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Abstract

This work evaluates the influence of a radiopaque reinforce-
ment, barium sulfate (BaSO,), on the mechanical, rheologi-
cal and thermal propertics of polyoxymethylene (POM).
Nanocomposites of POM containing spherical nanoparticles
of BaSO, (0, 1, 2, 3 phr) were obtained by melt extrusion
in a twin-screw equipment followed by injection molding.
The mechanical, thermal and rheological properties of these
nanocomposites and the dispersion state of the particles were
investigated. Scanning and transmission electron microscopy
revealed the morphology of the products. The main objec-
tive of this work is the production of nanocomposites with
sulfate concentration enough to acquire radiopaque properties
while maintaining the mechanical properties of the matrix.
In this regard, mechanical and rheological properties were
found similar to those of the polymer matrix, but radiopaque
contrast tests revealed the influence of the nanoparticles con-
centration on the optical properties of the composites. The
production of these nanocomposites suggests potential appli-
cations in the biomedical sector given their unique radio-
opacity properties.
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1. Introduction

It is well known that reinforcements, composed of inorganic
particles, are widely used in the polymer industry as additives
to improve the mechanical, optical or thermal propertics of
the polymer matrix. When the size of such particles is of the
order of nanometers, their high surface energy induces insta-
bilities, such as self-aggregation and a tendency to undertake
chemical reactions with the matrix [1].

Polyoxymethylene (POM) is an engineering thermoplas-
tic of the polyacetal type, used to substitute metals or alloys
(gears, bushings, etc.) because of its high rigidity, dimen-
sional stability, corrosion resistance, hardness, chemical

resistance and good mechanical properties, such as low
friction coefficient, low thermal resistance, abrasion resis-
tance and self-lubricating properties [2-7]. However, it lacks
high impact and heat resistance, which limits its potential
applications [8]. To improve POM properties, blends with
inorganic additives have been considered to produce hybrid
systems, such as ZnO [2], MoS, [5], polyhedral oligomeric
silsesquioxanes molecules (POSS) and POSS with different
organic substituents [6, 7], clays [8, 9], ALO, 4], and nano-
A1203/PTFE-MOS2 [10]. Wacharawichanant et al. [2] found
that the nanoparticles of ZnO modify POM properties, and
thermal degradation of the nanocomposites is increased with
Zn0 (1.0% wt) content. Xu et al. [9] studied the crystalliza-
tion kinetics of the POM/montmorillonite blend and found
that the crystallization rate was faster than that of the pris-
tine POM. Kongkhlang et al. [8] reported POM/organically
modified bentonite, in which the nanocomposite structure
is influcnced by the surfactant used in the modification of
the bentonite. Degradation of POM is accentuated by the
organically modified bentonite. Vila et al. and Sanchéz-Soto
et al. produced blends of POM/POSS improving the thermal
stability of the POM matrix. This effect has enhanced by
the addition of different types of POSS. Good dispersion
was achieved upon the addition of amino-functionalized
POSS (amino-POSS) that lcads to an increase of the ther-
mal decomposition temperature [6] and formation of a more
robust polymer/filler network [7]. Although the preparation
of nanocomposites of POM mixed with inorganic additives
has been reported, a systematic study on the influence of
relevant parameters in the synthesis of this nanocomposite
is still lacking.

One of the important issues in the nanocomposite prepara-
tion is dispersion of the particles to obtain hybrid polymer/
inorganic additive systems. Size and distribution of particles
in the polymer matrix greatly influence their performance,
as well as the processing conditions. In addition, the particle
distribution depends on polymer properties, particle size and
particle-polymer interactions [11]. Inorganic particles tend
lo agglomerate and they are immiscible with the polymer
matrix [12]. Physical properties (mechanical and optical) of
the nanocomposites are largely influenced by particle coales-
cence into large agglomerates [1, 13], in which the distribu-
tion of the opaque particles is poor, resulting in inadequate
X-ray opacity [14].

Biomedical applications, such as implants, require that
the material be visible under X-rays or fluoroscopy imag-
ing (radiopaque). POM resins have been used in prosthe-
sis since their elastic modulus is similar to that of a bone.
Because polymers are not radiopaque, it is necessary to add
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a radiopaque element to be visible under X-rays. Types of
radiopaque rcinforcements used for biomedical applications
so far usually affect the quality of the X-ray image, and the
mechanical, rheological, thermal and optical propertics of
the matrix arc changed [15, 16]. Barium sulfate (BaSO,)
has been used as a reinforcement for polymers and as a
radiopaquc agent in bones and in dental applications because
of its resistance to high temperatures, acids and alkalis [14,
16, 17]. Recently, the blend of POM with micrometric-sizc
particles of BaSO, was analyzed, although the biological
response of the periprosthetic tissue in the presence of the
blend was not studied in detail [18]. BaSO,-modified poly-
mer composites have low density, high mechanical pro-
perties, low thermal conductivity and are radiopaque to X
and UV rays [19]. Hammer and Maurer [20] reported the
nucleating effect of BaSO, in polypropylene (PP), which
is improved by incorporating maleic anhydride-grafted PP
(PP-g-MAH). The composite PP/BaSO, showed improved
fracture toughness as compared to reference materials.
Wang et al. [21, 22] studied the interfacial adhesion control
in PP with BaSO, particles, in which PP was reinforced and
showed better hardness. Xu et al. [23] prepared polyvinyl
chloride (PVC)/BaSO, nanocomposites by means of melt-
mixing particles. Chen et al. [19] prepared high-density
polyethylene HDPE/BaSO, nanocomposites by melt blend-
ing. Previously treated particles of BaSO, with stearic acid
contribute to the uniform dispersion of nano-reinforcements
in the matrix, increasing the strength and toughness of the
composite.

The addition of nanoscale inorganic particles into the bulk
polymer to generate nanocomposites with improved proper-
ties relative to the parental materials is a rapidily expand-
ing field [24]. The synthesis, properties and applications of
polymer nanocomposites is an intcresting area of research.
Because of the nanoscale effects and large specific surface
area, most of the polymer nanocomposites have special
properties in different fields [24, 25]. In particular, the com-
bination of POM polymer and nanoparticles open new per-
spectives in the application on nanomaterials for biomedical
applications with desirable mechanical, thermal and optical
properties.

A problem that is usually found when radiopaque and bio-
logically inert BaSO, particles are added (o the polymer is
the loss of ductility and flexibility of the resulting products,
especially when the size of these particles is in the micron
range, due to the relatively large concentrations needed
for radio-opacity. One of the objectives of this work is the
production of nanocomposites by careful synthesis of par-
ticles in the nanoscale range to achieve two important goals:
an adcquate level of radio-opacity while maintaining the
mechanical, rheological and thermal properties of POM,
using relatively small BaSO, (0, 1, 2, 3 phr) concentra-
tions. BaSO, nanoparticles were synthesized in presence of
the capping agent ethylenediaminetetraacetic acid (EDTA).
This modifier can direct the nucleation and growth of the
nanoparticles’ spherical shape. Qualitative studies of optical
contrast under X-rays revealed potential applications in the
biomedical industrial sector.

2. Experimental
2.1. Materials

The polymer matrix is POM, homopolymer, Delrin II 150SA
NCO010 from DuPont (México, D.F., México) obtained in pel-
lets. POM (-[CH,-O] -) is synthesized from formaldehyde or
trioxymethylene through cationic polymerization [3].

Nanoparticles of BaSO, were prepared through a precipitation
reaction in situ in aqueous medium. Solutions of BaCl,2H,0
(Baker, 99.9%) and Na,SO, (Baker, 99%) were mixed in the
presence of disodium EDTA-2Na-2H,0 (Baker, 99.9%) at
ambient temperature. This process generated 50-nm-size parti-
cles, in agglomerates with mean diameter of 500 nm (secondary
particles). Romero-Ibarra et al. [26] reported the influence of the
synthesis conditions on the nanoparticles’ morphology.

Degradation was controlled during the extrusion process
using an antifoam agent, silicone-based A-289 (Aldrich,
México, D.E., México, 99.9%).

2.2. Equipment

The processing of the ingredienis was carried out in a Haake
Rheocord 90 TW-100 twin-screw counter-rotating extruder
with a length of 331 mm and L/D ratio of 27. Samples for
mechanical tests were molded in a Mannesman Demag
Ergotech 50-200 injection molding machine with L/D=20.

The particle dispersion analysis was carried out in a scan-
ning electron microscope (SEM) Leica Stereoscan 440. The
gold-coating conducting layer was provided by a Fine Coat Ion-
Sputter JFC-110 Jeol equipment. Specimens were previously
fractured with liquid nitrogen. The size and morphology of the
nanocomposites were characterized by a transmission electron
microscope (TEM) Carl Zeiss EM910 with an acceleration
voltage of 120 kV. Samples for tension tests were previously
fractured and cut into thin layers (~70 nm) using an ultramicro-
tome equipped with diamond blades in liquid nitrogen.

Mechanical tests were done in an Instron machine 1125
under a constant strain rate of 50 mm/min, according to the
ASTM D 638-91 norm. Impact test was performed following
ASTM-D 256 Iz0d-notched type.

Thermal analyses (thermogravimetric, TGA, and differ-
ential scanning calorimetry, DSC) were performed in a TA
Advanced Universal Analysis 2000 Instruments SDT600.
Samples were placed in aluminum vials with a flow of
100 ml/min under nitrogen atmosphere with a heating rate
of 10°C/min. T, s obtained from the slope change and
inflection point of the TGA thermogram, where the maximum
degradation occurs. T, is the data of the weight loss at 5% and
T .. is the maximum weight loss rate. The melting tempera-
ture and enthalpies (AH) were determined from the maxima
and the areas of the corresponding peaks, respectively: The
crystalline percentage of the nanocomposites was obtained
following the relation AH/AH® theoreticalx100. The theo-
retical AH® of the POM homopolymer is 326.3 J/g [27].

Rheological characterization was performed in a TA
Instruments AR 1000-N stress-controlled rheometer with par-
allel plates of 25 mm diameter at 190°C.
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Radio-opacity tests were determined following the ASTM
F640-79 standard. Images were taken with the clinical-standard
X-ray equipment CMR MRH-1I operated at 300 mA and 50
kV with a tungsten bulb of 100 mA at 0.02 s.

2.3. Nanocomposite preparation

BaSO, nanoparticles were mixed with the polymer pellets
and processed at 25 rpm in the extruder. The product was
injection-molded to obtain samples for mechanical tests.
Extrusion temperature profile was 190-190-190~185°C and
that of the injection process was 220-210-210-200°C. The

antifoam agent was added at 0.5 wt% concentration during

extrusion. All raw materials were previously dried. Sample
description is shown in Table 1.

3. Results and discussion
3.1. Morphology

BaSQ, particles were obtained in the presence of EDTA and
they are shown in Figure 1. The morphology of the spherical
particles is shown in the inset. Diameters of the agglomer-
ates (secondary particles) ~500 nm are conformed by smaller
particles ~50 nm. These aggregates of ~50 nm are themselves
formed by smaller nanoparticles of ~4 nm, as demonstrated
in a previous study [26]. The particles were mixed with POM
subsequently.

Figure 2 shows the micrographs of pristine POM and POM
with 1 phr BaSO, nanoparticles in the presence and absence
of the antifoam agent, respectively. In Figure 2A, the polymer
presents a smooth-fractured surface. Figure 2B exhibits the
fracture surface of an extruded thread with 1phr BaSO , par-
ticles, in which foaming was present. It is likely that BaSO,
and the processing of the material generate formaldehyde
vapors that produce bubbles and pores (see inset in Figure
2B). When the blend is prepared without the antifoam agent
(Figure 2B), a material with trapped bubbles is obtained. This
material tends to degrade under the thermo-mechanical pro-
cessing and the resulting product has low mechanical prop-
erties {28]. Note that POM tends to degrade under thermal
processes, resulting in several side products such as carbon
dioxide, carbon monoxide and formaldehyde. These species
are originated from depolymerization reactions of the termi-
nal chains and random rupture of oxymethylene chains [8].

Table 1 POM/BaSO, nanocomposite formulations.

Sample Agent Formulation

POM - POM extruded+0.5% antifoam

POM/BaSO,-1 EDTA POM-+1 phr nano BaSO, spherical
agglomerate+0.5% antifoam

POM/BaSO,-2 EDTA POM+2 phr nano BaSO, spherical
agglomerate+0.5% antifoam

POM/BaSO -3 EDTA POM+3 phr nano BaSO, spherical

agglomerate+0.5% antifoam

The fracture surfaces correspond to those of a brittle material,
presenting high porosity resulting in low mechanical, rheo-
logical and optical properties. Lu et al. [29] reported polymer
foaming and degradation during processing of BaSO,-filled
medical-grade thermoplastic polyurethane system. The addi-
tion of the antifoam agent controls the degradation and bubble
generation as the BaSO, particles are incorporated (Figure
2C). The SEM image of the POM/BaSO,-1 blend exhibits
uniform particle distribution and dispersion.

Figure 3A—C shows SEM and TEM images of the POM+1
phr BaSO, blend, where it is clearly apparent that barium sul-
fate particles are embedded in the POM matrix. In Figure 3A,
slightly agglomerated particles with size of ~1 um are formed
during the extrusion process. In Figure 3B, particle agglomer-
ates of ~50-500 nm are observed. The TEM image in Figure
3C shows an amplification confirming that the agglomerates
are formed themselves with primary particles with smaller
sizes in the nanometric scale (~4 nm, as determined in Ref.
[26]). Secondary particles are deformed by shear stresses
under processing.

As observed in the previous images, a material with good
particle dispersion and uniform distribution was obtained with
sizes in the nanoscale. It is well known that if the particles are
not well dispersed, these are likely to be nucleating sites where
microfractures may initiate. The absence of micrometer-size
aggregates is indicative of a high level of miscibility or com-
patibility between the POM matrix and the particles [7]. The
particle synthesis and processing conditions for the blend
must overcome the natural tendency of particles to agglom-
erate, which makes particle dispersion difficult [30]. BaSO,
particle dispersion depends also on the functional groups of
the polymer matrix and additional compounds. A stabilizing
agent during the particle synthesis, such as EDTA, helps in
controlling particle size and agglomeration rate reduction, as
observed in Figure 3B and C.

3.2. Mechanical properties

Table 2 shows some of the mechanical test results, com-
paring data of pristine POM with those of the extruded

Figure 1 SEM images of the BaSO, nanoparticles.
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Figure 3 POM with 1 phr BaSO, nanoparticles. (A) SEM image, (B) TEM image and (C) amplificd TEM image.

nanocomposites. All systems were prepared with the same
thermomechanical history.

In general, the introduction of 1 phr BaSO, nanoparticles
does not substantially modify the mechanical properties of the
matrix, whereas these are diminished upon increasing BaSO,
content to 3 phr.

Anincrease in the strain at break of 13.5% is measured in the
sample of 1 phr BaSO, (POM/BaSO,-1). However, this value
is not significant because is in the range of the experimental
uncertainties. For larger BaSO, contents (2 phr) mechanical
properties are maintained at the level of the matrix, although

Table 2 Mechanical properties of the systems.

Formulation

Tensile Strain at Young Impact

stress break (%) modulus strength

(MPa) (MPa) (J/m)
POM 69+4 375 1383+15 492+3
POM/BaSO,-1 70+2 4247 1378+16 478+7
POM/BaSO,-2  62+2 34+5 1298+14 507+3
POM/BaSO -3 62+2 23+4 1255420  474+7

they diminish as compared to data of the system with 1 phr.
With 3 phr, a definite decrease in the mechanical properties is
apparent. Strain at break is lower, possibly due to degradation
and poor dispersion at these high particle contents. Attractive
forces overcome dispersion forces, which leads to agglom-
eration and reduced dispersion and distribution of particles in
the polymer matrix. Agglomerates act as stress concentrators
that presumably are potential sites for fracture propagation. In
particular, the system POM/BaSO, did not interact substan-
tially with the POM matrix, as no detectable FTIR bands are
recorded (data not shown). In summary, mechanical proper-
ties are slightly affected at high particle concentrations; not-
withstanding, the system with 1 phr particle content fulfills
expectations related to biomedical applications. Indeed, the
applications sought in the field of polymer biomedical devices
do not need large increases in their mechanical properties.

3.3.Thermal properties

Figure 4 illustrates thermogravimetric curves of POM and
POM/BaSO, nanocomposites. Extrusion was carried out at
190°C, at which there is no appreciable weight loss. At 261°C
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Figure 4 TGA curves under nitrogen with heating rate of 10°C/
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Figure 5 TGA: high resolution for (A) BaSO, nanoparticles,
(B) POM and (C) POM/BaSO,-1.

the weight loss is ~1% in POM, and 3.9%, 8.6% and 19.9%
for the blends with 1, 2, and 3 phr of BaSO,, respectively. In
general, larger weight losses are measured upon increasing

temperature and BaSO, content (e.g., at 300°C, weight loss -

is 14% for POM and 42%, 60% and 72% for 1, 2, and 3 phr,
respectively). As the concentration of BaSO, increases, the
trend for particle agglomeration is more apparent, and ther-
mal stability tends to diminish. With 3 phr BaSO,, thermal
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Figure 6 DSC curves under nitrogen with heating rate of
10°C/min for (A) POM, (B) POM/BaSO,-1 (C) POM/BaSO,-2 and
(D) POM/BaSO,-3.

stability decreases, revealing that, in general, thermal stabi-
lity of the POM/BaSO, nanocomposites is closely related to
BaSO, content and agglomerate concentration.

Figure 5 corresponds to the high-resolution TGA of the
(A) BaSO, nanoparticles, (B) POM and (C) POM mixed with
1 phr of BaSO,. It shows that the thermal stability of the nano-
composite decreased slightly when particles are incorporated.
The interval from 210°C to 300°C coincides with the EDTA
weight loss of the nanoparticles. Within the EDTA decomposi-
tion interval (246-275°C), the calculated EDTA concentration
adsorbed at the surface of the BaSO, nanoparticles is 0.7%.
However, no large effects on the thermal stability are measured
at the required processing temperature range (185-220°C).

Data of the temperature at 5 wt.% weight loss (T,) and
that of the maximum weight loss (T, ) [7] for neat POM and
POM/BaSO, composites (1, 2, 3 phr of BaSO,) are presented
in Table 3. For the neat POM, these values are T, of 288.4°C
and T, of 318.4°C, whereas both parameters diminished
with the increase of BaSO, concentration in the nanocompos-
ites. In the range of processing temperatures the samples are
stable upon introduction of the BaSO, particles.

DSC data for nanocomposites are depicted in Figure 6,
and Table 3 shows the information gathered from the
thermograms.

Table 3 indicates lower thermal stability of the nanocom-
posites upon increasing temperature with respect to that of
neat POM. According to this lower thermal stability, melting

Table 3 Data obtained from TGA and DSC thermograms for the POM/BaSO, systems.

Sample TGA DSC
TS% Tmax T;n AI{m CryStallinity decomp decomp
0 0 0 ) (%) O g
POM 288.4 318.4 187.0 134 411 324.1 1430
POM/BaSO -1 265.1 297.6 184.5 148 454 304.5 1773
POM/BaSO,-2 2544 2711 1859 143 43.8 260.0 1825
POM/BaSO -3 248.1 263.1 184.5 145 444 254.6 1576
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temperature diminishes with increasing particle content. This
result is attributed to size and distribution of the microcrys-
tallites of POM in POM/BaSO,, which are smaller and with
broader distribution than those of pure POM. Degradation
temperature decreases drastically with increasing BaSO,
content, and the change is more accentuated between
1 and 2 phr. The minimum in the decomposition temperature
occurs at 2 phr, coinciding with the maximum in the decom-
position enthalpy, which decreases steeply between 2 and 3
phr. Nanocomposite degradation temperature may also be
affected by EDTA presence since Ba-EDTA degradation tem-
perature is ~250°C [31] (see Figure 5). Therefore, the degra-
dation of POM might be attributed to a POM chain scission
and depolymerization due to the presence of EDTA.

AH values of the nanocomposites are larger than those of
pure POM, indicating larger crystallinity with increasing par-
ticle content. Similar results were obtained by Qu et al. [12]
and Yao and Yang [13], although these values are within the
experimental uncertainties. In the POM/BaSO, system, upon
increasing the nanoparticle content, particles tend to aggre-
gate, discouraging the nucleating effect. The melting temper-
ature and the crystallinity level of POM remained practically
constant, indicating that the crystalline structure of POM is
not affected upon the addition of BaSO,,.

As shown in Figure 7, in the SEM image of pure POM
mixed with EDTA, the degradation of the polymer matrix
is apparent as pores and a brittle surface appear. The EDTA
adsorbed on the BaSO, surface has a sufficiently low concen-
tration (0.7 wt.%) to maintain the properties of the blend with
1 phr BaSO,. However, upon increasing particle concentra-
tion, the EDTA content on the particle surface also increases.
In this form, the stabilizing agent used in the nanoparticle
synthesis may influence the thermal decomposition of the
nanocomposite to levels lower than those of the precursor
polymer. Therefore, a critical concentration of the stabilizer
is suggested, above which chain rupture and degradation are
catalyzed by EDTA.

The DSC data (Figure 6) reveal the initiation of melting
at ~184°C for the nanocomposites, followed by an endo-
thermic peak previous to decomposition. As particle content

100 pm

Detector = SE1

Figure 7 Extruded POM with EDTA.

increases (3 phr), the peak is more accentuated, may be due
to the nucleating properties of BaSO,. Reports on the modi-
fication of rate of crystallization by nucleation (and crystal
size) and thermal behavior of the polymers are available [2,
12, 32, 33].

In summary, blends are thermally stable within the tem-
perature range of the extrusion and molding processes (185—
210°C). The melting temperature and the cristallinity level
of POM remained practically constant, indicating that the
crystalline structure of POM is not affected negatively upon
the addition of BaSO,. The thermal degradation of POM is
thought to be due to chain scission of the C-O-C bonds [7].
Upon increasing particle content at temperatures higher than
240°C, a major weight loss is measured and thermal degra-
dation occurs, attributed to polymer chain scission, agglom-
erate formation and EDTA content (decomposition initiates
at ~250°C).

3.4. Rheological properties

Figure 8 describes a plot of shear viscosity as a function of
shear rate for POM and the nanocomposites formed by sphe-
rical particles.

All samples tend to similar zero shear-rate viscosity for
low shear rates, whereas for larger shear rates, shear thinning
occurs. POM and POM with 1 phr BaSO, exhibit similar val-
ues, with the nanocomposite attaining the larger viscosity. The
decrease in viscosity with increasing shear rate is more gradual
than that of the nanocomposites with larger particle concentra-
tion. Indeed, for the larger particle contents, the decrease in
viscosity is very steep, approaching the slope of -1.

The viscosity measured in the nanocomposite with 1 phr
particle content reveals strong polymer-particle interac-
tions [34]. It is likely that the first stage with gradual shear
thinning is due to flow-induced chain disentanglement and
lubrication of shear surfaces by the presence of the par-
ticles [35]. However, the second more pronounced slope
change is not due to a rheological mechanism but to ini-
tial degradation of the polymer matrix during processing.
Notice that the slope change is more gradual when particle
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Figure 8 Shear viscosity as a function of shear rate for the four
systems studied.
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content is 1 phr, manifesting higher polymer-particle struc-
tural stability.

With particle contents of 2 and 3 phr BaSO ,» the structure
breakage associated with such pronounced shear thinning is
quite possibly due to thermal degradation, as discussed in the
thermal properties of these systems.

The complex viscosity (not shown) presents similar behavior
in both POM and the nanocomposite with 1 phr BaSO,; this
agrees with results by Lai et al. [35].

Figure 9 presents the modulus (storage and loss) versus
frequency for POM and nanocomposite with 1 phr particle
concentration. The loss modulus of both the POM and nano-
composite has similar values within three decades of behav-
ior, slightly less in the nanocomposite. The storage modulus
exhibits larger differences. It is substantially larger in POM
as compared to that of the nanocomposite. Nonetheless, in the
low-frequency extreme, the trend reverses. G’ of the nano-
composite has a tendency to level off, attaining slightly larger
values than G’ of pure POM. This behavior is characteristic
of the formation of an elastic network brought about by high
polymer-particle interactions [8, 36]. As the slope tends to
zero, a near solid-like behavior reveals not only augmented
particle-polymer interactions but also that the limiting slope
is a criterion of the degree of dispersion of particles in the
polymer matrix [37-39].

3.5. Radio-opacity

In Figure 10, X-ray radiographs of the nanocomposites are
exposed. Figure 10A shows the more intense contrast corre-
sponds to the one with the largest particle content (3 phr).
Figure 10B and 10C have 2 and 1 phr BaSO,, respectively.
With respect to the optimum BaSO, concentration for radio-
opacity, two important factors need to be taken into account:
the level of radio-opacity and mechanical properties. Very
large amounts of BaSO, particles induce agglomeration and
poor mechanical properties, and the system is not easily
extruded or molded. The optical properties (visibility of the
sample under X-ray or fluoroscopic imaging) are affected
by numerous factors, and hence the amount of radiopaque

G" (Pa)

G-POM
~=-G-POM/BaSO,-1
~-G"-POM
|-= -G"-POM/BaSO,-1

0.1 1 10
Angular frequency (rad/s)
Figure 9 Storage modulus (G”) and loss modulus (G”) as functions

of angular frequency for POM and POM/ BaSO, with 1 phr particle
concentration.

Figure 10 Radiography of mold-injected samples of the nano-
composites with variable amounts of BaSO,. (A) POM/BaSO,-3 (B)
POM/BaSQ,-2 and (C) POM/BaSO,-1.

agent for better radiographies depends directly on the type
of application. ‘

4. Conclusions

In this work, spherical nanoparticles of barium sulfate were
dispersed in the POM matrix. SEM and TEM images show
evidence of the dispersion and distribution of the particles in
the polymer at 1 phr of concentration.

The introduction of a stabilizing agent during the synthe-
sts, EDTA, allows controlling the particle size and rate of
agglomeration. The nanocomposites produced were char-
acterized, exhibiting mechanical and rheological properties
similar to those of the polymer, but with added radio-opacity
properties. In general, the nanocomposites do not exhibit a
negative influence upon the original properties of the polymer
matrix, which constitutes one of the objectives of this work.
The systems are thermally stable within the processing condi-
tions. Radio-opacity to X-ray tests revealed an increase in the
optical contrast as the BaSO, concentration increases, allow-
ing the control of the optical density. A compromise exists in
the balance between mechanical and optical properties with
regard to products intended for biomedical applications.
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