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Abstract 

Blends of polypropylene (PP3) and polystyrene (PS) were studied and, their rheological behavior 
was determined and discussed in detail. The interfacial tension between the blend components was 
evaluated from the rheological data and the storage modulus by using two well-known models: Palierne 
model and Choi-Schowalter equation. The theoretical predictions were compared with experimental data 
obtained from PP3/PS blends. The obtained results showed that the Palierne model could predict the 
rheological and viscoelastic properties of the considered polymer blends. In addition, the interfacial 
tensions between PP3 and PS were evaluated and compared with those cited in the literature. It was also 
found that the Palierne model was more accurate than Choi-Schowalter one in determining the interfacial 
tension. 

Keywords: Polypropylene-Polystyrene blend, Palierne model, Choi-Schowalter equation, Interfacial 
tension, Linear viscoelasticity 
 
 
Introduction 

Blending of polymers is an effective way to obtain new materials with improved characteristics [1]. 
Due to the ability to combine the properties of their components in a single product, the polymer blends 
have been used for the development of new materials in many industrial areas [2]. However, most 
polymer blends are incompatible due to the existence of interfacial tensions between their phases [3,4].  

The rheological properties of molten components in immiscible polymer blends affect the 
processing, morphology and relationship between their characteristics [5]. The qualities of the obtained 
blends are mainly determined by the viscoelastic properties of their components and are sensitive to the 
changes in morphology. The flow itself depends on the two important rheological properties, namely the 
high value in polymer viscosity in a molten state and, the elastic behavior. In addition, the viscoelastic 
character is a frequent non-Newtonian behavior in the polymer blends. The response of fluid to a 
deformation presents, at the same time, elastic and viscous aspects. Generally, studies are carried out 
within the framework of linear viscoelasticity where the morphology is not affected by the flow [6-8]. 

It is possible to use theoretical approaches to predict the rheological behavior of the polymer blends. 
Several authors have modeled the rheological behavior of the blends by identifying them to emulsions 
(matrix/disperse phase). Einstein [9] assumed that the suspension was much diluted thereby neglecting 
the interactions between particles. Oldroyd [10] described the behavior of dilute suspensions by including 
a constant interfacial tension. This description was reported earlier by Choi and Schowalter [11]. 

The Palierne model [12] is an extension of the Oldroyd model. This model also takes into account 
the effects of the size distribution of inclusions. It describes the complex modulus of the mixture from 
those of the dispersed phase and matrix. It was also used for the prediction of the linear viscoelastic 
behavior of polymer emulsions. Bousmina and Muller [13] simplified the model of Palierne for a 
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monodisperse distribution of inclusions, using the mean diameter by volume. Graebling et al. [14] studied 
the immiscible polymer blends with and without interfacial agent. They have applied this model to 
mixtures such PS/PMMA and PDMS/POE. A good agreement between the experimental results and the 
simplified Palierne model was obtained. Lacroix et al. [15] used the Palierne model to estimate the 
viscoelastic data and interfacial tension. This model was also used successfully to predict the rheological 
behavior of some blends at different temperatures and compositions. Carreau et al. [16] confirmed 
experimentally the applicability of this model for PS/PMMA and PA/PP systems, respectively. Kunyawut 
and Hermes [17] used the Palierne model to describe the Rheological Behavior of Immiscible PS/LDPE 
Blends. Romoscanu et al. [18] employed the Palierne model to describe the rheological behaviorof low-
viscous emulsions; their experimental results were compared with those deduced from the Palierne model 
predictions.The Palierne model has also been successfully used to indirectly measure the interfacial 
tension between several polymers [16,19-21]. Carreau et al. [16] compared the experimental results with 
theoretical model predictions and confirmed the results for PS/PE blends. Unlike to Palierne model, the 
model of Choi-Schowalter [11] did not arouse too much excitement despite the research giving good 
results as for Palierne predictions with specific and comparable terms. This model is applicable to 
polymer blends at low frequency where the blend components behave as viscous liquids. Scholz et al. 
[22] demonstrated the validity of this model for PP/PA blends at low frequencies. This model was applied 
to PS/PMMA and emulsified SAN/PS blends in much wider frequency ranges [23]. 

The interfacial tension of the compatibilized SAN/EPDM blend was determined from the 
morphological studies [16] and the relaxation time was calculated using the Palierne and Choi-Schowalter 
models. The predictions of the Choi-Schowalter model are not very different from those of the Palierne 
model at low frequencies. Recently, Jose et al. [24] employed the Palierne and Choi-Schowaltermodels to 
calculate the interfacial tension. It was found that the rheological properties of both compatibilized and 
uncompatibilized blends are intimately related to their phase morphology. On the other hand, the 
interfacial tension between PLA and PETG was determined from morphological characteristics and 
viscoelastic responses of blends using Palierne and G-M models. Khonakdar et al. [25] studied the 
viscoelastic properties as melt and solid state of COC/POE blends using Palierne and G-M models. They 
observed a good agreement between the experimental results and those predicted by the Palierne model. 
Dil and Favis [26] studied the morphology and miscibility of PLA and PBAT blends. They examined the 
interfacial tension of the studied system by fitting the Palierne model to the rheological data. Kwon and 
Cho [27] have determined the viscoelasticity of immiscible polymers blends by relaxation of the interface 
using the Palierne and G-M models; they calculated the storage modulus of immiscible blends and 
obtained the weighted relaxation time spectra of them. 

The aim of this paper is to determine whether the models proposed by Paliern and Choi-Schowalter 
can be used for the evaluation of viscoelastic properties and interfacial tension for a polymer blend 
formed by polypropylene and polystyrene (PP/PS, 30/70 wt/wt). 

PP is one of the most widely used polymers owing to its advantages such as low cost and density, 
easy processing and good chemical resistance. However, it presents some limitations because of its 
relatively poor impact resistance; on the other hand, PS has many desirable properties, but its 
disadvantages are low impact strength and poor chemical resistance at room temperature [28]. Thus, 
blending of PS with PP can be a convenient way to increase the impact strength and chemical resistance 
of PS. PS/PP blends seem to be promising materials for various purposes in packaging and for 
components that need improved chemical resistance [29]. 

The determination of the viscoelastic behaviour of polymer blends is of particular importance 
because it is in this area that will be processed such materials. In addition, the macroscopic strains 
involved during the formatting correspond to the nonlinear viscoelasticity, which is an important source 
of information about the structure of macromolecules and their rheological behaviour [30]. For a 
viscoelastic system, the elasticity of the two phases is a criterion in the mixing operation. In general, it is 
very difficult to deform an elastic phase in a non-elastic phase [31]. 

The rheological behavior of the blends was studied by small amplitude oscillatory shear and 
correlated to the morphological observations. The interfacial tension between the blend components was 

http://link.springer.com/search?dc.title=EPDM&facet-content-type=ReferenceWorkEntry&sortOrder=relevance
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evaluated from the rheological data. In addition, the influence of the temperature on the viscoelastic 
parameters and interfacial tension was evaluated. The predicted results were compared with those 
obtained experimentally in a previous study on such system. 
 
Materials and methods 

Materials  
The materials used in this study were of commercial grades. Standard polystyrene (PS) was supplied 

by BASF S.A (Germany); it has an average molecular weight of 215,160 g/moland, a polydispersity 
coefficient of 2.35. Isotactic polypropylene (PP) was purchased from INEOS Company (Switzerland); it 
has a melt flow index (MFI) of 0.9 g/10 min and adensity of 0.923 g/cm3. 
 

Preparation of polymer blends 
PS (matrix) is an amorphous polymer with a glass transition temperature of the order of 100 °C. In 

contrast, PP is a semi-crystalline polymer; its melting temperature is of the order of 165 °C. This 
difference between these two temperatures made it possible to freeze the dispersed phase while keeping 
the matrix in a fluid state. The polymer granulates were pre-mixed and injected in the twin screw mini 
extruder (Thermo Haake) at 200 °C. Samples were blended for 3 min at 200 °C and 60 rpm, followed by 
a rapid change of the extrusion speed while keeping the same temperature. After 3 min, the cooling phase 
was started, maintaining the speed extrusion to the point of crystallization of the dispersed phase, in order 
to freeze the generated microstructures. 
 

Scanning electron microscopy 
A Hitachi S-3340 scanning electron microscopy (SEM), operating at 15KV accelerating voltage, 

was used to observe the blend morphology. The surfaces taken from cryofractured samples were observed 
by SEM. After drying procedure, the samples were coated with goldpalladium thick film. The adopted 
technique to detect the morphological evolution was based on an image of the sample on two-dimensional 
(2D) object, because the fibrillar morphology can be viewed as droplets when the fibrils are observed 
perpendicularly to the flow direction. 
 

Rheological measurements 
The rheological characterization of the pure and polymer blends was realized in a previous study 

conducted by Hammani[32] using a stress controlled rheometer (RS 100) from Thermo HaakeRheostress, 
using parallel plate geometry (diameter 20 mm and a gap of 1 mm). Samples with 20 mm and a thickness 
of 1 mm were compression molded from the test material using hydraulic press (Carven-USA) at 200 °C. 
For all measurements, the stress amplitude was fixed at 10 Pa to insure the viscoelastic linearity of the 
response. All material functions were determined in the frequency range from 0.001 to 10s-1. The 
temperatures selected for the investigation were between 170 and 220 °C. This choice is based on the 
thermal properties of each constituent; it varies between the glass transition temperature of PS and the 
melting point of PP3. 
 
Emulsion models 

Palierne model 
Several models have been proposed to describe either the deformation of the dispersed phase or to 

derive rheological parameters such as the complex shear modulus; 
 

G∗(w) = G′(w) + jG′′(w)                                                (1) 
 

To better provide a general understanding of the approach used in this paper, a brief description of 
Palierne model is given [12]. This model treats the linear rheology of an emulsion of viscoelastic 
incompressible fluids experiencing small amplitude oscillatory shear flow. It gives a general expression 
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of the complex shear modulus of the emulsion taking into account particle size, particle nature 
polydispersity, shear and dilatation of the interface. 

For the simple case of an emulsion of two viscoelastic polymers, Eq. (1) can be written as [12]: 
 

Gb
∗(ω) = Gm

∗ (ω) 1+3∑ ∅iHi
∗

i (ω)
1−2∑ ∅iHi

∗
i (ω)

                                                                                                                      (2) 

 
In this equation, H*

i(w) is described by Eq. (3): 
 

Hi
∗(ω) =  (8α di⁄ )�2Gm∗ (ω)+5Gd

∗ (ω)�+�Gd
∗ (ω)−Gm∗ (ω)��16Gm∗ (ω)+19Gd

∗ (ω)�
(80α di⁄ )�Gm∗ (ω)+Gd

∗ (ω)�+�2Gd
∗ (ω)+3Gm∗ (ω)��16Gm∗ (ω)+19Gd

∗ (ω)�
                         (3) 

 
where 𝐺∗,𝐺𝑚∗ ,𝐺𝑑∗ are the complex shear moduli of the blend, matrix, and dispersed phase, respectively; α  
is the interfacial tension between the components of the blend and ∅i is the volume fraction of the 
droplets with a diameter di. 

This model can be simplified by considering the monodisperse size. For that, an average diameter in 
volume dv (representative of the size distribution) is used. 

The modules G’ and G” can be expressed as: 
 

G′ = 1
D

[Gm
′ (B1B2 + B3B4) − Gm

″ (B4B1−B2B3)]                                                                         (4) 
 
G′′ = 1

D
[Gm

′ (B4B1 − B2B3) + Gm
″ (B1B2 + B3B4)]                                                            (5) 

 
where the constants B1, B2, B3, B4 and D are given by: 
B1 =  C1 − 2φC3 
B2 =  C1 + 3φC3 
B3 =  C2 − 2φC4 
B4 =  C2 + 3φC4 
D = (C2 − 2φC4)2 + (C1 − 2φC3)2 
 
with: 
 
C1 = 80

α
dv

(Gm
′ + Gd

′ ) +  38(Gd
′2 −  Gd

′′2) +  48(Gm
′2 −  Gm

′′2) + 89(Gm
′ Gd

′ −  Gm
′′ Gd

′′) 

C2 = 80
α
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(Gm
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′′) +  96Gm
′ Gm

′′ +  76Gd
′ Gd

′′ + 89(Gm
′′ Gd

′ + Gm
′ Gd

′′) 

C3 = 8
α
dv

(2Gm
′ +  5Gd

′ ) −  16(Gm
′2 −  Gm

′′2) +  19(Gd
′2 −  Gd

′′2) − 3(Gm
′ Gd

′ −  Gm
′′ Gd

′′) 

C4 = 8
α
dv

(2Gm
′′ +  5Gd

′′) −  32Gm
′ Gm

′′ +  38Gd
′ Gd

′′ − 3(Gm
′′ Gd

′ + Gm
′ Gd

′′) 

 
From Eqs. (4) and (5), it is possible to predict the viscosity using the Palierne model. 
 

η∗(ω) =  η′(ω) − iη″(ω)                      (6) 
 
where: 
 
η′(ω) = G″

ω
 and η″(ω) =  G′

ω
 

 
Thus, once G' and G'' are already calculated, the viscosity can be then determined. 
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Choi-Schowalter model  
The purpose of Choi-Schowaltermodel [11], developed for a mixture of two Newtonian fluids, is to 

predict the dynamic behavior of a mixture. The following equations give the storage modulus and the loss 
modulus of a mixture of polymers: 

 
G′(ω) = ∅Gd

′ (ω) + (1 − ∅)Gm
′ (ω) + η

τ1
�1 − τ2

τ1
� ω2τ1

2

1+ω2τ1
2                                       (7) 

 
G′′(ω) = ∅Gd

′′(ω) + (1 − ∅)Gm
′′ (ω) + η

τ1
�1 − τ2

τ1
� ωτ1
1+ω2τ1

2           (8) 
 
where: 
 
η = ηm(1 + ∅ (5K+2)

2(K+1)
+ ∅2 5(5K+2)2

8(K+1)2
)                                               (9) 

 
and: 
𝛕𝟐 = 𝛕𝟎 �𝟏 + ∅ 𝟑(𝟏𝟗𝐊+𝟏𝟔)

𝟒(𝐤+𝟏)(𝟐𝐊+𝟑)
�                                                                           (10) 

 
𝛕𝟏 = 𝛕𝟎(𝟏 + ∅ 𝟓(𝟏𝟗𝐊+𝟏𝟔)

𝟒(𝐤+𝟏)(𝟐𝐊+𝟑)
)                                                             (11) 

 
𝛕𝟎 =  𝛈𝐦𝐑

𝛂
∗ (𝟏𝟗𝐊+𝟏𝟔)(𝟐𝐊+𝟑)

𝟒𝟎(𝐤+𝟏)
                                                  (12) 

 
In these equations, the constant K is given by: 

 
K = ηd/ηm   
 
where η, ηm, ηd are the blend, matrix and disperse phase Newtonian viscosities, respectively; α is the 
interfacial tension; R is the average radius and ∅i is the volume fraction of the dispersed phase.  

The term τicorresponds to the relaxation time of the blend due to the relaxation of the interface 
between the blend components. The blend relaxation spectrum is a combination of the relaxation spectra 
of the different phases of the blend and an additional peakτ1, from which the interfacial tension between 
the components of the blends can be inferred. 
 
Results and discussion 

Morphology and thermal properties of the polymer blend 
Figure 1 shows the microscopic images of PS/PP blends (70/30, wt/wt). The blend exhibited 

heterogeneous phase-separated morphology which was like droplets in the matrix. The observed cavities 
corresponding to the footprints of PP nodules indicated poor adhesion between PP (dispersed phase) and 
PS (matrix). The formation of such microstructure resulted from the competition between coalescence 
and breakup of the dispersed phase induced by the action of shear during melt mixing or by slipping of 
the PP phase in the PS matrix [33]. 

Otherwise, the matrix (PS) presented a glace transition temperature of about 96 °C and, PP 
(dispersed phase) presented a melting and crystallization temperatures of 165 and 112 °C, respectively 
[32]. These parameters are valuable information in order to distinguish difference between the 
crystallization of the dispersed phase and the glass transition of the matrix temperatures. 
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Figure 1 Micrographs of the blend formed by PP3/PS (30/70, % in wt.) with a resolution (×1000). 
 
 

Rheology analysis 
Initially, the rheological identification of the storage (G′) and loss (G'') moduli for the whole of 

PP3 and PS was studied. Figure 2 shows the variation of both G' and G'' as a function of frequency. In 
order to get a general idea on the rheological behaviour of pure polymers during the extrusion phase, the 
experiments were performed at the same extrusion temperature (180 °C). A dependence was observed 
between the elastic modulus and the frequency; G' increases with increasing frequency. It was also 
observed that PS is highly elastic compared to PP. We note also that for high frequencies G' is greater 
than G'' in the case of PS; however for PP, plastic behavior is less important since G'' is greater than G' for 
frequency values less than 10 Hz. From this frequencyvalue, G'' is equivalent to G'. It is why PP is 
dispersed in PS. 

 

 

Figure 2 Effect of addition of the dispersed phase on the evolution of elastic and loss modules at 180 °C 
(a) Palierne Model; (b) Choi-Schowalter equation. 
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The addition of PP3, like a dispersed phase in the matrix PS, leads to an increase in the rheological 
properties of the mixture. All of the storage and loss moduli for PP3/PS (30/70) blend obtained by 
Palierne model and Choi-Schowalter equation at a constant temperature (180 °C) were illustrated in 
Figures 2a and 2b, respectively. It was noticed that the values of G' and G'' of the blend are equivalent to 
those of PS. It is clear from these results that the viscoelastic properties of the matrix control those of the 
blend. Moreover, a shoulder was observed in the curve of the elastic character (G') in the zone of low 
frequencies (10-3 - 10-2 rad/s). This increase in elasticity was allotted to the deformability of droplets, and 
by consequence, the viscous character was dominating, explaining the fact that the values of G'' were 
larger than those of G'. For large values of frequency, the difference between the storage modulus curve 
of the blend and matrix was not large enough to allow the occurrence of a secondary plateau [34]. Curves 
giving the evolution of the rheological properties using the Choi-Schowalter equation for PP3, PS and 
PP3/PS (30/70) blend are presented in Figure 2b. The analysis of the results showed that the elastic and 
loss modules of the blend were very close to the properties of the matrix (PS), confirming the precedent 
results. However, the shoulder did not appear in comparison with the results predicted by the Palierne 
model. 

Effects of temperature on the elastic properties were performed on a mixture PP3/PS at different 
temperatures (170, 180, 200 and 220 °C). When the Palierne model is used (Figure 3a), it was observed 
that the increase in temperature reduces G' for the whole frequency range. We also note that the slope of 
the elasticity curve of the mixture changes as the temperature increases. This phenomenon is very 
interesting in the cooling phase of mixtures in the mini-extruder, which gives an opportunity to save the 
morphology generated during extrusion [32]. At 200 °C, the shoulder of G' at low frequency does not 
appear, confirming the role of the deformability of inclusions. This figure makes it possible to visualize 
a good shoulder on the evolution of the elastic modulus. The rheological behavior of the blend is directly 
influenced by the properties of the matrix PS. These results confirm that the matrix is more viscous than 
the dispersed phase.In the case of Choi-Schowalter model (Figure 3b), we note for low frequencies that 
the increase in temperature leads to a decrease of G'; however for high frequencies the temperature seems 
to have a little effect on the viscoelastic properties. In addition, it was observed the presence of a shoulder 
on the curve G’ at high temperatures; this indicates the relieving of the dispersed phase. This 
shoulderdisappearswhen the temperature decreases. 
 
 

 

Figure 3 Storage and loss modulus for PP3/PS blend predicted at different temperatures; (a) Palierne 
model (R0 = 4.85 E-04 m, ∅i = 0.3, α = 6.25 mN/m and τ0 = 14.677 s), (b) Choi-Schowalter equation (R0 
= 7.78 E-04 m,∅i = 0.3,α = 6.25 mN/m and τ0 = 12.378 s). 
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Viscosity measurements 
Figures 4a and 4b show the variation of the complex viscosity predicted by the Palierne model and 

Choi-Schowalter equation as a function of frequency for native polymers (PP and PS) and for blend 
(PP/PS), respectively. It was noted in the two cases that the increase in frequency decreases the complex 
viscosity. This result is attributed to the shear thinning behavior associated to the blend and its 
constituents. PS has the highest viscosity, against PP which is characterized by the lower viscosity. The 
addition of PP in PS matrix increases the viscosity of the mixture throughout the frequency range. The 
reason may be due to the high level of immiscibility which increases the sensitivity of the mixture to 
fluctuations in frequency. Thus, in all cases, a pseudo plastic behavior was observed. It was also noticed 
that PS has the maximum while PP3 has the minimum complex viscosity in the whole range of frequency 
at 180 °C. The emulsion formed with 30 % of PP3 and 70 % of PS has a viscosity higher than that of the 
two components forming the blend. 
 
 

 
 

Figure 4 Evolution of complex viscosity as a function of frequency at 180 °C; (a) Palierne Model, (b) 
Choi-Schowalter equation. 
 
 

The variations of the complex viscosities of the blend (PP3/PS, 30/70) at different temperatures are 
illustrated in Figure 5a (Palierne model) and in Figure 5b (Choi-Schowalter equation). From the 
obtained results, it was shown that when the frequency increases, the complex viscosity decreases. 
Further, with the increase in frequency, the relaxation time decreases or in other, the shear rate increases. 

Thus, an increase in frequency has the same effect as that of the increase in shear rate. In addition, 
the increase in temperature leads to a decrease in viscosity of the blend in all cases. 

Furthermore, at temperatures of 200 and 220 °C, the blend records the lowest viscosity compared to 
the two components forming the blend (Figure 5). This can occur because of the elevated level of 
immiscibility, which increases the sensitivity of the blend to the fluctuations of the frequency. It indicates 
that this blend is represented by the negative law deviation blend (NDB). At low frequencies, a negative 
deviation behavior of the complex viscosity was noticed, which probably originate in slip at the interface 
due to poor or insufficient adhesion between the matrix and dispersed phase [34]. It should be noted that 
the viscosity difference between the polymers has a significant impact on the phase morphology of 
blends. 

The obtained results showed that the complex viscosity evolves inversely proportional to the 
temperature. Dagli and Kamdar [35] studied the viscosity variation based on the ratio PP3/PS at different 
temperatures. They noticed that this ratio changes as a function of shear rate whatever the temperature. 
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Figure 5 Effects of temperature on the variation of complex viscosity versus frequency at 180 °C, (a) 
Palierne Model, (b) Choi-Schowalter equation. 
 
 

Comparison of model predictions with experimental data 
In order to validate the rheological properties deduced from the predictive models, the obtained 

results were compared with those obtained experimentally in a previous study [32]. The evolution of the 
predicted and experimental results is shown in Figure 6a for the variation of the elastic modulus and 
Figure 6b for the variation of the complex viscosity, respectively. 
 
 

 

Figure 6 Comparison between experimental and predicted results of G’for the blend PP3/PS (30/70) at 
180 °C; (a): G’, (b): Complex viscosity. 
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It was noticed that the results predicted by the Palierne model are in agreement with the 
experimental results and the superposition is almost perfect for the storage modulus or for the loss 
modulus (Figure 6a). Contrary to the Palierne model, we note a difference in the elasticity values when 
the Choi-Schowalter equation is used, mainly in the region of low frequencies (10-3 - 10-2 s-1) and is 
superimposed beyond. 

Furthermore, the prediction of the complex viscosity by the Palierne model seems to be perfect 
where the curves representing the variations of the complex viscosity versus frequency are superposed 
(Figure 6b), while the values of viscosity predicted by the equation of Choi-Schowalter are different in 
comparison with experimental results. 
 

Interfacial tension measurements 
The majority of theory showed that more polymers will be immiscible, implying that the interfacial 

tension will be important [36], hence, the incorporation of a polymeric phase in a polymeric matrix 
appreciably modified the viscoelastic properties of the matrix. 

The interfacial tension (α) between polymers in a molten state is calculated using the Paliernemodel 
(Eq. (13)) or Choi-Schowalter equation (Eq. (14)). 

 

𝛼 = �𝑅𝑣𝜂𝑚
4𝜏

� �(19𝐾+16)(2𝐾+3−2∅(𝐾−1))
�10(𝐾+1)�−(2∅(5𝐾+2))

�                                                (13) 
 

𝛼 = �𝑅𝑣𝜂𝑚
𝜏
� �(19𝐾+16)(2𝐾+3)

�40(𝐾+1)�
� �1 + ∅ � 5(19𝐾+16)

�4(𝐾+1)�(2𝐾+3)
��                       (14) 

 
where  ηm isthe viscosity of the matrix, Ø is the fraction volume of dispersed phases, K is the viscosity 
ratio.  

The predicted results of interfacial tensions of blends using the Palierne and Choi-Schowalter 
models are summarized in Table 1. 
 
 
Table 1 Evolution of the interfacial tension with temperature. 
 

Temperature (°C) 
Interfacial tension (mN/m) 

Paliernemodel’s values Choi-Showaltermodel’s values 
170 5.6 3.6 
180 5.6 3.5 
200 5.4 3.5 
220 4.4 3.5 

 
 

Analysis of the obtained results derived from the Palierne model shows that the interfacial tension is 
not accompanied by the reduction of the size of the dispersed particles. A reduction was noted when the 
temperature is increased; a value of 5.6 mN/m was obtained at a temperature of 180 °C. On the other 
hand, the value of the interfacial tension calculated by the Choi-Schowalter model was about 3.5 mN/m. 
This value is stable when the temperature increases from 180 until 220 °C. The comparison of these 
results with an experimental value of interfacial tension (6.25 mN/m) obtained in the same conditions and 
deduced from the literature [37] indicates the existence of a slight difference. However, the Palierne 
model allows a prediction which is qualitatively in agreement with the experimental observations. 
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Conclusions 

In this work, the dynamic rheological behavior of polypropylene/polystyrene (PP3/PS) (30/70) was 
studied and determined by two mathematical models namely the models of Palierne and Choi-Schowalter. 
The predicted results were compared with those obtained from a previous experimental work. 

The results found by the prediction of the two models showed that the rheological properties of 
blends depend on the nature of constituents. The presence of a shoulder on the curves of storage modulus 
(G') shows the relaxation of the dispersed phase PP3 and the interface; this shoulder decreases with 
increasing temperature. The experimental data used in this study for comparison confirms that the 
Palierne emulsion model is able to describe quantitatively the linear viscoelastic properties of the blend. 

In addition, it was shown that the obtained interfacial tension is not necessary accompanied by the 
reduction of the size of the dispersed particles, where the interface plays an important role in determining 
the rheological behavior. The difference in the values may be due to the used models. Moreover, the 
obtained values of interfacial tension are in the range of values reported in the literature for mixtures of 
similar polymers. We can, therefore, conclude that the model of Palierne is more accurate than the Choi-
Schowalter equation in determining the rheological properties and interfacial tension. 

According to this study, it is possible to model the rheological behavior of polymer blends as a 
function of viscoelastic properties of each component. 
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