
Vol.:(0123456789)1 3

https://doi.org/10.1007/s10965-020-02291-2

ORIGINAL PAPER

Study of thermal, morphological, barrier and viscoelastic properties 
of PP grafted with maleic anhydride (PP‑g‑MAH) and PET blends 

Asra Tariq1 · Ayesha Afzal1 · Iqra Abdul Rashid1 · M. Fayzan Shakir1 

Received: 9 May 2020 / Accepted: 11 September 2020 
© The Polymer Society, Taipei 2020

Abstract
Properties of polyethylene terephthalate (PET) and polypropylene (PP) can be enhanced by blending both in a specific propor-
tion to get combined superior properties. To make a homogeneous blend, maleic anhydride functionalized PP (PP-g-MAH) 
was used as a compatibilizer in 60% PET blends. In all blends, PET’s percentage crystallinity was reduced as compared to 
pure PET because there were hindrances in chains packing because of the presence of PP chains. The addition of compati-
bilizer in PET and PP blend enhanced interactions resulted in a homogeneous blend with fewer voids. 2.5% of PP-g-MAH 
was observed to be the optimum value of compatibilizer in the blend of PET and PP. The decrease in free space inside the 
blend hindered water molecules’ passage through the sheets. Owing to this, water vapor permeability of the blend was less 
compared to pure PET. The addition of the nonpolar PP also influenced the water transmittance rate of blended sheets.
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Introduction

Polymer blends can be defined as mixtures of at least two 
types of polymers, with physical interactions sometime 
may also have covalent bonds between them [1]. Among 
the most widely employed blends generated with improved 
properties are polypropylene (PP)/Nylon [2], polylactic acid 
(PLA)/ polybutylene succinate (PBS) [3], ethylene vinyl 
alcohol (EVOH) /PP [4], EVOH/ polyethylene (PE) [5] 
and PP/PLA [6] PE/ polyethylene terephthalate (PET) [7]. 
Polymer blends can be miscible or immiscible. To convert 
immiscible polymer blend to miscible blend, compatibility 
between polymers is enhanced by modifying the interphase 
that will reduce the interfacial energy. The miscibility of the 
components depends on several factors such as interfacial 
tension, adhesion between two phases and melt viscosities 
of the components. Miscibility can be achieved by creat-
ing linkages such as, short time cross linking or reversible 
crosslinking, by introducing ionic interactions or hydrogen 
bonding. However, the most common method is inclusion or 
generation of the medium that will improve the interfacial 

properties in polymer blends, which has been an objective 
of this research work [8].

Polypropylene (PP) and polyethylene terephthalate (PET) 
are approved for food contact during storage. PP is stiffer, 
denser, and more transparent than polyethylene (PE). It 
has extremely effective barrier properties for water vapor 
due to its nonpolar nature. PP has low gas barrier proper-
ties hence where the high gas barrier is required, such as 
in food packaging, PP is laminated with aluminum layer 
[9]. PET has superior gas barrier, glass-like clarity, light-
weight and notable aroma barrier property owing to this food 
packed in PET film sustains its flavor and smell, however, 
PET has low barrier to water molecule [10]. Researchers 
are working to improve barrier properties of polymers by 
blending with a high barrier polymer [11]. The blending 
of different polymers was reported to be done in single or 
twin-screw extruder. Permeability can be further reduced 
by controlling the morphology and to make it homogene-
ous and well-mixed blend with fewer voids [4, 12–14]. 
A number of compatibilizers were used to enhance the 
interfacial bonding of PP with polar polymer. Linear low 
density grafted maleic anhydride (LLDPE-g-MA), poly-
propylene grafted malic anhydride (PP-g-MA) and hydro-
genated styrene butadiene styrene (SBS) block copolymer 
was used as compatibilizers. This research on the compari-
son of all the compatibilizers indicated a high efficiency of 
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styrene-ethylene-butylene-styrene grafted malic anhydride 
(SEBS-g-MA) and PP-g-MA + EPM (ethylene propylene 
copolymer) but low performance of LLDPE-g-MA [15].

A blend formation is cost-effective as compared to the 
development of a new homopolymer that has all superior 
properties or the addition of additives and fillers in the poly-
mer matrix. A miscible blend can provide an optimum bar-
rier, mechanical, thermal and optical properties. A homo-
geneous blend of PP and PET will provide a combination 
of required properties for food packaging applications. The 
research work is focused on the fabrication of PP and PET 
blends by varying the amount of compatibilizer to check its 
effect on the morphology, thermal, barrier and viscoelastic 
properties of blends. PP-g-MAH having up to 2% grafting 
degree content was used as compatibilizer prepared by reac-
tive extrusion process [16].

Materials and Method

Isotactic polypropylene was purchased from LCY Chemicals 
CORP with MFI 3.297 g/10 min. The density of PP was 
0.908 g/cm3. PP-g-MAH was prepared in the lab by reactive 
extrusion by following the existing procedure in literature 
and the highest grafted sample was used [16]. Film grade 
polyethylene terephthalate (PET) was provided by Gatron 
Industries limited having MFI 39.36 g/10. The density of the 
PET was 1.38 g/cm3. All the materials were used as received 
without further purification.

Preparation of Blends

Blends of PP with PET were prepared by varying composi-
tion of PP-g-MAH in an internal mixer. The internal mixer 
used was Thermo Fisher Scientific HAAKE™ Rheomix Lab 
Mixer. The internal mixer was first preheated at 270 °C and 
PET was added at this temperature. After the melting of 
PET, PP was added in the internal mixer and the temperature 
was reduced to 230 °C. After 2 min of mixing at 230 °C, 
PP-g-MAH was added in internal mixer and blended for 
7–10 min at 70 rpm. The blend was extracted from internal 
mixer and cooled at ambient condition. Sheets of all the 
blends were prepared by compression molding at 200 °C 
and 2000 psi pressure. 2 mm thickness of the sheet was 
maintained using a 2 mm spacer (process shown in Fig. 1). 
Table 1 below shows the composition of all blends where 
PET is constant in each blend.

Characterization

Fourier Transform Infrared Spectroscopy was done to study 
the specific interactions in the blend of PP with PET by ana-
lyzing the functional groups present in the blend. Generally, 

FTIR was used in transmittance mode from 4000 cm−1 to 
500 cm−1 wavenumber range, at 32 scan numbers at 4 cm−1. 
To confirm the presence of physical or chemical interaction 
in the blend of PP and PET, the spectrum was recorded by 
Bruker Alpha instrument.

Thermal analysis of all blends was done by Perkin Elmer 
Differential Scanning Calorimeter (DSC) by heating 5–8 mg 
of the sample from 50 °C to 300 °C at 10 °C per minute scan 
rate and cooling back with the same rate under  N2 atmos-
phere. The % crystallinity of PET in the blends was calcu-
lated by Eq. 1 [17, 18].

where, ΔH∗
f
 is the heat of fusion, ΔH∗

c
 is the heat of 

crystallization of PET and ΔHf
100

 is the heat of fusion for 
hypothetically 100% crystalline PET [19]. The value for the 
enthalpy of fusion of 100% crystalline PET used was 140 J/g 
[20]. Scanning electron microscopy (SEM) Joel JSM 6490A 
was performed to study the morphology of blends. Misci-
bility and fracture behavior of the prepared blends can be 
analyzed by SEM images.

(1)% Crytallinity =
ΔH∗

f
− ΔH∗

c

ΔHf
100

Fig. 1  Process Flow chart for blend preparation

Table 1.  Composition detail of all blends prepared.

Samples Film Grade PET 
% wt

Isotactic PP
% wt

MAH-g-PP
% wt

C 1 60 39 1
C 2 60 37.5 2.5
C 3 60 35 5
C 4 60 32.5 7.5
C 5 60 40 -
C 6 100 - -
C 7 - 100 -
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The water permeability of prepared sheets was deter-
mined by ASTM E-96. Sheets were tightly glued on a cup 
filled with a known weight of water and were placed in 
humidity and temperature control chamber in the air envi-
ronment at room temperature and 20% RH. After 24 h. 
weight of the water inside the cup was measured and evapo-
rated water was calculated. This practice was done for 5 days 
to estimate the water transmission rate from the sheets. The 
water vapor transmission rate (WVTR) was calculated by 
Eq. 2.[21].

where
G = change in water weight
t = time during which change occurs
A = test area
Permeance was measured by Eq. 3.[21]

∆P = vapor pressure difference
Permeability of sheets for water vapors was determined 

by Eq. 4[21].

Dynamic mechanical analysis (DMA) (TA Instruments) 
of all blends in comparison of pure PET and PP was done 
according to ASTM E1640-13 with dual cantilever. DMA 
was done to study the viscoelastic properties of compatibi-
lized blend in comparison of pure PET and pure PP. The dual 
cantilever was used owing to the delicate nature of sheets. 
The sample was run at 5 °C/ min and 1 Hz frequency under 
nitrogen and test was conducted from -100 °C to 100 °C.

Results and Discussion

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra of pure PP, pure PET and PET-PP blend are pre-
sented in Fig. 2 to study the interactions with these materials. 
Four adjacent stacks appeared at 2950 cm−1 for the asymmet-
ric stretching of the methyl group (-CH3), at 2915 cm−1 for the 
asymmetric stretching of –CH2, at 2870 cm−1 for the symmet-
ric stretching of the methyl group (-CH3), at 2815 cm−1 for the 
symmetric stretching of -CH2-, bending peaks of -CH2- and 
–CH3 are at 1455 cm−1 and 1370 cm−1 respectively are present 
in pure PP and in the blend of PET and PP [22, 23] but is not 
visible in pure PET. In pure PET and blends, peak appeared 
at 2960 cm−1 and 2900 cm−1 represents the presence of  CH2. 
At 1715 cm-1 peak is for carbonyl group (C = O). A strong 

(2)WVTR = G∕tA

(3)Permeance = WVTR∕ΔP

(4)Average Permeability = permeance × thickness of film

peak at 1240 cm−1 which is clear in pure PET and in the blend 
confirms the presence of ester linkage (C–O–C) [24, 25].

1500–1400 cm−1 is due to the carbon–carbon stretching 
vibrations in the aromatic ring. In the fingerprint region, there 
is a peak in PET and blends’ spectra at 1055 cm−1 due to C-O 
stretch. A much sharp peak at 715 cm−1 in pure PET and blend 
is of CH bending in benzene ring [26, 27]. As the blend was 
prepared by physical mixing and no chemical reaction was 
involved so by comparing the FTIR spectra of the pure PET 
and pure PP with blend it was clear that no new peak gen-
eration and no prominent shift in peaks were observed after 
blending PET and PP. This confirms the absence of any new 
bond generation between PET and PP in the blend. Hence 
the blending is of physical type. MAH-g-PP acted as bridge 
in generating physical interaction between PP chain and PET 
molecule because MAH-g-PP contains both polar and non-
polar sites.

Fig. 2  FTIR spectra comparison between PP, PET, and blend of PP 
and PET with 2.5% compatibilizer
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Thermal Analysis by Differential Scanning 
Calorimetry (DSC)

DSC thermogram of blends prepared with and without PP-
g-MAH in comparison of pure PET and pure PP is displayed 
in Fig. 3. From DSC it was deduced that glass transition 
temperature (Tg) of PET appeared at 82 °C but in the blend, 
with or without compatibilizer Tg was difficult to detectable, 
however, the results showed that the Tg was slightly shifted 
to a lower temperature after processing.

Tm of PP in the blends was increased from 165 °C to 
172 °C compare to pure PP due to reason that the addition 
of PET in PP effected that chains melting behavior. Inside 
the blends, PET that is in higher concentration started to 
form a coil-like structure around the PP molecule which is 
in lower concentration, due to this PP chains demanded high 
temperature for melting [28].

Tm of PET in the blend was almost the same but latent 
heat for melting of PET was observed to be decreased due 
to the formation of coarse crystals at low temperature in 
blend compare to pure PET. Thermal properties were overall 
improved by adding compatibilizer as first melting appears 
at higher temperatures than pure PP and in blend without 
compatibilizer. There was no effect on the crystallization 
temperature  (Tc) of PET in the compatibilized blends [28, 
29].

The heat of fusion of PP in the compatibilized blend was 
not highly effected but the heat of fusion of PET in the blend 
was decreased as shown in Fig. 4 and hence crystallinity 
of PET was low as calculated by Eq. 1. This decrease was 
because of hindrance created to crystal formation by the 
interactions generated between PP and PET after adding 
compatibilizer.

Morphology by Scanning Electron 
Microscopy (SEM)

Figure 5 displays the scanning electron microscopy (SEM) 
images of pure PP and PET and the images of pure PET 
and pure PP show a completely uniform microstructure. 
Figure 6 shows the images of compatibilized and uncom-
patibilized PP and PET blends and from the morphology of 
the blends, the compatibility between PET and PP phases 
can be analyzed. 

The presence of PP-g-MAH in blends promoted the for-
mation of much finer dispersed morphology, uniformity, and 
much better adhesion than uncompatibilized blends. This 
increase in fineness of the blend due to better interaction 
between blend’s phases resulted in the reduction of voids 
and hence it reduced the passage of water molecules through 
the sheets and decrease its permeability for water molecules. 

Fig. 3  DSC thermogram of 
PET-PP blend with (C2) and 
without PP-g-MAH (C5) in 
comparison of pure PET(C6) 
and PP (C7)
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Fig. 4  Degree of crystallinity of 
prepared blends in comparison 
of pure PET used

Fig. 5  SEM images of 1) pure 
PET and 2) pure PP

Fig. 6  SEM images of 1) PET 
and PP blend without PP-
g-MAH and 2) PET and PP 
blends with 2.5% PP-g-MAH
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Figures 7 and 8 demonstrate the blends by varying the ratio 
of PP-g-MAH [30–32]. 

In Fig. 7 SEM image of 5%, compatibilizer showed some 
voids that are probably due to uneven physical interactions 
between the two polymers. As there was an increase in the 
amount of compatibilizer more than 2.5%, agglomerates 

started to appear in some areas in the blend as visible from 
Fig. 8. PET molecules started to join with each other due to 
greater interactions between the same types of molecules to 
stabilize the system [33].

Fracture analysis of blends was also done by SEM images 
demonstrated in Fig.  9. For fracture analysis, edges of 

Fig. 7  SEM images of blends 
with 1) 2.5% PP-g-MAH and 2) 
5% PP-g-MAH

Fig. 8  SEM images of blends 
with 1) 2.5% PP-g-MAH and 2) 
7% PP-g-MAH

Fig. 9  SEM images of fracture 
analysis of 60% PET blend with 
PP 1) 5% MAH-g-PP 2) uncom-
patibilized
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fractured samples are compared to understand phase behav-
ior. The spherical shaped beads belong to PP polymer and 
the main matrix is PET. These spherical beads are clearly 
seen to be debonded from the matrix material due to the lack 
of interfacial adhesion in an uncompatibilized blend. A large 
number of sumps are clearly visible in the blend without 
PP-g-MAH owing to the pull out of these weakly adhered 
polymers. Morphology of compatibilized blends showed a 
smaller particle size due to greater interaction. Spherically 
shaped beads are now seemed to be adhered to the matrix by 
forming bridges. These interactions are due to dipole–dipole 
attractions between PET’s carbonyl group and maleic anhy-
dride group in PP. In the fractured surface of compatibilized 
blends the fibrils’ extension can be analyzed as well as plane 
surface fracture, so it can be illustrated that the blend of PP 
and PET with PP-g-MAH is moderately ductile [31]. 

An optimum amount of compatibilizer can provide a 
homogeneous blend with fewer phase separations. From 
SEM images, it is clear that 2.5% compatibilizer is the 
amount of PP-g-MAH that showed the best compatibilizer 
concentration for PET and PP blend with reduced agglom-
erations and voids.

Water Vapors Permeability

Water vapors permeability is calculated according to ASTM 
E-96 and it is displayed in Fig. 10. Diffusion of penetrant 
molecules depends on the size of molecules, the polarity of 
material, the temperature on which diffusion occurs, and the 
concentration difference of molecules across the sheet. Pure 

PET material has high permeability for water molecules 
because of its polar nature. By absorbing a high percentage 
of water molecules, greater diffusion occurs through PET. 
Figure 10 compares the water vapor permeability of blends 
with pure PP and PET. From results, it can be deduced that, 
when PET was blended with PP using 2.5% compatibilizer, 
its water-resistance improved because of PP matrix that 
hindered water molecules passage through the sheets. This 
compatibilized blend resulted in reduction in voids and free 
space available inside the blend which can allow water mol-
ecules to diffuse through the sheet. However, at a higher 
percentage of compatibilizer, due to uneven physical interac-
tions between the PP and PET voids appeared in the sheets 
that increased water molecules’ permeability.

In blend without compatibilizer, PET and PP were com-
pletely phase-separated that was also analyzed by SEM 
images. Without the addition of MAH-g-PP in blend, there 
were no interactions present between PET and PP which 
created defects in the sheet. When there is less interaction 
in the blend, sheet was not homogeneous and defective sites 
allowed the passage of water molecules through the sheet.

It can be illustrated from the above results that 2.5% PP-
g-MAH is the optimum value of compatibilizer in the blend 
which showed less permeability as compare to other blends. 
Water vapors transmission rate increased in other blends 
because of no compatibility and less physical interactions 
between polymers. Hence, it is concluded that the addi-
tion of compatibilizer in an optimum amount in the blends 
improved the water vapor resistance of PET resin in blends.

Dynamic Mechanical Analysis (DMA)

Generally, the multiphase blends of polymer display low 
mechanical properties because of the lack of interfacial 
adhesion and weak physical and chemical links between 
phases. Dynamic mechanical analysis (DMA) is utilized to 
study the amount of miscibility present between polymers in 
the blends and its effect on the thermomechanical response. 
The properties obtained in DMA like storage modulus (G’), 
loss modulus (G’’) and damping (tanδ) of polymer blends 
usually depend on the polymer structure and degree of crys-
tallinity in the polymer. Figure 11 exhibits the tan delta of 
PET and PP blends in comparison to pure PP and pure PET.

Pure PET showed a sharp prominent peak at about 85 °C 
temperature which is the  Tg of PET and is almost equal to the 
data obtained from DSC. Pure PP showed two small shoul-
ders -15 °C and 70 °C temperature. Isotactic polypropylene 
shows its Tg at -15 °C and chains relaxation occurs at 70 °C. 
Sometime in semi-crystalline polymers, there is a premelt-
ing state between Tg and Tm at which polymer chains dis-
play hindered rotation inside the folded crystals. However, 
PET has a greater area under the peak in comparison of PP 

Fig. 10  Water vapors permeability of prepared blended sheets in 
comparison to pure PET and PP
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so PET has more ability to dissipate energy when load is 
applied in comparison of pure PP. PP chains showed elas-
ticity in its structure it means it has more ability to store 
the load than dissipating it. From the compatibilized blends 
partial miscibility of the components is clear as peak started 
to merge. The low-temperature peak in all blends started to 
move towards high-temperature peak.

The behavior is due to the addition of compatbilizer in 
PET and PP and which allows the components to physically 
interact and the formation of a partially homogeneous blend. 
Peak area also increased in all blends in comparison of pure 
PP which indicated good impact bearing properties in blends 
[34–36]. In blend without PP-g-MAH, the existence of two 
distinct damping peaks at their original position are repre-
senting the components of uncompatibilized blend in the 
DM spectrum confirming that the blend is incompatible and 
it shows two-phase morphology.

Figure 12 explains the effect of temperature on the storage 
modulus of blends in comparison to pure PET and pure PP.

Storage modulus has two relatively flat stages that are 
joined with a steep portion and in the intermediate por-
tion, softening of the material occurs. Pure PET showed 
a minimum value of storage modulus and this value was 
observed to be decrease with temperature regularly. In this 
temperature range PET in not melted and just soften with 
increasing temperature because the crystals in PET melt on 
a long-range of temperature. PP has higher storage modulus 
than pure PET however PP showed a sudden fall in storage 
modulus at 0 °C temperature and a high variation in G′ with 
temperature was noted.

By the addition of PP-g-MAH in the blends, storage 
modulus was increased in comparison to both pure PET 
and pure PP. This raise was owing to high interaction and 

enhanced compatibility between PET and PP. By increas-
ing the amount of compatibilizer storage was not pro-
nounced due to uneven physical interaction that leads to 
improper phase adhesion. Compatibilizer reduced the tran-
sition region in PET and PP blend. It was worth noticing 
that with the increase in temperature all samples started to 
achieve the less difference in the value of storage modulus 
and curves came close because the chains softened. The 
addition of PP-g-MAH enhanced the storage modulus of 
blend that leads to high mechanical strength in the blends.
[34, 35].

Figure 13 describes the variation in loss modulus with 
temperature for PET and PP compatibilized blends in com-
parison to pure PET and pure PP. It shows the energy dis-
sipation measurement of all samples. The value of storage 
and loss modulus always decreases as less force is required 
for deforming samples. In all samples initially, it resists 
molecular segmental motion but with increasing tempera-
ture, these kinds of molecular motion are activated. PET 
has  Tg at 82 °C and it is almost that same that was obtained 
from DSC analysis. Pure PP showed  Tg at -15 °C.

By making a compatibilized blend, in C1  Tg of PP was 
slightly moved at about 10 °C and the  Tg of PET was unde-
tectable. It can be deduced that C2 has good compatibility 
between the PET and PP phases. C3 and C4 also showed 
an increase in  Tg of PP, on the other hand, these two blends 
also showed the  Tg of PET at 90 °C. Samples that have 
high loss modulus have more force dissipation ability and 
material is less stiff. It is clear that with increasing tem-
perature, friction for molecular movement reduced, this 
resulted less energy dissipation and loss modulus contin-
ued to be decreased [34, 35].

Fig. 11  Variations in tan delta with temperature for all samples meas-
ured by DMA

Fig. 12  Variations in storage modulus with temperature for all sam-
ples measured by DMA
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Conclusion

The summary of this work is, PP-g-MAH can be used as a 
compatibilizer to make a homogeneous blend of PET and 
PP with only physical interactions between two polymers. 
Compatibilized blend showed much better properties in 
comparison to pure PET and pure PP and blend without 
compatibilizer. 2.5% content of PP-g-MAH in PET and PP 
blend with 60% PET ratio offered the best homogeneous 
blend relative to other concentrations. The addition of PP-
g-MAH in blend gave fewer voids, defect-free structure, 
and high thermal properties. The plastic sheet exhibited 
an excellent WV barrier for 2.5% PP-g-MAH content. The 
concentration of compatibilizer greater than 2.5% gener-
ated uneven interactions in the phases that eventually 
allow the passage of water vapors molecules. The ther-
momechanical properties of compatibilized blends were 
also higher as compared to pure PP and pure PET.
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