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ABSTRACT: Ziegler-Natta isotactic polypropylene (ZN-
iPP) and metallocene isotactic polypropylene (m-iPP)
were extruded (in ratios of 75/25, 50/50, and 25/75) from
one melt twin-screw extruder to produce three ZN-iPP/
m-iPP polyblended polymers and, subsequently, spin
fibers. In this study, we examined the rheology of the ZN-
iPP/m-iPP polyblended polymers and the thermal charac-
teristics and crystallinity of the ZN-iPP/m-iPP poly-
blended fibers using gel permeation chromatography,
rheometry, differential scanning calorimetry (DSC), wide-
angle X-ray diffraction, density gradient analysis, and
extension stress—strain measurement. The apparent melt
viscosity of the ZN-iPP/m-iPP polyblended polymers
revealed positive-deviation blends. The 50/50 blend of
ZN-iPP/m-iPP had the highest apparent melt viscosity.
For five samples, the complex melt viscosity decreased
with the angular frequency, which represented typical
non-Newtonian behavior. The Cole—Cole plot, which con-
sisted of the imaginary part of the complex melt viscosity

versus the real part of the complex melt viscosity plot, of
the ZN-iPP/m-iPP polyblended polymers showed a semi-
circular relationship with the blend ratios. It indicated
that the ZN-iPP/m-iPP polyblended polymers were misci-
ble. We analyzed the shear modulus data (G' vs G”) by
plotting them on a log-log scale. The plot revealed almost
the same slopes for the ZN-iPP/m-iPP polyblended poly-
mers, which indicated a good miscibility between the ZN-
iPP and m-iPP polymers. The experimental DSC results
demonstrate that the ZN-iPP and m-iPP polymers consti-
tuted a miscible system. The crystallinity and tenacity of
the ZN-iPP/m-iPP polyblended fibers initially increased
and then fell as the m-iPP content increased. Meanwhile,
the 50/50 blend of ZN-iPP/m-iPP had the highest crystal-
linity and tenacity. © 2009 Wiley Periodicals, Inc. ] Appl Polym
Sci 113: 265-273, 2009
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INTRODUCTION

Thermoplastic alloys and blends have received
widespread attention during the last several deca-
des.'™ Polymer blending is an attractive alternative
for the production of new polymeric materials with
desirable properties without the synthesis of a
totally new material. Other advantages of polymer
blending are versatility, simplicity, and inexpensive-
ness. The purpose of blending polymers is to obtain
materials with additional properties with minimum
sacrifice of the original properties. Consequently, the
applications of polyblends are important develop-
ments in the plastics and synthetic fiber industries.
Polyblends are mixtures of two or more polymers
that can either mix completely on a molecular scale
or form a two-phase structure. Polyblends can ex-
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hibit new combinations of properties that depend on
the properties of the components and strongly upon
the morphology of the blended materials. The mor-
phology resulting from a blending process depends
mainly on the rheological and interfacial properties
of the molten components, the blending conditions
and the weight ratio of the polymers blended.®™® Poly-
blends can be characterized by their phase behavior
as either miscible or immiscible. The thermal, me-
chanical, and rheological properties of a polyblend
depend strongly on its state of miscibility.’
Polypropylene (PP) resins have been produced
from Ziegler—Natta catalysts for over 50 years. These
polymers are typically high-molecular-weight and
broad-molecular-weight-distribution (MWD) resins
as produced in the polymerization reactor. In recent
years, these resins have frequently been given a
postreactor treatment to a narrow their MWD and
lower their molecular weight when they were to be
used for fiber spinning. This treatment typically con-
sists of extrusion in the presence of a peroxide
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TABLE I
Synthetic Characteristics of the ZN-iPP and m-iPP Chips
Chip MFR? M, M, M,/M,> T, (°C)
ZN-iPP 32 86,000 187,000 217 166.2
m-iPP 32 72,000 138,000 1.92 149.6

M,, = number-average molecular weight.

® The MFR (g/10 min) values of the ZN-iPP and m-iPP
polymers were measured from ASTM D 1238 method
(230°C/2.16 kg).

® The MWDs of the ZN-iPP and m-iPP polymers were
measured in a TCB solvent system.

compound, which produces the desired result by the
thermal oxidative degradation of the reactor resin.
This method is known as the controlled rheology pro-
cess. A major advantage for the use of metallocene
catalysts for the preparation of PP is that narrow-
MWD resins can be obtained directly from the reac-
tor without the need for secondary processing.'

There are also some reports on the physical prop-
erties of PP with other polymers, such as poly(ethyl-
ene terephthalate),'’ polyamide 6,'>"7 polyamide
12,18 polyethylene,19 and phenoxy.20 The Ziegler—
Natta isotactic polypropylene (ZN-iPP)/metallocene
isotactic polypropylene (m-iPP) polyblended fiber is
absent from the literature. In this study, both ZN-
iPP and m-iPP belonged to polyolefin polymers and
did not have any functional groups. Miscibility is
essential in ZN-iPP/m-iPP polyblended fibers. This
study thoroughly explores the thermal characteristics
and crystallinity of the ZN-iPP/m-iPP polyblended
fibers.

EXPERIMENTAL
Materials

Commercial-fiber-grade ZN-iPP chips were supplied
by the Taiwan Polypropylene Co., Ltd. (Taipei, Tai-
wan). ZN-iPP (trade name PT232) had a melt flow
rate (MFR) of 32 g/10 min and a melting tempera-
ture (T,,) of 166.2°C. m-iPP chips were obtained
from the Exxon Chemical Taiwan (Taipei, Taiwan).
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m-iPP (trade name Achieve 3825) had a MFR of 32
g/10 min and a T,, of 149.6°C. Table I lists the syn-
thetic characteristics of ZN-iPP and m-iPP chips.
ZN-iPP and m-iPP were extruded (in ratios of 75/
25, 50/50, and 25/75) from a Kobelco Hyperkix 30
twin-screw extruder (Kobe Steel, Ltd., Kobe, Japan)
to prepare three ZN-iPP/m-iPP polyblended poly-
mers. The extruder conditions were as follows:
screw diameter = 30 mm, length-to diameter ratio
(L/D) = 36.8, blending temperature = 260°C, blend-
ing time = 4.5 min, and screw speed = 60 rpm.

Melt spinning

Melt spinning was performed with a capillary spin-
ner (AKS150) of Seiscor Technologies, Inc. (Tulsa
OK); the L/D (2 : 0.4 mm) of the spinneret capillary
was 5. Undrawn yarns (UDYs) were extruded at
260°C and at a constant wind speed of 300 m/min
and were taken up for all samples. Then, the UDYs
were drawn 3.5 times to produce fully drawn yarns
(FDYs) by a drawn-winder machine (Diense, Berlin,
Germany). The drawing temperature and take-up
speed were 110°C and 50 m/min, respectively. The
FDY was 33.3 dtex/10 filaments (3.33 dtex/f). Table
II presents the compositions and mechanical proper-
ties of the ZN-iPP/m-iPP polyblended fibers.

Measurements

Gel permeation chromatography data were obtained
with a Waters model 510 gel permeation chromato-
graph (Milford, MA). MWDs of the ZN-iPP and m-
iPP polymers were measured in a 1,2,4-trichloroben-
zene (TCB) solvent system. MFRs of both the ZN-
iPP and m-iPP polymers were 32 g/10 min (ASTM
D 1238 : 230°C/2.16 kg). The apparent melt viscosity
and die swell ratio (D/Dy, where D and D, are the
capillary diameter after and before the die swell of
the melt polymer, respectively) of the samples were
obtained with the AKS150 capillary rheometer, and
the L/D (2 : 0.4 mm) of the capillary was 5.
Oscillatory rheological measurements were per-
formed with a rotational rheometer (Gemini 200HR,

TABLE II
Compositions and Mechanical Properties of the ZN-iPP/m-iPP Polyblended Fibers
UuDY FDY
Polymer ZN-iPP/m-iPP Tenacity Elongation An Tenacity Elongation An
code blend ratio (cN/dtex) (%) (x107%) (cN/dtex) (%) (x107%)
Sample 1 100/0 1.18 352.1 12.2 4.02 34.2 40.3
Sample 2 75/25 1.43 338.1 16.6 4.66 321 442
Sample 3 50/50 1.81 328.1 18.2 498 30.5 45.6
Sample 4 25/75 1.72 333.7 17.3 4.85 314 44.8
Sample 5 0/100 1.36 345.4 16.3 4.64 33.2 439

Journal of Applied Polymer Science DOI 10.1002/app
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Bohlin, United Kingdom) equipped with parallel
plates 25 mm in diameter at 200°C and at frequency
range from 0.01 to 100 rad/s. The storage modulus
(G), loss modulus (G”), and complex melt viscosity
(n*) were measured in the frequency sweep experi-
ments. The real part of the complex melt viscosity
(n') and the imaginary part of the complex melt vis-
cosity (the n”) were calculated according to the fol-
lowing equation:

n/ _ G"/O)
n// _ GI/OJ
n = T]/ _ Z-n//

where o is the angular frequency.*"*

Wide-angle X-ray diffraction (WAXD) studies of
the samples were conducted with a MAC Science X-
ray unit (Tokyo, Japan), which was operated at
35 kV and 30 mA. X-ray diffraction was then adopted
with Cu Ko radiation and scanned from 5 to 25° (20)
at a scan speed of 4°/min.”*? Differential scanning
calorimetry (DSC) measurements of the samples
were made with a PerkinElmer Pyrix-1 (Boston,
MA). The heating and cooling rates in DSC measure-
ment were 10°C/min between 30 and 200°C. The
temperature was held for 3 min at 200°C. The crystal-
linity was calculated with the DSC method according
to the following equation:

Crystallinity (%) = AH,,/AH,, x 100(%)

where AH,, and AHY, are the heats of fusion (J/g) of
the repeating units for the sample and at an ideal
100% crystallinity, respectively. The AHY, of pure PP
is 209 J/g.*

The densities of the samples were determined
with the density gradient method. A mixture of n-
heptane and carbontetrachloride was used. The den-
sities of the n-heptane and carbontetrachloride sol-
vents were 0.684 and 1.595 g/cm’, respectively. The
density gradient method was implemented from
0.850 to 1.050 g/cm’. All stress—strain data of the
samples were obtained with a Zwick 1511 Instron
instrument (Zwick, Bamberg, Germany) at an exten-
sion rate of 200 mm/min. The retardation of the op-
tical path (I') of the polyblended fibers was
measured with a Nikon Optical-Pol polarizing
microscope and was measured by a compensator
method. The wavelength was fixed to 546 nm. The
birefringence (An) was calculated with the following
equation:

An=T/d

where d is the thickness of the sample.””*®
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Figure 1 Apparent melt viscosity as a function of the
shear rate for the ZN-iPP, m-iPP, and polyblended poly-
mers at 260°C: (x) ZN-iPP/m-iPP (100/0), (A) ZN-iPP/m-
iPP (75/25), (O) ZN-iPP/m-iPP (50/50), () ZN-iPP/m-
iPP (25/75), and (+) ZN-iPP/m-iPP (0/100).

RESULTS AND DISCUSSION
Rheology of the polyblended polymers

The rheological properties of polyblended polymers
depend strongly on their state of miscibility. The
blend rheology of polyblended polymers depends
on many variables, such as the blend ratio and melt
viscosity of the homopolymers. Shear rate impor-
tantly influences the rheology of polyblended poly-
mers. Figure 1 plots the apparent melt viscosities of
the ZN-iPP, m-iPP, and polyblended polymers at
260°Cagainst shear rate. From 100 to 2000 s~ ', the
five polymers exhibited pseudoplastic flow behavior.
The flow curves indicated that the apparent melt vis-
cosity of the m-iPP polymer exceeded that of the
ZN-iPP polymer over the entire shear rate range.
Fujiyama and Inata®® reported that m-iPP showed a
higher viscosity and weaker non-Newtonianity than
ZN-iPP at an equivalent MFR. In addition, Cheng
and Kuo™® already reported that m-iPP displayed a
smaller structural viscosity exponent and a weaker
non-Newtonianity than ZN-iPP at an equivalent
MER. The apparent melt viscosities of the ZN-iPP/
m-iPP polyblended polymers also revealed pseudo-
plastic flow behavior. This trend was independent of
the blend ratio.

Figure 2 plots the apparent melt viscosities of the
ZN-iPP/m-iPP polyblended polymers, which exhib-
ited positive-deviation blends.’’* Notably, the 50/
50 blend of ZN-iPP/m-iPP had a higher apparent
melt viscosity than the value predicted by the addi-
tivity rule at 260°C/1000 s~'. The apparent melt vis-
cosities demonstrated good miscibility between the
ZN-iPP and m-iPP polymers. The apparent melt vis-
cosities of ZN-iPP, m-iPP, and their blends followed

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 2 Apparent melt viscosity as a function of the
blend ratio for the ZN-iPP/m-iPP polyblended polymers
at 260°C/1000 s '.

the order ZN-iPP/m-iPP (50/50) > ZN-iPP/m-iPP
(25/75) > ZN-iPP/m-iPP (75/25) > m-iPP > ZN-
iPP.

Figure 3 shows the m* values of the ZN-iPP, m-
iPP, and polyblended polymers at 200°C against .
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Figure 3 n* as a function of ® for the ZN-iPP, m-iPP,
and polyblended polymers at 200°C: (@) ZN-iPP/m-iPP
(100/0), (A) ZN-iPP/m-PP (75/25), (O) ZN-iPP/m-iPP
(50/50), () ZN-iPP/m-iPP (25/75), and (M) ZN-iPP/m-
iPP (0/100).
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Figure 4 Cole—Cole plots (log n” vs log 1) of the ZN-
iPP, m-iPP, and polyblended polymers at 200°C: (@) ZN-
iPP/m-iPP (100/0), (A) ZN-iPP/m-PP (75/25), (O) ZN-
iPP/m-iPP (50/50), (00) ZN-iPP/m-iPP (25/75), and (M)
ZN-iPP/m-PP (0/100).

For five samples, n* decreased with o, which repre-
sented typical non-Newtonian behavior. Three dif-
ferent techniques were wused to analyze the
rheological data. The first technique was the Cole-
Cole plot, which consisted of a n” versus 1’ plot. As
shown in Figure 4, the ZN-iPP/m-iPP polyblended
polymers showed a semicircular relationship with
blend ratio. This indicated that the ZN-iPP/m-iPP
polyblended polymers were miscible.** The second
technique involved the shear modulus data (G’ vs
G"), which we analyzed by plotting them on a log-
log scale.’”” As shown in Figure 5, the plot revealed
almost the same slopes for the ZN-iPP/m-iPP poly-
blended polymers. This indicated a good miscibility
between the ZN-iPP and m-iPP polymers. Miscibility
in the molten state is related to both specific melt-
phase interactions and miscibility in the solid state.
The third technique, which was the plot of log n*,
log m’, and log " as a function of the blend ratio,
was used, and the representative plot of log n* ver-
sus blend ratio is depicted in Figure 6. The tendency
of the plot of log ' and log n" versus blend ratio
was similar to that shown in Figure 6. ZN-iPP and
m-iPP exhibited a close linear relation from the log-
additive rule. Under the assumption that there
existed no specific interaction in the blends, the ZN-
iPP and m-iPP blend was miscible. The miscibility in
the melt state agreed well with that in the solid
state.

D/D, of the polyblended polymers

Figure 7 plots the D/D, values of the ZN-iPP/m-iPP
polyblended polymers at 260°C/1000 s ' against
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Figure 5 Han plots (log G’ vs log G”") of the ZN-iPP, m-
iPP, and polyblended polymers at 200°C: (®) ZN-iPP/m-
iPP (100/0), (A) ZN-iPP/m-iPP (75/25), (O) ZN-iPP/m-
iPP (50/50), (O0) ZN-iPP/m-iPP (25/75), and (M) ZN-iPP/
m-iPP (0/100).

shear rate. ZN-iPP, with a broader MWD, showed a
higher D/D, than m-iPP. D/Dy at a constant shear
rate was higher, as the molecular weight was higher
and the MWD was broader.*®* D/D, of the ZN-
iPP/m-iPP polyblended polymers initially decreased
and then increased as the m-iPP content increased.
The 50/50 blend of ZN-iPP/m-iPP had a lower D/
Dy. Figure 8 presents the weight-average molecular
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Figure 6 m* as a function of the blend ratio for the ZN-
iPP, m-iPP, and polyblended polymers at 200°C: (®) ZN-
iPP/m-iPP (100/0), (A) ZN-iPP/m-iPP (75/25), (O) ZN-
iPP/m-iPP (50/50), (O) ZN-iPP/m-iPP (25/75), and (M)
ZN-iPP/m-iPP (0/100).
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Figure 7 D/Dy as a function of the blend ratio for the
ZN-iPP/m-iPP polyblended polymers at 260°C /1000 s .

weight (M) and MWD as a function of blend ratio
for the ZN-iPP/m-iPP polyblended polymers. M,
and MWD of the ZN-iPP/m-iPP polyblended poly-
mers initially declined and then increased as the m-
iPP content increased. The tendency of M, and
MWD resembled that of D/Dy for the ZN-iPP/m-
iPP polyblended polymers. Meanwhile, the 50/50
blend of ZN-iPP/m-iPP also had a lower M,, and
MWD.

Thermal behavior of the polyblended fibers

Table III and Figure 9 display the thermal character-
istics of ZN-iPP, m-iPP, and three ZN-iPP/m-iPP
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1.0 . : 1.0
100/0  75/25  50/50  25/75  0/100
ZN-iPP/m-iPP blend ratio
Figure 8 M, and MWD as a function of the blend ratio
for the ZN-iPP/m-iPP polyblended polymers: (O) M,, and
(®) MWD.
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TABLE III
Thermal Characteristics of the ZN-iPP, m-iPP, and ZN-iPP/m-iPP Polyblended Fibers

Heating process

Cooling process

Polymer code ZN-iPP/m-iPP blend ratio T,, (°C) H,, (J/g) X, (%)? T, (CO)P° AH. (J/g) Xee (%)°
Sample 1 100/0 167.9 86.5 414 108.6 88.2 422
Sample 2 75/25 163.8 88.1 42.2 106.5 89.9 43.0
Sample 3 50/50 159.7 89.7 429 104.4 914 43.8
Sample 4 25/75 155.5 87.2 41.7 102.3 88.9 425
Sample 5 0/100 151.4 84.5 404 100.2 86.1 41.2

? Degree of crystallinity in heating process.
" The temperature of crystallinity in cooling process.
¢ Degree of crystallinity in cooling process.

polyblended fibers. In DSC heating, the endothermic
peaks of the ZN-iPP and m-iPP fibers were obtained
at 167.9 and 151.4°C, respectively. The endothermic
peak (T,,) was associated with the melting of the
sample. Tables I and IIl compare the T,, value of the
ZN-iPP or m-iPP fiber with that of the ZN-iPP or m-
iPP chip. The orientation and crystallization caused
the T, of the ZN-iPP or m-iPP fiber to clearly exceed
that of the ZN-iPP or m-iPP chip. The T,, of the ZN-
iPP fiber was higher than that of the m-iPP by
approximately 16.5°C. This DSC data revealed a
clear melting endothermic peak, which suggested
that the ZN-iPP and m-iPP fibers were originally
crystalline. For all of the ZN-iPP/m-iPP polyblended
fibers, the DSC curves also demonstrated obviously
melting endothermic peaks, which indicated that the
ZN-iPP /m-iPP polyblended fibers were also crystal-
line materials, and the T,, of all samples was
between 155 and 164°C. Meanwhile, the T,, of the
ZN-iPP/m-iPP polyblended fibers declined as the
m-iPP content increased.

During DSC cooling, the exothermic peaks (the T,
points) of the ZN-iPP and m-iPP fibers were
obtained at 108.6 and 100.2°C, respectively. The exo-
thermic peak was associated with the crystallization
of the melting polymer. Clearly, the T, of the ZN-
iPP fiber was higher than that of the m-iPP fiber,
which implied that the crystallization rate of the
ZN-iPP fiber was faster than that of the m-iPP fiber.
The T. of the ZN-iPP/m-iPP polyblended fibers
appeared at 102-107°C. Both AH,, and the crystalli-
zation heat of the exothermic peak (AH,) fell as the
m-iPP content increased. The DSC results indicate
that the ZN-iPP and m-iPP crystallites were a misci-
ble system.

Crystallinity and tenacity of the polyblended fibers

The crystallinities of the ZN-iPP, m-iPP, and ZN-
iPP/m-iPP polyblended fibers were determined with
the DSC, density gradient, and WAXD methods. In
the DSC method, the heat of fusion was used to
evaluate the crystalline fraction of the material. A

Journal of Applied Polymer Science DOI 10.1002/app

higher heat of fusion was expected to correspond to
a higher crystallinity. Table IV reveals the crystallin-
ities of ZN-iPP, m-iPP, and their blends. The heat of
fusion of the ZN-iPP/m-iPP polyblended fibers ini-
tially increased and then decreased as the m-iPP
content increased, which indicated that the crystal-
linity initially increased and then fell. The data
obtained by the DSC method were consistent with
those obtained by the density gradient and WAXD
methods.

The degree of crystallinity was compared from the
DSC, density gradient, and WAXD measurements
for all of the samples. According to the comparison,

Heating process —®  Cooling process

ZN-iPP/m-iPP (100/0) / \

| ZN-iPP/m-iPP (75/25)
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|
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Figure 9 DSC curves of the ZN-iPP, m-iPP, and ZN-iPP/
m-iPP polyblended fibers. AT, heat flow.
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TABLE IV
Crystallinities of the ZN-iPP, m-iPP, and ZN-iPP/m-iPP Polyblended Fibers

Polymer ~ ZN-iPP/m-iPP DSC Density WAXD

code blend ratio AH,, (J/g) X (%)? d(g/ cm®) X, (%)P X (%)¢
Sample 1 100/0 86.5 414 0.8935 50.5 54.7
Sample 2 75/25 88.1 42.2 0.8943 514 55.6
Sample 3 50/50 89.7 429 0.8950 52.3 56.5
Sample 4 25/75 87.2 41.7 0.8941 51.2 55.4
Sample 5 0/100 84.5 40.4 0.8909 47.3 51.5

a Degree of crystallinity by DSC method.

P Degree of crystallinity by density gradient method.

¢ Degree of crystallinity by WAXD method.

quantifying the crystallinity by the DSC and density
gradient methods was difficult. In the DSC analysis,
AH,, was theoretically computed for 100% crystallin-
ity of the PP polymer. With regard to the density
gradient method, the density of the crystalline and
amorphous PP polymers could not be measured
accurately, and the literature values for the crystal-
line and amorphous density were assumed theoreti-
cally as well. Therefore, the crystallinity from the
WAXD method was often used in the quantitative
analysis of the crystallinity for the polymer.

Because the m-iPP polymer had a lower melt ten-
sion and elongational viscosity, m-iPP showed supe-
rior melt extensibility at melt spinning compared to
ZN-iPP.*° Clearly, An of m-iPP exceeded that of ZN-
iPP (as shown in Table II). Figure 10 shows that the
crystalline peak of the m-iPP fiber was slightly

(110) 14.0°
(040) 16.8"
l(m} 185"
7 / \
E /
E Zfl‘-;urilm-nl’? (IOMJ) / f\

ZN-iPP/m-iPP (15725) _.
ZN-IPP/N-IPP (50/50)

LN-ll’l-'lm-lPP (251’7 5)

\/f§

5 10 15 20 25
26 [degree]

Figure 10 WAXD curves of the ZN-iPP, m-iPP, and ZN-
iPP/m-iPP polyblended fibers.

sharper than that of the ZN-iPP fiber. Three charac-
teristic peaks of diffracting angles (20) for 14.0, 16.8,
and 18.5°, corresponding to reflection planes of
(110), (040), and (130) in equator direction, did not
clearly shift as expected for the diffraction inten-
sities. These peaks revealed the o form of isotactic
PP (monoclinic structure).*'>* The An values of the
ZN-iPP /m-iPP polyblended fibers initially increased
and then declined as the m-iPP content increased.
The 50/50 blend of ZN-iPP/m-iPP had the highest
An (as seen in Table II). The WAXD curves of the
ZN-iPP /m-iPP polyblended fibers closely resembled
those of the ZN-iPP and m-iPP fibers.

Figure 11 plots the crystallinity as a function of
blend ratio for the ZN-iPP/m-iPP polyblended
fibers. For all ZN-iPP/m-iPP polyblended fibers, the
crystallinities initially increased and then decreased
as the proportion of m-iPP increased. Obviously, the
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Figure 11 Crystallinity as a function of the blend ratio
for the ZN-iPP/m-iPP polyblended fibers: ((0) DSC, (A)
density, and (O) WAXD methods.
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Figure 12 Tenacity as a function of the blend ratio for the

ZN-iPP/m-iPP polyblended fibers.

50/50 blend ZN-iPP/m-iPP had the highest crystal-
linity. In this study, the crystallinities of the WAXD
method were higher than those of DSC and density
methods. Figure 12 plots the tenacity as a function
of blend ratio for the ZN-iPP/m-iPP polyblended
fibers. The tenacity of the ZN-iPP/m-iPP poly-
blended fibers initially also increased and then
decreased as the m-iPP content increased. This result
was consistent with the crystallinity and An. The
good interfacial interactions between ZN-iPP and m-
iPP demonstrated good mechanical properties. The
aforementioned crystallinity, orientation, and misci-
bility of the ZN-iPP/m-iPP polyblended fibers and
the trends of high crystallinity, high molecular orien-
tation, and good miscibility increased the good me-
chanical properties.

CONCLUSIONS

The apparent melt viscosity of the ZN-iPP/m-iPP
polyblended polymers was characteristic of positive-
deviation blends. The 50/50 blend of ZN-iPP/m-iPP
had a higher apparent melt viscosity than was pre-
dicted by the additivity rule. For five samples, n*
decreased with ®, which represented typical non-
Newtonian behavior. The Cole-Cole plot, consisting
of a n” versus 0’ plot, of the ZN-iPP/m-iPP poly-
blended polymers showed a semicircular relation-
ship with blend ratio. It indicated that ZN-iPP/m-
iPP polyblended polymers were miscible. The shear
modulus data (G’ vs G”) revealed almost the same
slopes for the ZN-iPP/m-iPP polyblended polymers,
which indicated a good miscibility between the ZN-
iPP and m-iPP polymers.

The experimental results of DSC reveal that the
ZN-iPP and m-iPP polymers easily formed miscible

Journal of Applied Polymer Science DOI 10.1002/app

SHU, HSIAO, AND TSEN

domains. The crystallinity and tenacity of the ZN-
iPP/m-iPP polyblended fibers initially increased and
then fell as the m-iPP content increased. Meanwhile,
the 50/50 blend of ZN-iPP/m-iPP had the highest
crystallinity and tenacity. The rheology, thermal
characteristics, crystallinity, and tenacity of the ZN-
iPP/m-iPP polyblended fibers suggested that the
ZN-iPP /m-iPP polymers were a miscible system.
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