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Thermal stabilization ability of
polyhedral oligomeric
silsesquioxane nanofillers

Sin Vila and Miguel Sanchez-Soto

The polyhedral oligomeric silsesquioxane nanofillers examined in this
study provided little or no improvement to the thermal properties of

melt-blended acrylonitrile butadiene styrene polymer composites.

The recent developments in thermoplastic nanotechnology using
nanofillers have opened up the possibilities of enhancing the me-
chanical, chemical, and thermal properties of polymers.'~> Within
the broad range of nanoparticles available, polyhedral oligomeric
silsesquioxanes (POSS) have become popular because of their organic-
inorganic nature and easy incorporation into the polymer matrix.23
Compared with copolymerization methods, the use of melt-blending
techniques to produce thermoplastic nanocomposites is an attractive
approach because it is high yielding, simple, and inexpensive. The
enhancement of properties with melt-blending is, however, not always
effective owing to poor interactions between the POSS and matrix.*?

In this work,® we focused on creating new melt-blended nano-
composites with acrylonitrile butadiene styrene (ABS) grafted with
maleic anhydride (ABS-g-Ma), with the attempt to enhance its ther-
mal stability. We assessed the resulting nanocomposites with different
analytical methods to understand the key factors playing a role in the
overall effectiveness of the POSS incorporation.

We modified ABS-g-Ma with three different POSS nanofillers
incorporated into its matrix, namely aminopropylisobutyl, glycidyl,
and trisilanol, resulting in three nanocomposites: APOSS, GPOSS,
and TPOSS, respectively. These composites were prepared using
melt blending with a twin-screw compounder, and the degradation
conditions consisted of submitting the nanocomposites and the
standard ABS-g-Ma to oven-aging at different temperatures from
200-320°C in steps of 40°C and 0-75min periods of time in steps
of 15min. We assessed the degree of dispersion of POSS molecules
into the matrix prior to degradation by scanning electron microscopy
(see Figure 1), and observed no relevant differences between samples.
The nanocomposites showed no POSS aggregates or inhomogeneities,

Figure 1. Scanning electron micrograph at 10,000x magnification of a)
acrylonitrile butadiene styrene (ABS) grafted with maleic anhydride
(ABS-g-Ma), and ABS-g-Ma composites with polyhedral oligomeric
silsesquioxane (POSS): b) ABS-g-Ma/aminopropylisobutyl (APOSS),
c) ABS-g-Ma/glycidyl (GPOSS) and d) ABS-g-Ma/trisilanol (TPOSS).
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Figure 2. Differential scanning calorimetry heatflow plot during
the second heating of ABS-g-Ma and its nanocomposites ABS-g-
Ma/APOSS, ABS-g-Ma/GPOSS and ABS-g-Ma/TPOSS.

leading us to conclude good dispersion and miscibility between the
nanofillers and matrix was achieved.

We used differential scanning calorimetry to identify the glass
transition temperature (Tg) of each composite, and the possible effects
of the nanofillers on the matrix prior to degradation. The heatflow plot
depicted in Figure 2 shows that all nanocomposites have a small decay
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Figure 3. Fourier transform IR spectra of ABS-g-Ma undergoing

thermo-oxidation at 320°C in 15min steps over the range 0-75min.

Table 1. Drop in butadiene/CH» ratio between the virgin material and
the degraded sample at 280° C for 75min for each material.

Drop in butadiene/CH; bending ratio [So-Szggox75/1
ABS-g-MA 48.21%
ABS-g-MA/APOSS 51.24%
ABS-g-MA/GPOSS 45.02%
ABS-g-MA/TPOSS 42.87%

of ~2°C in Tg, indicating that the different POSS nanofillers act as
plasticizers. This behavior can be attributed to an increase of the free-
volume at the ABS backbone caused by the local mobility of the bulky
POSS structures, promoting molecular mobility.)>*> Additionally, no
further melting point (Tm) peaks were observed, indicating that the
nanofillers are thoroughly blended and dispersed within the matrix.

During the aging process, we used attenuated total reflectance
Fourier transform IR (ATR-FTIR) spectroscopy to follow the
depletion progress of the most sensitive fraction of the ABS matrix, i.e.,
butadiene, in relation to the CHy bending group. Figure 3 shows the
progress plot of ABS undergoing degradation at 320°C from Omin
to 75min, clearly exhibiting a butadiene decay along with thermo-
oxidation. This trend is summarized for each sample in Table 1,
showing little or no benefit of the nanofillers on the overall thermo-
oxidation resistance.

Alternatively, we carried out thermogravimetric analysis (TGA) to
follow the weight decay progress as a function of temperature and sub-
tract the onset temperatures at which 5% (Ts¢,) and 50% (Ts0g,) of
weight loss occurred. The derivative function of the above thermograms
provided the temperature of maximum weight loss (Tiax) and the ther-
mogravimetric traces led to the calculation of the activation energy (E,)
required to initiate the degradation process. Table 2 summarizes the
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Table 2. Summary of thermogravimetric analysis (TGA) and kinetic
degradation of ABS-g-Ma and its composites. Tsq,, T50%, Tmax: tem-
perature at which 5%, 50%, and maximum weight loss occurs, respec-

tively. n: Order of reaction. Eq: Activation energy.

TGA Parameters Kinetic Parameters
Ts% | Tso% | Tmax E
Material °C °C °C n [kJ/mol]
ABS 353 416 414 2.54 99.0
ABS-APOSS | 351 418 416 2.45 98.8
ABS-GPOSS | 357 419 416 2.46 106.5
ABS-TPOSS | 361 421 416 2.46 106.9

most relevant results from the thermogravimetric and kinetic analysis,
where TPOSS and GPOSS provided little improvements and APOSS
had an almost negligible effect.

Although yellowing has been acknowledged as a physical manifes-
tation of polymer degradation, limited research is available on quanti-
fying this color variation. Accordingly, we also focused on assessing
the appearance deterioration on the surface in terms of yellowing us-
ing CIELAB spectrophotometry, quantifying the variation in terms of
color lightness (L*), green-magenta hue (a*) and blue-yellow hue (b*).
Figure 4 shows our results, in which no relevant differences could be
found in yellowing between the nanocomposites and base material.

In summary, despite the appropriate dispersion and miscibility of
the nanofillers melt-blended in the ABS-g-Ma matrix, the GPOSS,
TPOSS, and APOSS nanofillers provided little or no improvements
to the matrix. These limited effects of the melt-blended nanopar-
ticles on the overall polymer matrix, particularly on the thermal
properties, are likely caused by the competing effects between the
intermolecular constraints of the rigid POSS structures and the free
volume increment promoted by the local mobility of the pendant moi-
eties of the same dispersed nano-cages, yielding to a poor interac-
tion between both phases and consequently voiding the potential POSS
contribution. Moreover, the above competing inefficiencies became an
additional drawback for the ABS-g-Ma/APOSS nano-hybrid as the un-
reacted APOSS fraction exhibited its lower degradation temperature
in an isolated state, resulting in a slight decay of the overall TGA
onset temperature. The findings from this paper have encouraged us
to further study the theoretical compatibility between the matrix and
the nanofiller in terms of solubility parameters to assist in the selec-
tion of materials for melt-blended nanocomposites prior to empirical
testing.
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Figure 4. Color variation of each sample aged at 240°C up to 75min expressed in chromaticity a* (green-magenta), b* (blue-yellow) and light-

ness L*
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