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ABSTRACT: A series of poly(acrylonitrile-butadiene-styrene)/ZnO nanocomposites with different ZnO nanoparticles content were syn-
thesized by a mass-suspension polymerization process. Nanocomposites obtained through this technique presented high impact resist-
ance despite the presence of agglomerates for high ZnO nanoparticles content so that, these samples were subjected to twin-screw
extrusion. The extrusion led to a dramatic morphological change and increased in impact resistance, higher than 100% in most of
the cases. On the other hand, the higher the ZnO content, the higher the UV blocking (>95% for 1 and 3% of ZnO) for both mate-

rials, before and after extrusion. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

Outdoor applications of poly(acrylonitrile-butadiene-styrene)
(ABS) are limited due to its vulnerability to ultraviolet radia-
tion, which provokes rapid loss of impact strength (IS; main
feature of this kind of materials) and yellowing' > due to ABS
chemical structure where the C-C double bonds can easily
undergo photo-degradation. To mitigate this drawback several
organic compounds, known as UV stabilizers, have been incor-
porated to ABS. Among these compounds are hindered phenols
and amines, benzotriazole and benzophenone derivatives,
organo-metallic compounds, etc."® Nevertheless, these organic
UV stabilizers tend to migrate to the surface of the polymer
item, are photo unstable and thermally unstable, and absorb in
a narrow range of the ultraviolet spectrum’™'? in spite of this,
several of them must be used to have the desirable UV protec-
tion. Therefore, it is needed to find new alternative compounds
that can act as UV stabilizer overcoming the shortcomings men-
tioned for the conventional ones.

Some recent reports demonstrate that the incorporation of zinc
oxide nanoparticles (nano-ZnQO) into different polymer matrices,
such as poly(acrylonitrile),'" poly(ethylene),” poly(propylene),”'’
poly(styrene),"” poly(methylmethacrylate),” and poly (ethylene ter-
ephthalate)® produces nanocomposites with excellent UV-shielding
properties. Furthermore, the presence of nano-ZnO into a polymer
matrix can affect positive or negatively on the thermal stability,"' "
crystallization behavior,”'! and mechanical properties”'®™"* of the
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obtained materials, which has been explained in terms of nano-

ZnO dispersion, polymer-nanoparticle interactions, even to side
. K o . 13,14

reactions during nanocomposités synthesis.'?

Nowadays there are few studies related to ABS/ZnO nanocom-
posites. Zhao et al."” investigated the influence of different
amounts of nano-ZnO on the flammability and thermal proper-
ties of ABS/poly(ethylene terephthalate)/ammonium polyphos-
phate melt-mixed composites. It was determined that the poly-
mer systems with 1-2% of nano-ZnO exhibited the best flame-
retardancy rating (V0) during UL94 test and the limiting oxygen
index was 29-30%. Furthermore, thermogravimetric analysis
showed that the addition of nano-ZnO improved thermal stabil-
ity and the yield of char residues of the studied systems. These
facts were explained by possible reactions between the ammo-
nium polyphosphate and the metal oxide nanoparticles. On the
other hand, Diaz de Leén et al.'® studied the mechanical proper-
ties of ABS/surface-modified ZnO nanocomposites synthesized by
the in situ mass-suspension polymerization technique. The mate-
rials obtained showed an increase in IS of 29%, a slight decrease
in the Youngs modulus and the rubber particlés morphology of
the injection-molded products was rod like. However, these
authors only analyzed the influence of one concentration of
nano-ZnO and no further explanations are given neither in terms
of the kinetics nor to the mechanical response.

This work deals with the effect of nano-ZnO content on
mechanical and UV shielding properties of ABS-based
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nanocomposites produced by in situ mass-suspension polymer-
ization. Furthermore, the influence of twin-screw extrusion
process on the above properties of the obtained materials was
analyzed to provide theoretical basis for the ABS/ZnO nano-
composites preparation and processing.

EXPERIMENTAL

Materials

Styrene (St) from Plastiformas de México (Monterrey, México)
and acrylonitrile (AN) from Sigma-Aldrich (St. Louis, Missouri)
were used as received. The polybutadiene (PB) was supplied by
Firestone (40% cis-1,4; 50% trans-1,4; and 10% vinyl units)
(Lakes Charles, Louisiana). The aminosilane modified nano-
ZnO of 13-28 nm in size were provided by Servicios Industri-
ales Penoles S.A. de C.V. (Torreén, México).

The initiators used were benzoyl peroxide (BPO) and tert-butyl
perbenzoate (TBPB) from Promotores vy Catalizadores
Orgdnicos de México. Tert-dodecyl mercaptane (TDM) (Sigma-
Aldrich) was used as chain transfer agent. Polyvinyl alcohol
(PVA), sodium chloride, and nonyl phenol were acquired from
Sigma-Aldrich and used as received. Irganox 1076 (from Espe-
cialidades Quimicas) and osmium tetra-oxide (Sigma-Aldrich)
were used as thermal stabilizer and to stain samples for micro-
scopic analysis, respectively.

The solvents used during the characterization of the obtained
materials were acetone, methanol (industrial grade, from PRO-
QUISA), and tetrahydrofuran (THF) (chromatographic grade,
from Sigma-Aldrich). Finally, mineral oil (pharmaceutical grade)
was used during reaction as viscosity reducer/controller.

Synthesis of ABS and ABS/ZnO Nanocomposites

Both, ABS and ABS/ZnO nanocomposites, were synthesized by
the mass-suspension technique. First, PB (6 wt %), mineral oil
(5 wt %), and a styrene/AN azeotropic mixture (77.4/22.6 wt
%) were fed into a 1 gallon stainless steel reactor equipped with
an anchor-turbine stirrer. The reactor was purged with nitrogen
and the mixture was stirred at 30 rpm and at room temperature
(approximately 15 h) to dissolve the rubber. Then 0.025 wt %
of BPO, 0.2 wt % of TDM, and in the case of nanocomposites
0.05 to 3wt % of nano-ZnO were added to the reaction mixture,
and the system was purged again, the stirring rate and tempera-
ture were increased to 60 rpm and 85°C, respectively and the
stage of mass polymerization took place until the monomer con-
version was close to 13-18%. During the mass stage, several sam-
ples were taken to determine the global conversion and Brook-
field solution viscosity (10 wt % in toluene). The conversion was
determined by dissolving 5 g of reaction mixture in 25 mL of tol-
uene, followed by precipitation in 250 mL of methanol. The pre-
cipitated was dried to constant weight and the conversion was
calculated. Thus, conversion is indicated as the ratio of the
amount in grams of the precipitated sample to the amount in
grams of the initial sample (both without the feed mass fraction
of PB). Furthermore, some samples were subjected to mass poly-
merization without agitation (the results are not described
herein). After the mass stage polymerization, the stirring was
temporarily stopped; and 0.1 wt % of TBPB and the suspension
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medium were added to the reaction mixture. During this stage,
the stirring rate was increased to 700 rpm and the temperature
was kept at 125°C for 2 h and afterward at 150°C for 5 h. Subse-
quently, the obtained material (white beads) was washed and
dried to constant weight at 70°C for approximately 24 h. The
suspension medium was constituted by distilled water (2 L), PVA
(3.5 g), sodium chloride (3.5 g), and nonyl phenol (0.9 g).

Molecular and Physicochemical Characterization

Gel content (GC) was determined by extraction, dissolving 0.25
g of the final product in 25 mL of acetone for 24 h at room
temperature. Thereafter, the solution was subjected to 30 min of
ultracentrifugation at 20,000 rpm and —20°C. The supernatant
consisting of poly(styrene-co-acrylonitrile) (SAN) was precipi-
tated from methanol, filtered and dried to constant weight. The
insoluble was washed again with fresh acetone and the procedure
described above was repeated for three times. Isolated SAN was
redissolved in THF (high performance liquid chromatography
grade) to evaluate the number-average molecular weight (M,,) by
size exclusion chromatography. The weight percent of insoluble
material and SAN copolymer were determined gravimetrically
and through eq. (1) apparent grafting degree was estimated:

GD = (%gel-PB)/PB (1)

where, GD is the grafting degree, %gel is GC in percent, and PB
is the initial fed rubber percentage.

IS Determination and Dynamic-Mechanical Analysis

Notched Izod IS test was carried out according to ASTM 256
at 25°C on compression-molded specimens, on a Custom
Scientific Instrument 137 impact testing machine. Dynamic-
mechanical analysis of specimens was performed on Q800 TA
Instrument equipment, in cantilever bend mode at a frequency
of 1 Hz and a deformation of 15 pm. The temperature
range analyzed was from —120 to 120°C, the heating rate was
5°C/min.

Morphological and Elemental Analysis

Electron microscopic examination was carried out in a JEOL
equipment in scanning-transmission mode (STEM), on samples
cut (100 nm thickness) with a Leica Ultracut UCT ultra micro-
tome and stained with osmium tetra oxide. Morphological pa-
rameters such as number—average rubber particle diameter (D,,),
and the volume fraction of the rubber phase (®) were estimated
from electronic micrographs with an Image ] software through
egs. (2) and (3), respectively:

D, = S(L; + H;)/2n (2)
D= Ai/A (3)

where, L; and H; are the major and minor rubber particlés axis,
respectively, n is the number of elastomeric particles counted,
A, and A; are the total area of the micrograph and the area
occupied by the rubber particles, respectively. Distribution and
dispersion of nano-ZnO were determined by energy dispersive
X-ray microanalysis in the aforementioned microscope in
scanning mode (SEM).
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Table I. Experimental Conditions and Maximum Conversion Achieved
During the Mass Polymerization Stage for the Different ABS and
ABS/nano-ZnO Composites Obtained

Reaction Nano-Zn0? (wt %) Xinax’

A-0 0 13.88
A-0.05 0.05 15.28
A-0.17 0.166 16.07
A-1 1 18.28
A-3 8 13.97

2Zn0 nanoparticles content, ®Maximum conversion obtained during mass
polymerization stage (160 min).

UV-Vis Spectroscopy of ABS and ABS/ZnO

Nanocomposites Films

The UV-Vis spectra of compression-molded films (thickness of
250 = 5 pm) of ABS and ABS/ZnO nanocomposites were deter-
mined using a UV-Vis spectrophotometer Varian Cary 500 in
the wavelength range between 200 and 500 nm.

Extrusion of the Synthesized Materials

ABS or ABS/ZnO nanocomposites (mixed with 0.32 wt % of
Irganox 1076) were extruded with a twin-screw extruder (diam-
eter = 24 mm and length-diameter ratio = 40, Thermo Scien-
tific Prism TSE 24MC) with screw rotating rate of 40 rpm, and
the barrel settings temperature were: 200, 220, and 240°C. The
extrudate was pelletized and dried at 70°C for 24 h. The impact
resistance of the extruded samples was evaluated as previously
described.

RESULTS AND DISCUSSION

Effect of Zno Nanoparticles on Kinetics and Phase Inversion
Table T condenses the experimental conditions and the maxi-
mum conversion achieved in the mass polymerization stage for
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the different nanocomposites obtained as well as the corre-
sponding codes, where the number after the letter indicates the
nano-ZnO content.

As the phase inversion (PI) is a crucial phenomenon that occurs
during ABS mass-polymerization due to the rubber particles
morphology establishment, the estimation of conversion range
in which this phenomenon takes place was evaluated. In this
sense, the evolution of conversion as a function of reaction time
during the mass polymerization stage was first evaluated (Figure
1) for the ABS and ABS/ZnO nanocomposites. From Figure
1(a), it can be observed that the production of SAN copolymer
slightly increases (respect to blank) with the increase of nano-
ZnO content and it is more noticeable after 100 min of reac-
tion. On the other hand, the M, of the samples conducted to
total monomer conversion decreases with ZnO concentration
[Figure 1(b)]. These facts can be associated by one hand, to a
possible catalytic effect of ZnO nanoparticles, as the C-C double
bonds (both monomers) can be activated by the metal oxide
surface leading to a Diels-Alder reaction between AN and
styrene, and subsequently to auto-initiation of monomers
(Scheme 1).'7 On the other hand, the decrease in M, can be
consider the result of transfer reactions between the groups
located at the surface of the modified nanoparticles (amine
moiety and hydroxyl groups) and the growing chains, according
to literature (Scheme 2).'*'*'® In turn, the radical formed on
the o-methylene or hydroxyl group of aminosilane surface
modifier can be deactivated by termination with a growing
chain forming grafts onto the ZnO surface, as mentioned by
Tsubokawa,'® or by reaction between radicals and physisorbed

water,!>14

These two events can affect the interval where the inversion
phase takes place. To corroborate this assumption the reaction
mixture’s viscosity as a function of conversion was determined
and plotted in Figure 2, where the PI can be detected by a
decline in the viscosity curve followed by an increase in its
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Figure 1. (a) Evolution of conversion during mass stage as a function of time and (b) Mn of the product obtained after 100% conversion as a function

of nano-ZnO content.
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Scheme 1. Possible mechanism by which the nano-ZnO catalyzes Diels-Alder reaction and subsequently auto-initiation of the monomers.

values. In the case of A-0 (blank) and A-3 the PI takes place at
conversion between 5-7% and 8-10%, respectively. In the other
cases of A-0.05, 0.17, and A-1 it is difficult to establish by this
technique the interval of conversion at which the PI occurs.
However, the results suggest that PI was delayed in the presence
of ZnO nanoparticles, which was corroborated by the micro-
graphs shown in Figure 3, as A-0, A-0.05, and A-0.17 disclosed
the typical salami rubber particles morphology at conversions of
7-8%, meanwhile, for A-1 and A-3 an interpenetrating network
was disclosed for these conversion values, indicating an incom-
plete PL

The delay in PI can be due to the difficulty of mass transfer,"
as it was shown in Figure 2, the reaction mixture solutions in
the presence of nanoparticles showed higher viscosity (up to
400%) in the conversion range analyzed. This fact can be
explained in terms of chain polymer-nanoparticles interaction,
as mentioned by Chae and Kim®® in the case of polyacrylonitrile
solutions. In the case of the particles used in this work, both
ZnO surface and aminosilane modifier possess polar groups
(hydroxyl and amino) which can form hydrogen bonds with the
SAN matrix and/or SAN grafts."*?

Morphology and IS of ABS Synthesized

In Figure 4 a series of micrographs corresponding to ABS and
ABS/ZnO nanocomposites are shown. It can be observed that
the presence of ZnO nanoparticles in the reaction medium did
not affect the ABS morphology obtained, as all materials exhib-
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ited salami-type rubber particles, which is typical for ABS
obtained by mass polymerization processes."”

Concerning to nanoparticles dispersion, ZnO agglomerates are
not observed in specimens A-0.05 and A-0.17 by STEM tech-
nique. By contrast, in the case of A-1 and A-3 nanocomposites,
ZnO is not uniformly dispersed. This fact can be explained in
terms of ZnO nanoparticles interactions, which increase with
higher content and consequently form agglomerates.> Further-
more, to contrast metal oxide and organic (SAN and PB) phases
of ABS nanocomposites with lower nano-ZnO content, it was
carried out the elemental mapping of zinc, and the micrographs
are shown in Figure 5. By this technique, it was confirmed that
at low contents of nano-ZnO a good dispersion is achieved.
Moreover, in the case of A-3 sample [Figure 5(c)] instead of the
presence of some agglomerates, a large proportion of nanopar-
ticles are well dispersed in the polymer matrix.

With respect to the mechanical properties of ABS, it is well-
know that the IS depends on several morphological and molec-
ular parameters of both SAN matrix and rubber phase.>’
Besides, the dispersion of nanoparticles is another important
factor that affects impact performance of nanocomposites.”*
Table II shows the Izod IS for the obtained materials. First of
all, it can be observed that ABS with the lowest ZnO content
exhibits the major IS and then this property has a slight
decrease with increasing ZnO content. Taking into account the
determined molecular parameters it is possible that this behav-
ior can be associated to the fact that in the case of A-0.05, the

Dead SAN chain
(R = phenyl or nitrile)

groups (Pathway B) onto ZnO
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Figure 2. Reaction mixture viscosity as a function of conversion during
ABS and ABS/ZnO nanocomposites synthesis.
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values of @ and GC are higher than that corresponding to A-0
(blank) and to an optimal D, (see Table II). Furthermore, the
presence of well-dispersed nanoparticles makes plastic deforma-
tion easier (i.e., higher energy dissipation).”**® On the other
hand, when ZnO content is higher than 0.05% and as morpho-
logical parameters are practically the same as A-0.05, the slight
drop in impact values can be attributed to the existence of
agglomerates (approximately from 3 to 5um in size) in the ABS
matrix, which can act as stress concentrator sources that lead to
a rapid fracture growth.**™® It is important to mention that
although matrix molecular weight exhibits variations as a func-
tion of ZnO content, the effect on mechanical performance can
be discarded as it is reported in literature that matrix average-
number molecular weight greater than 60 kg/mol have no effect
on the IS.”

Dynamic-Mechanical Analysis of ABS and

ABS/ZnO Nanocomposites

Due to its heterogeneous nature, ABS shows a characteristic
dynamic mechanical behavior, which is disclosed in Figure 6.
Both peaks at low and high temperature can be considered as

Figure 3. ABS and ABS nanocomposites morphology obtained at different conversion values during the mass polymerization stage. (a) A-0 at 7.4%, (b)

A-0.05 at 8%, (c) A-0.17 at 8.4%, (d) A-1 at 10.1%, and (e) A-3 at 8.3%.
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Figure 4. Scanning-transmission electronic micrographs for (a) A-0, (b) A-0.05, (c) A-0.17, (d) A-1, (e) A-3 (scale bar = 3 um).

the corresponding glass transition temperatures (T,), T, of PB
phase at low temperature and T, of the SAN matrix at high
temperature. Even though these two peaks are present in all the
synthesized materials, in the presence of nano-ZnO, a peak dis-
placement to high temperature (high T, values) of both, dis-
persed and continuous phase, occurs (see Figure 7), and this
displacement is more evident with high nanoparticles content.
As morphological parameters exhibit
changes, the increase in T, can be explained by two theories: (i)
possibly ZnO-polymer chain (PB, SAN matrix, and/or grafted
SAN) interaction as previously mentioned, that leads to a
restriction of macromolecular chain movements and/or (ii)
macromolecular confinement, as during in situ polymerization
polymer chains can be trapped between nanoparticles. In fact,
in the studied systems the higher the ZnO content, the higher
the T,

do not substantial
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UV-Shielding Properties of the ABS and

Respective Nanocomposites

To investigate the effect of the incorporation of different nano-
ZnO content on the UV-shielding properties of the synthesized
materials, UV transmittance spectra of nanocomposites and
pure ABS were determined and plotted in Figure 8. By this
spectroscopic technique, the inherent UV absorption of pure
ABS can be corroborated. On the other hand, the nanocompo-
sites containing a low nano-ZnO content (A-0.05 and A-0.17)
exhibits minor transmittance than the blank, this indicates that
ZnO nanoparticles block and/or absorb UV rays. Moreover, the
increase of nanoparticles content in the nanocomposites reduces
remarkably the transmittance especially from 300 to 380 nm
(UVA) and reaches a minimum value for 1%. Interestingly, the
transmittance of A-3 is higher than A-1 (i.e., lower UV-shield-
ing), which can be attributed to the agglomeration of nano-
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Figure 5. Micrographs of the obtained ABS/ZnO nanocomposites: (a) A-0.05, (b) A-0.17 and (c) A-3 (left: scanning electron, right: elemental mapping
by EDX where white dots represent location of zinc element).

ZnO, that leads to a decrease of surface area prone to protect  Effect of Twin-Screw Extrusion Process on ABS

against UV radiation. Based on the exposed results, it can be  and ABS/ZnO Nanocomposites Properties

established that ZnO nanoparticles are potential inorganic UV~ Due to the presence of some agglomerates into ABS nanocom-
shield for ABS, mainly in the UVA range. posites, these materials were passed throught a twin-screw

Table II. Morphological, Molecular, and Compositional Parameters for ABS and ABS/ZnO Nanocomposites

ABS IS (J/m)? M, (kg/mol)® D,, (mm)© o Gel (%)° GDf
A-O 96.81 77.96 1.25 0.308 14.62 143.67
A-0.05 108.24 96.83 1.49 0.366 16.30 171.67
A-0.17 92.22 86.50 1.66 0.305 ND ND
A-1 90.43 76.02 1.56 0.346 19.70 228.33
A-3 86.31 80.03 1.55 0.387 14.88 148.00

alS, Izod impact strength, ®M,, number-average molecular weight determined by SEC, D, number-average rubber particle diameter obtained by STEM
micrographs, %@, rubber phase volume fraction determined from STEM micrographs and through eq. (3), Gel, gel content gravimetrically determined,
fGD, apparent grafting degree obtained through eq. (1).

ND: not determined because no phase separation was achieved by dispersion-centrifugation technique.
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Figure 6. Tan 0 as a function of temperature of ABS and ABS/ZnO
nanocomposites.

extruder. In Figure 9, the morphologies of the extruded ABS
and ABS/ZnO nanocomposites are shown. It can be clearly
observed the reduction in the agglomerates size (<2 pm). How-
ever, the salami rubber particles of all these materials were frag-
mented by the extrusion process, which resulted in a decrease
in ® in the order of 50% (see Table III), as occluded SAN
migrates to the continuous SAN phase. The fragmentation of
the rubber particles may be due to an excessive shear stress gen-
erated inside the twin-screw extruder and/or to the absence of
sufficient crosslinking in the rubber phase as the maximun con-
version value reached was in the order of 90%. On the other
hand, GD values of all the materials increased when they were
subjected to the extrusion process, which can be atributted, as
mentioned by Soriano et al,”’ to grafting reactions during
processing.

In a similar way that it was mentioned before, the dispersion of
nano-ZnO is difficult to determine due to the low contrast of
phases, specially between ZnO and PB, to overcome this prob-
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Figure 7. Glass transition temperature (T, corresponding to maximum
Tan 0 value measured by DMA) for the rubber and SAN phases as a func-
tion of nano-ZnO content.
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Figure 8. Transmittance UV-Vis spectra of ABS and ABS/ZnO nanocom-
posites films.

lem the elemental mapping technique was used and the corre-
sponding micrographs are shown in Figure 10. It can be seen
that all the ABS nanocomposites exhibit highly homogeneous
dispersion of nano-ZnO, although STEM derived images show
some agglomerates.

Regarding to the impact properties of the extruded ABS nano-
composites, despite the morphological change of the elastomeric
phase mentioned above, Izod impact values were doubled com-
pared with the respective materials before extrusion process (see
Figure 11). Moreover, impact behavior of extruded materials
has the same behavior compared with materials before extru-
sion, that is, maximum Izod impact occurs with 0.05 wt % of
nano-Zn0O, and as the ZnO nanoparticles content increases the
IS values decrease. The improvement in impact properties of
the extruded materials can be attributed to three factors: (i) the
morphological similarity between rubber particles of these mate-
rials and commercial ABS obtained by emulsion polymerization
technique, which possesses greater impact resistance, (ii)
higher GD values which promote better stress transfer between
SAN matrix and elastomeric particles,”® and (iii) a better disper-

sion and/or size decrease of the nano-ZnO agglomerates.”*~*°

In relation to the UV properties of the extruded materials, Fig-
ure 12 shows the UV-Vis spectra of the extruded ABS and the
respective nanocomposites. Practically, transmittance behavior
follows the same pattern than those of the materials before
the extrusion process, that is, the higher the nano-ZnO content,
the higher UV-shielding (lower transmittance). The anomalous
behavior previously observed in the analysis of UV transmission
spectroscopy for high ZnO concentration was overcome and now
it follows a normal tendency as it directly depends on ZnO
content.

Interestingly, there was a decrease in transmittance (increase of
UV protection) for the ABS without nanoparticles, which may
be due to an increase in the surface area, as when rubber par-
ticles were fragmented by extrusion, the surface area was
increased and therefore, the exposition to UV radiation was
major.
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Figure 9. Scanning-trasmission electronic micrographs of extruded materials. (a) A-0, (b) A-0.05, (c) A-0.17, (d) A-1, and (e) A-3 (scale bar = 3 pum).

Table III. Morphological, Molecular, and Compositional Parameters of
ABS and ABS/ZnO Nanocomposites after Extrusion

ABS M, (kg/mol)? o° Gel (%)° GD¢

AE-O 66.87 0230 1945 22417
AE-0.05 7276 0166  20.41 24017
AE-0.17  64.84 0.200  18.89 214.84
AE-1 72.42 0.168 2126 254.38
AE-3 68.75 0246  16.73 178.89

@M, number-average molecular weight determined by SEC, ®, rubber
phase volume fraction determined from STEM micrographs and through
€q.(3), °Gel, gel content gravimetrically determined, GD, apparent graft-
ing degree obtained through eq. (1).
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CONCLUSIONS

The synthesis of ABS and/or nanocomposites based on ABS/
nano-ZnO through the bulk-suspension processes give rise to
salami type morphologies and the nano-ZnO are preferably
located at the rubber phase as agglomerates. The nanocompo-
sites obtained through bulk-suspension process present a better
IS in comparison with the reference ABS, the IS increased 11%
at 0.05% of ZnO. As nano-ZnO content increases, the IS
decreases due to the presence of ZnO agglomerates.

In the ABS obtained after extrusion, the IS doubles the values
obtained before extrusion due to morphological changes and a
better dispersion of the nanoparticles into the matrix.

The dynamic mechanical analysis of synthesized materials
showed an increase of T, for both rubber and matrix phases in
the presence of nano-ZnO, which can be due to

J. APPL. POLYM. SCI. 2012, DOI: 10.1002/APP.38092
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Figure 10. Micrographs of the extruded ABS/ZnO nanocomposites: (a) A-0.05, (b) A-0.17, and (c) A-3 (left: scanning electron, right: elemental mapping
by EDX where white dots represent location of zinc element).
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Figure 11. Izod impact strength as a function of ZnO content of ABS Wavelength (nm)
materials ([]) before and (M) after extrusion process (error bar indicates
standard deviation of up to 4 experiments). Figure 12. UV-Vis spectra of extruded ABS and ABS/ZnO nanocomposites.
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macromolecular confinament and/or interacions between nano-
particles and SAN (matrix and/or grafts).

The UV protection increases as a function of ZnO content with
a better performance in the nanocomposites obtained after
extrusion as a consequence of mnanoparticles agglomerates
destruction.
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