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Morphological Parameters of PP/PA6 Blend
Measured In-Line During Extrusion
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Summary: An optical detector, assembled at a slit die at the exit of a twin screw
extruder was used to quantify in-line the extrusion of a PP/PA6 immiscible blend.
During the extrusion the detector respond according to the changes in concentration
and particle size of the polyamide 6 phase. The influence of dispersed phase
concentration was evaluated varying its concentration from o to 5% (w/w). Reduction
in the PA6 particle size was followed adding different amounts of polypropylene
grafted with acrylic acid (PP-g-AA), which acts as a compatibilizer. The normalized
detector signal intensity increases with an increase in PA6 concentration, due to an
increase in the number of scattering particles in the medium, and with a decrease in
its particle size. Plots of detector signal as a function of particle concentration and
size enabled the calculation of the extinction cross sections of the PA6 segregated
particles.
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Introduction

The morphology is an important feature
that enables the understanding of immisci-
ble polymer blend properties.[” Thus, these
properties are deeply affected by the size,
concentration, shape, and orientation of the
dispersed phase. Trying to get a better
control of the final morphology of polymer
blends, the processing of such material has
been studied in twin screw extruder, which
provides great mixture capacity and short
residence time when compared with single
screw extruders.*?! These features en-
able twin screw extruders to be used in
non-conventional processing, like reactive
extrusion, polymer compounding, and con-
trolled degradation.

During extrusion processing, the mor-
phology development has been studied
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constantly by many authors'*”! and impor-

tant parameters have been evaluated as
screw profile, distributive and disperse
mixing degree, reaction conversion, exten-
sion of degradation, and residence time
distribution.® ™ The interfacial adhesion
between phases is sometimes desirable
because most of the polymer blends are
incompatible and this fact may jeopardize
the final properties of the blend. In order to
improve the interfacial properties some
strategies include the use of a compatibi-
lizer.16-181

Due to the interest in polymer blends
structure, works in literate have investi-
gated the morphology usually by electron
microscopy (scanning and transmission).
These techniques provide the true state of
the blend morphology; however, they are
off-line techniques that are costly and time
consuming. The literature reports an inter-
est in real time analysis of materials during
the processing stage. This characterization
includes a qualitative and quantitative
determination of mixtures composition,
rheological features, molecular structure,
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and morphological parameters.[m’%] These
trends have been taken place because they
allow quick control of the desirable prop-
erty (ies), and very often they collect
much more data than off-line measure-
ments, being more representative. In the
real-time analysis there is a simultaneous
characterization of the material during the
processing step which may be correlated
with operational parameters through mod-
els obtained from calibration.[?’~!

Theoretical Background

Many studies of real time analyses of poly-
mer blend morphology during extrusion are
concerned to the principle of electromag-
netic radiation extinction due to its inter-
action with particle.?**'?] The way the
radiation is extincted depends among many
things upon dispersed phase concentration
and size. When an electromagnetic radia-
tion reaches a set of particles placed in a
medium (Figure 1) the events that take
place are particle absorption (turning it in
another way of energy) and particle scatt-
ering. The sum of these effects is the light
extinction, which consists of an attenuation
of electromagnetic radiation when it inter-
acts with a set of scattering particles.*>34

In Figure 1 I is the intensity of incident
and I is the intensity of the transmitted light
beam. The ratio I/I; is called attenuation

factor (T) and is given by Equation 1%
I
—=T=-exp(—N-Cex 1)
Io
6-¢
= exp(— 7 D3 Cext - t) 1)

where N is the number of particles per
volume, C,,, is the extinction cross section, t
is the optical path thickness, ¢ the volumetric
fraction of particles and D the average
particle diameter. Thus, the attenuation
factor, and so, the transmitted light intensity
decreases in a medium with greater particle
concentration or having lower particle size.

Mélo and Canevarolo!'*3°! developed
an optical device to measure in-line resi-
dence time distribution (RTD) during
extrusion processing. The device produces
aradiation that reaches the molten polymer
being extruded through a transparent slit
die. The radiation interacts with the
dispersed phase, scattering light, reducing
the transmitted light intensity, which is
measured constantly. The optical detector
produces a signal (in voltage) that ranges
from a minimum set value called baseline
value (Vy), to the maximum value, called
saturation value (Vs), achieved when the
light path is totally blocked. The interval
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Figure 1.
Diagram of light extinction by a set of particles.

Copyright © 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.ms-journal.de



Macromol. Symp. 2006, 245-246, 347-354

AV (=Vg—V,) should be as high as
possible in order to increase the detector’s
workable range.

In the RTD analysis performed by Mélo
and Canevarolo!'**! a tracer is added in a
melt polymer flowing in a steady state
which disturbs the flow changing the
velocity and pressure profiles, yielding a
transient state. After flowing downstream
the tracer exits the extruder passing thro-
ugh the light path in the optical detector,
reducing the transmitted light intensity
tracer due to absorption and scattering by
the dispersed particles. According to Equa-
tionl the detector signal will be dependent
to the volumetric concentration and size of
the dispersed phase.

The purpose of this work is to infer
qualitative and quantitatively morphologi-
cal parameters (namely concentration and
particle size) in-line during extrusion of a
PP/PAG6 blend during steady state extrusion
using an improved version of the detector
described earlier. The in-line measure-
ments are corroborated with off-line ana-
lysis as infrared (FTIR) to evaluate the
second phase concentration and scanning
electron microscopy (SEM) to quantify the
morphology.

Experimental

Materials

A RP-347 polypropylene (PP) with MFI
10 g/10 min (Braskem, Brazil) was used as
the matrix. The second phase was a Technyl
polyamide 6 (PA6) with MFI 2.5 g/10 min
(Rhodia, Brazil), and its concentration of
final amine group, provided by the supplier,
equal to 372 peg/g. A polypropylene

/

grafted with acrylic acid (PP-g-AA) with
MFTI 40 g/10 min was used as compatibilizer
(Polybond 1001 from Uniroyal Chemical,
Brazil). The concentration of acrylic acid
groups was measured by titration following
an adapted methodology proposed by
Sclavons et al.’7l to quantify grafted maleic
anhydride. In a Soxhlet extractor 20 g of
PP-g-AA was fluxed with acetone in order
to extract all soluble substances. From this
portion, 1.5 g was taken and solubilized in
150 ml of xylene at 120°C. A volume of
10 ml was taken and titrated with a
methanolic 0.025 N KOH solution, using
phenolphthalein (1% in ethanol) as indi-
cator. This procedure was repeated six
times and averaged. The KOH solution had
been previously standardized with a 0.025 N
potassium biftalate, giving a normal con-
centration of acrylic acid equal to 502.8
peg/g. All polymers were used in pellet
form.

Extrusion Experiments

A ZSK-30 modular intermeshing corotat-
ing twin-screw extruder (Werner & Pflei-
derer, Germany) was used to process the
blends. The screw speed was 75 rpm, feed-
ing rate, 2 kg/h, and a constant temperature
profile for all zones at 240 °C. The materials
were fed in the extruder through gravi-
metric K-Tron feeders. The screw profile
used in this study is shown in Figure 2.

Samples Extrusion

In order to compensate some limitations of
the feeders, whose capability does not
allow feeding rates lower than 300 g/h,
the PP and PA6 were pre-blending with
5 and 10% PAG6 (w/w). These blends were
prepared in the screw profile presented
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Figure 2.
Screw profile used in this study.
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above (Figure 2), with screw speed of
200 min~' and total feed rate of 15 kg/h,
which provide a very short residence time
distribution, avoiding degradation of the
components. The pre-blended materials
were diluted to the desired concentration
from 1 to 5% of PA6 (w/w). The pre-blend
of 5% PAG6 was used to obtain blends with
1,2, and 3%, and the pre-blend of 10% PA6
was used to obtain 4 and 5% of PAG6.

To perform the examination of the influ-
ence of PA6 concentration on the detector
signal the pre-blend and pure polypropy-
lene were fed in different hoppers and they
were adjusted to provide the needed
concentrations. The detection system was
fitted at the slit die, the PP/PA6 blend
extrusion started and waited till reaching
the steady state, which was defined when
the data signal from the detector stabilized.
After reaching the steady state, data were
stored during 15 min. A sample was collec-
ted every 5 min for the off-line character-
izations. A run of pure PP was also carried
out in order to normalize the detector data.

In order to verify the influence of
the particle size of the dispersed phase on
the detector signal a PP/PA6 blend with 2%
of PA6 was extruded and when the steady
state was attained an amount of PP-g-AA
was added in the flow as a pulse. The
concentration of PP-g-A A varied from 2 to
4 g in each pulse. The total pulse weight
was always kept constant and equal to 4 g,
adding enough pure polypropylene to
complete the weight. This pulse procedure
represents the addition of the compatibili-
zer (PP-g-AA) as a transient state over the
steady state of the PP/PA6 blend.

Scanning Electron Microscopy

Samples collected from the extruder were
cryogenically fractured and the PA6 phase
was extracted with formic acid at room
temperature under vigorous stirring for
12 hours. Samples were fixed in metallic
support and sputtered with gold. SEM
analysis was performed in a Phillips XL-
30. The pictures were treated to enhance
the contrast between holes and matrix.

Copyright © 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Particles were counted and their average
diameters were calculated.

Infrared Analysis

Infrared analysis was performed as an off-
line corroboration of the in-line measure-
ments. Samples from extrusion runs were
hot pressed as films of 150 pm thickness at
240°C. A Perkin-Elmer Spectrum 1000
spectrophotometer was used, performing
32 scans at resolution of 1 cm ™', The absor-
bance at 1640 cm™ !, due to the amidic
bond,*®! was taken and normalized by the
peak absorbance at 2720 cm~',*") in order
to eliminate the effect in film thickness
variations, obtaining the amide group index
(T1640)-

Results and Discussion

Effect of PA6 Concentration in the
Detector’s Signal

The voltage signal stored during each run
was normalized according to Equation 2:

1\ . (Vs—Vq
log (1 — VN) = log (7\75 — V) (2)

being: Vyn the normalized signal, Vg the
saturation signal, related to a situation
with total extinction of light, V, the base-
line signal obtained extruding pure PP, and
V the signal value. Typical curves of the
normalized detector signal as function of
PA6 concentration obtained from steady
state analysis are shown in Figure 3.

0.5
3% PA6
0.4 " N
o7 031
- 1% PA6
:: 0.2 ;/\_/“v-
g oo
0% PA6
0.0 oS o~
0 200 400 600 800 1000
Time (s)
Figure 3.

Typical detector signal curves as a function of PA6
concentration and time.
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Figure 4.
Normalized signal as a function of PA6 concentration.
The regression line covers the data in the range of o
and 3%.

For better visualization the stored data
were averaged (VY) and plotted as function
of PA6 concentration, which are shown in
Figure 4.

The signal intensity increases with the
increase in PA6 concentration due to the
increase in the number of dispersed parti-
cles in the medium. The relation is linear in
the range between 0 to 3% PAG6 concentra-
tion; above this range the linearity is lost
due to the effect of multiple scattering.
Quantitative off-line infrared analysis was
used to check the concentration of the PA6
second phase. Three films were hot pres-
sed for each composition and analyzed in
10 different positions, performing 30
spectra per composition. Figure 5 shows
the amide group index, which is a linear
function of the PA6 concentration.

I1640

% PA6 (w /w)

Figure 5.
Amide group index as a function of the PA6 concen-
tration in the PP/PA6 blends.
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Figure 6.

Average particle diameter of the PA6 dispersed phase
as a function of its concentration in the PP/PA6
blends.

A small portion of each sample was also
taken and prepared for SEM observation.
Figure 6 shows the average particle dia-
meter as a function of the PA6 concentra-
tion in the PP/PAG6 blend. The particle size
increases with increasing PA6 concentra-
tion, which is due to the greater frequency
of collisions among non-stabilized particles,
leading to coalescence.

Effect of PA6 Particle Size in the

Detector’s Signal

The addition of a compatibilizer in a poly-
mer blend tend to reduce the interfacial
tension, stabilizing the morphology and
preventing coalescence thus reducing the
average particle size. Adding a pulse of
PP-g-AA on a extrusion flow of a PP/PA6
blend (with 2% PA®6) give rise to change in
the baseline, following a residence time
distribution RTD curve, dependent upon
its concentration. Figure 7 shows three
curves with their maximum intensity pro-
portional to the concentration (weight) of
the compatibilizer added as a pulse in
the PP/PA6 blend flow. Once the concen-
tration of dispersed phase was kept con-
stant, one can conclude that the change in
the normalized detector signal is due to
variations in the particle size of the dis-
persed phase, according to Equation 1.

In order to verify the effect of a pulse
of compatibilizer on the PP/PA6 blend
morphology the following setup was
done. During the steady state extrusion of
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Figure 7.

Change in the baseline of a PP/PA6 blend with 2% PA6
with the addition of varying weight of PP-g-AA in the
pulse.

the PP/PA6 blend samples without compa-
tibilizer were collected at the die exit.
Compatibilized samples were produced by
adding a pulse of PP-g-A A and collected at
the maximum of the RTD curves displayed
by the detector. Figure 8 shows the
morphology of these cryogenically frac-
tured PP/PA6 blends, in which the
extracted PA6 phase is seen as holes. The
increase in the compatibilizer concentra-
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Figure 9.

PA6 average particle diameter as function of the
PP-g-AA concentration.

tion as pulse weight decreases the particle
size of the PAG6 dispersed phase. An
average of 350 particles was measured in
order to calculate the equivalent average
particle diameter, which is shown in
Figure 9, plotted as function of the
compatibilizer concentration. This data
quantify the visual observation taken
from the micrographs, seen in the previous
figure. The plot shown in Figure 10 confirms

Figure 8.
PP/PA6 blend morphology, with PA6 concentration equal to 2% and PP-g-AA weight changing: a) 0 g; b) 2 g; ¢) 3
g d)4g
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Figure 10.
Detector signal as function of average particle
diameter.

the trend of increasing the normalized
signal at the peak (V) with the decrease
of the particle size, maintaining the con-
centration of the second phase constant.

Calculation of the PA6 Phase Extinction
Cross Section

Assuming that the detector signal is related
to the attenuation factor by the following
relation!'):

T=1-Vyn 3)
Equation 1 can be written as:

a1\ 260579 Co 1
SV 7 -D?

(4)

The volumetric fraction (¢) can be
calculated as a function of the PA6 concen-
tration in the blend through the Equation 5.

_ mpa6 - Ppp )
Mpp - Ppac + MPAG * Ppp
where m and p are the weight of polyamide
6 and polypropylene in the blend and its
density at 240 °C, respectively. Therefore,
the slope of a plot of the normalized detec-
tor signal as a function of the volumetric

Table 1.
Cext Values as function of average particle diameter.

PP-g-AA Average Particle Cext
weight (g) Diameter (wm) (107 m?
0 1.67 7.19
2 117 2.82
3 0.85 117
4 0.70 0.69
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Figure 11.

Correlation between squared average particle dia-
meter and extinction cross section.

fraction (Equation 4) yields the Cey value,
using the average particle diameter D as
shown in Fig. 9. Calculating the C.4 of PP/
PAG6 blends with volumetric concentration
up to 3% of PAG6 has given a value of 7.12 x
10~'* m% Extending to include the particle
size effect a plot of normalized detector
intensity as a function of particle size pro-
vides the C.y, value for each particle dia-
meter, which is shown in Table 1. The Cgy
value of uncompatibilized blend obtained
in this way (7.19 x 10'* m?) is very close
to he value obtained from the previous
method (7.12 x 10~'* m?). Figure 11 is a
plot of C. as a function of the squared
average particle diameter. The behavior is a
linear regression, setting a parabolic depen-
dence between C.y and particle size. This
gives a linear relationship between detector
signal and average particle diameter, as
seen in Figure 10.

Conclusions

The in-line optical detector set at the extru-
sion die exit was able to quantify the
concentration and particle size of the amide
phase in a PP/PA6 polymer blend. The
detector signal shifts to greater values,
proportionally to the increase in PAG6
concentration. The behavior is linear up
to 3%, above that multiple scattering effect
increases the transmitted light more than
expected (Eq 1). The addition of a PP-g-
AA compatibilizer in the extrusion flow of
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the immiscible PP/PA6 blend reduces the
particle size, proportionally to the com-
patibilizer concentration, increasing the
detector’s normalized signal. Plot of detec-
tor’s normalized signal as function of PA6
concentration and particle size enabled the
calculations of the extinction cross section
values for each average particle diameter. It
was also possible to observe that the extinc-
tion cross section of the PAG6 particles in a
PP matrix at 240 °C is a parabolic function
of the polyamide particle size.
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