 

Impact strength properties
As seen in Figure 3, the impact strength is found to increase 

with increasing the LDPE content. Blend 3 has the highest impact 
strength value (1421KJ/m2). This indicates that addition 60% LDPE 
content increased the impact strength value to approximately 17 
and 80% compared to neat LDPE (1134 KJ/m2) and HDPE (247KJ/
m2), respectively. Even in the cases of blends 2 and 4, the impact 
strength values (1314 and 1264KJ/m2, respectively) were higher 
than that of neat polymers. On the other hand, the lowest impact 
strength value was obtained for blend 1 (461.16KJ/m2). The later 
impact strength value was higher than that of HDPE and lower than 
that of LDPE. These results are in good agreement with toughness 
results.

Figure 3: Impact properties of HDPE, LDPE and their 
blends. 

Figure 4: DSC heating curves of HDPE, LDPE and their 
blends. 

It is important to note here that the impact strength of blends 2, 
3 and 4 have higher impact strength compared to LDPE. This could 
be attributing to the reduction in crystallites size. It is assumed 
that the branches in LDPE act as barriers to HDPE chains, which 
hinders the crystallization of the HDPE chains further, this lead to 
an increase the strain on the crystal, decreasing the thickness and 
lowering the melting temperature. As shown in Figure 4, there is 
a noticeable shift of both the HDPE and LDPE peaks towards one 
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another, indicating some interaction on the molecular level. The 
lamellae that comprise the crystalline phase decrease in population 
and thickness as the LDPE content increases. The formation of 
smaller crystals in most blends seems to present a better capability 
for absorbing energy before braking and subsequently increasing 
the impact properties in comparison to homopolymers. 

Hardness properties

Hardness is an important parameter in many industrial 
applications of polymer and is sometimes a key requirement. 
For examples, surfaces hardness is an important mechanical 
characteristic of polymer used in replacement of joints in the 
body [47]. Hardness is defined as the resistance of a material to 
deformation, particularly permanent deformation, indentation, 
or scratching. From Table 1 and Figure 5, it can be noticed that 
the highest hardness value was recorded for the HDPE, while the 
lowest hardness value was attained by the LDPE. Indeed, HDPE has 
a greater hardness and tensile strength than LDPE. This is because 
HDPE is more rigid than LDPE due to the higher crystallinity 
content, as discussed previously. Crystallinity has a direct 
influence on tensile strength and hardness [48]. It was evident that 
hardness properties was decreased as the LDPE content increased 
which result in an increase in the blend surface resistance to the 
indentation.

Figure 5: Hardness of the HDPE, LDPE and their blends.

Figure 6: Hardness versus ductility for HDPE, LDPE and 
their blends.

These findings are in excellent agreement with the above 
mechanical results. As mentioned in the literature [49], hardness 
varies inversely with ductility and the deformations caused by a 
hardness indenter are of similar magnitude to those occurring 
at the ultimate tensile strength in a tensile strength test. This is 
because tensile strength and hardness are indicators of a material’s 
resistance to plastic deformation, so they are roughly proportional. 
Figures 6 & 7 shows that the hardness results obtained in this 
study are in consistent with the theoretical perspectives present in 
the literature [50].

Figure 7: Hardness versus tensile strength for HDPE, LDPE 
and their blends.

It could be concluded here that increasing the content of LDPE 
in the HDPE/LDPE blends from 20% to 80% were caused a dramatic 
change in the behavior of these blends in comparison to the neat 
polymers and result different blends with different mechanical 
properties. Mechanical properties were varied according to the 
LDPE content. Blends-rich with LDPE (contain 80% and 60% LDPE) 
showed to have lower strength and hardness and higher elongation, 
impact strength, ductility and toughness than blends-rich with 
HDPE (contain 80% and 60% HDPE). Furthermore, blend with the 
composition (HDPE (40%)/LDPE (60%)) showed comparatively 
better overall mechanical properties than the neat polymers and 
other blends. However, polymer blend performance depends on 
certain factors: properties of polymer components, their content, 
morphology and the interaction between the polymer components 
in the blend. In the case of PE-PE blend, degree of crystallinity 
and crystallite size are the governing factors since the polymer 
components have the same chemical formulas.

Conclusion
LDPE/HDPE blends, with various ratio (80/20, 60/40, 40/60, 

and 20/80), were prepared by melt-mixing technique using mini-
twin-extruder. Characterization tests including tensile and impact 
strength tests as well as hardness have been performed. The 
following conclusions are made: 

1. Mechanical properties of all blends were varied according 
to LDPE content. 

2. Blends-rich with LDPE (contain 80% and 60% LDPE) 
showed to have lower strength and hardness and higher 
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elongation, impact strength, ductility and toughness than 
blends-rich with HDPE (contain 80% and 60% HDPE). 

3. Blend with the composition (HDPE (40%)/LDPE (60%)) 
showed comparatively better overall mechanical properties 
than the neat polymers and other blends.

4. Increasing the content of LDPE in the HDPE/LDPE blend 
from 20% to 80% were caused a dramatic change in the behavior 
of these blends in comparison to the neat polymers and result 
different blends with different mechanical properties. 
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