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ABSTRACT: The dynamic rheological behavior is measured by small amplitude oscillatory shear on rotational rheometer for polypropyl-
ene/polyamide 6 (PP/PA6) blends compatibilized by a polypropylene grafted maleic anhydride (PP-g-MAH). Scanning electron micro-
scope (SEM) results show that the PP/PP-g-MAH/PA6 (=100/6/40wt) is sea-island structure, the PP/PP-g-MAH/PA6 (=100/6/60wt)
blend is semi-cocontinuous. Coarse PA6 zones can be observed when the weight ratio is 100/6/80. At low frequency the complex viscosity,
dynamic modulus of the PP/PP-g-MAH/PA6 (PP/PP-g-MAH = 100/6wt) blends first increase then drop with the increase of PA6 weight
content in the range of 0-100, the maximum value arrives at the weight content of 60. The Cole—Cole plots as well as the weighted relaxa-
tion spectra of the blends have a main arc and a tail when the weight ratio of PP/PP-g-MAH/PAG is in the range of 100/6/20-100/6/60,
but have different shapes when the weight ratio increases to 100/6/80 and 100/6/100. The possible reason is the weight ratio of 100/6/80
and 100/6/100 is close to the phase inversion point. In fitting the storage modulus data at low frequency, Palierne’s model with two
parameters interfacial tension and interfacial shear modulus is better than Bousmina’s model. Palierne’s model with only one parameter

of interfacial tension can not fit the data well. © 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42091.
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INTRODUCTION

Polypropylene (PP) is a versatile polymer with good mechanical
properties besides its low costs, such as chemical and thermal
resistance, etc., but with relatively poor solvent barrier proper-
ties. While polyamide 6 (PA6) has its special properties such as
solvent barrier properties, good flowability, low friction, and so
on. Blending PP and PA6 with proper compatibilizer enables
PP/PAG alloy with desirable properties to be developed.'

The mechanical properties,”™ thermal and heat oxidation® of
PP/PAG6 blends were investigated. It is well known that the prop-
erties of polymer blends are closely related to their phase mor-
phology. Rheological especially dynamic rheological behavior of
polymer blends has been paid much attention since dynamic
rheological measurement with small amplitude oscillatory mode
is sensitive to the microstructure of polymer blends.® Some clas-
sic emulsion models can relate the rheological behavior to the
interfacial tension between the blending components, such as
Palierne’s model” as well as Choi and Schowalter’s model.® The
former can describe the linear viscoelastic response of polymer
blends under some assumptions, for example, the distribution
of the dispersed droplets is relatively narrow, the shape of the
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droplet is spherical. The latter is suitable to dilute and semi-
dilute regimes in predicting rheological behavior. Based on the
Choi and Schowalter’s model a constitutive equation for an
emulsion was introduced by Gramespacher and Meissner.”

Some researches have been done on the rheological behavior
and interface tension for PP/PA6 blends.'’ Similar works are
available about two polymer blends PS/PMMA and PDMS/
POE-DO." For immiscible PP/PA6 blends there are two differ-
ent morphologies, i.e., droplet-matrix structure and cocontinu-
ous structure, and phase inversion may happen at some
component weight ratio or some temperature. The HDPE/PA6
(=50/50 wt) blends can reveal sea-island structure, cocontinu-
ous structure and phase inversion, respectively, when a certain
amount of functionalized multiwalled carbon nanotubes
(FMWCNTs) are added into the blends.'? Generally in this case
the abovementioned emulsion models can not work well.

Relaxation is an important characteristic for polymer systems,
which have entangled long chains and can disentangle or orien-
tate when being sheared or stretched. The relaxation mechanism
of heterogeneous polymers can be obviously displayed by Cole—
Cole diagram." Generally two circle arcs can be observed for
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polymer blends, which means the happening of two simultane-
ous processes with different relaxation times for the two differ-
ent phases, respectively. This kind of work is available, such as
the Cole-Cole plots for PA6/HDPE =85/15 (wt) blends and
PA6/EPDM-g-MA = 85/15 (wt) blends."*

The relaxation process of polymer blends can be more clearly
indicated by relaxation time spectrum. Various models can be
applied to obtain relaxation time spectrum by fitting the relaxa-
tion modulus or dynamic modulus data, such as generalized
Maxwell model,"> Tschoegle approximation model,'® and so on.
The relaxation of the dispersed droplets mainly shows at low
frequency for small amplitude oscillatory shear (SAOS). The
weighted relaxation spectrum of PP/PS (90/10) blends was cal-
culated by Macatibas and Demarquette.'”

In this work, the dynamic rheological behavior of PP/PA6
blending melts compatibilized with a polypropylene grafted
maleic anhydride (PP-g-MAH) is investigated. Different emul-
sion models have been applied to fit the storage moduli data.
The Cole—Cole plots, relaxation time spectrum of the blends are
discussed.

EXPERIMENTAL

Materials

PP T30S is produced by Dalian Petro, China. Its melt flow rate
(MFR) is 3.5 g (10 min) !, measured at 230°C, 2.16 kg. Its mass
average and number-average molar masses are Mw = 263,000 g
mol ™' and Mn=38,000 g mol !, respectively. PA6 1013B
produced in Japan Ube has a MFR = 45 g (10 min) ', measured
at 250°C, 2.16 kg. The number-average molar mass of PA6 is
26,000 g mol ™', PP-g-MAH is homemade with a grafting rate of
1.0%. Its mass average and number-average molar masses are
Mw = 61,200 g mol ™' and Mn = 33,000 g mol ™", respectively. Its
melt flow rate (MFR) is 16.2 g (10 min) "', measured at 230°C,
2.16 kg.

Preparation of PP-g-MAH and Blends

To prepare the PP-g-MAH, 1000 g pure PP particles were first
mixed with 10 mL liquid paraffin, then 1.5 g antioxidant 1010, 1 g
dicumyl peroxide (DCP) and 3 g maleic anhydride (MAH) were
added in, and all the components were mixed by using a high-
speed mixer (produced by Fuxin Light Industry Machinery Fac-
tory) for 2 min, then the mixed samples were fed into a corotating
twin screw extruder (type SHJ-35, made in Rubber and Plastic
Machinery Factory), melt, and extruded through a die, then were
cooled under water, granulated by a granulator, and were dried at
120°C for 12 h in an electric blast drying oven. The rotating speed
of the screw extruder was 110 r min™ ', the feeding speed was 100
r min~', and the temperature of the nine zones of the barrel was
150, 175, 180, 200, and 210°C (the same temperature from the
fifth to the ninth zone), the temperature of the die was 210°C.

The materials were dried at 85°C for 12 h in an electric blast
drying oven, then were mixed in a high-speed mixer with the
weight ratio PP/PP-g-MAH/PA6 of 100/6/0, 100/6/20, 100/6/40,
100/6/60, 100/6/80, and 100/6/100. After that the samples were
fed into a corotating twin screw extruder, melt and extruded
through a die, then were cooled under water, granulated by a
granulator, and were dried at 120°C for 12 h in an electric blast
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drying oven. The rotating speed of the screw extruder was 110 r
min~', the feeding speed was 100 r min~', and the temperature
of the nine zones of the barrel was 150, 175,180, 200, 210, and
230°C (the same temperature from the sixth to the ninth zone),
the temperature of the die was 230°C.

Measurement of Performances

Scanning electron microscope (SEM): the PP/PP-g-MAH/PA6
samples were thrust at an Izod impact test machine ADN-5.5
produced by Heng Shang Industrial Equipment Factory. Then the
fractured surface was etched by 98% formic acid solution at 50°C
for 3 min to extract the PA6 phase. Afterwards the cross section
was washed repeatedly by deionized water, then was dried in an
electric blast drying oven at 110°C for 12 h. The cross section was
sprayed with gold and was observed by SEM LE0438VP made by
Hitachi Company, Japan, at an accelerating voltage of 15 kV.

Rheological measurement: All the samples for rheological mea-
surement were prepared by using compression molding at 240°C
and at pressure of 10 MPa for 5 min. The heated samples were
then compressed at room temperature at 10 MPa for 3 min. The
diameter and thickness of samples were 25 and 2 mm, respec-
tively. Small amplitude oscillatory shear(SAOS) was applied by
using a rotational rheometer MCR301 made by Anton Paar Gmb
of Austria with two parallel plates. The diameter of the plate is
25 mm, the gap of the two plates is 1 mm. The surplus com-
pressed by the top plate were trimmed carefully. The temperature
in the rheological measurement was 230°C, and the angular fre-
quency was from 0.028 to 300 rad s~ ' in an ascending order and
at strain amplitude of 4% which was within the linear viscoelastic
region. The linear viscoelastic regime was determined by applying
strain sweeping. The measurement was under nitrogen atmos-
phere to avoid the oxidization of the samples. Before the start of
the measurement the samples were kept for 5 min between the
gap of the two plates to eliminate thermal history.

RESULTS AND DISCUSSION

SEM Micrographs of PP/PP-g-MAH/PA6 Blends

Figure 1(a,c,d) shows the morphologies of PP/PA6 blends compa-
tibilized by PP-g-MAH with PA6 content 40, 60 and 80, respec-
tively by the same magnification times (X1000). Figure 1(b) is
PP/PP-g-MAH/PA6 = 100/6/40 ~ with  magnification  times
(X3000). Figure 1(a) shows the dispersed PA6 droplets in the PP
matrix. The average radius of the dispersed PA6 droplet is 0.25
um. Figure 1(c) shows the coarse phases of the blend, there are
both dispersed PA6 droplets and semi-cocontinuous phases. Fig-
ure 1(d) shows the morphology of PP/PP-g-MAH/PA6 = 100/6/
80 blend. Also both dispersed droplets and large continuous
phase zone exist [see the marked circles in the Figure 1(d)], the
phase size of the droplet is very nonuniform, the large radius is
more than 12 um, while the small droplet radius is about 1 pum.
The morphology of PP/PP-g-MAH/PA6 = 100/6/100 blend is not
shown, the weight ratio is close to phase inversion.>

Dynamic Rheological Curves of PP/PP-g-MAH/PA6 Blending
Melts

Figure 2 shows the complex viscosity of the PP/PP-g-MAH/PA6
(PP/PP-g-MAH = 100/6)blends and their pure components. As
the weight content of PA6 increases, the complex viscosity of
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Figure 1. SEM photo of (a) PP/PP-g-MAH/PA6 = 100/6/40 (X1000), (b) PP/PP-g-MAH/PA6 = 100/6/40 (<3000), (c) PP/PP-g-MAH/PA6 = 100/6/60

(X1000), (d) PP/PP-g-MAH/PA6 = 100/6/80 blends (><1000).

the blends at low frequency increases, and the viscosity value
arrives the highest at PA6 weight content of 60. Remembering
the SEM microstructure shown in Figure 1(c), the semi-
cocontinuous phase structure of PA6 with content of 60 results
from the fine compatibilization between PP and PA6 by PP/PP-
g-MAH, which supports the relatively high complex viscosity at
low frequency. Then, the complex viscosity drops when the
weight content continues to increase from 80 to 100. The meas-
ured zero shear viscosity of pure PA6 at 230°C is 388 Pa s,
much lower than that of PP/PP-g-MAH = 100/6(wt) blend, i.e.
3630 Pa s, thus high viscosity phase (PP) is packed by low vis-
cosity phase (PA6), which leads to falling of the viscosity of the
blend after phase inversion point (PP/PA6 = 50/ 50).

The storage modulus and loss modulus had the same trend as
the complex viscosity, as shown in Figure 3. At high frequency,
the storage as well as loss modulus curves of different weight
content of PA6 overlapped. The rheological behavior at low fre-
quency is related to the morphology of the blend. The storage
modulus at low frequency is more sensitive to the relaxation of
the dispersed droplets than the loss modulus. The interfacial
tension between PP and PA6 is 13.61 mN m™ " at 230°C."® It is
reported that the addition of PP-g-MAH decreases the interfa-
cial tension between PA6 and PP obviously."
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Figure 4 shows the Cole—Cole plot (17 versus #’) of the blends
and the pure components. The Cole—Cole plot can generally
display two frequency regimes in multiphase polymer blends,
corresponding to different relaxation mechanisms.'* It can be
seen from Figure 4 that the pure PA6 and PP has only one
relaxation arc. This is the case, because they are homogeneous
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Figure 2. Complex viscosity vs. angular frequency of PP/PP-g-MAH/PA6

blends and pure PP and PA6 at 230°C.
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polymer melts. For the blends, the Cole—Cole plot shows one
main arc and a tail, the arc corresponds to the relaxation of the
matrix, i.e., the PP phase, and the tail corresponds to the relaxa-
tion of PA6, the dispersed phase. As the PA6 weight content
increases from 0 to 60, the radius of the main arc increases,
which means the relaxation time increases. The Cole—Cole plots
of the blend with PA6 weight content 80 and 100 are different
from those below weight content 80, the tails are straight
upward and the relaxation spectra are relatively lower. This is
possibly due to phase inversion happens when PA6 weight con-
tent is close to 100, thus the dispersed PP phase spreads over
the matrix phase PA6. The pure PA6 has the smallest main arc,
since its relaxation time is shortest compared to that of the
blend.

Interfacial Tension of PP/PP-g-MAH/PA6 Blending Melts

The Palierne’s model can describe the viscoelastic behavior of
the incompressible nondilute emulsions. The complex shear
modulus of the blend is expressed as”'’

QE;
3 1
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The subscript refers to the ith particle fraction,® is the vol-
ume fraction of the dispersed phase. R is the dispersed particle
radius. G*; and G*,, is the complex modulus of the dispersed
phase and matrix, respectively. The interfacial tension effect
described by this model consists of two aspects, one is the equi-
librium interfacial tension o, another is the complex moduli
[ (). f*(w) consists of two complex moduli: surface dilatation
modulus f*4(w) and surface shear modulus (). The surface
dilatation modulus f*;(w) is related to interfacial area variation,
and the surface shear modulus fi*(w) is associated with the
resistance of the interface to the shear deformation. In the linear
viscoelastic regime, the deformation of dispersed phase is small
and the values of the complex modulus f*;(w) and f*;(®) can
be assumed to be zero, thus the simplified form of Palierne’s
model can be expressed as eq. (4).

1+3Z @iHi(w)

G * (0)=Gxp(w) m
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Hio)= 2&/R2G, () +5Gi(0)]+[Gj(w) = G, ()][16G,, () +19G; ()]
)= 0T R)G, () Gyl o)1+ 2Gh() +3G (@) [16Gs () + 19G) )]
(5)

Similar to Palierne’s model, Bousmina’s model® gives the com-

plex shear modulus of the blend as a function of the same
parameter by

G (@)=G" ()X 2(G5(w)+a/R)+3G: () +30[G)(w) +0/R— Gy ()]
d

2(Gy(w)+a/R)+3G;, () —20[G;(w)+o/R— G, (w)]
(6)

It is reporte that the Palierne’s model and Bousmina’s
model give similar predicting results for usual polymer blends,
furthermore, the difference between the two models is the latter
accounts for structured drops such as LCPs.

d20,21

Figure 5 shows the storage modulus versus frequency (G ~ w)
data fit by Palierne’s model with only one parameter o/R, i.e.,
eq. (4). The fitting was done at limited low frequency range,
ie., 0.028-1.07 rad s~ ', because the interfacial tension is sensi-
tive to low frequency, and insensitive to high frequency. It can
be found that the fitting is not satisfactory, even when PA6
weight content is as low as 20. This indicates simplified Pal-
ierne’s model, i.e., eq. (4) cannot fit well the storage modulus
data at low frequency. The interface between PP and PAG6 is a
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Figure 3. (a) Storage modulus and (b) loss modulus vs. angular frequency

where of PP/PP-g-MAH/PAG6 blends at 230°C.
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reacted copolymer PP-(PP-g-MAH)-PA6, formed by the car- PP/PP-g-MAH/PAG=100/6/20
boxyl group in maleic anhydride of PP-g-MAH reacts with the 100 | :g::’:)': 100090
amino end group of PA6. The expanded Palierne’s considers the fiting for 100/6/40
surface dilatation modulus f*;(w) and surface shear modulus a
B*(w). In the work of De-an Shi and co-workers,'® the surface 1 L L L L
shear modulus is taken into account in the Palierne’s model, o o (:yrad_s'1 * e
which is calculated based on the lightly crosslinked rubber
model. The surface dilatation modulus is neglected since the 100000
change of interfacial area is considered to be very small. Thus g "
in present work, the Palierne’s model with «/R and surface .."
shear modulus divided by R (i.e., f*s(w)/R) is considered to fit 10000 - " "
the data. Figure 6 shows the fitting results. This time the Pal- .
ierne’s model [eq. (1)] fits the data well with PA6 weight con- "
tent of 20, 40, and even 60. And the fitting curve deviate the
experimental data at frequency higher than 0.1 rad s~ for PA6
weight content of 80 and 100 because the morphology of the
blends is no longer droplet dispersed in matrix. Figure 7 is the PP/PP-g-MAH/PAG=100/6/60
fitting curves by Bousmina’s model, i.e., eq. (6). For the blend e
with PA6 weight content of 20, Bousmina’s model fits the stor-
age modulus data well. When PA6 content increases from 40 to W i i ) i i
60, the deviation between the fitting curve and experimental oo o1 ! ] 100 1000
data increases. For PA6 weight content of 80 and 100, the fitting a/rad.s
curves can not overlap the data. By comparison between Figures 100080
5, 6, and 7, one can find the Palierne’s model with two parame- L
ters a/R and B"(w)/R is better than Bousmina’s model in fit- BEB °
ting the experimental storage modulus data, and Bousmina’s 10000 | EEIE
model is better than the simplified Palierne’s model, eq. (4). nB B
The interfacial tension values obtained by fitting the storage : Bnuu
modulus data using Palierne’s model with two parameters o/R Q. 1000
and f";(w)/R are listed in Table I. o
= PP/PP-g-MAH/PA6=100/6/80
For PP/PP-g-MAH /PA6 = 100/6/40 (wt), the average R, is 0.25 - o0 PP/PP-g-MAH/PA6=100/6/100
um, thus the interfacial tension is 0.076 mN/m, f*(®) =0.064 fitting for 100/6/80
mN/m. For PP/PP-g-MAH/PA6 = 100/6/20 (wt), the average R, = Titing for 100/6/100
is 0.6 um (the SEM photo is not shown), thus the interfacial c
tension is 0.258 mN/m, fi*(w) = 0.077 mN/m. These interfacial b T ' = = =

tension values are much lower than that of umcompatibilized
PP/PA6 blend, for example, 13.61 mN/m for PP/PA6 blend at
230°C."* It is clear the interfacial tension between PP/PP-g-
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Figure 5. Fit of the dynamic storage modulus data to Palierne’s model
with a/R for the PP/PP-g-MAH/PAG6 blends.
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Figure 6. Fit of the dynamic storage modulus data to Palierne’s model
with o/R and f*s(w)/R for the PP/PP-g-MAH/PA6 blends.

considers the blend as a three-region system: spherical drop-
lets surrounded by matrix shells dispersed in a homogeneous
matrix. And Bousmina’s model considers the flow circulation
inside and outside the droplet, hence it corroborate the
experimental data of compatibilized blends, although it works
out for compatibilized free blends.”® This explains Bousmina’s
model is better than Palieren’s model with one parameter in
our work.
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For PP/PA6 blends to which a polypropylene grafted maleic
anhydride (PP-g-MAH) was added, a reacted copolymer PP-
(PP-g-MAH)-PAG6 interface was formed by the carboxyl group
in maleic anhydride of PP-g-MAH reacts with the amino end
group of PA6. The reacted copolymer PP-(PP-g-MAH)-PA6
interface layer presents resistance to shear deformation. The
interface has two mechanical properties: the equilibrium interfa-
cial tension and an interfacial dilation modulus/surface shear

PP/PP-g-MAH/PA6=100/6/20
PP/PP-g-MAH/PA6=100/6/40

100 +
fitting for 100/6/20
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a
10 L Il Il 1
001 01 1 1 10 100
arad.s
100000 ~
]
| | L] "
- -
" L ]
-
10000 [ ]
| ] - "
- -
m -
«©
0O 1000 |
—
O
100
PP/PP-g-MAH/PAG=100/6/60
filting
b
10 L 1 i L J
om 01 1 j? 100 1000
wfad.s
100000
a]
1h
.|
]
n
n
10000 |- ]
" u]
” at"
© B
% 1000
O
PP/PP-g-MAH/PAG=100/6/80
100 | PP/PP-g-MAH/PAG=100/6/100
fitting for 100/6/80
fitting for 100/6/100
c
10 L L L I )
001 o1 100 1000

1 10,
a/rad.s
Figure 7. Fit of the dynamic storage modulus data to Bousmina’s model

for the PP/PP-g-MAH/PA6 blends.
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Table I. Interfacial Tension and Surface Shear Modulus Divided by R

WILEYONLINELIBRARY.COM/APP

CIENC

PP/PP-g-MAH/PAG 100/6/20 100/6/40 100/6/60 100/6/80 100/6/100
/R (N/m?) 429.39 303.74 393.66 999.9 999.9
Bs(w)/R (N/m?) 128.53 254.45 337.61 0 0

modulus. The surface shear modulus can be associated with the
resistance to shear deformation.”® Bousmina’s model has only
one parameter, and it does not include the surface shear modu-
lus. Palierne’s model with two parameters considers the surface
shear modulus for compatibilized blends, hence it presents a
fine fitting result.

H(t)=G'|dlog G’/dlog(u—%

The weighted relaxation time spectra of PP/PP-g-MAH/PA6
blends at 230°C are calculated using eq. (7), as shown in Figure
8. Similar to the Cole—Cole plots shown in Figure 4, the relaxa-
tion spectra curve of PP is a circle arc. The relaxation spectra of
the blends with PA6 weight content 0-60 have a main arc and a
tail. The main arc corresponds to the relaxation of PP matrix,
the tail corresponds to that of PA6 dispersed phase for blends
with PA6 weight content 0-60. The relaxation spectra curves of
the blends with PA6 weight content 80-100 are different.

The expression for the estimation of the longest form relaxation
time 7, of dispersed phase droplets due to interfacial tension is’
Ry, (19K+16)(2K+3—-20(K—1))

T T4y 10(K+1)—20(5K+2) ®

where K=1#,/n,,- Using eq. (8) and the «/R, obtained by
model fitting which are listed in Table I, the longest form relax-
ation time can be obtained, which is 12.98, 20.61, and 17.37 s
for the blends with PA6 weight content 20, 40, and 60, respec-
tively. The three values are shown in Figure 8.

17.37s
10000 -
n  PPig-PP/PAS=100/6/0
o 100/6720
A 100/6/40 2061s
4 100/6/60
* 100/6/80
» % 100/6/100 asabahpan
] »  100/0/0{pure PP) fasddsa,
01000 | Qﬁgn ag ‘;gg
= l‘&&%&' ..-IDD% *
L 1.5 ST poof
3 ***Eﬁ § .
. R e x X T ¥ om
3 !g%*:ﬁﬂ'* ¥
it w ["eus
L .
100 ;lr**
12.98s
oo 0.1 1 10 100

/s
Figure 8. Relaxation time spectra of PP/PP-g-MAH/PA6 and pure PP at
230°C.
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Relaxation Time Spectrum of PP/PP-g-MAH/PA6 Blending
Melts

The weighted relaxation time spectrum of PP/PP-g-MAH/PA6
blending melts can be obtained by using the approximation for-
mula of dynamic modulus'®

2

(dlog G'/dlog ) —(1/4.606)d* log G/ (dlog ) (7)

1/o=1/V2

CONCLUSIONS

SEM micrograph shows that when the weight ratio of PP/PP-g-
MAH/PAG6 is 100/6/40, PA6 phase is the dispersed phase and PP is
the matrix. When the weight ratio is 100/6/60, the morphology of
the blend is semi-cocontinuous. Coarse PA6 zones which are round
or irregular can be observed when the weight ratio is 100/6/80. The
dynamic rheological measurement shows that when the weight ratio
of PP/PP-g-MAH/PAG increases from 100/6/0 to 100/6/60, the com-
plex viscosity and dynamic modulus at low frequency increase grad-
ually, but when the weight ratio of PP/PP-g-MAH/PA6 continues to
increase to 100/6/80 and 100/6/100, the complex viscosity and
dynamic modulus decrease. Palierne’s models and Bousmina’s model
have been applied to fit the storage modulus data at low frequency.
The Palierne’s model with only one parameter o;/R cannot fit well
the data. Bousmina’s model can fit the data well when the weight
ratio of PP/PP-g-MAH/PA6 is 100/6/20 and 100/6/40, respectively.
Palierne’s model with two parameters o/ R and f8*;(®)/R can fit the
data rather well when the weight ratio of PP/PP-g-MAH/PAG6 is 100/
6/20, 100/6/40, and 100/6/60. The Cole—Cole plots show the blends
have a main arc and a tail when the weight ratio of PP/PP-g-MAH/
PA6 is during 100/6/20-100/6/60, respectively, but the Cole—Cole
plots show different shapes when the weight ratio increases to 100/6/
80 and 100/6/100. The weighted relaxation spectra of the blends have
similar characteristics to the Cole—Cole plots. The reason is possibly
the phase inversion occurs when PA6 weight content is close to 50%.
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