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Effect of POSS on morphology, thermal and mechanical properties of

polyamide 6

Summary — Polyamide nanocomposites with different octakis(dimethylsiloxy, 3-glycidoxypro-
pyl)octasilsesquioxanes (POSS) contents (0.5, 2, 4 wt. %) were obtained during melt blending. SEM
results showed that POSS are uniformly dispersed in polyamide 6 matrix (Fig. 1). FT-IR and DSC
analysis indicated that the addition of POSS promotes modifications of the polyamide crystal
structure, which consist of the progressive development of a. crystals and significant increase in the
glass transition temperature, crystallization temperature and the crystallization rate of the poly-
amide 6 (Figs. 2 and 3, Tab. 1). Tensile tests, performed on dried samples, revealed that strength
and elongation at break were appreciably modified by the presence of POSS (Fig. 4, Tab. 2). Com-
pared with the neat polyamide 6, the impact strength of PA 6/POSS composites is enhanced
(Tab. 2). Dynamic mechanical thermal analysis (DMTA) demonstrated that both the storage modu-
lus (G’) and relaxation temperatures (T, T and T,), especially glass transition temperature (T,) of
the PA6/POSS composites significantly increased (Fig. 5, Tab. 3).

Keywords: polyamide 6, POSS, nanocomposites, dispersion, mechanical properties, thermo-
mechanical properties.

WPEYW POSS NA STRUKTURE, WEASCIWOSCI CIEPLNE I MECHANICZNE POLIAMIDU 6
Streszczenie — Nanokompozyty poliamidu 6 z r6zna zawartoscig oktakis(dimetylosiloksy, 3-gli-
cydoksypropylo)oktasilseskwioksanu (0,5; 2; 4 % mas.) otrzymano w procesie przetworstwa.
Mikrofotografie SEM wykazaty réwnomierny stopienn zdyspergowania POSS w osnowie poli-
amidu 6 (rys. 1). Za pomoca metod FT-IR i DSC stwierdzono, ze dodatek POSS modyfikuje struk-
ture krystaliczng poliamidu, w wyniku utworzenia fazy krystalicznej a nastepuje istotny wzrost
temperatury zeszklenia i krystalizacji oraz szybkosci krystalizacji poliamidu 6 (rys. 2 i 3, tab. 1).
Ocena wtasciwosci mechanicznych nanokompozytu (wysuszonych probek) wykazata istotny
wplyw POSS na naprezenie i wydluzenie wzgledne przy zerwaniu PA 6/POSS oraz wyrazny
wzrost udarno$ci w porownaniu z wlasciwosciami czystego poliamidu (rys. 4, tab. 2). Za pomoca
dynamicznej analizy termomechanicznej (DMTA) kompozytéow PA 6/POSS stwierdzono znaczacy
wzrost modutu zachowawczego (G’) i temperatury przejs¢ relaksacyjnych (T, Tg and T), a w
szczegdlnosci temperatury zeszklenia (T,) (rys. 5, tab. 3).

Stowa kluczowe: poliamid 6, POSS, nanokompozyty, dyspersja, wlasciwosci mechaniczne, wias-
ciwosci termomechaniczne.

INTRODUCTION

Polyhedral oligomeric silsesquioxane (POSS) is
three-dimensional structurally well defined cage-like
molecule represented by the general formula (RSiO; 5),,
where Ris a hydrogen or an organic group, such as alkyl,
aryl or any of their derivatives at the corners of the cage
and n = 6, 8, 10 or higher [1]. A variety of reactive and
non-reactive functional groups can be introduced into
their molecule so that POSS chemistry becomes very fle-
xible [2]. Several polymeric systems have been taken into

account incorporating POSS cages both in thermoplastics
matrices, such as polyolefins, polyamides, polyesters,
and in thermosets, mainly epoxy resins [3-8].
Polymer/inorganic nanocomposites prepared via melt
compounding have become a popular topic in material
science because of their markedly improved properties
and relatively facile preparation procedures [9-11]. In-
deed, nanocomposites have been formed using a variety
of shear devices (e.g. extruders, mixers, ultrasonicators,
etc.). Of these melt processing techniques, twin screw ex-
trusion has proven to be most effective for the dispersion
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of nanoparticles [12-14]. Enhanced characteristics in such
composites have so far been reported as a synergistic con-
tribution resulting from the effective combination of
nanoparticles and a polymer matrix. However, whether
nanoparticles are able to bring positive effects into play
depends on their dispersibility in the matrix. Because of
high surface energy, these particles have a great inclina-
tion for agglomeration, especially in polymer melts that
are characterized by high viscosity. Therefore, the prepa-
ration of nanocomposites with uniformly distributed
nanoparticles is a challenge [15, 16]. Recent studies have
demonstrated that melt processing conditions play a key
role in achieving high levels of dispersion. Results from
these studies indicate that an optimum balance between
residence time and level of shear is required to facilitate
the dispersion of nanoparticles. In addition, proper
choice of nanoparticles chemistry is critical [17-19].

In this paper, the preliminary study on the effect of
octakis(dimethylsiloxy, 3-glycidoxypropyl)octasilses-
quioxanes (POSS) content on the morphology, thermal
and mechanical properties of polyamide 6 (PA6) nano-
composites were examined using scanning electron
microscopy (SEM), Fourier transform infrared spectro-
scopy (FT-IR), differential scanning calorimetry (DSC),
dynamic-mechanical thermal analysis (DMTA), tensile
and impact testing.

EXPERIMENTAL
Materials

Polyamide 6 (PA 6) pellets (Grade Tarnamid T27) used
in this study were a product from Nitrogen Works Tar-
now SA, Poland. Octakis[(3-glycidoxypropyl)dimethyl-
siloxy]Joctasilsesquioxane (POSS) was synthesized ac-
cording to the two stage process published elsewhere
[20]. The chemical reagents, such as tetramethylammo-
nium hydroxide, methanol, tetraethoxysilane, petroleum
ether, allyl glycidyl ether (AGE) and toluene are of chemi-
cally pure grade and were purchased from the Sigma
Aldrich. Dimethylchlorsilane was purchased from the
Gelest Inc. All chemicals were used as received from sup-
pliers without any further purification.

Synthesis of octakis(dimethylsiloxy)octa-
silsesquioxane

Octakis(dimethylsiloxy)octasilsesquioxane was syn-
thesized according to a procedure described by Filho et al.
[20] (Scheme 1). In the first step 25 wt. % methanollic
solution of tetramethylammonium hydroxide (164.8 mL,
1.56 mol), methanol (80 mL, 2 mol), water (60.3 mL,
3.35 mol) were placed together in 1 L flask with stirring
bar. The flask was cooled in an ice bath and tetraethoxy-
silane (88.1 mL, 0.39 mol) was added. Solution was
stirred out for 24 hours in room temperature to get octa-
anion solution. In the next step obtained solution was
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Scheme 1. Synthesis of octakis(dimethylsiloxy)octasilsesqui-
oxane [20]

slowly added via additional funnel to the mixture of
dimethylchlorsilane (171.7 mL, 1.6 mol) and 1000 mL of
petroleum ether in 2 L flask with stirrer placed in the ice
bath. After whole octaanion solution was dropped, the
mixture was kept in room temperature with stirring for
three more hours. Next organic layer was collected and
evaporated under vacuum. Obtained white powder was
washed a few times with methanol and dried under
vacuum to give 46 g (91 % yield) of product such as octa-
kis(dimethylsiloxy)octasilsesquioxane.

NMR and Fourier transform infrared spectroscopy
(FT-IR) analysis were employed to characterize the che-
mical structure of POSS. 'TH NMR (300 MHz), *C NMR
(75 MHz) and #’Si NMR (59 MHz) spectra were recorded
on a Varian XL 300 spectrometer at room temperature
using CDCl; as a solvent. FT-IR spectra were recorded on
a Bruker Tensor 27 Fourier transform spectrometer
equipped with a SPECAC Golden Gate diamond ATR
unit. In all cases 16 scans at a resolution of 2 cm™ were
collected for spectrum. Results of FT-IR and NMR analy-
sis confirm the structure of octakis(dimethylsiloxy)octa-
silsesquioxane.

FT-IR [em™]: v 2965 (CH); v 2141 (SiH); v 1254 (SiCH,);
1070 (SiO).

"H NMR (CDCl,, 298 K, 300 MHz) & = 0.25 (d, 48H,
SiCH,); 4.73 (m, 8H, SiH) ppm.

3C NMR (CDCl,, 298 K, 75.5 MHz) & = 0.037 (SiCH,)
ppm.

2%Si NMR (CDCl,, 298 K, 59.6 MHz) & = -1.014
(HSiCH3); -108.28 (SiOSi) ppm.
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Synthesis of octakis(dimethylsiloxy,
3-glycidoxypropyl)octasilsesquioxane

Octakis(dimethylsiloxy, 3-glycidoxypropyl)octasil-
sesquioxane was synthesized in the hydrosilylation reac-
tion of allyl glycidyl ether (AGE) with hydrogen sil-
sesquioxane (Scheme 2). Process was carried out in the
presence of Karstedt catalyst and toluene as a solvent.

R=0_~<J

Scheme 2. Synthesis of octakis(dimethylsiloxy, 3-glycidoxypro-
pyloctasilsesquioxanes [20]. Results of NMR analysis of the
product confirm its structure

Octakis(dimethylsiloxy)octasilsesquioxane (5 g,
4.9 mmol), allyl glycidyl ether with 20 % excess (5.6 mL,
47 mmol) together with 50 mL of toluene as solvent were
placed in three neck, round bottom flask equipped with
thermometer, condenser and magnetic bar. Next Karstedt
catalyst (21.4 mg, 2.35 x 10 mol Pt) was added in the
room temperature and a solution was heated to 110 °C
and kept in this temperature for 8 hours. After the reac-
tion mixture cooled down solvent and excess of olefin
were evaporated under vacuum to give the product as
viscous oil (9.2 g, 97 % of theoretical).

FT-IR [cmfl]: v (CH) 3053, 2930, 2868; v (C-O bond of
epoxy groups) 1255; v (5i-O) 1070; 6 (C- bond of) 841;
(epoxy groups) 910.

'H NMR (CDCl;, 298 K, 300 MHz) ppm: 0.047
(OSiCH,); 0.51 (SiCH.,); 1.51 (CH,);

2.47, 2.65 (CH,0); 3.00 (CHO); 3.25 (CH,0); 3.33, 3.56
(OCH,).

Preparation of nanocomposites

Nanocomposites containing 0.5, 2 and 4 wt. % POSS
nanoparticles were prepared by melt blending in a Bra-
bender (PLASTI-CORDER) intermeshing, twin screw ex-
truder (D =42 mm, L/D = 6) according to the process pub-
lished elsewhere [21]. Compounding was carried out at
a barrel temperature of 230 °C and a screw speed of
60 rpm. Prior to each melt processing step, all polyamide
containing materials were accurately dried at 85 °C under
vacuum for a minimum of 12 h.

The neat polyamide and the composites were com-
pression molded (using frame mould) in a press at 230 °C
into a plaque of 1 mm and 4 mm thickness for tensile and
impact testing, respectively. The molding process was
carried out using a preheating time of 8 min, pressure
was applied for 5 min, and mould was immediately
transferred to a cold press with applied pressure for
cooling in 5 min.

Characterization

Scanning electron microscopy (SEM) observations of
the surfaces, produced by fracturing of the samples
cooled at liquid nitrogen and coated with gold, were
made using Jeol JSM-6100 microscope.

Fourier transform infrared spectrometer (FT-IR)
(Bruker Tensor 27) equipped with a SPECAC Golden
Gate diamond ATR unit was used to study the chemical
structure and the crystalline behavior of the nanocompo-
sites. The samples of nanocomposites were pressed into
small flakes. The specimens were sufficiently thin to be
within the range of the Beer-Lambert law. In all cases
16 scans at a resolution of 2 cm™ were collected for
spectrum.

A Perkin Elmer differential scanning calorimeter
(DSC-7) was used for thermal analysis. All experiments
were run at the heating rate of 10 °C/min under a nitrogen
atmosphere.

The torsion method was used with a frequency of
1 Hz, a strain level of 0.1 % in the temperature range of
-150 to 100 °C. The heating rate was 3 °C/min. The testing
was performed using rectangular bars measuring ap-
proximately 38 mm x 10 mm x 2 mm. These were pre-
pared by compression molding, at a temperature of
190 °C and pressure of 100 bar, for a time period of 5 min.
The exact dimensions of each sample were measured
before the scan.

An Instron Series 4505 tensile tester, which operated
at a crosshead speed of 50 mm/min and at room tempera-
ture was used to measure the tensile properties of the
composites according to ISO 527. For each material a
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minimum of 10 samples were tested to determine the
average values. Prior to tests, the specimens were dried
for 12 h at 85 °C in vacuum till equilibrium in moisture
content (0.2 wt. %)

Notched Charpy impact tests were carried out in ac-
cordance with ISO 179 at room temperature.

RESULTS AND DISCUSSION
Microstructure of the nanocomposites

In order to explain the behavior of the nanocompo-
sites studied in this work, the surface of fractured speci-
mens after compression molding was examined with
SEM. Figure 1 shows the morphologies of the polyamide
6/POSS composites. The dispersed particles are attri-
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Fig. 1. SEM micrographs of PA 6/POSS nanocomposites: (a, b) 0.5 wt. % POSS, (c, d) 2 wt. % POSS, and (e, f) 4 wt. % POSS
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buted to the POSS phases. The PA 6/POSS nanocompo-
sites showed a uniform dispersion of POSS. It seems that
the reaction between epoxy functional groups of POSS
and amine functional groups of polyamide 6 during melt
compounding leads to in-situ formation of excellent dis-
persed POSS nanoparticles with good interfacial adhe-
sion. However, agglomerates in the nanocomposites can
be expected due to the POSS-POSS self-assembly [1].

Crystallization behavior of the nanocomposites

The FT-IR spectra of POSS, PA 6 and PA 6/POSS (96/4)
nanocomposite are shown in Fig. 2. In the spectrum of
POSS there is one strong band at 1070 cm™ attributed to
the Si-O groups and three peaks with a maximum at
1255, 841 and 910 cm™ that belong to the C-O and Si-C
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Fig. 2. FT-IR spectra of POSS, PA 6 and PA 6/POSS (96/4) nanocomposite

bonds of methyl, ether and epoxy groups and to the
epoxy groups, respectively. In the spectrum of PA 6/POSS
(94/6) nanocomposite, the absorbance of Si-O groups of
POSS is moved to a higher wave number compared with
the POSS, suggesting that functional groups of POSS
could be selectively bonded with functional groups of PA
6. The absorption peak at 841 cm™ corresponding to the
epoxy groups was moved to the lower wave number,
probably as a result of the interactions that took place be-
tween the epoxy groups of POSS and the amine groups of
PA 6. The lower intensity of the peaks of epoxy groups in
the PA 6/POSS nanocomposite is further proof that most
of the epoxy groups of POSS react with the amine groups
of PA 6.

The existence of an absorption peak at 690 and 1200
cm~lindicates that both PA 6 and PA 6/POSS nanocompo-
sites are in o crystalline form. It is noted that the new ab-
sorption peaks at 930 and 960 cm™ appeared in the PA
6/POSS spectrum, which confirms a crystalline form of
the PA 6. Moreover, in the spectrum of PA 6 there is a
small band at 936 cm™, which probably corresponds to y
phase crystals of the PA 6. Thus, the addition of POSS af-
fects the crystallinity of the polyamide.

In order to obtain more information regarding the
crystallization behavior of the samples, DSC was used.
Figure 3 shows the second heating and cooling DSC

curves of PA 6 and PA 6 with different amount of POSS.
The DSC data presented in Table 1 show that the glass
transition temperature (T,) and crystallization tempera-
ture (T,) were shifted significantly to a higher tempera-
ture for PA 6/POSS composites. The addition of POSS
raised the glass transition temperature by 28 °C. The crys-
tallization temperature increased from 163 to 189 °C, in-
dicating that POSS acts as heterogeneous crystallization
nucleator of the matrix and increases the crystallization
rate of PA 6 and the degree of crystallinity (X.) of PA6.On
the other hand, POSS also acts as a physical hindrance
which retards the crystallization of PA 6 molecular chains

Table 1. Glass transition and cystallization parameters of PA 6
and PA 6/POSS nanocomposites measured by DSC

POS‘i E%Ztent Ty, °C T,, °C T, °C X, %
0 28 218 163 40.1
0.5 53 215,222 188 43.2
2 53 215,222 189 43.0
4 53 215,221 189 45.7

") Assessed by integrating the normalized area of the melting endo-
thermic peak and rationing the heat involved to the reference value
of 100 % crystalline PA 6 (190 J/g).
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Fig. 3. DSC curves of PA 6/POSS nanocomposites with diffe-
rent fractions of POSS

for the physical and chemical interactions. The combina-
tion of these two factors makes the PA 6 chains arrange
orderly at a higher temperature, which results in the in-
crease of T..

The crystalline structures of PA 6 are related to many
factors, such as thermal treatment, stress history and the
presence of moisture, additives and nanofillers. In gene-
ral, the a form is thermodynamically stable, but the y
form is kinetically favored, and they are usually asso-
ciated with two different melting temperatures, 221 and
215 °C, respectively [12, 22].

From DSC curves (Fig. 3), it can be seen that the PA 6
has only one melting peak at 218 °C, which is associated
with melting of the less stable y form crystals of PA 6 [23].
This indicates that in neat PA 6 the y crystal is the domi-
nant crystalline phase. Moreover, in the PA 6 a shoulder
prior to the endothermic peak could be clearly observed.
In contrast, two melting peaks appear in the curves of
PA 6/POSS composites. Next to the melting peak at 222
°C, the addition of POSS into the polymer matrix induces
a lower endothermic peak (T}, y) at 215 °C as a shoulder
of T,,, o, which may be related to the melting of the less
stable y form crystals of PA 6 [23], or it may simply reflect
changes in crystalline thickness and distribution of the o
form [12]. Thus, the existence of POSS affects the
crystallinity of the polyamide.

Tensile and impact properties

The tensile properties of PA 6 and PA 6/POSS compo-
sites are given in Table 2. Typical stress-strain curves of
the various investigated composites, shown in Fig. 4,
indicate that the mechanical behavior of POSS modified
polyamide was considerably different from that of neat
PA 6. It is interesting to note, that used polyamide 6
shows extremely small elongation at break and low
impact strength. This phenomenon may be caused by the
thermal treatment, stress history, the presence of mois-
ture and the method of specimens molding. In general,
the dried samples of PA 6 exhibit much lower elongation
and impact strength in comparison with the ones condi-

' N - \ M ———
...4 wt. % POSS
PA 6

O T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Strain, %

Fig. 4. Stress-strain curves of PA 6/POSS nanocomposites with
different fractions of POSS

tioned once. Also the compression molded specimens
have poorer mechanical properties than injection
molded. Comparing all composites, the addition of POSS
causes a substantial increase of 10-20 % in tensile
strength at break in comparison to the initial value. The
maximum value was observed for low POSS loading at
0.5 wt. %. On the other hand, the addition of POSS does
have a significant effect on tensile strength. Theoretically,
the tensile strength of the composites is usually lower
than that of the unfilled polymer due to the particles are
unable to bear any fraction of the external load during
tensile loading. However, opposite results has been
shown in Fig. 4. In fact, the increase in tensile strength is
observed at 0.5 wt. % filler content. The enhancement in
tensile strength could indicate that the bonding between
POSS and matrix is strong enough and the particle could
withstand the external load applied during tensile load-
ing. For POSS concentrations higher than 0.5 wt. % a
small decrease about 5 % is observed. This behavior
could be attributed to tendency of POSS to form agglome-
rates at higher concentrations, as already proved by SEM
study. This is in agreement with a similar deterioration of
mechanical properties reported for PA 6/spherical silica
nanocomposites [24].

Table 2. Mechanical properties of PA 6 and PA 6/POSS nano-
composites (dried samples)

POSS | Tensile | 1€ | Flonga | Charpy notched
strength . :
content | strength at break tionat | impact strength
wt. % MPa break, % kJ/m?
MPa

0 79.8+£20 | 489+6.7 22+6 2721
0.5 848+3.6 | 62.6+4.2 59+5 9.2+0.5
2 753+1.6 | 56.5+3.6 90 +10 9.7+0.4
749+12 | 55.6+5.1 54+7 56+0.3

The addition of POSS has a positive effect on the elon-
gation at break. A gradual increase in elongation at break
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is observed for POSS contents up to 2 wt. %, reaching
414 % in comparison to the initial value. For POSS con-
centration higher than 2 wt. % a significant decrease is
observed due to the POSS-POSS self-assembly. However,
the value is over 150 % higher in comparison with neat
polyamide 6. This improvement in elongation for com-
posites should be associated with small agglomerations
of POSS nanoparticles, which could act as stress concen-
trators of failure points of the material. It seems that
epoxy functional groups in POSS result in uniform dis-
persion of the nanoparticles and good adhesion between
them and the matrix. Therefore, the interaction between
the particles and the matrix is considerable, making it
easier for properties to be transferred between the two
materials.

Moreover, a gradual increase of 87-223 % in notched
Charpy impact strength is achieved in the PA 6/POSS
nanocomposites. The maximum was observed at POSS
loading of 2 wt. %. The decrease in impact strength at
higher POSS content can be explained due to the possible
aggregation of POSS nanoparticles at higher concentra-
tions. However, the results suggest that POSS is effective
in improving the impact strength of the composites.

The above mentioned results show that the properties
of the nanocomposites formed by melt compounding are
highly dependent upon the POSS contents. The increase
in mechanical properties is mainly due to the uniform
dispersion of POSS in the composites and good adhesion
between them and the matrix. It is also likely that POSS
nanoparticles orientation as well as molecular orientation
contribute to the observed reinforcement effects.

Dynamic-Mechanical Properties

Dynamic-mechanical thermal analysis (DMTA) can
provide reliable information about the relaxation beha-
vior of the examined materials. In order to evaluate the
effect of POSS nanoparticles on the PA 6 matrix, thermo-
mechanical properties were measured. Due to the very
high surface area and epoxy functional groups of the
nanoparticles in the PA 6/POSS nanocomposites, the ap-
plied stresses are expected to be easily transferred from
the matrix onto the POSS particles, resulting in an en-
hancement of the mechanical properties. The epoxy func-
tional groups of POSS can react with amine functional
groups of polyamide 6 and break up the large agglome-
rates of the nanoparticles into finer particles, resulting in
an increase in their degree of dispersion in the polymeric
matrix, increasing the interfacial adhesion.

Figure 5a shows the dynamic storage modulus (G’)
versus temperature of various PA 6/POSS nanocompo-
sites. From Figure 5a, it can be seen that the addition of
POSS significantly increases G’ of PA 6, especially below
the glass transition temperature, which is due to the stif-
fening effect of the POSS. As seen in Table 3, the G* of
polyamide 6 at 25 °C is improved by about 75-88 %. POSS
could affect the PA 6 chain through the active centres

Table 3. DMTA results for PA 6 and the PA 6/POSS nanocom-
posites

POSS moscji?lliigs,ePa Loss tangent (peak position), °C
wt. %
at 25 °C T, Tg Ty,
0 0.88 - 10° -148.1 733 25.5
0.5 1.54-10° -139.5 -70.2 54.9
1.65 - 10° -139.0 —65.7 56.7
1.61-10° -143.3 -66.1 57.2

formed by silanol or epoxy functional groups and
through the reaction with amine functional groups of PA
6 and hinder the chain motion of PA 6, which would im-
prove the modulus. As a result of these changes, the stor-
age modulus of the interface is higher than that of the free
part. An increase in the POSS content enlarges the inter-
facial area and results in increased volume of interphase.
However, at higher POSS content (4 wt. %) the particles
tend to form extended agglomerates (see SEM micro-
graphs of Fig. le, f) and as a result the interphase is re-
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Fig. 5. Dynamic mechanical relaxation behavior versus tem-
perature of PA 6 and PA 6/POSS nanocomposites at frequency
of 1 Hz: (a) G/, (b) tan §
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duced. Therefore, above the glass transition temperature,
the storage modulus of PA 6/POSS composite containing
4 wt. % POSS is lower than the one containing 2 wt. %
POSS.

Figure 5b presents the temperature dependence of the
loss tangent (tan &) of PA 6 and PA 6/POSS nanocompo-
sites. The tan 6 maximums show three (o,  and y) rela-
xations, which take place in the specimens in order of de-
creasing temperature, respectively. These are accompa-
nied by a pronounced decrease of the storage modulus.

The a-relaxation corresponds to the glass transition
temperature (T}), as shown in Fig. 5b. The glass transition
temperature increases from 25 °C for the neat PA 6 to
55—57 °C for PA 6/POSS nanocomposites (Tab. 3). It is
well known that in polymer matrix composites, the T, on
the polymer matrix depends on the free volume of the
polymer, which is related to the affinity between the filler
and the polymer matrix [25, 26].

The B-relaxation can be observed as a clear maximum,
which temperature increases as a function of POSS content
(Fig. 5b and Tab. 3). It was reported that the B-relaxation re-
sults from motions of amide polar groups in the interfacial
region and is attributed to the glass transition [27].

The y-relaxation has been associated with a single
relaxation process, predominantly of amorphous origin.
The y-relaxation appears as a maximum at about —148 °C
for the PA 6 and in the range from -143 to —139 °C for the
nanocomposites (Fig. 5b, Tab. 3), with a corresponding
decrease in storage modulus (Fig. 5a). This is a clear effect
of POSS content on the breadth and on the location of the
relaxation; this process is shifted toward higher tempera-
ture in the presence of POSS, as a consequence of higher
crystallinity.

CONCLUSIONS

The morphology, thermal and mechanical properties
of PA 6/POSS composites have been investigated. SEM re-
sults showed that POSS are uniformly dispersed in poly-
amide 6 matrix. FI-IR and DSC analysis indicated that
the addition of POSS promotes modifications of the poly-
amide crystal structure, which consist of the progressive
development of a crystals and significant increase in the
glass transition temperature, crystallization temperature
and the crystallization rate of the polyamide 6. Mechani-
cal testing, carried out above the material’s glass-transi-
tion temperature, showed that the presence of POSS re-
sulted in increased strength and significantly improved
elongation at break relative to that in the neat PA 6. More-
over, the addition of POSS improved impact strength of
polyamide 6. Dynamic mechanical thermal analysis
showed that the addition of POSS significantly increased
the G’ and relaxation temperatures (T,, T and T,), espe-
cially glass transition temperature (T,,) of PA 6, due to the
greatly limited molecular motion. These effects can be
mainly attributed to the chemical bonding between the
epoxy groups of POSS and amine groups of PA 6, the

increase in the degree of crystallinity and also to the deve-
lopment of o form, which was promoted by POSS modifi-
cation.
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