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Modified De Kee-Turcotte model is studied to investigate 
the yield stress and viscoelastic behavior of different sam-
ples. PBT/PP/Organoclay nanocomposite shows higher 
yield stress compared to PBT/PP blend filled by PP-g-MA/
organoclay system.
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PBT/PP blend · Morphology

Introduction

Polymer blending is a useful method to produce new pol-
ymeric materials with specific properties [1]. Blending of 
polyolefin with poly(alkyl terephthalate) is a technique to 
improve mechanical properties of poly(ethylene tereph-
thalate) (PET), poly(butylene terephthalate) (PBT) and 
poly(trimethylene terephthalate) (PTT) [2–4]. Among this, 
PBT/PP blend, like the most polymeric pairs, is considered 
to be immiscible [5, 6]. As a result, the compatibilization 
of PP and PBT is a very crucial route to achieve ultimate 
desired properties.

Block or graft copolymers utilization is a traditional 
route to attain compatibility between polymeric materials 
[7, 8]. Compatibilizers help to form finer morphology by 
anchoring along the interface and coalescence hindrance 
of droplets, in immiscible polymer blends. Sun et al. [9] 
examined the compatibilization efficiency of various com-
patibilizers containing acrylic acid (AA), glycidyl meth-
acrylate (GMA) and maleic anhydride (MA) in PBT/PP 
polymer blends. According to their research, PP-g-GMA 
is considered to be the most effective compatibilizer. Papa-
dopoulou et al. [10] compared the compatibilization effi-
ciency of SEBS-g-MA, PP-g-MA and LLDPE-g-MA in 
PET/PP blend. They showed that SEBS-g-MA performance 
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is the best amongst the other compatibilizers. In addition to 
block or graft compatibilizers, inorganic solid particles can 
play the compatibilization role in polymer blends [11–13]. 
Some researchers [14–16] reported the effect of organo-
clays on compatibilization and properties of the polymer 
blends. Hong et al. [13] showed the role of organoclays in 
break-up and coalescence suppression of droplets in PBT/
PE blends. Based on their research, the localization of 
organoclays at the interface ends up with formation of the 
interfacial phase. The heterogeneous distribution of clays 
along the interface can reduce the interfacial tension. More-
over, the solid entity of organoclays along with their high 
aspect ratio can hinder the coalescence of droplets which 
reflects on their reduced droplet size. Based on the results 
of Xue et al. [4], organically modified clays are mainly 
located at the interface of PTT/PP blend and PTT matrix. 
They showed that when PP is the dispersed-phase, the size 
of PP droplets will be decreased with increasing of organo-
clay concentration. Additionally, by inclusion of 5 wt% of 
PP-g-MA there would be finer morphology of PTT/PP/
organoclay nanocomposites developed and more exfolia-
tion of organoclays at the interface. Calcagno et al. [16] 
declared that clay is dominantly located at the interface of 
PP/PET blends and in the PET phase. The incorporation of 
PP-g-MA as compatibilizer improved the dispersion of clay 
in PP/PET compared to uncompatibilized nanocompos-
ite. The nanocomposite containing compatibilizer leads to 
interconnected morphology, as well. The remarkable prop-
erties of intercalated/exfoliated organoclays together with 
compatibilization effect make them as ideal fillers for poly-
meric systems [17–19].

The influence of compatibilizers and nanoparticles on 
morphology and rheological behavior of immiscible poly-
mer blends has been published, numerously. But nobody 
has discussed and compared the compatibilization effec-
tiveness of conventional compatibilizers with those of solid 
nanoparticles, yet. In addition, there are scrimpy researches 
regarding the effect of compatibilizers on dispersion and 
localization of organoclays in polymer blends. Due to the 
importance of compatibilization in both academic and 
industrial fields, we explore the compatibilization efficiency 
of PP-g-MA (a conventional compatibilizer), Cloisite 30B 
(organoclay) and PP-g-MA/organoclay in PBT/PP blends. 
Moreover, the role of PP-g-MA in dispersion and localiza-
tion of Cloisite 30B layers is investigated in this research.

Experimental

Materials

Poly(butylene terephthalate) used as matrix was supplied 
by Eurotec® under the grade of PB-NL70. Its density was 

1.33 g cm−3 with the melting point at 225 °C. Isotactic 
polypropylene with the grade of V30S, as dispersed-phase, 
was obtained from Marun Petrochemical Company. The 
density of PP was 0.9 g cm−3 with its MFI of 16 g/10 min 
and HDT at 95 °C. Organoclay with hydrophilic modifier 
(Cloisite 30B) was provided by Southern Clay Company of 
USA. Cloisite 30B was modified with methyl tallow bis-
2-hydroxyethyl, quaternary ammonium with an amount 
of 90 meq/100 g. Maleated polypropylene (CM-1120H, 
Mw: 124,200 g mol−1, MFI: 80 g/10 min, MAH graft ratio 
0.5–1.0 wt%) used as compatibilizer was obtained from the 
Honam Petrochemical of Korea. Irganox 1010 used as anti-
oxidant, was obtained from Ciba of Singapore.

Sample preparation

The samples were prepared by melt blending method in 
a Brabender internal mixer at 245 °C and rotor speed of 
60 rpm. The composition of samples is listed in Table 1. All 
composite ingredients were dried in a vacuum oven for 24 h 
at 80 °C. First, PBT and PP were dry mixed and charged 
to the chamber. Melt blending lasted around 6 min. After 
the blending of PBT and PP, the other ingredients (organo-
clay, compatibilizer and organoclay/compatibilizer) were 
introduced into the mixer and melt compounding process 
was carried out for 9 min. Moreover, 0.2 wt% of Irganox 
1010, as anti-oxidant, was used to prevent degradation. 
For PBT/Cloisite 30B and PP/Cloisite 30B nanocompos-
ites, polymeric component and nanoparticles were charged 
into the mixer, simultaneously and melt mixing was done 
for 10 min (at the same temperature and rotor speed). At 
last, the blends were hot pressed at 245 °C for 10 min into 
a mold with the thickness of 1 mm and then annealed to 
room temperature.

Characterization methods

Wide angle X-ray diffraction (WAXD) experiments were 
performed by Phillips X׳Pert MPD. The diffractometer was 
equipped by Cobalt tube with the wavelength of 1.78 Å, 
voltage of 40 kV and current of 40 mA. The diffractometer 

Table 1  Composition of samples used in the present research

Sample PBT (wt%) PP (wt%) Cloisite 30B 
(wt%)

PP-g-MA 
(wt%)

B30B5 100 0 5 0

P30B5 0 100 5 0

BP 80 20 0 0

BPC5 80 15 0 5

BP30B5 80 20 5 0

BP30B5C5 80 15 5 5
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was scanned in the 2θ range from 1.5° to 10°, at the rate of 
1° min−1, at ambient temperature and measurements were 
recorded every 0.02°.

The morphology of samples was studied using a Vega/
Tescan scanning electron microscope (SEM) of USA. The 
samples were cryogenically fractured after a storage time 
in liquid nitrogen of 15 min. The fracture surfaces were 
coated with gold for enhanced conductivity using a sputter 
coater.

Transmission electron microscope, Zeiss TEM oper-
ated at 80 kV, was used to investigate the dispersion state 
of nanoclays. TEM specimens were prepared by cryogeni-
cally microtomed at −70 °C.

The linear melt rheology of samples was studied by 
RMS, Paar Physica US200. All measurements were per-
formed at 245 °C in parallel plate fixture with diameter 
equal to 25 mm and 1 mm gap. The linear viscoelastic 
region was conducted by plotting storage modulus in a 
strain amplitude sweep test. The non-linear rheological 
properties of nanocomposites were evaluated by start-up of 
flow and stress relaxation experiments. In start-up of flow, 

the nanocomposites were applied at constant shear rate and 
shear flow was monitored by the time. In the stress relaxa-
tion test, the nanocomposites were held at a constant strain 
(5 %) and relaxation modulus was plotted as a function of 
time.

Fourier transform infrared spectroscopy (FTIR) was car-
ried out in a FTIR Bruker spectrophotometer (model Equi-
nox 55) in the range of 650–4000 cm−1. The specimens for 
this test were prepared by ATR technique.

Fig. 1  XRD patterns of a neat Cloisite 30B, PBT/PP/Cloisite 30B, 
PBT/PP/PP-g-MA/Cloisite 30B and b PBT/Cloisite 30B, PP/Cloisite 
30B and PP

Fig. 2  TEM photographs of a BP30B5 and b BP30B5C5 nanocom-
posites



160 Iran Polym J (2016) 25:157–167

1 3

Results and discussion

X‑ray measurements

X-ray diffractometry was used to investigate the state of 
Cloisite 30B layers in nanocomposites. Figure 1a shows the 
XRD curves of pristine Cloisite 30B, PBT/PP/Cloisite 30B 
and PBT/PP/PP-g-MA/Cloisite 30B. The diffraction peak 
of the (001) reflections of Cloisite 30B is evident at 4.85° 
attributed to d001 spacing of 21.19 Å, calculated based on 
Bragg’s formula. Obviously, the characteristic peak of 
Cloisite 30B has been decreased to 2.88° (d-spacing of 
35.6 Å) and 3.27° (d-spacing of 31.22 Å) for BP30B5 and 
BP30B5C5 nanocomposites, respectively. The second peak 
observed at 5.5° < 2θ < 7° may be attributed to the thermal 

degradation of Cloisite 30B modifying alkyl ammonium 
groups at 245 °C (processing temperature). The incre-
ment of d-spacing is observed for both types of nanocom-
posites. It seems that good affinity between hydroxyl and 
carboxyl end groups of PBT, and hydroxyl ethyl groups of 
Cloisite 30B (CH2CH2OH) is responsible for the intercala-
tion of PBT chains into the gallery of Cloisite 30B layers. 
Comparing the XRD patterns of BP30B5 and BP30B5C5 
indicates that adding PP-g-MA reduces the level of inter-
calation structure in BP30B5C5 nanocomposite. One may 
conclude that the presence of PP-g-MA as compatibilizer 
transfers some parts of organoclays from PBT matrix to PP 
phase where ability in Cloisite 30B intercalation is lower. 
The similar behavior was reported by Nazockdast et al. [20] 
for polylactide/polyethylene/organoclay nanocomposites 

Fig. 3  SEM micrographs of a BP, b BPC5, c BP30B5 and d BP30B5C5
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compatibilized by maleated polyethylene (PE-g-MA). On 
the other hand, Xue et al. [4] declared the finer morphology 
of PTT/PP/Cloisite 25A nanocomposite with higher exfo-
liation structure in the presence of 5 wt% PP-g-MA. They 
suggested that using 5 wt% PP-g-MA in PTT/PP/Cloisite 
25A nanocomposite results in forming phase border-lines 
in polygonal shape at the interface. Therefore, more inves-
tigations would be needed to evaluate the effect of compati-
bilizers on morphology and viscoelastic behavior of poly-
mer blend nanocomposites.

The X-ray diffraction of PBT and PP filled by 5 wt% of 
Cloisite 30B is illustrated in Fig. 1b. As it is clear, the char-
acteristic peak of organoclay in PBT/organoclay sample 
shifts to lower angles (2.43°) which means great capability 
of PBT chains in improvement of Cloisite 30B intercala-
tion. On the other hand, the main peak location of Cloisite 
30B in PP/organoclay nanocomposite is increased to 6.15° 
indicating that PP is not able to improve the intercalating of 
Cloisite 30B organoclays.

Transmission electron microscopy (TEM)

To determine the dispersion and localization of Cloisite 
30B in PBT/PP blend with and without PP-g-MA, 

transmission electron microscopy was performed. 
Figure 2a, b indicate the TEM photographs of BP30B5 
and BP30B5C5 nanocomposites. The localization of 
Cloisite 30B around the domain boundaries is apparent in 
both Fig. 2a, b. As it can be seen in Fig. 2a, the excess 
parts of organoclays are localized in PBT matrix while 
some parts of organoclays migrate to PP dispersed-drop-
lets in Fig. 2b. Therefore, it seems that compatibilizer can 
transfer some parts of organoclays from PBT matrix to PP 
dispersed-phase. Although there is satisfactory dispersion 
of Cloisite 30B layers in PBT matrix, but those parts of 
nanoclays located in PP droplets show poor intercalation 
structure which confirms the XRD analysis. Probably, the 
interaction between maleic anhydride group of PP-g-MA 
and hydroxyl groups of Cloisite 30B plays an important 
role in localization of some parts of Cloisite 30B in PP 
droplets. Due to hydrophobic nature of PP and the lack 
of any functional groups to react with hydroxyl groups 
of Cloisite 30B, PP is not able to intercalate into the gal-
lery of Cloisite 30B nanoclays. The present outcome is in 
good agreement with the results of Fig. 1b. Hence, Fig. 2b 
shows the vice versa effect of PP-g-MA in dispersion and 
localization of Cloisite 30B organoclays in PBT/PP blend 
in comparison with the investigations of Xue et al. [4].

Fig. 4  Particle size distribution of a BP, b BPC5, c BP30B5 and d BP30B5C5
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Morphological analysis by scanning electron 
microscopy (SEM)

Figure 3a–d illustrate the SEM photos of BP, BPC5, 
BP30B5 and BP30B5C5 samples. In Fig. 3a, PP domains 
easily detach from PBT matrix due to low interfacial 
adhesion in neat PBT/PP blend (BP sample). Neverthe-
less, the coarse detachment line of PP droplets in PBT/PP/
organoclay nanocomposites (BP30B5 sample) represents 

satisfactory interfacial adhesion between the phases. In 
fact, the fractured surface in compatibilized PBT/PP blend 
(BPC5 sample) is not as coarse as BP30B5 and BP30B5C5 
nanocomposites. So, it seems that Cloisite 30B organoclay 
is more effective than PP-g-MA in formation of interfacial 
interactions between PBT and PP. From Fig. 3b, c, add-
ing PP-g-MA and Cloisite 30B to PBT/PP blend results in 
reduction of droplet size whereas the efficiency of Cloisite 
30B organoclay in total seems to be higher than PP-g-MA. 
The role of Cloisite 30B in morphology development of 
PBT/PP blend was explained in our last work [21]. Com-
paring Fig. 3c, d indicates that the application of PP-g-MA 
along with Cloisite 30B (BP30B5C5 sample) results in a 
small increment of PP droplet size than BP30B5 nanocom-
posite. The presence of some parts of organoclays in PP 
phase (Fig. 2b) can cause the increment of dispersed-phase 
viscosity and elasticity which hinders droplets from break-
ing-up. To provide a quantitative investigation of the mor-
phology of sample, the size of PP droplets was analyzed 
by image analysis software. Particle size distributions of 
BP, BPC5, BP30B5 and BP30B5C5 samples are illustrated 
in Fig. 4a–d. Obviously, neat PBT/PP blend shows larger 
droplet size with lower number. By adding PP-g-MA, 
Cloisite 30B and PP-g-MA/Cloisite 30B to PBT/PP blend, 
the number of droplets increases and their size decreases. If 
increases in droplet number and decreases in droplets diam-
eter are considered as compatibilization efficiency indices, 
comparison of different systems would be classified in the 
following order according to lowering efficiency: Cloisite 
30B > PP-g-MA/Cloisite 30B >> PP-g-MA.

Linear viscoelastic properties

Figure 5a, b represent the complex viscosity and stor-
age modulus of various samples. The complex viscosity 
of PBT/PP compatibilized with PP-g-MA does not alter 
so much compared to neat PBT/PP blend. On the other 
hand, adding Cloisite 30B has great effect on growing of 
viscosity, especially at low frequency regions. This can be 
attributed to interactions formed between hydroxyl ethyl 
groups of Cloisite 30B and hydroxyl and carboxyl end 
groups of PBT. Using compatibilizer along with organo-
clay decreases the complex viscosity of nanocomposite 
compared to individual organoclay. Similar to complex 
viscosity, PP-g-MA does not affect the storage modulus of 
PBT/PP blend, so much. It might be relied on lower stor-
age modulus of PP-g-MA than neat PP [22]. The storage 
modulus of blend enhances about 2 orders of magnitude by 
using 5 wt% of Cloisite 30B. Moreover, the non-terminal 
behavior is observed for samples containing organoclay 
(BP30B5 and BP30B5C5 samples). Accordingly, the vis-
coelastic behavior of nanocomposites changes from liq-
uid-like to solid-like at low frequencies. By comparing the 

Fig. 5  a Complex viscosity and b storage modulus as a function of 
frequency for different samples

Fig. 6  Tan (δ) versus frequency for various specimens
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storage modulus of BP30B5 and BP30B5C5 nanocompos-
ites, one may notice that PP-g-MA together with Cloisite 
30B decreases the storage modulus and elasticity of PBT/
PP/organoclay nanocomposite. Moving to higher frequen-
cies, the storage modulus of nanocomposites converges to 
the value of neat polymer blend which is due to alignment 
of organoclay layers.

To have a more comprehensive investigation regarding 
the contribution of compatibilizer and organoclay in the 
formation of interactions in PBT/PP blend, the curve of 
tan (δ) is plotted and shown in Fig. 6. Based on the results 
of tan (δ), the decrement of peak intensity for BP30B5 
nanocomposite is more than other samples. Therefore, it 
can be concluded that individual Cloisite 30B is more effi-
cient than PP-g-MA and PP-g-MA/Cloisite 30B system, in 
formation of elastic interactions. Using PP-g-MA/Cloisite 
30B system is in the second place and PP-g-MA is in the 
third place in formation of elastic interactions. As we know 
it, when tan (δ) <1, the storage modulus will be higher than 
loss modulus and elastic behavior is dominant. According 
to Fig. 6, the tan (δ) values of BP30B5 and BP30B5C5 are 
lower than unity at low frequencies. This trend indicates 

greater elasticity of nanocomposites than BP and BPC5 
samples because of better compatibility. The higher elas-
ticity of nanocomposites in comparison with BP and BPC5 
specimens may arise from clay–clay and/or PBT-clay 
interactions. These interactions can result in formation of 
three-dimensional physical networks which assist in coa-
lescence suppression of dispersed-droplets. As it is clear, 
PBT/PP/Cloisite 30B nanocomposite (BP30B5) shows 
higher elasticity than PBT/PP/PP-g-MA/Cloisite 30B 
nanocomposite (BP30B5C5), at low frequency regions. 
The present subject indicates that PP-g-MA together with 
Cloisite 30B reduces the elasticity of PBT/PP/Cloisite 30B 
nanocomposite.

As discussed in previous sections, the interactions 
between hydroxyl ethyl groups of Cloisite 30B and 
hydroxyl and carboxyl end groups of PBT play an impor-
tant role in formation of physical networks, improving 
viscosity, enhancement of elasticity and may cause coa-
lescence suppression of droplets [23]. ATR-FTIR tech-
nique was used to probe these interactions. Figure 7a, b 
illustrate the FTIR spectra of neat PBT and PBT/Cloisite 
30B (B30B5) nanocomposite, respectively. The band at 

Fig. 7  FTIR spectra of a neat PBT in the wavenumber range of 650–4000 cm−1, b PBT/Cloisite 30B nanocomposite in the range of 650–
4000 cm−1, c neat PBT in the range of 3250–3550 cm−1 and d PBT/Cloisite 30B nanocomposite in the range of 3250–3550 cm−1
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wavenumber of 3417 cm−1 is attributed to –OH stretching 
of PBT [24] which is magnified in Fig. 7c, d (wavenum-
ber range of 3250–3550 cm−1). It is observed that the –OH 
stretching band at 3417 cm−1 is affected in PBT/Cloisite 
30B nanocomposite. The –OH stretching band of PBT/
Cloisite 30B nanocomposite shifts to lower energy side 
by 6 cm−1 (3411 cm−1). Moreover, the peak intensity of –
OH stretching band decreases in PBT/Cloisite 30B nano-
composite compared to neat PBT. The present subject can 
be attributed to the interactions formed between hydroxyl 
end groups of PBT and hydroxyl groups of Cloisite 30B. 
As a result, the extra influence of Cloisite 30B relative to 
PP-g-MA on finer morphology and viscoelastic behav-
ior of PBT/PP blend emanate from PBT-Cloisite 30B 
interactions.

Non‑linear viscoelastic properties

As it was shown in linear viscoelastic section, adding 
5 wt% of Cloisite 30B enhances the low frequency com-
plex viscosity and storage modulus of PBT/PP blend. 
According to investigations of other researchers [22, 25], 
by increasing of clay concentration, the Newtonian plateau 
region in complex viscosity gradually disappears and stor-
age modulus shows non-terminal behavior until percolation 
network is formed. At this point, nanocomposites repre-
sent a solid-like behavior with strong shear-thinning at low 
frequencies (like BP30B5 and BP30B5C5 samples in this 
research). The apparent yield stress is a result of percola-
tion network and solid-like behavior. Higher apparent yield 
stress can be attributed to stronger clay–clay and/or poly-
mer–clay interactions.

To further explore the microstructure of PBT/PP/
organoclay and PBT/PP/PP-g-MA/organoclay nanocom-
posites, the start-up of shear flow experiment was carried 
out. Accordingly, BP30B5 and BP30B5C5 nanocomposites 
were imposed to start-up of flow at three different shear 
rates. The response of transient shear stress versus time is 
illustrated in Fig. 8a, b, for each nanocomposite. As it can 
be seen, both nanocomposites represent the stress overshoot 
whose magnitude increases by increasing of applied shear 
rate. The observed stress overshoot relies on the rupture of 
networks arising from orientation of organoclay platelets 
under shear flow. A comparison of Fig. 8a with b indicates 
that BP30B5 nanocomposite shows more intensified stress 
overshoot than BP30B5C5 sample in various applied shear 
rates. Based on the present subject, the strength of net-
work interactions in PBT/PP blend filled by Cloisite 30B is 
higher than nanocomposite filled by PP-g-MA/Cloisite 30B 
system.

The stress relaxation behavior of BP30B5 and 
BP30B5C5 nanocomposites is illustrated in Fig. 9. In 
both nanocomposites, shear modulus tends to non-zero 

values. This behavior is melting characteristic of solid-
like structure and thixotropic behavior [26]. A similar 
behavior was reported by Nazockdast et al. [22] for PP/
organoclay nanocomposites compatibilized by PP-g-MA. 
Obviously, the steady shear modulus of PBT/PP blend 
filled by Cloisite 30B is higher than sample contain-
ing Cloisite30B/PP-g-MA. From this result, it can be 

Fig. 8  Transient stress versus time in start-up of shear flow at differ-
ent shear rates for a BP30B5 and b BP30B5C5 nanocomposites

Fig. 9  Relaxation modulus versus time for BP30B5 and BP30B5C5 
nanocomposites
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concluded that the strength of physical network in PBT/PP/
Cloisite 30B is higher than PBT/PP/PP-g-MA/Cloisite 30B 
nanocomposite.

Modeling

As declared in linear and non-linear viscoelastic proper-
ties sections, PBT/PP/Cloisite 30B (BP30B5) and PBT/PP/
PP-g-MA/Cloisite 30B (BP30B5C5) nanocomposites show 
yield stress due to formation of three-dimensional physical 
networks. In 1980, De-Kee and Turcotte offered a three-
parameter model [27, 28] (Eq. 1) for prediction of yield 
stress in systems containing solid networks.

(1)η
∗
= τ0ω

−1
+ η1e

−t1ω

In Eq. 1, η* is complex viscosity, τ0 includes a con-
stant yield stress which is relied on the breakage of solid 
networks. The term of η1 indicates zero viscosity in the 
absence of solid network and t1 is characteristic time attrib-
uted to the velocity of the viscosity drop at higher frequen-
cies [28]. Though, Carreau noticed that η1 and t1 are ana-
lytical model parameters and not as real material properties 
[29]. In 2010, Dorigato et al. [28] modified De-Kee and 
Turcotte model for nanocomposites containing silica nano-
particles (Eq. 2). They proposed a new parameter α which 
should improve the ability of model to follow the non-lin-
ear viscosity drop at high frequency regions

Figure 10a–d show the curve fitting of experimental 
complex viscosity by modified De Kee-Turcotte model 
(Eq. 2), for different samples. According to correlation 
coefficient (R2), there is satisfactory agreement between 
experimental data and modified De Kee-Turcotte model for 
BP30B5 and BP30B5C5 nanocomposites. As it is obvious, 
this model does not predict the complex viscosity of neat 
PBT/PP blend (BP sample), very well. There is some devi-
ation between experimental data and the trend of De-Kee 
model in PBT/PP/PP-g-MA sample (BPC5), as well. Modi-
fied De Kee-Turcotte model parameters are represented in 

(2)η
∗
= τ0ω

−1
+ η1e

−t1ω
α

Fig. 10  The curve fitting of experimental viscosity data by modified De-Kee and Turcotte model for a BP, b BPC5, c BP30B5 and d BP30B5C5

Table 2  Modified De Kee-Turcotte model parameters for different 
samples

Sample τ0 η1 t1 α R2

BP 3.27 121.15 2.5 × 10−13 −6.8 0.92

BPC5 1.06 200,782 7.41 0.02 0.97

BP30B5 551.8 454.2 9.2 × 10−17 −3.3 0.99

BP30B5C5 352.27 240.02 5 × 10−6 −4.1 0.99
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Table 2. Clearly, BP and BPC5 samples do not show any 
strong yield stress (τ0). According to approximation of 
modified De Kee-Turcotte model, BP30B5 and BP30B5C5 
nanocomposites represent the yield stress (τ0) of 551.8 and 
352.27 Pa, respectively. It can be concluded that using PP-
g-MA reduces the efficiency of Cloisite 30B organoclays in 
PBT/PP blend which results in lower yield stress.

Conclusion

The compatibilization effectiveness of PP-g-MA (con-
ventional compatibilizer), Cloisite 30B (organoclay with 
hydrophilic modifier) and PP-g-MA/Cloisite 30B system 
in PBT/PP blend was investigated, in this research. Accord-
ing to X-ray diffractometry, the intercalated structure is 
achieved for PBT/organoclay, PBT/PP/organoclay and PBT/
PP/PP-g-MA/organoclay nanocomposites, while there is 
no affinity between PP and Cloisite 30B in PP/organoclay 
sample. Moreover, inclusion of PP-g-MA reduces the inter-
calation level of Cloisite 30B in PBT/PP blend. Based on 
morphological analysis, Cloisite 30B organoclays result in 
the reduction of PP droplet size more pronounced than PP-
g-MA. The finer morphology of different systems in PBT/
PP blend can be classified as: Cloisite 30B > PP-g-MA/
Cloisite 30B >> PP-g-MA. From linear melt rheology, it 
can be concluded that solitary Cloisite 30B is more effec-
tive than PP-g-MA in formation of elastic interactions. In 
addition, using PP-g-MA along with Cloisite 30B decreases 
the elasticity of PBT/PP/organoclay nanocomposite, due to 
transferring some parts of organoclay from PBT matrix to 
PP phase. Non-linear viscoelastic properties together with 
the results of modified De Kee-Turcotte model reveal that 
PBT/PP/organoclay nanocomposite indicates higher stress 
overshoot and yield stress than PBT/PP/PP-g-MA/organo-
clay related to stronger physical networks of organoclays.
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