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Abstract. Incompatible blends of cellulose acetate butyrate (CAB) and copolymer of ethylene, acrylic ester, and maleic an-
hydride (PE-Acr-MA) with a component ratio 70/30 vol% were prepared by melt extrusion at the rates of 150 and 500 rpm.
The goal was to modify weak impact properties of CAB. We showed that at a speed of 500 rpm, both small individual
(0.9 um in diameter) and large coalesced (2.3 um in diameter) particles of the PE-Acr-MA phase were formed; the impact
strength of the blend increased in 6.5 times as compared with that of pure CAB. However, at a melt mixing rate of 150 rpm,
the size of the individual PE-Acr-MA particles decreased in 3.8 times, whereas that of the coalesced particles diminished by
6.6 times; the impact strength of the blend increased in about 40 times as compared with that of pure CAB and reached the
values around and higher than 70 kJ/m?. The effect of the screw rotating speed on viscoelastic properties of each component
and their viscosity ratio was analyzed and shown to control blend morphology and mechanical properties.
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1. Introduction

By the middle of the last century, cellulose esters
were found to be principal polymers for the plastics
industry [1]. They were widely used due to their good
melt processability and relatively good mechanical
properties [2]. However, after the market entry of
synthetic petroleum-based polymers, such as poly-
olefins, the significance of cellulose esters has been
dramatically reduced. The reason for this reduction
was the high cost of highly purified cellulose in com-
parison with petroleum-based monomers, as well as
easier processability of polyolefins (for example, as
opposed to cellulose acetate, they do not need plasti-
cizers) [1, 3, 4]. Moreover, cellulose esters exhibit
relatively low impact resistance and elongation at
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break in comparison with those of petroleum-based
polymers.

Within the family of three main cellulose esters, cel-
lulose acetate butyrate (CAB) has the longest sub-
stituent which leads to lower glass transition and
melting temperatures, and, what is more important,
allowing processing the polymer without a plasticiz-
er at several tens of degrees below its degradation
temperature. CAB still finds certain applications as
microspheres for drug delivery [5-9], selective mem-
branes [10—-12], and orally disintegrating coatings
[13]. Additionally, the relevance of CAB is also grow-
ing now due to the human society orientation to-
wards products based on renewable raw materials
and biopolymers.
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As most of cellulose esters, CAB is brittle, with low
resistance to crack propagation. To overcome this
deficiency, blending is one of the solutions frequent-
ly used for petrol-based polymers. However, litera-
ture on the improvement of mechanical and, in par-
ticular, impact properties of CAB is very scarce.
Early patents from Bayer reported on using various
copolymers blended with CAB and sometimes
‘bridged’ with CAB through polymerized units of
the graft monomers. The examples of copolymers
used are ethylene vinyl ester copolymer [14]; graft
copolymer of ethylene vinyl ester copolymer having
grafted polymerized units of vinyl esters and/or alkyl
esters of acrylic and/or methacrylic acid and, option-
ally, C2-C4-olefins [15]; (meth)acrylic acid C1-C18-
alkyl esters, vinyl esters and/or alkyl esters of acrylic
and/or methacrylic acid and of C2-C4-a-olefins [16].
In all cases, an increase in the tensile and notched
impact properties were obtained, with the best results
of notched impact strength around 1213 kJ/m?[15,
16]. Another patent from Eastman also reports on
improvement by the mechanical properties of CAB
when blended with a copolymer of methyl acrylate-
butyl acrylate [17]. Notched impact strength of some
blends increased in slightly less than 3 times as com-
pared to the neat CAB.

Lignin esters were synthesized as biobased filler
with the goal to improve CAB mechanical proper-
ties. Their mixtures with CAB resulted in phase sep-
arated blends at all compositions [18]. Lignin esters
are oligomers in a glassy state, and being in dis-
persed phase on the nanoscale level, could potential-
ly reinforce CAB. This is what was observed: at a
concentration of lignin butyrate around 20 wt%, the
elastic modulus of the blend was increased by 20 %.
When lignin acetate was used, only one glass transi-
tion temperature was recorded, indicating that this
lignin ester behaves as a sort of plasticizer [18].
Several publications involving CAB mostly consider
it as a minor phase for improving or modifying the
mechanical properties of biobased thermoplastics
[19, 20]. For example, poly(B-hydroxybutyrate) (PHB)
was mixed with CAB with the goal to improve PHB
processability and impact resistance [19]. Various
methods confirmed that the components are miscible
in the melt state; tensile and impact properties of
CAB/PHB blends with CAB in minor phase were
improved [19]. A recent study of a blend of CAB
with another biodegradable thermoplastic, poly(buty-
lene succinate) (PBS), also showed that PBS and

CAB are miscible and crystallization rate of PBS was
significantly decreased in the presence of amorphous
CAB [20]. Young’s modulus and tensile strength fol-
lowed, more or less, the mixing rule while the elon-
gation at break showed a non-monotonous behavior
as a function of mixture composition, with a maxi-
mum at 40 wt% CAB [20]. The addition of CAB to
polylactic acid (PLA) strongly decreased PLA crys-
tallization even at low CAB loading, 0.5-1 wt%,
keeping crystallization mechanism the same [21].
As far as CAB blends with polyolefins and also
some polyesters are concerned, most of them show
phase separated morphology [22-28]. The immisci-
bility of components was used to make blends in
which CAB is in continuous phase and polyolefin or
polyester fillers (high density polyethylene (HDPE),
isotactic polypropylene (iPP), poly(ethylene tereph-
thalate) (PET), poly(trimethylene terephthalate)
(PTT), poly(butylenes terephthalate), and poly(eth-
ylene terephthalate-co-isophthalate)-poly(ethylene
glycol)) are in spherical, fibrillar, and lamellar mor-
phology [22-26]. For example, it was shown that the
particle size distribution of the fillers had a different
width: iPP 2.8-15.0 um, HDPE 2.0-19.0 um, PET
0.9-5.0 pum, and PTT 0.4—4.0 pm. A strong influence
of iPP content [23] and its molecular weight [24] in
the blend with CAB on the particle size of the dis-
persed phase was demonstrated. The influence of
poly[ethylene-co-(glycidyl methacrylate)] (PE-co-
GMA) compatibilizer on the size of low density
polyethylene (LDPE) dispersed in CAB was also
studied [25]. It was found that the introduction of a
compatibilizer and an increase in its concentration
significantly enhanced the interfacial adhesion and
strongly reduced the particle size of the polyolefin.
The mean diameter of the LDPE particles at their
content of 20 wt% in the blend was 2.8+1.4 um.
However, when 5 wt% of PE-co-GMA was added,
the particle diameter of the LDPE strongly decreased
to 0.7+0.3 um. Fourier transform infrared-attenuated
total reflectance (FTIR-ATR) spectroscopy showed
that epoxy groups of PE-co-GMA strongly interact-
ed with hydroxyl groups of CAB [25]. Unfortunate-
ly, the mechanical properties of these blends were
not reported.

Summarizing the analysis of available literature data,
it becomes clear that blending CAB with other poly-
mers for improving its impact properties is not well
studied. It is known that if willing to improve the im-
pact resistance of a polymer matrix, good dispersion
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of nanoscaled filler of narrow size distribution is
very important [19, 29]. To reach this goal, several
parameters, such as the adhesion between the com-
ponents and their viscosity ratio, which in turn de-
pends on the processing conditions, must be well
controlled [22, 24, 29].

In this work, we melt blended CAB with thermoplas-
tic functionalized polyolefin, such as copolymer of
ethylene, acrylic ester, and maleic anhydride (PE-
Acr-MA), at different mixing rates. The aim of the
work was to improve the impact properties of CAB
and establish a correlation with blend morphology.
The rheological properties of each component were
studied in detail. Viscosity ratio was calculated at
different temperatures and mixing rates using mod-
eling of extrusion process.

2. Materials and methods

2.1. Materials

Cellulose acetate butyrate CAB 531-1 (CAB in the
following) manufactured by Eastman (USA) was
used as a matrix. CAB has the degrees of substitu-
tion for acetate, butyrate and hydroxyl of 0.2, 2.4,
and 0.4, respectively, and a molecular weight of
40000 g/mol as given by the manufacturer. As elas-
tomeric filler, we used a thermoplastic functional-
ized polyolefin Lotader 4700, which is copolymer
of ethylene, acrylic ester, and maleic anhydride (PE-
Acr-MA) with maleic anhydride content 1.3 wt%,
kindly provided by Arkema (France). The physical
characteristics of the components are presented in
Table 1.

2.2. Differential scanning calorimetry

Melting and glass transition temperatures of CAB
were determined with differential scanning calorime-
ter DSC 4000 (Perkin Elmer). Three representative
thermograms are given in Figure 1. The first heating
scan was performed from —20 to 180 °C at 10 °C/min
to erase the thermal history of the polymer. After two
hours of temperature stabilization, cooling scan was
done from 180 to —20°C at 10°C/min. Finally, the
second heating scan from —20 to 180 °C at 10 °C/min
was performed. Glass transition temperature 7, was

0.9 4
x
w
06 //f

0.3 4

=)
=
o
=
g —0.34
I -

—064 e

Regime \'\ —
—0.9 4 — First heating

—— First cooling
—— Second heating

-1.2 : . : . : B T v T
0 40 80 120 160
Temperature [°C]

Figure 1. DSC thermograms of CAB, see the text for more
details.

recorded at the second heating scan, whereas melting
temperature 77, was recorded at the first heating
scan. No crystallization/melting was observed dur-
ing the first cooling and second heating scans what-
ever the cooling/heating rates (not shown, similar to
those in Figure 1), the latter varied from 0.1 to
10 °C/min. Once melted, CAB remains amorphous
polymer at room temperature. This phenomenon for
cellulose esters has already been reported [30, 31].

2.3. Preparation of blends and samples by
melt extrusion and injection

Before processing, CAB was vacuum dried at tem-
perature of 70 °C and pressure of around 100 mbar
for several hours. Then a dry mixture of CAB and
PE-Acr-MA 70/30 vol% was prepared. The com-
pounding was done using a twin-screw co-rotating
laboratory-scale extruder from Thermo Fisher,
Rheomex PTW 24 OS, with screw diameter 24 mm
and length 960 mm. The screw profile consisting of
alternating conveying and left-handed (mixing) zones
(2, 3,4, and 5) is shown in Figure 2. Neat CAB or the
CAB/PE-Acr-MA mixture was introduced in zone 1.
A gravimetric feeder, Brabender Twin Screw Feeder
DDW-MD3-DDSR20-10, was used and the flow
rate was 2 kg/h. Two screw speeds were used: 150
and 500 rpm. The extrudate was collected, cooled in

Table 1. Physical characteristics of the components as given by the manufacturers (in italic) and measured.

Component Density Melt-flow index at 190 °C under pressure 2.16 kg T, T

P [g/em?] [g-10 min™] [°C] [°C]

CAB 1.17 - 116 148
PE-Acr-MA 0.94 7 - 65
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Figure 2. Screw profile of the extruder (the matter is intro-
duced in zone 1 and mixing occurs in zones 2, 3,
4, and 5) and calculated temperature and shear rate
evolution along the screw for CAB at two rotation
speeds, 150 and 500 rpm.

water, and cut using a Hellweg M 50/80 granulator
into pellets of the size around and lower than 5 mm.
Neat CAB underwent the same thermomechanical
history as its blend for the adequate comparison.
Bar samples for testing the impact properties of ex-
truded CAB and CAB/PE-Acr-MA blends were pre-
pared using EcoPower 55-300 injection molding ma-
chine (Wittmann Battenfeld, Austria). The injection
speed was 15 cm?/s at pressure of 500-600 bar and
temperature 180°C. The samples were rectangular
bars of 80 mm length, 10 mm width, and 4 mm thick-
ness according ISO 179-1/1¢A norm.

2.4. Scanning electron microscopy

For scanning electron microscopy (SEM) observa-
tions the injected samples were cryofractured. The
fractured surface was metallized by a layer of gold-
palladium alloy with thickness ~10 nm using a met-
allizer manufactured by JEOL (Japan). The metal-
lized samples were analyzed using a Supra 40
SEM-FEG (Zeiss, Germany) at a vacuum of about
107 bar and at an accelerating voltage of 3.0 kV.

2.5. Statistical analysis of blends morphology

The analysis of blends morphology was performed
using SEM micrographs and statistical approach.
The SEM images were segmented with a standard
graphical software and planar particle areas S were
analyzed statistically using an ImageJ V. 1.51u (Na-
tional Institutes of Health, Bethesda, MD, USA)
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software. The number of segmented entities was not
less than 100, thus ensuring statistically representa-
tive results. For analysis of the blends morphology,
the statistical distribution 4(S) of the PE-Acr-MA
phase were analyzed using Equation (1) derived
from the model of reversible aggregation [32, 33]:

N
h(s)= Zaﬁ?exp(—LkA;tOi) (1)

i=1

where a is a normalizing parameter, Auy; is the en-
ergy of aggregation in the i-th statistical ensemble,
k is a Boltzmann constant, 7'is an absolute tempera-
ture, N is a total number of statistical ensembles, and
i is the number of the statistical ensemble. Applica-
tion of this model was successfully confirmed in our
previous works where morphology of melt extruded
composites based on biopolymers [34] and poly-
olefins [35-37], as well as the solution casted bio-
composites [38], has been analyzed.

2.6. Melt rheology

Dynamic oscillatory rheological tests were per-
formed on a strain controlled Advanced Rheometric
Expansion System rheometer (TA Instruments). Plate-
plate geometry was used with plates of 25 mm di-
ameter and a gap of 1.4 mm. A linear viscoelastic
regime was determined at 100 rad/s and 180 °C and
the strain used in the following was 5%. Neither
degradation nor cross-linking of CAB and PE-Acr-
MA occurred at the temperatures used in this work
as tested by measuring viscosity of the melt as a
function of time [28]. Both components did not show
any changes within the experimental errors. Fre-
quency sweeps for CAB and PE-Acr-MA were per-
formed from 10% to 1072 rad/s.

2.7. Impact tests

The impact tests were carried out with notched
Charpy method using a Ceast 9050 impact machine
(Instron, USA). The impact strength of CAB/PE-Acr-
MA prepared at 500 rpm was measured at a pendu-
lum velocity of 2.9 m/s and at impact energy of 1 J;
and of CAB/PE-Acr-MA prepared at 150 rpm at a
pendulum velocity of 3.8 m/s and impact energy of
7.5 ] as far as these samples were not breaking at
lower impact energy. Before testing, samples were
stored for three days at 20 °C and a relative humidity
of 50%. At least 10 samples per formulation were
measured.
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3. Results and discussion

3.1. Blends morphology

Figure 3a, 3b shows the representative SEM images
of the CAB/PE-Acr-MA injected samples prepared
at two screw speeds, 150 and 500 rpm. Similar re-
sults (not shown) were obtained for the blend after
extrusion. The micrographs demonstrate that the com-
ponents underwent phase separation with continuous
phase of the CAB matrix and the dispersed phase of
the PE-Acr-MA filler, the latter in the form of spher-
ical or elliptical particles. Other researchers have
also shown that iPP, PET, PTT, HDPE, PE-co-GMA,
LLDPE, and maleated linear low-density polyethyl-
ene (M-LLDPE), being blended with CAB, form a
dispersed phase as of a spherical or ellipsoidal shape

[22-26]. The size and the number of these aggre-
gates depend on the ratio of the components in the
mixture [23, 25], viscosity ratio of the CAB to the
filler [22, 24], molecular weight of the filler [24],
and adhesion of the filler phase to the CAB phase
[22, 26]. Particularly, PE fillers exhibit poor adhe-
sion to CAB resulting in formation of big PE parti-
cles in the CAB phase [22, 26]. However, PE-based
fillers functionalized with a small amount of MA
groups show a strong increase in adhesion and a de-
crease in interfacial tension with the CAB leading to
a strong reduction in size and dispersion of the filler
particles [25, 26]. In the blend under investigation,
interfacial regions show a rather good adhesion be-
tween the components. This effect is caused by the
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Figure 3. SEM images of CAB/PE-Acr-MA blends prepared at (a) 150 rpm and (b) 500 rpm and the statistical filler particles
planar area distributions at (c¢) 150 rpm and (d) 500 rpm analytically described with the model of reversible aggre-

gation (Equation (1)).
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reaction of polar groups in maleic anhydride in the
filler with hydroxyl groups of CAB, which reduces
a surface tension at the interface.

Figure 3¢, 3d shows the results of statistical analysis
and analytical description of the statistical size dis-
tribution of the dispersed phase using Equation (1).
It is clear that the model adequately describes the his-
tograms in its bimodal version (N = 2). It is known
that during mixing of incompatible molten polymers,
the continuous phase of minor component breaks and
disperses into individual droplets; some of them tend
to coalesce due to the increased frequency of colli-
sions between the droplets. Both processes, dispers-
ing and coalescing, occur simultaneously. This ex-
plains the presence of two statistical ensembles of
the filler particle size: the first one consists of small
individual particles, whereas the second one involves
the coalesced particles of larger size. The mean par-
ticle diameter of the filler, both in individual and co-
alesced statistical ensembles, at two screw rotation
speeds, 150 and 500 rpm, are presented in Table 2.

It can be seen that the filler particle diameters in both
statistical ensembles have the lowest values at
150 rpm (<d;> = 0.23 pm; <d>>= 0.35 um). Yet,
when the speed increases up to 500 rpm, the mean
particle size, both individual and coalesced, increas-
es in 4-7 times. The results obtained seem to be
counter-intuitive since normally increasing mixing
rates should produce a higher stress and thus an eas-
ier breakage of the minor phase. Here we consider,
in the first approximation, only shear forces. We be-
lieve that larger droplet size at higher rotating speed
is a result of ‘unfavorable’ evolution of the viscosity
ratio Meiler/Mmatrix With increasing rotation speed as
will be demonstrated below. Similar phenomenon was
reported by Sundararaj and Macosko [39] for poly-
propylene dispersed in polystyrene. Besides, Wang
and Sun [22] demonstrated a strong effect of the vis-
cosity ratio on the droplet size of the filler for the
blends of CAB with polyolefins and polyesters. For
example, they have shown that the particle size of the
minor phase (iPP) in the CAB matrix is proportional

to the viscosity ratio Ngje/Mmatix When CAB was melt-
blended with iPP of different molecular weights [24].

3.2. Melt viscosity analysis

In order to determine the viscosity ratio of the filler
and the matrix, PE-Acr-MA and CAB, respectively,
at 150 and 500 rpm, the viscosity of each component
at the corresponding temperatures and mixing rates
should be known. For this purpose, the evolution of
the temperature of the melt 7y, and shear rate y in
the extruder chamber was simulated using the Lu-
dovic® software developed by CEMEF (MINES
ParisTech) and INRA and marketed by the SCC com-
pany (Sciences Computers Consultants, Saint Etienne,
France) [40]. It is a 1D model based on continuum
mechanics, which solves the Stokes equations within
the framework of simplified geometry and kinemat-
ics, to simulate the whole extrusion process, from the
introduction of solid polymer pellets in the hopper
to the die exit. This software has been extensively val-
idated by experimental approaches [41] and showed
a good fit with more elaborated 3D models [42].

To perform the simulation, it is necessary to know
the general rheological properties of the extruded
fluid. Because CAB forms the continuous phase, its
viscosity was used to estimate Ty, and y profiles
along extruder screw. The dynamic viscosity of CAB
was measured at various temperatures; an example
is shown in Figure 4. These data were used to apply
time-temperature superposition and build a master
plot for the complex viscosity of CAB at the reference
temperature 180 °C (Figure 5). Solid line corresponds
to Carreau-Yasuda model fit (Equation (2)), and the
corresponding fitting parameters are given in Table 3:

m—1
a

n*(®)=n0~aT[1+(7»~oa~aT)a] (2)
where 1 is zero-shear rate viscosity, o is frequency,
art 1s the shift factor, A is the characteristic time, m 1s
the pseudo-plasticity index, and «a a fitting parameter.
The parameters were calculated with the least squares
approximation by minimising the error between the

Table 2. Mean particle diameters, viscosity ratio and impact strength at two screw rotation speeds for the systems studied.

Composition Screw rotation speed <d> <dy> / Impact strength
[vol%] [rpm] [um] [1m] TIPE-Acr-MATHICAR [k3/m?]
CAB 150 - - - 1.840.1
(100/0) 500 - - - 1.7+0.1
CAB/PE-Acr-MA 150 0.23 0.35 0.6 73.6£17.5
(70/30) 500 0.87 2.33 2.7 11.4+1.5
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Figure 4. Dynamic viscosity of CAB as a function of fre-
quency at 160, 170, 180, and 190°C.

model and experimental data. The same procedure was
applied to PE-Acr-MA; its’ master plot together with
Carreau-Yasuda fit is shown in Figure 5. Both melts,
CAB and PE-Acr-MA, are shear thinning fluids.

The evolution of Ty, and y along the extruder for
150 and 500 rpm is presented in Figure 2. As expect-
ed, higher rotation speed induces higher temperature
and shear rate, the former known as self-heating phe-
nomenon. This is due to higher mechanical energy
produced in the system [37]. For instance, in the
final mixing zone where blend morphology is
formed, at 500 rpm T = 224 °C and 7 = 260 57!,
whereas at 150 rpm T = 194 °C and 7= 78 s7'.

Experimental data

VvV CAB
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Figure 5. Master plots of the complex viscosity of CAB and
PE-Acr-MA as a function of frequency at a refer-
ence temperature of 180 °C. The solid lines corre-
spond to the Carreau-Yasuda model fitting with
Equation (2).
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Table 3. Carreau-Yasuda model fitting parameters (Equa-
tion (2)) for CAB and PE-Acr-MA at reference tem-
perature 180 °C.

Mo A
Polymer [Pa-s] Is] m a
CAB 4.6:10° 0.12 0.37 0.89
PE-Acr-MA 3.6:10° 0.33 0.38 0.45

Fitting parameters presented in Table 3 allow deter-
mining the viscosity of the components at any tem-
perature and shear rate. Using the obtained above
values of temperatures and shear rates in the extruder
final mixing zone at 150 and 500 rpm, the viscosity
ratio Npg-acr-Ma/Mcas Was found to be 0.6 and 2.7, re-
spectively (Table 2). It is known that for two immis-
cible Newtonian fluids the breakage of the minor
phase is favorable when the viscosity ratio Ngie/Mmatrix
is within 0.1-1 interval [43]. The same holds true for
viscoelastic fluids [44]. We can thus conclude that
the viscosity ratio at 500 rpm is not favorable for
breaking the droplets as far as the viscosity of the
minor phase is higher than that of the continuous
phase. Similar effect has earlier been observed for
the blends of CAB with various fillers, including the
PE-based fillers [22, 25, 27, 28]. The reason is that
at 500 rpm melt temperature is 20 °C higher than at
150 rpm and the CAB viscosity decreases with in-
creasing temperature in much more significant way
than that of PE-Acr-MA. By plotting viscosity vs. in-
verse temperature (not shown here) according to the
Arrhenius approach, we calculated the activation en-
ergy of viscous flow for each component. For CAB
it was found to be almost three times higher than that
for PE-Acr-MA: 206 kJ/mol [28] vs. 73 klJ/mol, re-
spectively. The analysis of the viscosity-temperature
dependence of each component and of their viscosity
ratio explains why larger PE-Acr-MA droplets ap-
pear in the CAB/PE-Acr-MA blend at higher rotating
speed: at 500 rpm, more viscous PE-Acr-MA melt
phase cannot easily be dispersed within the lower
viscosity CAB phase.

3.3. Impact properties

The result of the impact strength testing of CAB and
CAB/PE-Acr-MA blends is shown in Table 2. It is
clear that the impact strength of the blends consid-
erably exceeds the one of pure CAB. At the extruder
screw rotation speed of 150 rpm, the extremely high
value of impact strength, around and higher than
70 kJ/m?, is achieved (not all the samples were broken
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at the conditions studied; they rather became ductile,
see Figure 6b). The reason for this behavior is the
large amount of small (few hundreds of nanometers)
particles of the PE-Acr-MA phase and their good
dispersion in the CAB matrix causing an increased
transfer of impact energy to the filler phase. We also
believe that this effect implies an enhanced interfa-
cial interaction between the PE-Acr-MA phase and
the CAB phase due to maleic groups binding to hy-
droxyl groups of the CAB matrix.

Visual analysis of the samples after impact testing
shows that the neat CAB sample at the fractured area
is transparent with a yellow hue (see Figure 6a). After
the impact, two smooth and even surfaces are formed,
thus demonstrating the material brittleness. The CAB/
PE-Acr-MA blends are slightly translucent; the com-
posite extruded at 500 rpm scatters light more inten-
sively because of near-micron size particles of the dis-
persed phase (Figure 6¢). White area around the
impact zone indicates high light scattering due to
micro-cavities appearing during matrix plastic defor-
mation, especially visible for the composite extruded
at 150 rpm (Figure 6b). The volume of this area relates
to a portion of energy absorbed by the material at the
impact fracture which is again larger for the com-
posite prepared with lower screw rotation speed.
As mentioned in the Introduction, there are very few
reports on the improvement of impact properties of

CAB 150 rpm

& "j\*‘

CAB/PE-Acr-MA 150 rpm

&

P

CAB/PE-Acr-MA 500 rpm

Figure 6. Images of impact zones of (a) neat CAB and CAB/
PE-Acr-MA blends extruded at (b) 150 rpm and
(c) 500 rpm.
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CAB. When various copolymer esters were used as
fillers, the impact strength obtained with notched
Charpy tests increased to 12—13 kJ/m?[15, 16]. When
copolymer of methyl acrylate-butyl acrylate was
blended with CAB, the impact strength was around
5-6 kJ/m? [17]. To the best of our knowledge, the
impact properties of CAB-containing blends obtained
in this work, around 70 kJ/m?, have never been re-
ported before for this cellulose ester. This impact re-
sistance is similar to the value reported for commer-
cially available high-impact strength polymers, for
example, low-density polyethylene (65 kJ/m?) [45].
The value obtained for CAB/PE-Acr-MA also com-
pares with the best value of impact strength (notched
Charpy) obtained for polyamide-12 reinforced with
reactive ethylene/propylene rubber, around 70 kJ/m?,
but is lower than that obtained for polyamide-12
blended with poly-(styrene)-blockpoly(butadiene)-
block-poly(methyl methacrylate) triblock terpoly-
mer, 90—120 kJ/m? [46].

4. Conclusions

Cellulose acetate butyrate/copolymer of ethylene,
acrylic ester and maleic anhydride blends with a
component ratio of 70/30 vol% were prepared by
melt extrusion at screws’ rotation speed of 150 and
500 rpm. The morphology of the prepared blends
showed a heterogeneous structure with a phase sep-
aration of the components into a continuous phase
of the CAB matrix and a dispersed phase of the PE-
Acr-MA particles.

The statistical analysis of the blends morphology
showed coalescence of the PE-Acr-MA droplets,
leading to formation of larger PE-Acr-MA particles
at a screw rotation speed of 500 rpm. Interestingly,
at a screw rotation speed of 150 rpm, the minor phase
is intensively dispersing, thus forming the particles
of 5-10 times smaller diameter as compared to mix-
ing at 500 rpm. The investigation of the components’
viscosity ratio showed that at 500 rpm PE-Acr-MA
melt is more viscous that CAB phase leading to larg-
er particle size of the minor phase, from around 0.9
to 2.3 um. The opposite case was recorded at
150 rpm: PE-Acr-MA to CAB viscosity ratio is 0.6
resulting in 200-350 nm droplets.

The notched Charpy impact tests showed an increase
in the impact strength of both blends as compared to
the neat CAB. While at rotation speed 500 rpm the
impact resistance increases in 5 times as compared
to neat CAB, at 150 rpm the increase is in almost
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40 times, the material becomes ductile. We showed
that these effects are controlled by viscosity ratio and
the competition of dispersing/coalescing processes of
the minor phase droplets in the melt during mixing.
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