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ABSTRACT: New synthetic nanotalc and a commercially available natural fine talc (Luzenac© A3) were chosen in order to establish a com-
parative study in terms of their contributions on the improvement of the morphology as well as the final properties of PP/PA6 blends prepared by melt
processing. At first, the TEM and SEM micrographs showed that both talc particles have a preferential affinity for the more hydrophilic polyamide
6 phase compared with the continuous PP matrix. Moreover, in both cases, the addition of talc fillers induces a significant decrease of the size of the
PA6 domains but the better compatibilization efficiency was obtained in the presence of synthetic nanotalc particles. In this work, the positive change
induced by the talc nanofillers on the crystallization kinetics and final morphology was highlighted. In addition, compared with natural talc, a highly
level of dispersion of talc layers has been obtained with the synthetic nanotalc which is more hydrophilic. Thus, this better dispersion greatly improves
the thermal stability of PP/PA6 blends and leads to better mechanical properties (+ 40% in Young’s modulus). © 2014 Wiley Periodicals, Inc. J. Appl.

Polym. Sci. 2014, 131, 40453.
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INTRODUCTION

The development of polymer blend based materials has
attracted great interest over the past several decades and is
currently considered as a very active area of science and tech-
nology of great economic importance allowing to synthesize
materials with enhanced performances through a low-cost
processing. Unfortunately, most of polymers are not miscible.
A compatibilizing method is required to achieve satisfactory
interfacial adhesion between two immiscible components.
Polymer blends are usually prepared by melt processing, and
thus the morphological structure of the polymer blends will
be governed by different parameters: (i) the shear rate (shear
stress) applied to the blend during mixing," (ii) the composi-
tion of the blend, (iii) the interfacial tension,” (iv) the viscos-
ity ratio (ratio of the viscosity of the dispersed phase to that
of the matrix),” and (v) the processing parameters such as
time of mixing, addition of the compatibilizer, etc.*

© 2014 Wiley Periodicals, Inc.
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Typical examples of immiscible polymers are blends of polypro-
pylene (PP) and polyamide (PA6). In fact, they represent two
important classes of polymers with complementary properties.
For blends containing a PP-rich phase, the polyamide was
added because it provides mainly good heat resistance and good
tensile properties. However, for PA6-rich blends, the main rea-
sons to mix it with polypropylene have been the need to
improve dimensional stability especially in humidity, to reduce
water absorption, and to improve impact resistance of polyam-
ide. Research activities concerning the compatibilization of
polypropylene and polyamide 6 date back to 1974, when Ide
and Hasegawa® used maleic anhydride grafted PP (PP-g-MA) as
a compatibilizer between PP and PA6. However, PP-g-MA must
be added in a large amount (around 20 wt %) to achieve the
desired properties leading to an increase in the price of the final
product. More recently, ionomers have been also demonstrated
by Willis and Favis® to act as compatibilizers between polyole-
fins and polyamides even with a small amount. The ionomer
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Table I. Composition of the Polymer Blends Used

m(PP):m(PAB):m(talc)

Sample Designation (wt %)

Bo PP:PAG 80 :20:0
By PP:PAG:A3 80 :16:4
B> PP:PAG:HT 80 :16:4

used was (Surlyn® 9020) based on the methacrylic acid func-
tional groups partially neutralized with zinc ions. They con-
cluded that the addition of only 0.5 wt % of the ionomer was
sufficient to produce the finest dispersion of the PA6 minor
component in the PP matrix due mainly to the strong hydrogen
bonding interactions occurring between the ionomer and the
polyamide. Also, the mode of addition of the interfacial agent
was found to be an important parameter determining the
resulting blend morphology.”

Unfortunately, the addition of most of the compatibilizers previ-
ously used induces a significant loss of blend stiffness. Thus, nano-
particles, especially organically modified clay (organoclay), have
then attracted great interest because the nanofiller can play the role
of both structural reinforcement and compatibilizer for several
types of immiscible polymer blends.*” The use of organoclays as
compatibilizers may be suitable for polymer blends with a low proc-
essing temperature. Nevertheless, for polymers which require high
melt processing temperatures, e.g., polyethylene terephtalate, poly-
amide and polycarbonate, the degradation of the organic surfactant
might lead to a drastic change in the surface energy of the organo-
clay' and a subsequent degradation of the polymer during melt
processing which would greatly influence polymer matrix character-
istics and would decrease the desired levels of blend properties.'"'?
For overcome these limitations, unmodified solid nanoparticles
(without surfactants) such as carbon nanotubes,"® carbon black,"
silica,">'® and glass,'” have been used for this purpose. Researchers
have proposed several explanations on the compatibilizing effect of
the unmodified nanoparticles to immiscible polymer blends
depending on the localisation of the filler in the blend. The clay pla-
telets have been located either at the interface,'®'
phase”®? as well as in the matrix (the continuous phase)** or in
both components (minor and rich-phase)*>*® of polymer blends.

in the minor

In the first configuration, it is now well established that the
polymer chains can be physically adsorbed on the clay platelets
during melt compounding due to their large specific surface
area and act as an effective copolymer which induces a reduc-
tion of the interfacial tension.'” When the clay platelets are dis-
persed mainly in the continuous phase or in both components,
the viscosity ratio between the dispersed phase and continuous
one is dramatically changed which can significantly influence
the deformability, the breakup of the droplets and therefore the
morphological structure of the blend.” Recently, some works®’
have investigated the mechanism of compatibilization of immis-
cible polymer blends by using non-functionalized nanoparticles
exclusively located in the minor phase of the blend. The authors
studied the influence of T;O, nanofillers on the morphology
and crystallization behaviour of PA6 in the 70PS/30PA6 blend.
Using TEM analysis, they observed that most of the T;O, nano-
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particles were selectively located in the PA6 phase more hydro-
philic. The size of the PA6 dispersed domains was decreased
upon addition of T;0, nanoparticles. This decrease had a signif-
icant effect on the crystallization behaviour of PA6 phase.

In this work, unmodified new nanosized talc fillers were added
to act as effective compatibilizers of particular polyolefin/poly-
amide compounds processed by melt blending. Two kinds of
talc were compared an hydrophobic microsized natural talc and
an hydrophilic nanosized synthetic one. The role of the surface
characteristics of talc has been highlighted. Then, the positive
changes induced by the nanotalc on the final morphology, the
crystallization kinetics, thermal and mechanical properties of
the blends have been detailed throughout in this study.

EXPERIMENTAL

Raw Materials

Polypropylene HP500N (density 0.9 g/cm’, molecular weight
260 kg/mol, polydispersity index 3.3, melt flow index 12 g/10
min [230°C, 2.16 kg], melting temperature 167°C) was supplied
by LyondellBasell (France). Polyamide 6 (PA6) under commer-
cial name Technyl S-27 BL (density 1.13 g/cm’, melting temper-
ature 222°C, melt flow index 24 g/10 min [230°C, 2.16 kg]) was
produced by Rhodia Engineering Plastics (France). The natural
talc used (Luzenac A3) with a medium particle size dso of
1.2 um and a specific surface area of 14 m* g~ ' was supplied by
Imerys (France). Synthetic talc was provided by the GET Labo-
ratory (Toulouse University, France).

The abbreviation A3 will be attributed to the natural talc and
HT will designate the hydrothermal synthetic talc.

Synthesis of Talc

Nanometric talcs were synthesized at GET Laboratory (Univer-
sity of Paul Sabatier, France) according to a hydrothermal pro-
cess developed by Le Roux et al.*® The synthetic talc with a
specific surface area of 131 m”.g~"', corresponding/equivalent to
the 6H-talc sample studied by Le Roux et al.,” was used as a
gel (output of the synthesis reactor).

Processing and Characterization of the Polymer Blends
Blends Preparation. Before extrusion, PA6 pellets were dried in
a vacuum oven overnight at 80°C. All polymer blends were pre-
pared using a conical co-rotating twin screw DSM micro-
compounder at a rotation speed of 240 rpm and the mixture
was sheared for about 10 min at 240°C under a nitrogen flow
rate of 1.5 bar with and without the presence of talc. All the
compositions of the blends are shown in Table I.

For morphology and mechanical characterization, the com-
pounds were injected in a 10 cm’® mold at 80°C with a labora-
tory injection molding machine (DSM Xplore 12 ml Micro-
injection Molder, Nederland) to obtain disk or dumbbell-
shaped specimens.

Characterization. Surface energy of natural and synthetic talc
was determined with the sessile drop method on a GBX goni-
ometer. From contact angle measurements with water and diio-
domethane as test liquids on pressed modified talc disks, polar,
and dispersive components of surface energy were determined
using the Owens—Wendt theory.”
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Table II. Total, Polar, and Dispersive Components of the Surface Energy at 20°C on Different Talcs Determined from Contact Angles with Water and

Diiodomethane (Measurements on Pressed Talc Powders)

Talc Owater (°) Ochziz (©) y polar (mN/m) y dispersive (mN/m) y total (mN/m)
HT 342+14 484 +1.3 29.6 35.1 64.7
A3 59.7+31 429+23 13.2 38.1 51.3

Thermogravimetric analyses (TGA) of PP/PA6 and PP/PA6/talc
were performed on a Q500 thermogravimetric analyzer (TA
instruments). The samples were heated from 30 to 700°C at a
rate of 20 K min~" under air flow.

X-ray diffraction spectra (XRD) were collected on a Bruker D8
Advance X-ray diffractometer at the H. Longchambon diffrac-
tometry center. A bent quartz monochromator was used to select
the Cu-Ko radiation (k= 0.15406 nm) and run under operating
conditions of 45 mA and 33 kV in Bragg—Brentano geometry. The
angle range scanned is 1-10° 20 for the talc and polymer blends.

Transmission electron microscopy (TEM) was carried out at the
Technical Center of Microstructures (University of Lyon) on a
Phillips CM 120 microscope operating at 80 kV to characterize
the distribution of talc particles in the blends. The samples were
cut using an ultramicrotome equipped with a diamond knife, to
obtain 60-nm thick ultrathin sections. Then, the sections were
set on copper grids. Image] Software (U.S. National Institutes of
Health) was used to estimate the average PA6 domain diameters
and their distribution in each sample. A minimum of 200 par-
ticles were analyzed for each composition.

The specimens were analyzed by scanning electron microscopy
(SEM) on a Phillips XL20 microscope equipped with an energy
dispersive spectroscopic (EDS) microanalysis system which used
to probe the localization of talc particles in each phase of the
binary PP/PA6 polymer blends. For each sample, several (SEM-
EDS) images taken at different locations of the sample were col-
lected for statistical analysis. The SEM apparatus was working
with a tension of acceleration of 15 KV and a probe current of
130 pA. The specimens were fractured in liquid nitrogen and
then coated with gold to avoid charging on the fractured surface
prior to the SEM observations.

DSC measurements were carried out by using Q20 (TA instru-
ments) in the range of 10°C to 270°C. The samples were kept
for 3 min at 270°C to erase the thermal history before being
heated or cooled at a rate of 10 K min~' under nitrogen flow
of 50 mL/min. The integration of the exothermic peaks during
the non-isothermal crystallization process was carried out to
calculate the relative crystallinity as a function of time. The half
crystallization time #'/%, represents the time needed to achieve
50% of the entire crystallization kinetics.

The crystallinity y. (%) of PP and PA6 phases in the blend were

calculated by using the following eq. (1):
H

—— X100
0.4y

A
Le(%)= AL (1)

where AH is the specific melting enthalpy of the sample meas-
ured in the second heating cycle of DSC experiments, AH’ is
the theoretical melting enthalpy of the 100% crystalline polymer
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matrix (209 J/g for PP>' and 190 J/g for PA6®* and w is the
weight fraction of PP or PA6 in the blend.

Uniaxial tensile measurements (elongation at break) were taken
using a MTS 2/M electromechanical testing system at 22 + 1°C
and 50 = 5% relative humidity and were performed with a
speed of 40 mm min~'. Young’s modulus measurements were
taken by means of an extensometer using an Instron 4301
machine at a cross-head speed of 1 mm min~'. A minimum of
five tensile specimens were tested for each reported value.

The rheological properties were measured in steady shear modes
using an ARES rheometer (Rheometrics Scientific) between par-
allel circular plates with 1 mm gap in a heating chamber. The
viscosity was measured at various apparent shear rates increas-
ing from 0.1 to 100 s~ ' at 240°C.

RESULTS AND DISCUSSION

Surface Energy of Talc Fillers and Polymers

The contact angles and surface energy determined by the sessile drop
method on pressed talc powders are summarized in Table II. We can
observe that the dispersive component is almost similar but the polar
component remains the most variable. As synthetic talc has a larger
specific surface area than natural talc A3 one, a higher polar compo-
nent is obtained (29.6 mN/m instead of 13.2 mN/m). In fact, this
difference in polarity can be explained by a overriding presence of
hydroxyl groups on the talc layer edges which depends on the spe-
cific surface area of nanoparticles. In addition, these values of surface
energy determined from contact angle measurements on compressed
powders of talc are supported in the literature.”*** However, what-
ever the type of talc used, their surface tension is closer to polyamide
6 matrix one compared with PP matrix one (Table III).

CHARACTERIZATION OF PP/PA6/TALC TERNARY BLENDS

Morphology of PP/PA6/Talc Blends

Scanning Electron Microscopy (SEM) Combined with Energy
Dispersive Spectroscopic Microanalysis (EDS). To highlight
the affinity of synthetic and natural talc towards the polyamide
6 matrix, the distribution of talc particles has been studied and

Table III. Total, Polar, and Dispersive Components of the Surface Energy
at 20°C and 240°C of Polypropylene and Polyamide 6 from Literature

y polar y dispersive y total
Temperature Polymer  (mN/m)  (mN/m) (mN/m)
20°C PP3% 0.4 28.6 29.0
20°C PAGS6 29.1 23.8 52.9
240°C PP37 0.3 17.0 17.3
240°C PAGS7 9.5 27.7 37.2
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Figure 1. The backscattered electron image of HT talc filled PP/PA6 blends. The Energy dispersive X-ray element analysis spectra (1), (2) of different

locations in PA6 domains, and (3) for PP matrix. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

revealed by scanning electron microscopy (SEM) combined to
energy dispersive X-ray microanalysis (EDS) in order to deter-
mine the exact location of the talc particles in PP/PA6 blends.
SEM micrographs carried out on the polymer blends processed
with 4 wt % of natural and synthetic talcs are reported in
Figures 1 and 2. In addition, the fractured sections were
observed perpendicularly to the injection flow (transversal
direction). During the fracture process, many domains can
pulled away from their previous positions leading to deep holes.
In the case of unfilled PP/PA6 blends, large diameters of PA6
domains are observed and the interface was clearly visible,
which was typical of poor interfacial bonding.

The backscattered electron (BSE) image of PP/PA6/HT blends
shows a contrast between the PA6 domains and the PP matrix
which indicates that the talc fillers are most likely located in
PA6 phase because talc fillers have a higher atomic number
than the polymer. The characteristic peaks of the oxygen, mag-
nesium and silicon characteristics of the talc particles appear
only in PA6 phase. In the opposite, the peak of the carbon
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mainly deriving from the polymer chains as well as the absence
of the couple of elements (Mg, Si) in polypropylene matrix sug-
gest that the talc is embedded within the PA6 phase. These
results confirm that synthetic talc has a much higher affinity for
PA6 phase via strong polar-polar interactions. Indeed, since the
PP/PA6 blend components have different surface tensions,
hydrophilic talc particles are more inclined to be located in the
most polar polymer phase having the higher surface tension
(PA6) to minimize the interfacial tension.”? There are many
data concerning this type of solid filler selective adsorption
within one phase of the blend which confirms this point of

view.?>?

Figure 2 shows the backscattered electron image of PP/PA6
blends filled with 4 wt % of natural talc A3. The EDS spectra
(1), (2) in different parts of PA6 particles and (3) in PP matrix
are presented in Figure 2. As with PP/PA6/HT systems, the nat-
ural talc A3 prefers to be located in PA6 nodules instead of the
matrix PP. In fact, we found the characteristic elements of talc
(Mg, Si) when the cursor is placed in PA6 domains (1), (2) and

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40453
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Figure 2. The backscattered electron image of natural talc A3 filled PP/PA6 blends. The Energy dispersive X-ray element analysis spectra (1), (2) of dif-

ferent locations in PA6 nodule, and (3) for PP matrix. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

disappear when it comes to a point in the PP matrix (3). Con-
sequently, the natural talc A3 has an exclusive localization in
the minor PA6 phase. This observation has also been proven by
Ersoy and Nugay,” Gahleitner et al.>* in similar systems.

In addition, the localization of the talc particles can be pre-
dicted also theoretically by the calculation of the wetting coeffi-
cient m, according to the following equation:*®

g Ttale-PP ~Vtalc-PAG )

7PP-PAG

where Vwicpp Vwlcpas and Ypp_pas are the interfacial energies
between talc and PP matrix, between talc and PA6 and between
PP and PAG6, respectively. The values of the different interfacial
energies at 240°C were calculated from the values of surface
energy (Tables II and III) using the equation of Good-

Girifalco:*®
P12 =V1 72724/ Y18 =24 /9578 (3)

If —1<w,<1, the talc will be localized at the interface between
the matrix and the dispersed phase. Otherwise, the talc will be
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preferentially localized in PA6 phase when w,>1. In conclu-
sion, the wetting coefficient values of natural talc A3 and syn-
thetic talc HT were 1.63 and 2.74, respectively. Based on these
values and on the SEM micrographs, the natural and synthetic
talc would be localized inside the PA6 phase. On the other
hand, it has been found that the migration of particles from the
incorporated phase in the early stages of mixing toward their
preferred phase is easier when the preferred domains are less
viscous.” In our case, the melt flow index at 230°C of pure PA6
was higher than that of PP. Therefore, nanotalc could easily dis-
perse in the PA6 phase than in the PP matrix.

SEM and TEM Analysis. In order to probe at a nanometric
scale the different morphologies of the ternary blends, the dis-
tribution and the dispersion of PA6 domains but also of the
talc particles in polypropylene/polyamide 6 blends, Scanning
and transmission electronic microscopy on the PP/PA6 blend
(without talc) and PP/PAG6 filled with natural and synthetic talc
have been analysed. SEM micrographs are presented in Figure 3
and TEM micrographs are reported in Figure 4 where the dark
ellipsoid regions correspond to PA6 domains.

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40453
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PP/PAG6 PP/PA6/HT PP/PAG6/A3

Figure 4. TEM micrographs of the unfilled and talc filled PP/PA6 blends: (a) PP/PA6, (b) PP/PA6/A3, and (c) PP/PA6/HT.
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Figure 5. (a) Mean diameter and (b) size distribution of PA6 nodules obtained for the blends using Image] software.
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Figure 6. Magnification image illustrating the distribution of the a) syn-
thetic talc HT and b) natural talc A3 inside the PA6 nodule in continuous
PP matrix.

In the case of PP/PA6 blends without talc, large domains of
PA6 have been observed and calculated by image analysis
(diameter D =27.1 um in average). In addition, the existence of
a clear interphase is typical of morphology with a poor interfa-
cial bonding.

In contrast, the addition of talc induces a significant change in
the size and the shape of PA6 domains, particularly in the pres-
ence of synthetic talc. Indeed, the change of morphology indi-
cates that the compatibility of PP and PA6 is greatly improved
in the presence of talc. Synthetic talc (HT) leads to the highest
decrease of the PA6 nodules size (D=2.8 um in average) and
the better size homogeneity [Figures 4(b) and 5], whereas A3 is
slightly less efficient with a domain diameter of 8.9 um in aver-
age [Figures 4(c) and 5].

Mnk\;,?lfﬂs WWW.MATERIALSVIEWS.COM
1

WILEYONLINELIBRARY.COM/APP

40453 (7 of 12)

Applied Polymer

CIENCE

Figure 6 shows the TEM images of PP/PA6/HT and PP/PA6/A3
blends at high magnification. Dark lines were assigned to the
talc where individual nanosized plates are randomly distributed
and oriented in the PA6 nodule [Figure 6(a)] or present under
tactoid form inside the PA6 phase [Figure 6(b)]. It is useful to
mention that the nanotalc HT used in this study has not under-
gone any chemical treatment before compounding (unmodified
particles). Generally, in the case of montmorillonite (MMT), a
surface treatment is required to achieve a similar dispersion in
the same polymer.

The decrease of the PA6 domain size upon the talc addition can
be explained as follows: (i) in the case of natural talc A3 which
is exclusively localized in the dispersed phase in the form of
small aggregates, a novel mechanism of compatibilization
denoted “Cutting effect” was proposed by Zhu et al.* [Figure 7].
During the first stage, when compounded with the immiscible
PP/PA6 blends, the talc platelets spontaneously are confined in
the dispersed domains due to the low viscosity of PA6 phase, as
shown in Figure 7(a). Since the level of interactions between
natural talc fillers and polyamide is not strong enough (due to
their polarity differences), talc platelets will link together
through electrostatic interactions. In order to contain more talc
platelets, the fillers in PA6 domains aggregate together and form
a special “knife-like” structure. Therefore, the PA6 droplets are
torn up along the “clay knife” as shown in Figure 7(b). With
further growing, the “clay knife” is strong enough to completely
“split” the dispersed PA6 domains apart, and the morphology
evolution develops as shown in Figure 7(c). In this stage, more
dispersed PA6 droplets are broken up, leading to the reduction
of the domain size. (ii) In presence of synthetic talc, another
mechanism is suggested to explain the compatibilization
induced by the high delamination of nanotalc in the polyamide
phase based on the encapsulation of PA6 domains in a three-
dimensional network of nanoparticles as mentioned by Cai
et al.*” and Ou et al.** in the case of T;O, filled PS/PA6 and
PP/PA6 blends respectively (Figure 8). They found that in all
cases, T;O, nanoparticles were preferentially located inside PA6
nodules. When T;0, nanofillers were poorly dispersed in the
PP/PA6 blends, the dispersed PA6 phase particles are large and
irregularly shaped. However, the shape of the dispersed PA6
domains are became regular and a finer morphology was
obtained in the case of functionalized T;O, that are more
hydrophilic nanofillers. Elias et al.”*' found similar trends in
the case of nanosilica filled PP (80)/ EVA (20) blends. Com-
pared with the hydrophobic nanosilica, the hydrophilic one has
more affinity with EVA minor phase and the final morphology
was the most thermodynamically stable one. Thus, when the
nanoparticles are well distributed inside the dispersed phase,
they can form a three-dimensional network and the droplets
will be trapped in the array of nanoparticles. The mechanical
stability of the network formed reduces the rate of coalescence
leading to a significant reduction of the dispersed domain
size.’® To verify this assumption, the rheological measurements
(steady state viscosity—shear rate curves) of PP, PA6 matrix and
PA6/HT nanocomposites are performed (Figure 9). It seems
that the addition of synthetic nanotalc (4 wt % of HT) induces
a significant increase in the viscosity of PA matrix. At a shear

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40453
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Figure 7. (a)-(c) showing the compatibilization mechanism of clay in immiscible polymer blends according to Zhu’s mechanism.” Clay tactoids acts

like a “knife” thereby reducing dispersed domain size due to shear stress generated during mixing.

rate of 1 s~ ', the viscosity of PP matrix was 580 Pa s and for
polyamide matrix the viscosity increased from 113 Pa s in the
case of unfilled PA6 to 235 Pa s for PA6/HT blends. This
increase of the viscosity in the presence of talc platelets would
be even greater if the concentration of talc is more important.
Note also that the presence of talc not affect the interfacial ten-
sion since it does not contain chemical compatibilizer
(untreated particles). According to Wu’s theory,*?
dispersed domains are obtained when the viscosity ratio
((n(droplet)/n(matrix)) is about unity. As the viscosity ratio
decreases below unity, the dispersed particles become larger.
However, in our case, the incorporation of synthetic nanotalc
induces an increase of the viscosity ratio (17(PA6/HT)/nPP) but
still below unity. This can support the above-mentioned mecha-
nism and the decrease in the size of PA6 dispersed particles. Si
et al.¥’ reveal that the size and aspect ratio of solid fillers play
also a major role in the stability of the morphology in melt
mixed multiphase polymer blends. They proved that high aspect
ratio objects are more efficient in reducing the dispersed
domain size as compared with low aspect ratio fillers. Indeed,
the compatibilizing effect is dependent on the surface area of
the filler and its ability to disperse in the polymer melt. The

the smallest
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(@] @
Breakup

—

Under shear ~
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d —)
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Figure 8. Compatlblhzanon mechanism induced by nanoscale exfoliated

talc fillers in the dispersed phase of PP/PA6 blends. The arrows among
particles show the ability of droplets to oppose to coalescence.
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presence of tactoids greatly reduces the interface contact and
wetting between the platelets and polymer chains which induces
a less stabilization effect.

Structural Analysis of Talc and PP/PA6/Talc Blends by XRD
As TEM provides only a local view of the dispersion state of
talc in PP/PA6 blends, further analysis using X-ray diffraction
providing bulk data have been carried out. In fact, according to
the literature, when the peaks disappear below 10° 20, the exfo-
liation of fillers in the polymer blends is proven. X-ray diffrac-
tion patterns of raw synthetic and natural talc and the
corresponding PA6/talc or PP/PA6/talc composites are summar-
ized in Figure 10(a,b).

The shape of the XRD curves of the ternary PP/PA6/HT and
PP/PA6/A3 blends was very similar to the XRD curves of their
corresponding PA6/talc samples, which implies that the disper-
sion mode of talc particles in PP/PA6 blends was governed by
the strong interactions between talc and PA6 phase.

Concerning the PP/PA6/HT blends, the disappearance of the
characteristic peak (at 20 =9.1°) suggests the exfoliation of the

10000 .
* PP
* PA6
w _ ¢ PAG+HT
@ 1000 |- o : 5 1
< S R
= . ® R R
2] . = S i i L}
8 00 L B s ibccsvmpssss s fonenes Sisdio]
>
10 i i
1 10
Rate (3'1)

Figure 9. Steady state viscosity as a function of shear rate obtained for
PP, PA6 matrix, and PA6/HT (4 wt %) nanocomposites at 240°C.
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Figure 10. X-ray diffraction patterns of pure talc powder (ssm®mmm), PA6/
talc binary nanocomposites (mmm), and PP/PA6/talc ternary blends ().

talc layers within the PA6 nodules which confirms the TEM
observations (Figure 4). Its highly polar character and its high
ability to create strong acid-base interactions with the functional
groups of polyamide 6 are the main reasons which explain the
strong interfacial interactions generated between the synthetic
talc and the polar matrix.**

In the opposite, the XRD spectra of natural talc filled PP/PA6
composites reveals almost no change concerning the peak posi-
tion which indicates that the natural talc layers exist as aggre-
gates within the nodules of PA6 since the natural talc lamellae
have been found preferentially localized in the minor PA6 phase
in the form of tactoids according to the previous TEM micro-
graphs (Figure 4). Similar morphological was
observed by Gahleitner et al. in the case of the unmodified
montmorillonite filled PP/PA6 blends.”” In fact, the authors

structure

(a)100
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Figure 11. Evolution of weight loss as a function of temperature (TGA) and derivative of TGA curves (DTG) of PP/PA6 blend without talc and with

natural and synthetic talc (heating rate: 20 K min~'; air atmosphere).
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Table IV. T, (Blend), Tax(PP), and T,,.(PA6) of PP/PA6 Blend with-
out Talc and PP/PA6 Blend Filled with Natural or Synthetic Talc

Sample Tonset (°C) Trmax PP (°C) Trmax PAG (°C)
PP/PAG 291.7 360.3 456.8
PP/PAB/HT 314.4 396.3 480.0
PP/PAG/A3 302.4 354.5 453.1

highlighted that the natural montmorillonite (MMT) was
strongly aggregated in PA6 phase and only a surface treatment
of the clay by cationic exchange improved the dispersion of
clay in PA6 phase.

Thermal Stability of PP/PA6/Talc Blends

The degradation mechanisms of PP/PA6/talc blends have been
studied by thermogravimetric analyses (TGA). Figure 11 shows
the evolution of the weight loss as a function of temperature as
well as the corresponding derivative curves of PP/PA6 blend
without talc and with natural and synthetic talc. The onset tem-
perature of degradation T,,s.c of PP/PA6/talc samples, the maxi-
mum decomposition temperature T, of PP/PA6 blend are
presented in Table IV.

PP/PA6 blends undergo firstly the degradation of polypropylene
matrix followed by the degradation of the minority phase PAG6.
Tonset temperature of the unfilled blends was 291.7°C and the
maximum decomposition temperature T, of PP matrix and
PA6 phase are 360.3 and 456.8°C, respectively. Unlike natural talc
A3, the addition of synthetic talc in polymer blend has a positive
effect on the thermal stability of PP/PA6 blends via the increase in
their Tynsee (+23°C) and especially a good improvement in Tj.y
of the PP phase (+36°C) and in T, of the PA6 component
(+23°C). This result is consistent with what is found by Zhu
et al.*’ in the case of MMT filled polypropylene/polystyrene
nanocomposites. The authors suggested that the better the disper-
sion of clay in the dispersed phase (PS domains), the higher the
thermal stability of the blends. Therefore, the presence of exfoli-
ated silicate layers may be the main reason for the enhanced ther-
mal stability of the compatibilized PP/PA6/HT hybrid.

25 T
(B)** —phipne |
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£
E T BN, A AU 1 N SN S
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Table V. Summary of Thermal Properties of Unfilled PP/PA6 and Talc Filled PP/PA6 Composites Estimated from DSC Studies

Echantilon  TPP)(*C) T.PAG(C) tY2(PP)(min) V2 (PAG)(min) Tn(PP) (°C) Tn(PAB) Q) 7o (PP)(%) 1 (PAG) (%)
PPIPA6 1221 1918 2.94 595 164.0 221.9 461 277
PPIPAG/A3 1221 1946 3.00 572 164.9 2221 47.9 28.3
PPIPAG/HT 1213  186.0 3.02 6.58 166.0 219.2 46.2 421
(a) 100 ; (b)100 : : !
) E ~ ||~ PRIPA6
2 L | <~PPIPAGHT| 4
£ = ] 3
E 60 + E 60 .
7 &
O 40+ G 40 |
2 2
3 > PPIPAB/HT| g =
i ~~PP/PAG/A3|
00 2 4 6 8 10 00 o 2 4 6 8 10
Time (min) Time (min)

Figure 12. (a) Relative crystallinity as a function of time for the unfilled and talc filled PP/PA6/blends in (a) PP phase and (b) PA6 phase.

Effect of Talc Particles on Crystallization Behaviour of PP/
PA6 Blends

Table V summarizes the melting and crystallization tempera-
tures of unfilled PP/PA6 binary blends and PP/PA6/talc ternary
blends. T,,, T. designate the melting and crystallisation tempera-
tures respectively, which are determined as the maximum of
melting and crystallization peak from second heating and cool-
ing respectively. '/ represents the time corresponding to 50%
of the relative crystallinity. y. (%) is the percent crystallinity of
PP and PA6 phases in the blend.

Looking at the curve reporting the relative crystallinity as a func-
tion of time (Figure 12), the crystallization behaviour of PP
matrix was almost unchanged regardless of the kind of talc intro-
duced. The half crystallization time /> and the degree of crystal-
linity y. remained constant. However, the crystallisation profile of
PA6 phase was influenced by the presence of talc. In fact, the nat-
ural talc A3 induces a nucleating effect with an acceleration of the
rate of crystallization of PA6 and an increase in the crystallization
temperature while the synthetic nanotalc HT induces an opposite
effect where a slow-down of crystallization kinetics was observed.
The degree of crystallinity of PA6 phase increases from y, of
27.7% in the unfilled PP/PA6 blends to y. of 42.1% in PP/PA6/
HT samples. Similar trends was observed by Zhang et al.*® which
investigated the effect of multiwalled carbon nanotubes on the
crystallisation behaviour of PA6/PP blends. The authors demon-
strated that the addition of MWNTs decreased the crystallization
rate of PA6 but increased the crystallinity of PA6 phase. According
to the literature, this particular behaviour could be explained
through the balance of the two opposite contributions of
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MWNTs. On the one hand, MWNTs acts as effective nucleating
agent in PA6, whereas on the other hand, the same MWNTs have
a confinement effect on spherulitic growth.*” Similar trend was
also observed by Cai and Wu®’ in the case of compatibilized PS/
PA6/T;O, blends. The presence of a higher number of synthetic
silicate platelets evenly distributed at nanometer level inside the
polyamide dispersed phase domains limits the growth of polyam-
ide crystallites between the exfoliated layered silicates. This indi-
cates that the compatibilisation process marginally slows the
crystallization rate of the PA6 phase. Indeed, Xu*® found in the
case of PP/PBT blends compatibilized by adding side-chain liquid
crystalline ionomer that the crystallization temperature of PBT
component shifted to a lower temperature with the addition of
SLCIL. According to the author, the T, of PBT component
decreased on compatibilization, indicating that SLCI phase acted
as a nucleating agent, and affected the crystallization rate of PBT.

Table VI. Mechanical Data from Tensile Tests Performed on Virgin PP/
PA6 and PP/PA6/Talc Blends

Sample PP/PA6  PP/PAB/A3  PP/PAG/HT
Young modulus (MPa) 1880 2140 2620
Standard deviation 16 199 294
Elongation at break (%) 17.2 37.2 9.0
Standard deviation 6.6 10.6 1.5

Yield stress (MPa) 28.8 37.8 31.6
Standard deviation 1.2 1.8 3.5
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to the high exfoliation of sheets that restricts chain mobility.
Using the same PP/PA6 (80/20) blends filled with nanosilica,
Laoutid et al.>> found that the nanofillers reduced the size of
the dispersed domains but at the same time acted as stress con-
centrating particles which reduced the ductility of the PP

CONCLUSIONS

The incorporation of new nanoscale talc particles in immiscible
PP/PA6 blends has resulted in remarkable improvements in the
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Figure 13. Stress—strain tensile curves for PP/PA6, PP/PA6/HT and PP/
PA6/A3 blends.

Such a decrease in the crystallization temperature is known to
enhance the compatibilization of immiscible mixtures."* ™"

Mechanical Properties of PP/PA6/Talc Blends

The mechanical properties of the binary PP/PA6 and ternary
PP/PA6/talc compounds with 4 wt % of talc are detailed in
Table VI. Independently of talc used, an increase in Young’s
modulus was highlighted in talc filled ternary polymeric blends.
However, the higher value in modulus is obtained for PP/PA6
blend filled with synthetic talc particles. In fact, one significant
increase of 39.4% is observed (1880 MPa for the PP/PA6 blends
and 2620 MPa with synthetic talc). The natural talc filled sys-
tems show only 14% of increase of Young’s Modulus. This result
can be explained by the poor dispersion of natural talc in the
PA6 nodules.** However, compared with the neat blend, the
standard deviation of Young modulus increases for the blends
containing fillers probably due to the heterogeneity in the sam-
ples prepared on the mini-molding machine. It is interesting to
note that the trend of the Young’s modulus in the ternary PP/
PA6/talc composites depending on the kind of talc used looks
like PA6/talc systems previously studied** where the highest
elastic modulus was measured on PA6/HT nanocomposites.
This effect will be all the more important in the presence of
large amount of nanotalc. As talc has an exclusive preference
for the polar PA6 phase, the effective concentration of talc in
PA6 will be five times more important (20 wt % against 4 wt
%) which accentuates the reinforcing effect of talc on the
blend.*® compared with natural talc filled composites, the signif-
icant increase in the crystallinity of PA6 phase in the presence
of synthetic nanofillers can also partly explains the higher stiff-
ness of PP/PA6/HT nanocomposites. However, the elongation at
break was found to be better (higher ductility) in the presence
of PP/PA6/A3 systems than those prepared using the synthetic
talc nanofillers (Figure 13). This result may look surprising as
the morphology of this blend was composed of small PA6 nod-
ules compared with PP/PA6/A3 blends containing much larger
number of isolated microdomains. Similar behaviours were
observed by Kusmono et al.’> who showed that the addition of
an organoclay (montmorillonite-octadecylamine) as a compati-
bilizer for PP/PA6 blend led to an increase in the stiffness of the
blend but accompanied by a decrease in elongation at break due
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morphological structure evidenced by a dramatic reduction of
the dispersed domain size revealed by SEM and TEM analysis.

The results show clearly that the final properties of blends are
strongly linked to the hydrophilic/hydrophobic nature of talc
investigated. The natural talc induces a nucleating effect on the
PAG6 dispersed phase as observed from an increase in the tem-
perature of cristallization while the synthetic nanotalc gives an
opposite effect where a slow-down of crystallization kinetics was
observed. Such a decrease in the crystallization rate reflects the
compatibilization effect induced by the addition of synthetic
nanotalc. The strongest improvement in the thermal and
mechanical properties of the materials was obtained again in
the case of synthetic talc filled PP/PA6 nanocomposites. The
new synthetic talc particles appear as promising fillers that can
offer the “compatibilizer effect” for many immiscible polymer
blends very frequently used in many industrial fields.
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