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Dynamic oscillatory measurement, i.e., small amplitude oscillatory shear (SAOS) and large amplitude
oscillatory shear (LAOS) test was used to investigate linear and non-linear viscoelastic properties of Poly-
propylene (PP)/Polystyrene (PS) blends with and without 5 wt.% clay (C20A). Fourier transform (FT-
Rheology), Lissajous curves and stress decomposition methods were used to analyze non-linear responses
under LAOS flow. Composition effects of blends were investigated prior to compatibilization effects. Ele-
vated concentrations of dispersed phase (PS) increased the moduli G'(ω) from SAOS test and G*(γ0) from
LAOS test of the blends as well as strain thinning behavior. Interestingly, addition of 5 wt.% clay (C20A)
boosted moduli of the blends as well as led to similar strain thinning behaviors among the PP/PS/C20A
blends, except for the (90/10) PP/PS blend. The latter did not show improved rheological properties despite
morphological improvements, as shown by SEM. Results from SEM and improved rheological properties
of PP/PS/C20A blends revealed the compatibilization effects of clay (C20A) particles regardless of size
reduction mechanisms. Third relative intensities (I3/1) from FT-rheology were found to be sensitive to clay
(C20A) additions for the (70/30) and (30/70) PP/PS blends. Similarly, Lissajous curves could detect changes
upon clay (C20A) addition, specifically at lower strain amplitudes whereupon addition of 5 wt.% clay
resulted in the closed loops of Lissajous curves showing a more ellipsoidal shape due to increased elasticity
in the blends. However, detection of these changes at larger strain amplitudes was more challenging. There-
fore, stress decomposition (SD) method was applied for more precise characterization as it decomposes the
total stress (σ) into elastic stress (σ') and viscous stress (σ''). Using SD method, elastic stress was more dis-
torted, especially, strain hardening, while the total stress response remained almost unchanged at larger
strain amplitudes.

Keywords: linear and non-linear viscoelastic properties, PP/PS/C20A blends, FT-rheology, composition

ratio, compatibilization

1. Introduction

Multiphasic structures can be obtained as a result of

mixing immiscible polymeric materials due to their unfa-

vorable interactions. Diversity of final properties is a com-

mon result of mixing immiscible polymers whereas

gaining such characteristics by using only homopolymers

is a great challenge or almost impossible. Therefore, it is

quite beneficial to control the morphologies of blends in

order to obtain the desired material with specific proper-

ties with respect to its end-use applications. In other

words, morphological evolutions could strongly affect the

final performance of immiscible blends (Van Puyvelde et

al., 2001; Souza and Demarquette, 2002).

Among different methods to characterize polymer blends,

rheological properties are a promising tool to monitor

morphological evolutions and microstructural changes.

(Gleinser et al., 1994; Asthana and Jayaraman, 1999; Ziegler

and Wolf, 1999; Van Puyvelde et al., 2001; Macaubas et

al., 2005; Elias et al., 2007; 2008; Hyun and Wilhelm,

2009; Hyun et al., 2011).

Ziegler and Wolf (1999) previously reported the correla-

tion between rheological properties and composition

ratios of Poly(dimethylsiloxane)/Poly(dimethylsiloxane-

ran-methylphenyl-siloxane) (PDMS/COP) blends. They

observed weaker shear thinning behavior within the phase

inversion composition, where the blend showed co-con-

tinuous morphology, due to less deformability. 

Souza and Demarquette (2002) reported that there is a

composition range for polypropylene/high density poly-

ethylene (PP/HDPE) blends where interfacial tensions can

be calculated from rheological properties. They found that

there is a strong relationship between longest relaxation

times obtained from experiments and those of predicted

by Palierne’s model within particular composition ranges.

Similarly, Gui et al. (2012) calculated interfacial tensions

of polylactic acid/poly butyelene succinate adipate (PLA/

PBSA) blends using Palierne’s model and the weighted

relaxation spectrum and reporting consistency over a
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specific blend ratio where the dispersed phase domain size

is narrow enough to be calculated. It was shown that

increasing the dispersed phase concentration (PBSA) induces

co-continuity and gel-like behavior. 

Processing conditions, blend ratios, viscosity ratios, and

compatibilizers etc. are known to alter morphologies and

rheological properties (Halimatudahliana et al., 2002;

Salehiyan et al., 2014a; Salehiyan et al., 2014b). Stabi-

lized morphologies and finer droplet dispersions can be

obtained when coalescence is hindered and interfacial ten-

sion is reduced by addition of compatibilizers. Recently,

inorganic fillers have attracted much interests due to their

compatibilization effects (Wang et al., 2003; Ray et al.,

2004; Hong et al., 2007; Cassagnau, 2008; Huitric et al.,

2009; Cho et al., 2011; Zonder et al., 2011; Labaume et

al., 2013; Salehiyan et al., 2015; Salehiyan and Hyun,

2013; Salehiyan et al., 2014a). Compatibilization effects

of Cloisite30B (C30B, organoclay) on morphological and

rheological properties of PE/PA-12 blends at different

blend ratios were studied by Huitric et al. (2009). It was

revealed that addition of C30B leads to corresponding

reductions in domain size and interfacial tension for both

PE- and PA-enriched blends regardless of the mechanism.

Moreover, high concentration of PA-enriched blends show

solid-like behavior due to high dispersity of C30B in

favorable PA phase. Lately, the effects of two different

particles Cloisite20A and AerosilOX50 (clay and silica),

on non-linear rheological and morphological properties of

(80/20) PP/PS blends were studied (Salehiyan et al.,

2014a). It was found that clay particles located at the

interface reduced droplet size and interfacial tensions. On

the other hand, silica particles formed aggregates inside

PS phase and did not improve morphological or rheolog-

ical properties. Interestingly, non-linear rheological anal-

ysis of these blends captured differences in morphologies,

whereas the linear rheological response increased the

moduli due to volumetric effects of the fillers. Therefore,

study properties within non-linear regions could provide

information on material structures. Fourier transform (FT)-

Rheology is known to be a promising tool to detect small

changes in topology and morphology of materials (Hyun

et al., 2007; Hyun and Wilhelm, 2009; Hyun and Kim,

2011, Hyun et al., 2011; Lim et al., 2013; Salehiyan and

Hyun, 2013; Salehiyan et al., 2014a). FT-Rheology is a

powerful method to quantify non-linear responses based

on its sensitivity to stress signal. 

Hence, in this study, morphological evolution of poly-

propylene/polystyrene (PP/PS) blends with different com-

positions was examined based on non-linear rheological

properties under large amplitude oscillatory shear (LAOS)

flow. The effects of Cloisite20A (C20A) as a compatibi-

lizer on morphologies and rheological properties of

corresponding blends were also investigated. FT-Rheol-

ogy was used to quantify non-linear stress responses of

polymer blends. FT-Rheology decomposes the stress data

in time domains into the intensities in frequency domains

(Wilhelm et al., 1998; 1999; 2000; Hyun et al., 2012). The

third relative harmonic [I3/1 ≡ I(3ω)/I(ω), where ω is the

excitation frequency] was used as a non-linear parameter.

Stress decomposition (SD) method was also applied for

more precise characterization as it decomposes the total

stress (σ) into elastic stress (σ') and viscous stress (σ'').

Using SD method, elastic stress was more distorted, espe-

cially, strain hardening behavior, while the total stress

response remained almost unchanged at larger strain

amplitudes.

2. Experimental

2.1. Materials
Polypropylene (PP), (MI = 60.0 g/10 min at 230oC and

load 2.16 kg, grade HP562T) with ( = 56,000, =

157,100, PDI = 2.81), used in this study was obtained

from PolyMirae Company Ltd. HP562T is a homopoly-

mer particularly suitable for fine denier spunbonded non-

wovens. Polystyrene (PS), (MI = 17.6 g/10 min at 230oC

and load 3.8 kg, grade HF2680) with ( = 59,200, =

168,700, PDI = 2.85), was provided from Samsung Cheil

Industries Inc. The polymers are listed in Table 1. Organo-

clay, Cloisite20A (C20A), was purchased from Southern

Clay Products Inc. Cloisite20A is a dimethyl-hydroge-

nated tallow ammonium-modified montmorillonite with a

density of 1.77 g/cm3 and particle sizes of (2-13 mm).

2.2. Blend preparations
Melt compounding of the blends was carried out in an

internal Haake mixer (Rheocord 90) at 50 rpm and 180oC

for 15 mins. The blend compositions were chosen as PP/

Mn Mw

M
n

M
w

Table 1. Characteristics of the polymers. 

Substance Trademark Characteristics Supplier

PP (Polypropylene) HP562T MI = 60.0 g/10 min at 230o
C and load 2.16 kg

*

Tensile strength at yield = 370 kg/cm2**

Flexural modulus = 15,000 kg/cm2***

Polymirae

PS (Polystyrene) HF2680 MI = 17.6 g/10 min at 230oC and load 3.8 kg**** Samsung Cheil Industries Inc.

*ASTM D1238L, **ASTM D638, ***ASTM D790, and ****ASTM D1238
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PS (10/90, 30/70, 50/50, 70/30, and 90/10). Clay particles

were added at 5 wt.% to the blends. After melt blending,

pellets were compressed and molded into disks with a

diameter of 25 mm and thickness of 1 mm at 180oC. 

2.3. Rheological measurements
Strain controlled rheometer RMS800 (Rheometrics Inc.)

with 25 mm parallel plate geometries were used to carry

out rheological measurements. Small amplitude oscilla-

tory shear (SAOS) tests were conducted to probe linear

rheological properties at 180oC and at a fixed strain ampli-

tude within linear regime. Non-linear rheological proper-

ties were obtained through strain sweep tests under large

amplitude oscillatory shear (LAOS) flows with increasing

strain amplitude from γ0= 0.01 to 10 at a fixed frequency

of 1 rad/s.

2.4. Morphology
Field Emission Scanning Electron Microscopy (FE-

SEM) observations were carried out using a JSM 6700F

microscope at 5 kV to evaluate morphological evolutions.

Samples were fractured in nitrogen liquid and then cov-

ered with platinum. The volume average radius (Rv) were

calculated using Eq. (1). Radii were calculated using

image analyzer software (ImageJ) 

,  (1)

where ni is the number of droplets with radius Ri. 

3. Result and Discussion 

Small amplitude oscillatory shear (SAOS) tests were

carried out at 180oC within the linear regime before large

amplitude oscillatory shear (LAOS) tests. Storage moduli

G'(ω) of the blends with and without clay (C20A) are

shown in Fig. 1a and Fig. 1b. Elevation of the dispersed

phase (PS) concentration increased the plateau modulus

and width of this modulus. Form relaxation process

applied to dispersed phase droplets (PS) during oscillatory

shear deformations is known to cause non-terminal (pla-

teau modulus) behavior at lower frequencies (Souza and

Demarquette, 2002; Wu et al., 2008). The diameter of the

dispersed phase changes as the concentration increases up

to a composition within phase inversion (Co-continuous

morphology), as does the interfacial area and relaxation

process of corresponding blends. After this composition

(50/50) PP/PS where matrix is changing from PP to PS,

droplet size gradually decreases again. The storage mod-

ulus G' at ω = 10 rad/s of the PP/PS and PP/PS/5 wt.%

C20A blends as a function of PP composition are depicted

in Fig. 1c.

 The solid line in Fig. 1c represents log additive mixing

rule, logG' = φ logG'PP + (1−φ)logG'PS and the dash line

Rv = 
Σn

i
R

i

4

ΣniRi

3
--------------

Fig. 1. (Color online) Storage moduli G'(ω) of the (a) PP/PS and

(b) PP/PS/5 wt.% C20A blends as a function of frequency from

1 to 100 rad/s at strains within linear region and temperature of

180o
C. (c) Comparison of the Storage moduli G'(ω) of the PP/PS

blends with and without 5 wt.% C20A particles as a function of

PP concentrations at a fixed frequency of 10 rad/s. The solid line

represents log additive mixing rule and the dash line reciprocal

(inverse) mixing rule. 
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reciprocal mixing rule 1/G' = φ (1/G'PP) + (1−φ)(1/G'PS),

respectively. The log additive mixing rule is a simple

“general” mixing rule for polymer blends, reciprocal mix-

ing rule is negative deviation (NDB) from the log additive

mixing rule (Utracki, 1991). The reciprocal mixing rule

represents the viscosity of an infinitely layered mixture of

two Newtonian fluids (Grizutti et al., 2000). Thus PP/PS

blend without clay can be better described by reciprocal

mixing rule than PP/PS with clay, because clay can play

as compatibilizer in immiscible PP/PS blend. The PP/PS/

C20A can be described by log additive mixing rule. It is

inferred that PP/PS/C20A blends have more dispersed

phase than PP/PS blend as a consequence of suppressed

coalescence (will be discussed). It is also interesting to

note that storage moduli G'(ω) of the PP-enriched blends

(90/10) and (70/30) PP/PS blends are lower than those of

neat homopolymers (rectangular box in Fig. 1c). This phe-

nomenon is believed to be due to interfacial slip effects

(Utracki, 1991; Zhao and Macosko, 2002; Salehiyan et al.,

2014b). Lower entanglement densities at interfacial areas

in such cases bring about slippage, which leads to moduli

values lower than those of virgin polymers. Further addi-

tion of 5 wt.% clay (C20A) significantly increased storage

moduli of the blends and improved the interfacial slip

effect in (70/30) PP/PS blend (Fig. 1c). However, in the

case of (90/10) PP/PS blend, there was no change in the

modulus, at least within the measured frequency range.

Wu et al. (2000) reported that the storage modulus (G') of

a filled polymer system is a combination of three effects:

polymeric matrix itself, polymer-particle, and particle-par-

ticle effects. The latter is the main reason behind the non-

terminal behavior of filled polymer systems at low fre-

quencies. However, the current system is more compli-

cated since dispersed phase droplets and clay (C20A)

particles coexist in a polymer matrix. Therefore, a com-

bination of droplet morphology (polymer-polymer inter-

actions), clay (C20A) orientations (polymer-particle inter-

actions), clay (C20A) (particle-particle interactions) and

matrix itself will affect the rheological properties G'(ω) of

the blends. It is known that clay (C20A) is more compat-

ible with PS phase as previous study revealed increased

inter-gallery spacing of PS/C20A nanocomposites due to

clay intercalation (Cho et al., 2011). It is expected that the

interfacial area undergoes changes following clay (C20A)

incorporations, leading to different droplet sizes (Salehi-

yan et al., 2014a). Clay (C20A) particles can act as com-

patibilizers for PP/PS blends, leading to growth of moduli

G'(ω) specifically at low frequencies. 

In order to probe the viscoelastic behaviors of blends at

large deformations, LAOS tests were carried out at strain

amplitudes from 0.01 to 10 and at a fixed frequency of 1

rad/s. Figs. 2a-2c shows the complex moduli G*(γ0) and

normalized complex moduli G*(γ0) of the blends with and

without clay (C20A) particles under LAOS flow. Increas-

ing the dispersed phase (PS) concentrations increased the

complex moduli of the blends. Moreover, incorporation of

5 wt.% clay (C20A) particles significantly elevated the

moduli of the blends compared to those of their un-filled

counterparts. Fig. 2c reveals more interesting results from

a different perspective. In the case of un-filled blends,

Fig. 2. (Color online) Complex moduli G*(γ0) of the (a) PP/PS

(b) PP/PS/5 wt.% C20A and (c) Normalized complex moduli

G*(γ0) of the blends with and without clay (C20A) particles

under LASO flow at 180
o
C and fixed frequency of 1 rad/s. The

normalized complex moduli of the blends with 5 wt.% C20A

have been artificially shifted by a factor of 10 in Fig. 2c for the

sake of clarity. Open and solid symbols are accounted for blends

with and without clay (C20A) particles, respectively. 
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increasing the dispersed phase (PS) concentrations pro-

moted the strain thinning behavior as (10/90) PP/PS blend

showed the strongest strain thinning behavior. This is con-

sistent with the work by Ziegler and Wolf (1999), who

reported that less deformable droplets result in weaker

shear thinning behavior. As shown in Fig. 1, PP is the

more deformable phase, as its storage modulus G'(ω) is

much lower than that of PS homopolymer. Therefore, PP

droplets in (10/90) PP/PS blend would deform easier

when sheared in PS matrix, resulting in stronger strain

thinning behavior. On the other hand, weaker strain thin-

ning behavior in the (90/10) PP/PS blend could be

explained by less deformable phase (PS) undergoing shear

in PP matrix. As a result, (10/90) PP/PS blend has lower

droplet sizes compared to (90/10) PP/PS blend (See Figs.

3 and 4). Interestingly, when clay (C20A) particles were

added to blends, their corresponding nanocomposites

showed the same shear thinning behavior, except for (90/

10) PP/PS blends in which strain thinning remained

unchanged. This is, clay (C20A) incorporation improved

the rheological properties of PP/PS blends. Volume aver-

age droplet radii of the blends with and without clay

(C20A) are plotted in Fig. 4.

Different mechanisms of droplet size reduction are

expected for PP- and PS-enriched blends. Previous studies

have revealed that clay (C20A) locates at the interface

between PP and PS phases and prevents coalescence of

the droplets by creating repulsive forces in PP-enriched

(80/20) PP/PS blend (Salehiyan et al., 2014a). Excessive

clay (C20A) particles at high concentrations are located

inside PS phase due to more compatibility with PS. There-

fore, dispersion of clay (C20A) particles in PS matrix for-

Fig. 3. (Color online) Morphological evolutions of the PP/PS

blends (a) (10/90) PP/PS, (b) (30/70) PP/PS, (c) (50/50) PP/PS,

(d) (70/30) PP/PS, (e) (90/10) PP/PS, (f) (10/90) PP/PS/5 wt.%

C20A, (g) (30/70) PP/PS/5 wt.% C20A, (h) (50/50) PP/PS/5

wt.% C20A, (i) (70/30) PP/PS/5 wt.% C20A, and (j) (90/10) PP/

PS/5 wt.% C20A. Scale bar is 10 μm for all the figures.

Fig. 4. (Color online) Volume average droplet radii Rv of the PP/

PS and PP/PS/5 wt.% C20A blends as a function of PP content.

Fig. 5. (Color online) Normalized third relative (I3/1) intensities of

(30/70) and (70/30) PP/PS blends with and without 5 wt.%

(C20A) particles.
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tifies reduction of PP droplet sizes by altering the vis-

cosity of the matrix. This leads to more solid-like behav-

ior, similar to those of compatibilized blend systems.

Several methods have been introduced to analyze non-

linear rheological responses (Hyun et al., 2011). In this

study FT-Rheology was used to quantify the non-linear

responses of the blends. Normalized third relative inten-

sities (I3/1) of the (30/70) and (70/30) PP/PS blends with

and without 5 wt.% clay (C20A) are shown in Fig. 5. It is

well known that I3/1 is quite sensitive to internal structures

of materials (Filipe et al., 2004; Hyun and Wilhelm, 2009;

Wagner, 2011; Hyun et al., 2012; Hyun and Kim, 2012;

Hyun et al., 2013; Lim et al., 2013; Salehiyan and Hyun,

2013; Salehiyan et al., 2014a; Lee et al., 2015). Lim et al.

(2013) concluded that non-linearity (I3/1) is related with

interfacial properties of the polymer nanocomposite.

Reinheimer et al. (2011) revealed that (I3/1) is related with

the inverse of interfacial tension according to their

theoretical model for emulsion systems. 

In this study, 5 wt.% clay (C20A) significantly increased

the intensities of the blends. Previous studies revealed that

increasing non-linearities (I3/1) is an indication of a com-

patibilization effect in immiscible polymer blends (Sale-

hiyan and Hyun, 2013; Salehiyan et al., 2014a). Moreover,

these non-linearities increase when droplet sizes decrease

in polymer blends. This supports SEM results that droplet

size of the blends decreased upon clay (C20A) incorpo-

ration. 

Lissajous curves are another method for studying non-

linear stress under LAOS flow based on closed loops of

normalized stress versus normalized strain (Ewoldt et al.,

2008; Hyun et al., 2011). As these closed loops become

more ellipsoidal, the response becomes more elastic. Lis-

sajous curves of the blends and their nanocomposite coun-

terparts are plotted in Figs. 6a and 6b at different strain

amplitudes and blend ratios. Closed loops were more

ellipsoidal at low strain amplitudes and lower PP concen-

trations, indicating a more elastic response when defor-

mations were smaller and PS phase was dominant. Increas-

ing strain amplitude and PP concentrations resulted in

more viscous responses and the shape of loops became

more circular where the viscous response is more domi-

nant. Furthermore, when clay (C20A) particles were added,

more elastic behavior was observed, and Lissajous curves

became more ellipsoidal. This effect is more evident

within the strain amplitudes and blend ratios, which are

separated in a red box in Fig. 6b. Although it seems Lis-

sajous curves can reflect the differences in viscoelasticity

of polymer blends at different blend ratios and strain

amplitudes, it is still difficult to distinguish the shape dif-

ferences in some cases, especially at large strain ampli-

tudes of different compositions.

Cho et al. (2005) proposed a method that decomposes

the total stress response into elastic stress σ' and viscous

stress σ''. By using this stress decomposition (SD) method,

distortions at large deformations could be detected. For

instance, SD method is applied to the (90/10) and (10/90)

PP/PS (PP-enriched and PS-enriched) blends and (10/90)

PP/PS/5 wt.% C20A blends to observe the effects of com-

position and clay (C20A) addition on non-linear stress

response at large deformations (see Figs. 7a and 7b).

Fig. 7a shows that distortion in normalized elastic stress

(σ'/σmax) was more evident while the normalized total

stress (σ/σmax) of the (10/90) and (90/10) PP/PS blends

demonstrated nearly the same response. Due to elasticity

of PS (see Fig. 1, G' of PS is larger than G' of PP), the

elastic stress of (10/90) PP/PS show stronger strain hard-

ening than (90/10) PP/PS. When 5 wt.% C20A is added to

the (10/90) PP/PS blend, the normalized elastic stress (σ'/

σmax) show more noticeable strain hardening than (10/90)

PP/PS blend without clay (see Fig. 7b). Clay play role as

Fig. 6. (Color online) Normalized stress versus normalized strain

(Lissajous plots) of (a) PP/PS and (b) PP/PS/5 wt.% C20A

blends at a fixed frequency of 1 rad/s for different blend ratios at

different strain amplitudes. 
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compatibilizers, the well dispersed phase can make strain

hardening of elastic stress. For further studying elastic

stress, the normalized elastic stresses are compared in

Fig. 8 (PP/PS blends without clay in Fig. 8a and with clay

in Fig. 8b). At large strain amplitude (γ0= 10), the elastic

stress show strain hardening. With PS composition increase,

elastic stress become large due to elasticity of PS. At same

composition, the blends with clay show stronger strain

hardening than without clay. The well dispersed phase by

clay can make stronger strain hardening. 

From above results, non-linear rheological analysis could

be promising method to investigate microstructural evo-

lutions of the blends. However, further investigation is

required to probe the non-linearity of different blend

ratios. Moreover, non-linear analyses based on total stress

responses (I3/1, Lissajous closed loops) could sometimes

suffer from lack of precision, and that is where analysis

based on stress decomposition could be useful. 

4. Conclusion

Rheological and morphological properties of PP/PS and

PP/PS/5 wt.% C20A blends at different composition ratios

were studied. Small amplitude oscillatory shear (SAOS)

test was used to study the linear viscoelastic behavior of

the blends and non-linear rheological properties were ex-

amined through large amplitude oscillatory shear (LAOS)

tests. In both SAOS and LAOS results, increasing dis-

persed phase (PS) concentrations increased viscoelasticity

and strain thinning behavior of the blends. This was con-

sistent with domain size reduction where low viscous

droplets (PP) in high viscous matrix (PS) phase easily

deformed under the shear flow, leading to the lowest drop-

let size and highest viscoelasticity in (10/90) PP/PS blends.

Furthermore, addition of 5 wt.% clay (C20A) significantly

improved the morphologies and rheological properties of

the blends, regardless of the compatibilization mecha-

nisms. This suggests that it could be coalescence inhibi-

tion due to encapsulation of PS droplets in PP matrix or

size reduction due to changes in PS matrix viscosity,

which favors the break-up of PP domains into smaller

sizes. Interestingly, clay (C20A) additions lead to the sim-

ilar shear thinning behavior for all blends except for (90/

10) PP/PS/ 5 wt.% C20A blend in which rheological prop-

Fig. 7. (Color online) Normalized total stress σ/σmax (red-solid line) and elastic stress σ'/σmax (blue-solid line) of the (a) (10/90) and (90/

10) PP/PS blends and (b) (10/90) PP/PS and (10/90) PP/PS/5 wt.% C20A blends at a strain amplitude of 10.

Fig. 8. (Color online) Normalized elastic stress σ'/σmax of the (a) PP/PS blends without 5 wt.% C20A (b) PP/PS with 5 wt.% C20A

at the strain amplitude of 10.
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erties remained unchanged despite the morphological

improvements. Furthermore, non-linear rheological anal-

ysis of (30/70) and (70/30) PP/PS blends with and without

clay (C20A) via FT-rheology methods proved the com-

patibilization effect of clay (C20A) particles when inverse

correlation between nonlinearity (I3/1) and droplet size

exists. Finally, stress decomposition method could be a

powerful tool to more precisely examine the non-linear

responses. Furthermore, it is necessary to investigate other

properties also to examine effect of organo-modified clay,

for example, impact strength, TGA analysis, resistance

against degradation when clay added. 
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