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 Background: Miscibility of polymer blends are very important to determine the blend 
performance, especially for immiscible polymers with different polarities. Therefore, 
the miscibility of polymer blends must be improved by using suitable additives such as 
compatibilizers. Objective: In this study maleic is used as compatibilizer to improve 
the miscibility of LDPE/PVA blends. The samples were prepared by using a twin-screw 
extruder. LDPE and PVA have been mixed with different weight proportion. Several 
tests were applied to identify the compatibility and miscibility of the blends such as 
tensile properties, hardness, density, Fourier transforms infrared FTIR, digital 
microscope, scanning electron microscopy SEM and differential scanning calorimetry 
DSC. Results: show that tensile strength, density, young modulus, elongation at break, 
and hardness is increased with maleic acid addition. SEM and digital microscope shows 
an improvement in the interaction between the two polymers. Conclusion: From this 
study, it can be concluded that the miscibility of LDPE and PVA is improved due to the 
addition of 5% of maleic acid, which works as compatibilizer that reduces the surface 
tension between the two polymers and increases the surface adhesion.  

 
INTRODUCTION 

 
Commodity plastics such as polyethylene (PE), polypropylene (PP), polystyrene (PS) and 

polyvinylchloride (PVC) make up a large extent of total tonnage of plastics currently being used basicaly for 
consumer products or non- load bearing application. In any case, there is a high-performance plastics also 
known as engineering plastics, which have been developed to give the combinations of lightness, good balance 
of stiffness, toughness and over a wide range of temperature applications. The use of engineering plastic in the 
areas dominated by the use of metal and ceramics have been growing up gradually. However, an individual 
engineering plastic frequently, does not meet the necessity of new applications. In order to develop a marketable 
product, development of new polymer has continued. So that, many plastics manufacturers are using blending 
polymers to develop new polymer, which is more economical, convenient and widely accepted. Polymer 
blending is growing importance today, because the blend can be customized to meet the requirements of 
specific applications. Moreover, since the properties of blend system are dependent on the composition, the 
blend can be easily and quickly adjusted to meet performance and cost objectives required by new or changing 
markets(LOON 2005). 

Mixing two polymers usually results in an immiscible system, distinguished by a coarse, easy to alter 
morphology, and poor adhesion between the phases. These blends have huge size domains of dispersed phase 
and poor adhesion between them(L. A. Utracki 2002). 

In general, most of polymer blends are incompatible; resulting in materials with weak interfacial adhesion 
and so poor mechanicals performances, therefore, the biggest challenge in the field of the multiphase polymer 
blend research is the control of the phase structure by a judicious control of the interfacial interactions between 



69                                                          Zuhair Abdul Ameer and Nabeel Hameed, 2017 
Australian Journal of Basic and Applied Sciences, 11(12) September 2017, Pages: 68-80 

the components. One of the traditional methods to ensure adhesion between the phases (reduction the interfacial 
tension) is by using of third component, a compatibilizer, which results in a finer and more stable morphology, 
better adhesion between the phases and consequently better mechanical properties of the finished product(Elias 
et al. 2009). Compatibility emerges from thermodynamic interaction between the blend constituents, which is a 
function of their physical and chemical structure(Ibrahim and Kadum 2010). Therefore, the control of the 
dispersion and interfacial adhesion between phases of a multiphase polymer system is critical in order to make 
useful polymer mixtures(Eastwood et al. 2005). 

 Low-density polyethylene (LDPE) has lightweight, good impact resistance, extremely high flexibility, no 
moisture absorption and has high chemical and corrosion-resistivity. It is used mainly for the blown and cast 
film, extrusion products as well as coatings, rotational and injection molding(Chrissafis and Bikiaris 2011) 

Poly (vinyl alcohol) PVA is a non-toxic, synthetic polymer, soluble in water, somewhat soluble in ethanol, 
however insoluble in other organic solvents. PVA has a moderately simple chemical structure with a pendant 
hydroxyl group.  PVA is produced by the polymerization of vinyl acetate to poly (vinyl acetate) (PVAc), 
followed by hydrolysis of PVAc to PVA. The physical characteristics and its particular functional uses depend 
on the polymerization degree and the degree of hydrolysis(S.K.Saxena 2004) (Hassan and Peppas 2000) (Silva 
et al. 2008). 

In recent years, several studies have been made for effect of compatibilizer on the properties of polymer 
blends. Where(LEE and KIM 1998) studied the effect of maleic anhydride as compatibilizer on crystallization, 
rheological and tensile properties of LDPE/EVOH. (Brandalise et al. 2009) evaluated the effect of maleic 
anhydride-grafted HDPEr on morphology, mechanical and dynamic mechanical properties of recycled HDPE 
and PVA blends. (Razif Nordin, Hanafi Ismail, Zukifli Ahmad 2012) concentrated on the performance 
improvement of LLDPE/PVA blends by the addition of silane as coupling agent. (Martinez-Camacho et al. 
2013) studied the effect of ethylene acrylic acid copolymer as an adhesive for blend of chitosan and LDPE 
blends. (Oragwu and Igwe 2013) studied the effect of compatibilizer on mechanical and water uptake properties 
of LDPE/cornstarch and HDPE/cornstarch blends. (Chun, Husseinsyah, and Syazwani 2016) studied the effect 
of  kapok husk filler and coupling agent on LDPE properties to prepare an Eco composite.  

The important of this polymeric blend is to use in packaging application and also in resisting moisture 
absorption and it considered as biodegradable polymer with controlled degradation period through the control 
on compatibilizer amount.  

In the present work, 5% wt. of maleic acid is added to LDPE and PVA using twin-screw extruder at 35 rpm 
and 150°C. Mechanical and thermal properties were investigated. SEM and digital microscope of blends are 
examined. FTIR is used to analyze the chemical structure. 

 
Experimental Part: 
Materials:  

Material used in this research are low-density polyethylene that was obtained from Amir Kabir 
Petrochemical Company as pellets, Iran. Some properties of LDPE are given in table1, Polyvinyl alcohol (PVA) 
was obtained from Yonghui chemical Holdings Limited Company, China PVA properties shown in table 2 and 
Maleic Acid (C4H4O4) was supplied from Shijiazhuang Lemandou Chemical Co., Ltd. China as shown in table 
3. 
 
Table 1: Properties of LDPE 

Properties Unit Value 
Density g/cm3 0.923 
MFR(190oC/2.16Kg) g/10min 0.25 
Hardness Shore D 41-46 
Tensile strength Mpa 4-16 
Melting point °C  110 

 
Table 2: Properties of PVA 

Properties Unit Value 
Density g/cm3 1.19-1.31  

 
Glass transition temperature °C  

 
85 

Molecular weight of repeat unit g/mol  
 

44.00 

 
Table 3: Properties of Maleic Acid 

Properties Unit Value 
Density g/cm3 1.59 
Melting point °C 135 
Boiling point °C 160-286 
Molar mass g/mol 116.07 
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Table 4: Polymeric blends percentages 
(LDPE/PVA)% Maleic acid % 
(100/0) - 
(90/10) 5 
(80/20) 5 
(70/30) 5 
(60/40) 5 
(50/50) 5 
(40/60) 5 

 
Blend preparation: 

By using the composition in table 4 of materials, LDPE material pellets, PVA and 5% of Maleic acid were 
mixed together in dry condition at room temperature. Forming process for the mixed materials was carried out 
using a twin screw extruder model (SLJ-30A) at a rotating speed of 35 rpm. The temperatures used for zones 1 
and 2 were 135 and 150˚C respectively. At the end of the extrusion, the melt passes between two cylinders to 
form a sheet. The blend sheets of 2 mm thick is then cut according to ASTM-D. CHARACTERIZATION 
 
Mechanical properties: 

(tensile and hardness) have been conducted: tensile test was performed using the controlled electronic 
universal testing machine (model WDW 5 E) made in China. The tensile test (according to ASTM D638-IV) 
was conducted at a cross-head speed of (10 mm/min).  Shor D hardness test (TH 210 FJ) made in Germany was 
performed to measure the hardness of blend samples according to ASTM D 2240. An  average of three readings 
have to be taken in different locations and at different points for each sample . 
 
Density test: 

was performed using high precision density tester type GP-120 S, made in Matsu haku, which contain 
water at room temperature based on ASTM D-792In this method sheet, rod, tube and molded articles can be 
tested; the specimen is weighed in air and immersed in distilled water by applying Archimedes law.  
 
Fourier transforms spectrophotometer (FTIR): 

was used to characterization of very complex mixtures by FTIR analysis instrument Type (IR Affinity-1) 
made in (Kyoto Japan). In order to measure a sample, calibrate the device using the KBr, and then prepare 
powder of the sample to be examined, and mixed with KBr (mixing ratio 99% KBr). The mixing process 
achieved thoroughly then pressed as tablet-shaped semi-transparent to the possibility of penetrating radiation. 
 
Differential scanning calorimetry (DSC): 

measurement were carried out by using DSC i-series (CW-05G) instrument under nitrogen atmosphere. 
The blend was heated from 25 to 250 °C with blend weight of 10    0.5 mg. 
 
Scanning electron microscope (SEM): 

was used to examine the morphology of polymer blends. The sample used in the testing was cut into small 
pieces(1x1 cm) to fit into the device, to achieve good electric conductivity, all samples were first sputtered with 
gold has been made from the surface along the edge. 
 
Digital microscope: 

The morphology for the Blended samples was performed by using Digital microscope (model AM4815T 
Dino-Lite Edge) made in (Kyoto Japan), with magnification rate (20x-220x). 

 
RESULTS AND DISCUSSION 

 
Mechanical properties: 

Figure 1 show the PVA amount effect on the tensile strength of LDPE/PVA blends with and without maleic 
acid. The tensile strength of blend LDPE/PVA decreases as PVA amount increases. This reduction in tensile 
strength is due to the weak interfacial adhesion between LDPE and PVA with different polarities that causes 
poor stress transfer between matrix LDPE and dispersed phase PVA. Because of the strong intramolecular 
hydrogen bonds between hydroxyl groups PVA formed agglomerates that results in the poor dispersion in 
LDPE at high PVA amount. That is mean the interaction between PVA-PVA is more favorable than PVA-
PE(Vidya Francis 2012). 

As maleic acid was added to the blend, LDPE/PVA the tensile strength is increased significantly. This is 
because maleic acid have enhance the ability of PVA dispersion and improve the interaction between LDPE and 
PVA. This related to the raised ester cross linkage as maleic acid was grafted onto LDPE to react with hydroxyl 
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groups of PVA. The modulus of elasticity for blend with maleic acid increased with PVA increasing due to the 
cross-linking and good interaction between LDPE and PVA as shown in figure 2. The presence of maleic acid 
make the elongation at break higher than that of LDPE/PVA only. This is because the ability of maleic acid to 
enhance PVA dispersion and i the interaction between LDPE and PVA as shown in figure 3, this agreement 
with(Hanafi Ismail*, Razif Nordin, Zulkifi Ahmad 2010).  

 

 
 
Fig. 1: Effect of PVA amount on the tensile strength (Mpa) of LDPE/PVA with and without maleic acid. 

 

 
 
Fig. 2: Variation of Young modulus (Gpa) with PVA amount in LDPE/PVA blend with and without maleic 

acid. 
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Fig. 3: Variation of elongation at break with PVA amount in LDPE/PVA blend with and without maleic acid. 
 
Hardness test: 

It is well known that the hardness depends on the resistance to penetration at the outer surface and there are 
different ways to represent the hardness guide. Figure 4 shows the hardness of LDPE/PVA blend with and 
without maleic acid addition. For a blend of LDPE/PVA its shown that the hardness decreased with the PVA 
amount increase due to the minimum hardness of PVA (Mishra et al. 2006), as well as to the agglomerating 
effects, which weaken the secondary bonds between LDPE chains. As maleic acid is added to the blend, the 
hardness increased due to the links formation between LDPE and PVA, which improve the interfacial adhesion 
and dispersion of PVA agglomerates into LDPE matrix. 

 

 
 
Fig. 4: hardness of LDPE/PVA with and without maleic acid. 

 
Density test: 

Figure 5 shows the density of LDPE/PVA blends with and without maleic acid. The density of LDPE/PVA 
blend is increased with increasing PVA amount due to the higher density of PVA, which fill the voids between 
LDPE chains. For blends with maleic acid, the density is increased with PVA amount this is due to the links 
formation between LDPE and PVA, which reduces the cavities and restrict the chain motion. 
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Fig. 5: density (g/cm3) of LDPE/PVA blend with and without maleic acid. 

 
FTIR analysis results: 

FTIR was used to identify the change in chemical structure for polymeric blend with different composition 
through band values, the change in intensity or shifting of peaks recorded by Fourier transform spectroscopy 
(FTIR) are shown in table 5, which were derived from figure 6. FTIR for LDPE shows many bands such as the 
bands at 2939 cm-1 and 2850 cm-1 for –CH2- stretching, bands at 1463 cm-1 for CH2 bending and the band at 
721 cm-1 for CH2 rocking. For blend of LDPE/PVA the band values of LDPE shifted, bands of 2939 cm-1 and 
2850 cm-1 shifted to 2920 cm-1 and 2852 cm-1 respectively with an additional band at 3327 cm-1 for –OH- 
stretching vibration, while the other remain unchanged . 

As maleic acid is added the same band values of LDPE/PVA appear, bands with ester bonds at 1033 cm-1, 
1097 cm-1 and 1257 cm-1 and (C=O) carbonyl bond from maleic acid linked with LDPE at 1728 cm-1. The band 
at 842 cm-1 is for tertiary carbon. 

 
Table 5: the absorption bands of IR spectrum characteristic of LDPE and blends. 

Type of bond LDPE standard(Gulmine et 
al. 2002) 

LDPE exp. LDPE/PVA  LDPE/PVA with 
Maleic acid 

CH2 stretching 2919 
2851 

2939 
2850 

2920 
2852 

2918 
2850 

CH2 bending 1473 1463 1463 1465 
CH2 rocking 720-731 721 721 719 

 

 
Fig. 6: FTIR spectrum for LDPE, PVA and blend polymers with maleic acid 
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The Morphology Test:  
The surface morphology of LDPE and blend samples was performed by using digital microscope, which 

can be used as an indicative for polymer blend compatibility. It can be seen that LDPE has smooth and uniform 
phase without any discontinuity on the surface Fig.7 (a). As PVA added the surface morphology of blend 
become less uniform exhibit some voids due to agglomeration of PVA particle and phase separation between 
LDPE and PVA which adversely effect on the mechanical properties Fig.7 (b, c). 

By the addition of maleic acid an improvement in surface morphology occur, images of digital microscope 
shows a good adhesion and uniform dispersion of PVA agglomerates into LDPE matrix. This is attributed to the 
coupling agent effect, which improve the compatibility and miscibility of LDPE and PVA, as shown in Fig. 7 
(d, e). 

 
Pure LDPE 

 

60%LDPE+40%PVA                                                     70%LDPE+30%PVA 
                                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         35%LDPE/5%MA/60%PVA                                     55%LDPE/5%MA/40%PVA 
 
Fig. 7: the morphology of LDPE and blend with and without maleic acid. 

a 

c b 

e d 
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Scanning Electron Microscope (SEM) test: 
Scanning electron micrographs of melt mixed by twin-screw extruder of pure polymer and blends of LDPE 

and PVA are given in Fig.8. PVA agglomeration and incompatibility of blend was identified from micrographs. 
LDPE/PVA blend shows irregular and rough surface, which indicate the presence of different holes on the 
surface, which mean the miscibility and compatibility is poor due to phase separation and agglomeration of 
PVA which weaken the interaction this agreement with (Wu, Zhou, and Zhang 2006), as shown in Fig.8(c, d). 
SEM images of blend with maleic acid show that LDPE cover PVA agglomerates and an interconnected rough 
surface is produced. 

This surface is believed to be cross-linked material produced from the reaction of maleic acid with both 
LDPE and PVA. This means a good interaction and adhesion between the two polymers, this is due to maleic 
acid increases the adhesion through wetting and reduces the surface tension between LDPE and PVA, this 
agreed with (Brandalise et al. 2009) and (Hanafi Ismail*, Razif Nordin, Zulkifi Ahmad 2010), as shown in fig. 
8 (e, f). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a b 

c d 
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Fig. 8: SEM images for: 1) LDPE (a, b). 2)70%LDPE/30% PVA(c, d). 3)65%LDPE/5% MA/30%PVA (e, f). 
 
DSC test Results:  

DSC was used to investigate the miscibility between LDPE and PVA with maleic acid addition. The peak 
melting temperature is taken as indicative for the compatibility of the blends. From figure 9 (a, b), the DSC 
peak melting temperature of LDPE is 117.66 °C and for PVA is 190.19 °C. For LDPE/PVA blend DSC 
thermograph peaks slightly shifted to a lower value due to the phase separation between PVA agglomerates and 
LDPE matrix as shown in figure 9(c) (Taylor et al. 2009). The addition of maleic acid causes a decrease in 
melting temperature of LDPE by 1°C and PVA by 12 °C this behavior is due to esterification and the grafts 
formed by maleic acid addition, this prevent crystal packing and chain arrangement, as shown in Fig.9 (d) . The 
melting enthalpy and degree of crystallinity decreased from 96.93 J/g to 34.18 J/g and 69.24 % to 24.41 % 
respectively by maleic acid addition. This behavior is believed due to the formation of links between maleic 
acid and LDPE and PVA which hinder the order arrangement of chains, this agreement with (Yordanov and 
Minkova 2005) and (Minkova, Yordanov, and Filippi 2002). 
 
Conclusion: 

In the current work its observed that maleic acid addition enhance the overall properties of LDPE which 
makes it more favorable in wider application such as food, pharmaceutical and cosmetic industries. 

From this work, we can conclude that, the addition of maleic acid shows improvement in miscibility of 
LDPE/PVA blends. The tensile properties such as tensile strength, young modulus and elongation at break is 
increased with PVA amount by the addition of maleic acid. The hardness and density of blends is improved 
with the maleic acid addition. FTIR analysis shows the occurrence of some shifting in bands values of LDPE 
and bands at 1033 cm-1, 1097 cm-1 and 1257 cm-1 and (C=O) carbonyl bond from maleic acid linked with LDPE 
at 1728 cm-1. The band at 842 cm-1 is for tertiary carbon. SEM and morphology test shows that a good 
dispersion and adhesion of PVA into the LDPE matrix with maleic acid that mean the miscibility of blends is 
improved by the addition of compatibilizer. DSC thermographs of blends shows an improvement in thermal 
behavior throughout the depression of melting temperature of LDPE and PVA due to link formation. The 
crystallinity and melting enthalpy is decreased due to maleic acid addition, which improve the miscibility and 
compatibility. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

f e 
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a 

b 
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Fig. 9: DSC curves for: a) LDPE, b) PVA, c) LDPE/PVA, d)LDPE/MA/PVA, e)LDPE/S/PVA,  
f)LDPE/MA/PVA.  

 
 
 
 
 

c 

d 
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