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Abstract: In this study, poly(vinyl chloride) (PVC)/poly(acrylonitrile styrene acrylate) (ASA)/ organophilic
montmorillonite  (o-MMT)  nanocomposites  were  prepared  and  the  effects  of  o-MMT  content  on  the
properties of PVC/ASA blends were investigated. The thermal stability, mechanical properties and water
absorption percentages of the nanocomposites were studied.  Surface morphology studies of the o-MMT
containing blends were also performed using scanning electron microscopy (SEM).  Thermogravimetric
analysis (TGA) test results showed that  o-MMT inclusion enhanced the thermal stability of PVC/ASA/o-
MMT nanocomposites and the decomposition temperature at 50% weight loss (Td50) increased by 7.5 ˚C
when the o-MMT content was 10 wt%. The tensile strength value of the neat blend was obtained as 32.51
MPa and found to increase as 36.01 MPa when the o-MMT content was 6 wt% in the system. The water
absorption test results demonstrated that the water-resistance of the samples enhanced as the o-MMT
content increased. Moreover, PVC/ASA blends exhibited a significant increase in the contact angle by the
presence  of  hydrophobic  o-MMT.  The  weathering test  results  demonstrated that  the  PVC/ASA/o-MMT
nanocomposite films could be used for outdoor applications without apparently losing their properties.
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INTRODUCTION

Poly(vinyl chloride), PVC) is currently the third most
commercially  produced  plastic  after  polyethylene
and  polypropylene,  which  is  used  extensively  for
window  profiles,  transportation,  construction,  and
packaging due to its versatility, excellent mechanical
strength, high chemical resistance and low cost (1-
3). PVC is produced in two types, first rigid PVC and
second  soft  or  plasticized  PVC  (4).  Flexible,
plasticized PVC is softer and capable of bending due
to the addition of plasticizers and is commonly used
in  construction.  Rigid  PVC  is  one  of  the  most
economically  and  technically  important
thermoplastic  polymers;  however,  the  major
weakness  of  PVC  such  as  brittleness  and  poor
thermal  stability  limits  its  application  (5,  6).

Therefore,  to  give  more  flexibility,  to  enhance
impact strength and to expand the application range
of PVC, impact modifiers can be used as additives,
or  processes  such  as  chemical  modification,
compounding  or  blending  with  conventional
polymers  can  be  applied.  Improving  desired
material properties or giving new properties to PVC
with  these  methods,  have  become  of  great
academic and industrial interest and various studies
have been reported in recent years (7, 8).

Among  these  methods,  polymer  blending  is  a
versatile, handy, and low-cost method to obtain a
new  material  with  desired  features  by  combining
two  or  more  different  polymers.  The  low  impact
strength of rigid PVC can be enhanced by adding a
low  glass  transition  temperature  (Tg)  impact
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modifiers (9).  It  has been shown that  the impact
strength  of  rigid  PVC  enhances  by  blending  with
traditional rubber/elastomers such as ethylene-vinyl
acetate  (EVA),  chlorinated polyethylene (CPE) and
acrylonitrile-butadiene rubber (NBR). But, they form
semi-compatible  polymers  and  therefore  become
insufficient to meet the desired material properties
(10-12).  Recently,  styrene-based  copolymers  with
core-shell  structure such as acrylonitrile butadiene
styrene  (ABS),  methacrylate  butadiene  styrene
(MBS)  and  methacrylate  acrylonitrile  butadiene
styrene  (MABS)  have  been  widely  studied  to
improve  the  impact  strength  and  lower  thermal
dimensional stability of the PVC matrix by increasing
the interfacial  interaction between the PVC matrix
and the rubber particles (13-16).

However,  for  outdoor  applications,  blending  PVC
using  ABS,  MBS  or  MABS  can  cause  lower
weathering  durability  of  the  PVC  and  the  blends
tend  to  yellow  over  time  due  to  the  unsaturated
polybutadiene rubber moiety that is unstable to heat
and UV light (17, 18). To overcome this problem, a
new  thermal  stable  polymer,  poly  (acrylonitrile
styrene  acrylate)  (ASA)  having  saturated  main
polymer  chains,  might  be  used  as  an  impact
modifier  for  PVC.  ASA has  a  core-shell  structure,
comprising  a  polyacrylate  rubber  core  which  is
surrounded  by  styrene-acrylonitrile  (SAN)
copolymer shell (19). PVC easily interacts with the
rigid shell  phase due to their  respective polarities
rather than the rubber core phase. The interfacial
adhesion  between  SAN  and  PVC  is  a  significant
factor to ensure optimum compatibility between the
softcore  and PVC matrix  and is  influenced by the
acrylonitrile  content  in  the  SAN.  The  polyacrylate
core is usually responsible for the toughening of the
rigid PVC (14, 20, 21).  When exposed to UV, heat,
or moisture, ASA copolymer exhibits a low level of
discoloration and anti-aging performance due to the
acrylic ester moiety in the matrix compared to ABS
terpolymer. Furthermore, the thermal stability of the
rubber  core  of  ASA  is  much  higher  than  the
polybutadiene in ABS, and this is very important for
the  blend  systems  that  need  high  processing
temperatures (2, 22).

Polymer nanocomposites have remarkable potential
and  industrial  interest  in  the  development  of
advanced  materials  for  countless  applications.
Nanoparticles in the form of fiber, tube, sphere or
platelet are used to enhance mechanical, electrical,
and thermal properties of the polymers even at low
concentrations (23, 24). Montmorillonite (MMT) clay
is  one  of  the  common  nanofillers  used  for  the
development of new polymeric nanocomposites due
to  its  high  surface  area,  high  aspect  ratio,  wide
availability and relatively low cost (25). Pristine MMT
clay  has  a  hydrophilic  structure  and  the  silicate
layers  are  held  tightly  together  by  electrostatic
forces.  It  can  form a  homogeneous  mixture  with

hydrophilic polymers such as poly(vinyl alcohol) and
poly(ethylene  oxide);  however,  it  forms  poor
nanoclay  dispersion  in  hydrophobic  organic
matrices. For instance, the dispersion of multilayer
MMT  clay  into  the  PVC  matrix  is  inhibited  by
incompatibility  between hydrophilic  layered silicate
and the low polarity of PVC (26). To facilitate the
compatibility,  and  create  a  homogenous  mixture,
surface modification is generally required. This can
be  easily  achieved  by  replacing  inorganic  cations
with  organic  cations  that  make  hydrophilic  MMT
more  organophilic.  Therefore,  MMT  clay  is  often
treated  with  alkylammonium  salts  to  alter  the
surface  polarity  of  the  clay  and  to  improve  the
wettability of the polymer by widening the interlayer
spacing of  MMT (27).  So  the  polymer  chains  can
easily reach the gap between the organophilic MMT
(o-MMT) layers.

Several  studies  have  reported  regarding  the
PVC/ASA blends and its  nanocomposites.  Wang et
al. (28) studied the influence of multi-walled carbon
nanotubes  (MWCNTs)  on  plasticizing  behavior,
mechanical  properties  and  thermal  stability  of
PVC/ASA blends, and the impact strength was found
to be 83.7 % higher than pure PVC/ASA blend for
MWCNT content of 0.054 wt%. Rimdusit et al. (2)
discussed  the  effect  of  coconut  fiber  contents  on
mechanical,  thermal,  and  physical  properties  of
PVC/ASA blends, and they found a tensile strength
value  of  45  MPa  with  the  addition  of  50  wt%
coconut  fibers  to  the  blend  structure.  In  another
study conducted by Rimdusit et al. (8), the effect of
ASA  content  on  water  absorption,  mechanical
properties,  and  outdoor  weathering  durability  of
PVC/ASA  blends  was  investigated.  By  increasing
ASA  content,  a  drastic  increase  in  the  impact
strength of the PVC/ASA blends was observed and
the highest value was obtained as 77.6 kJ/m2 when
ASA content is 50 wt%.

Although there have been various studies revealing
the properties of PVC/ASA blends, authors believe
that this is the first work that shows the effects of
organophilic  montmorillonite  content  on  the
mechanical  and  thermal  properties,  and  the
weatherability of PVC/ASA blends. In this research,
PVC/ASA blends at a fixed ratio of 70/30 wt%, and
its  o-MMT nanocomposites  were  prepared through
solution casting. The effects of the o-MMT content
on  physical,  mechanical,  thermal,  and  weather
resistance  properties  of  the  obtained  composites
were determined.

MATERIALS AND METHODS

Materials
PVC powder (Suspension PVC K-70, density  0.44-
0.53 g/cm3) and ASA granules were kindly supplied
by  Bayegan  Plastics  Co.  (Istanbul,  Turkey)  and
Chemieuro  (Istanbul,  Turkey),  respectively.
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Organophilic montmorillonite (Nanomer I.31PS) was
obtained from Sigma-Aldrich, which is clay modified
by  15-35  wt%  octadecylamine  and  0.5-5  wt%
aminopropyltriethoxysilane.  The  solvent
tetrahydrofuran (THF, 99.5 %) was purchased from
Sigma–Aldrich. Before solving, PVC powder and ASA
granules, and o-MMT nanoparticles were dried at 80
˚C for 5 h.

Preparation  of  PVC/ASA/o-MMT
Nanocomposites
The  PVC/ASA/o-MMT  nanocomposite  films  with
different of o-MMT ratios were prepared by solution
blending of PVC and ASA. In a typical preparation
procedure, PVC and ASA were individually dissolved
in THF; and afterward, the solutions were brought
together and stirred overnight at room temperature.
o-MMT dispersions were prepared in THF by using
an  ultrasonic  homogenizer  (Bandelin  HD2200)  for
60 min and then magnetically stirred for 24 h until
the solutions became homogeneous. Subsequently,
the prepared o-MMT dispersions were added to the
solutions of PVC/ASA, and the resulting dispersions
were placed in an ultrasonic bath for 3 h to obtain a
homogeneous mixture. The dispersions were poured
in  Petri  dishes  and  were  allowed to  dry  at  room
temperature for 72 h, under vacuum for 24 h, and
finally at 70 ˚C for 6 h. The obtained films were hot-
pressed at 170 ˚C for 2 min followed by cooling to
room  temperature  for  further  tests.  The  o-MMT
content of the PVC/ASA/o-MMT nanocomposites was
given in Table 1.

Characterization Methods
The  Fourier  transform  infrared  spectrophotometer
(FTIR, Perkin Elmer, Spectrum 100) was used in ATR
(Attenuated  Total  Reflection)  mode  in  the
wavenumber range 650–4000 cm−1 to confirm the
structure of the PVC/ASA/o-MMT nanocomposites.

The thermal stability of PVC/ASA blends with various
o-MMT  amounts  was  determined  using  a
thermogravimetric analyzer (Seiko, TG/DTA 6300) in
the temperature ranges between room temperature
to 800 °C at a heating rate of 10 °C min-1 under N2

atmosphere.

The  surface  morphology  of  the  PVC/ASA/o-MMT
nanocomposite  films  was  assessed  by  using  a
scanning  electron  microscope  (SEM,  FEI  Inc.,
Inspect  S50)  operating  at  the  15  kV  accelerating
voltage  in  secondary  electron  imaging  mode.  The
tensile fracture surface of the samples was coated
with thin gold film before measurement.

Tensile  properties  of  the  neat  PVC,  neat  ASA,
PVC/ASA  blend,  and  its  nanocomposites  were
determined using a universal  tensile  test  machine
(Zwick/Roell) equipped with a 1 kN load cell at 25
˚C according to ASTM D882. The crosshead speed
was  10.0  mm  min-1.  The  test  specimens  with  a

rectangular  shape  (1  cm x  10  cm)  and  0.8  mm
thickness were cut from pressed thin plastic sheets.
Mean values were obtained from five measurements
of each sample.

Water  absorption  measurement  was  conducted
according  to  gravimetric  methods.  Before  testing,
initial weights (mi) of specimens were recorded after
drying them in an oven at 80 ˚C for 24 h and cooled
down to  room temperature.  These  dry  specimens
were  immediately  soaked  in  distilled  water  and
waited for the samples to reach constant weight by
weighing periodically. These final weights (mf) of the
samples  were  recorded  and  the  water  absorption
percentage of the samples (WA) was calculated by
using the following equation:

 

WA (%)=(mf –mimi )×100  (Eq.1)

Contact angle measurement was carried out using a
contact angle meter (KSV Instruments Cam 200) by
measuring  the  contact  angle  of  5  μL  volume  of
distilled water drop on the film surface. The mean
contact angle value of each sample was calculated
from 5 measurements.

The  density  of  samples  was  measured  by  water
displacement method with a density kit attached to
a balance (AND brand AHR-AZ model) using ethanol
as a reference liquid. The mean of 5 measurements
was given as the density value of each sample.

The  heating-cooling cycling  tests  were  performed.
In  a  typical  test,  the  sample  was  immersed  in
distilled  water  for  24  h  at  room  temperature
followed by freezing in a freezer at -40 ˚C for 24 h.
Then, the sample was removed from the freezer and
allowed  to  thaw  at  room  temperature,  and
afterward,  it  was placed in  an oven at  40  °C for
another  24  h.  The  same procedure  was  repeated
four  times;  and  at  the  end  of  the  test,  the  SEM
image of the sample was taken, and the tensile test
was performed to assess the property changes.

RESULTS AND DISCUSSION

The  hydrophilic  nature  of  MMT  prevents  the
formation  of  homogeneous  nanocomposites.
Therefore,  the  silicate  layers  of  MMT  must  be
organically  modified  with  a  proper  modification
agent  to  enhance  dispersion  in  polymer  matrix
before  polymer/MMT  composites  are  prepared.  In
this work, a commercial o-MMT modified with 15-35
wt%  octadecylamine  (ODA)  and  0.5-5  wt%
aminopropyltriethoxysilane  (APTES)  was  used  to
prepare the PVC/ASA/o-MMT nanocomposites with a
fixed  PVC/ASA  weight  ratio  of  70/30.
Octadecylamine  is  a  primary  alkyl  amine  mainly
used as a hydrophobic surface modifier for different
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carbon  nanomaterials;  while  APTES,  an  amino
silane, is generally used in the chemical modification
of  surfaces;  and  acts  as  an  adhesion  promoter
between the polymer and the filler (29, 30). Since
the carbon chain length of organically modified MMT
is decisive on the size of the interlayer space, the
chemical structure of the surface modifier group is
of primary importance (31). Also, there have been
several  research  papers  addressing  the  usage  of
ODA  modified  clay  in  the  preparation  of  PVC
nanocomposites (26, 32, 33).

FTIR Analysis
To  identify  the  possible  intermolecular  interaction
between PVC, ASA, and o-MMT nanoparticles, FTIR
spectra of neat PVC, neat ASA, PVC/ASA blends, and
its  o-MMT nanocomposites  was depicted  in  Figure

1a,b. For neat PVC, the characteristic peak belong
to C-Cl stretching vibration was seen at 694 cm-1,
and the peak at  1428 cm-1 attributed to  the C-H
deformation vibration of CH2 groups. The peaks at
2916 and 2854 cm−1 matched with the stretching
vibrations of C-H bonds (34). FTIR spectrum of ASA
exhibited a characteristic broad peak at 1733 cm-1

assigned  to  the  C=O  stretching  vibration  of  the
carboxyl group in PBA and a tiny peak at 2236 cm-1

belonging to C≡N stretching vibration of the nitrile
group in SAN. The peaks at 1452, 1495, 1604 cm-1,

and 701-762 cm-1  were attributed to the stretching
and bending vibrations of the benzene ring (17, 35).
Moreover, the stretching vibrations of C-H groups in
benzene ring and polymer backbone were observed
at 3027 cm-1 and 2928 cm-1, respectively.

Figure 1. FTIR spectra of (a) PVC, ASA, and o-MMT, (b) PVC/ASA blend, and PVC/ASA/o-MMT
nanocomposites.

FTIR spectrum of o-MMT nanoparticles exhibited a
characteristic complex band at the position of about
1002 cm−1  attributed to the stretching vibrations of
Si–O groups (Figure 1a). The peak corresponding to
stretching vibrations of structural OH groups of the
montmorillonite  appeared  at  3626  cm−1.  The
octadecylamine intercalated into the gallery of the
MMT was verified with the bands at around 2923,
2851,  and  3243  cm-1,  for  C–H  asymmetric  and
symmetric  stretching  of  CH2 or  CH3,  and  N–H
stretching of alkylammonium, respectively (36). In
the FTIR spectra of PVC/ASA/o-MMT nanocomposite
films,  the distinctive peaks of  both PVC and ASA,
and  the  nanofiller  were  observed,  proving  the
intermolecular  interactions  between  them  (Figure
1b). Moreover, the increment of o-MMT content in
the nanocomposite enhanced the intensities of the
characteristic  o-MMT  peaks  (for  PVC/ASA-6,
PVC/ASA-8, and PVC/ASA-10).  

Thermal Analysis
Thermogravimetric  analysis  (TGA)  is  an  analytical
technique  used  to  characterize  the  decomposition
and thermal stability of materials and to determine

the  fraction  of  moisture  and  volatile  compounds
present  in  the  structure  by  monitoring  the  mass
change  (37).  The  thermal  decomposition  of  neat
PVC,  neat  ASA,  PVC/ASA  blend,  and  its  o-MMT
composites investigated thermogravimetrically. The
thermal weight loss curves of samples were shown
in Figure 2 a,b.  On the TGA thermogram of  neat
PVC, the observed first step degradation from room
temperature  to  about  160  ˚C was  related  to  the
removal of trapped THF and volatile compounds. As
seen from the curve, two main weight loss regions
occurred; the first weight loss region up to 350 ˚C
corresponding  to  dehydrochlorination  of  polymer,
and the second main weight loss in the temperature
range between 410–530 ˚C due to the formation of
volatile  aromatic  compounds  and pyrolysis  to  low
hydrocarbons (38,39). It is clear from Figure 2a that
ASA  had  the  highest  initial  decomposition
temperature due to the presence of the SAN shell of
ASA. The degradation profile of PVC/ASA between
260  and  400˚C  exhibited  both  the
dehydrochloration  of  PVC  and  the  degradation  of
ASA.
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Figure 2. TGA thermograms of (a) neat PVC, neat ASA, and PVC/ASA blend, (b) PVC/ASA/o-MMT
nanocomposites.

Figure  2b  displayed  the  TGA  thermograms  of
PVC/ASA/o-MMT  nanocomposite  films  which  were
shifted to higher temperatures with the addition of
o-MMT nanoparticles and their increased amounts in
the PVC/ASA blend matrix. This result indicated the
strong interaction between the components of the
blend, thus led to restricted mobility of the polymer
molecules  which  took  part  in  the  degradation
process.  Therefore,  increased  o-MMT  amounts
contributed to the increase in thermal stability (40).

The  thermal  stability  of  a  material  can  be
characterized  as  the  temperature  at  which  50  %
mass is  retained or lost (Td50)  (41).  The Td50 and
residue  values  of  nanocomposites  were  given  in
Table  1.  The  Td50 of  PVC/ASA/o-MMT
nanocomposites  increased  by  about  26  ˚C  as  a
function of  o-MMT content.  Moreover,  the  residual
mass  amounts  were  found  to  be  increased  with
increasing o-MMT amounts, as expected.

Table 1. Thermal analysis and tensile properties of neat PVC, neat ASA, PVC/ASA blend and its
nanocomposites at various o-MMT contents.

Samples
o-MMT
content
(wt%)

Td50a

(˚C)
Char yieldb

(wt%)

Tensile
Strength

(MPa)

Tensile
Modulus

(GPa)
PVC 0 302.30 12.76 37.63 ± 0.97 1.86 ± 0.18
ASA 0 414.45 8.48 27.88 ±1.42 1.27 ± 0.92

PVC/ASA-0 0 374.09 10.00 32.51 ± 2.24 1.48 ± 0.73
PVC/ASA-1 1 375.10 11.50 32.55 ± 1.72 1.48 ± 0.55
PVC/ASA-2 2 382.73 13.50 34.79 ± 2.43 1.46 ± 0.82
PVC/ASA 4 4 386.80 14.90 35.60 ± 0.97 1.70 ± 0.47
PVC/ASA-6 6 392.50 15.50 36.01 ± 1.75 1.76 ±0. 19
PVC/ASA-8 8 400.10 16.80 31.42 ± 1.34 1.45 ±0. 81
PVC/ASA-10 10 402.10 18.70 27.82 ± 1.18 0.54 ± 1.12

              a Temperature at which 50% weight loss was verified by TGA.
               b The weight percentage of undecomposed material after TGA analysis at 800 °C.

Tensile Properties
The tensile properties of neat PVC, neat ASA, and
PVC/ASA blends with different o-MMT content were
given in Figure 3 and Table 1. The tensile strength
and tensile modulus of neat PVC were 37.630 MPa
and 1.862 GPa whereas those of ASA were 27.880
MPa  and  1.269  GPa,  respectively.  PVC/ASA  blend

displayed  tensile  strength  and  tensile  modulus
values as 32.510 MPa and 1.478 GPa, respectively;
that  is  between neat  PVC and neat  ASA,  as  also
being  predicted  by  a  rule  of  mixture.  Previous
studies  in  the  literature  such  as  PVC/ABS  blends
(42, 43), PC/ASA/SAN blends (44), and the PC/ABS
blend (45) have also reported similar behavior.
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Figure 3. Tensile strength and tensile modulus of PVC/ASA/o-MMT nanocomposites. The data are
represented as mean ± standard deviation (n = 5).

For  PVC/ASA/o-MMT  nanocomposites,  the  tensile
strength initially remained unchanged, and then an
increment was observed with further increasing o-
MMT content. Although low concentrations of filler
materials  seemed  ineffective,  they  contributed  to
load  distribution  as  the  concentration  of  filler
materials  increased (46).  For instance,  the tensile
strength  of  the  nanocomposites  increased  from
32.510  to  36.010  MPa  when  the  o-MMT  amount
increased from 2 to 6 wt%. As can be seen from
Figure 4, the tensile properties of PVC/ASA blends
were negatively influenced by the high amount of o-
MMT (10 wt%) used. This could be attributed to the
poor dispersity of o-MMT and thus the formation of
agglomerates.  Homogeneous  dispersion  of
nanofillers  in  the  matrix  is  crucial  to  obtain
nanocomposites  with  good  mechanical  properties
(47).

In  the case of  increasing o-MMT amounts,  tensile
modulus  showed  similar  behavior  with  tensile
strength. As the o-MMT content increased up to a
certain  amount,  the  tensile  modulus  of  PVC/ASA
nanocomposites was found to increase, suggesting
that o-MMT contributed to an improved stiffness of
the nanocomposite (Figure 3). For example, by the
increase in the o-MMT amount from 2 to 6 wt%, the
tensile  modulus  value  increased  from  1.478  to
1.764 GPa.

SEM Analysis
SEM micrographs of the tensile fracture surface of
the samples were illustrated in Figure 4. Neat PVC
exhibited  typical  rigid  and  brittle  fracture
morphology  with  a  relatively  smooth  surface  (17,
48).  The  fracture  surface  of  the  PVC/ASA  blend
(Figure  4)  appeared  rougher  than  pure  PVC  and

exhibited microlayer structure due to the core-shell
morphology of ASA with internal PBA core layer and
outer SAN shell layer (28, 49). The structure gained
some ductile  characteristics  with the  incorporation
of  ASA  and  a  corrugated  and  irregular  fracture
surface was observed.

As  seen  in  Figure  4,  the  fracture  surface  of
PVC/ASA/o-MMT nanocomposites was also rough as
the neat blend, and there was no obvious change in
SEM micrographs with  the  increase  in  the  o-MMT
content.  SEM  images  of  nanocomposites  clearly
showed  that  the  good  dispersion  of  o-MMT  was
achieved  without  the  formation  of  any  particle
clusters, and most of the o-MMT was embedded in
the  PVC/ASA  matrix.  For  the  nanocomposites
containing  1-6  wt% of  o-MMT,  observation  of  no
gaps, cavity, or agglomerates in the fracture surface
indicated the good interfacial adhesion between filler
and matrix. This finding was also consistent with the
improved tensile properties of the PVC/ASA/o-MMT
nanocomposites. Increasing o-MMT content from 6
wt% to  8-10 wt% resulted  in  the  formation of  a
rough  surface  with  some  holes  throughout  the
fractured sample  surface (Figure  4).  Although not
detectable from SEM images, it was believed that o-
MMT  aggregates  were  formed  in  the  case  of
PVC/ASA-8  and  PVC/ASA-10  nanocomposites.  As
can be seen in the higher magnification SEM image
of PVC/ASA-10 (Figure 4), the regions marked by
red  circles  were  thought  to  be  related  to  the
agglomeration  of  o-MMT  nanoparticles  in  the
polymer  matrix.  Besides,  the  weak  mechanical
properties obtained in this high o-MMT content could
be  attributed  to  the  formation  of  these
agglomerates.
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Figure 4. SEM micrographs of PVC and PVC/ASA/o-MMT nanocomposites

Water Absorption, Contact Angle and Density
Analysis
The  capability  of  plastics  to  absorb  moisture  is  a
significant  durability  parameter  to  understand  the
performance of  the  materials.  The moisture/water
absorption  can  result  in  defects  in  the  polymeric
material such as swelling or dissolution of polymeric
material, extraction of water-soluble components, or
changes  in  mechanical  (tensile  strength,  impact
strength,  elasticity)  and electrical  performance (2,
50).

The  results  of  water  absorption  percentages  as  a
function  of  time  were  shown  in  Figure  5.  After
soaking for around 24 hours, the water absorption
percentage  of  pure  PVC  was  0.08  wt%  while

PVC/ASA blend showed a higher value of 0.29 wt%.
The reason was the high water absorption value of
pure ASA of about 0.42 wt% due to its highly polar
acrylonitrile  moiety.  As  depicted  in  Figure  5,  no
significant  changes  were  observed  in  the  water
absorption percentages of the nanocomposites with
small amounts of o-MMT incorporation. (PVC/ASA-1
and  PVC/ASA-2)  Then,  the  water  uptakes  of
nanocomposites were found to decrease from 0.29
wt% to 0.10 wt% as the amount of 0-MMT reaches
4  wt%  to  8  wt%.  Furthermore,  the  absorption
increased to about 0.20 wt% with the addition of 10
wt% o-MMT to the structure due to the formation of
agglomerates. This phenomenon was also proved by
contact angle measurement.
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Figure 5. Water absorption of PVC, ASA, PVC/ASA, and PVC/ASA/o-MMT nanocomposites. The data are
represented as mean ± standard deviation (n = 3).

The  measured  water  contact  angle  values  of  the
nanocomposites  as  a  function  of  o-MMT  content
were given in Figure 6. The contact angle value was
found to be 97˚ and 87˚ for the pure PVC and ASA,
respectively. The PVC/ASA blend prepared by adding
30 wt% ASA showed a contact angle of about 94˚
between these values,  similar to water  absorption
results.  The  contact  angle  measurement  gives

information  about  the  affinity  of  the  surface  for
water.  Higher  contact  angle  values  show  the
hydrophobic  surfaces  that  are  more  resistant
against  water  while  lower  values  represent
hydrophilic  surfaces that have an affinity for water.
The  contact  angle  value  is  directly  related  to the
chemical composition of the surface (51).

Figure 6. Contact angle and density values of PVC, ASA, PVC/ASA, and PVC/ASA/o-MMT nanocomposites.
The data are represented as mean ± standard deviation (n = 5).

The  incorporation  of  hydrophobic  o-MMT  into  the
PVC/ASA  blend  matrix  caused  no  significant
differences  in  the  physicochemical  surface
characteristics  of  nanocomposites  for  PVC/ASA-1
and  PVC/ASA-2,  while  its  increasing  amounts
considerably increased the surface contact angle of
PVC/ASA nanocomposites (Figure 6). As expected,

the  increment  in  o-MMT  content  enhanced  the
hydrophobic  character  of  the  nanocomposite
surface.  However,  a  sudden  decrease  in  contact
angle  value  of  about  95˚  was  observed  for  the
blends with high o-MMT content (PVC/ASA-10) due
to  agglomeration  of  o-MMT  particles.  As  the
nanoparticles  aggregate,  the  nanoparticle  and
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polymer  interface  became  narrower  and  non-
homogeneous surfaces were formed, and this led to
a  decrease  in  the  hydrophobicity  effect  of  the  o-
MMT.  The  contact  angle  measurements  were
consistent  with  SEM  analysis  and  tensile  test
results.

Density  measurement  of  a  nanocomposite  is  an
important physical parameter and can be effectively
used  to  ensure  product  quality  and  homogeneity
and  to  monitor  manufacturing  processes.  For
instance,  the  presence  of  voids  or  defects  has
several negative effects on the material properties
particularly mechanical properties of the composite
(8).  The  experimental  densities  determined  by
weighing the sample in air and then in ethanol of
known density  were  given in  Figure  6.  It  can be
seen that PVC/ASA structure gave an experimental
density  value  of  about 1.096 g  cm-3  between the
density  of  the neat  PVC of  1.175 g cm-3 and the
density  of  the  neat  ASA  of  1.050  g  cm-3.  The
theoretical density of PVC/ASA (70/30 wt%) blend
was  also  estimated  according  to  the  rule  of  a
mixture  by  using  the  measured  density  values  of
PVC and ASA, and it is found to be 1.137 g cm-3.
The  obtained  theoretical  density  value  is  in  good
agreement with the measured experimental density
value, suggesting the negligible amount of void in

the  blend  sample.  Thus,  the  homogeneity  of  the
obtained  structure  proved  again.  The  density  of
PVC/ASA/o-MMT  composites  as  increasing  o-MMT
content to 1, 2, 4,6,8, and 10 wt% was measured to
be 1.240, 1.245, 1.250, 1.259, 1.270 and 1.285 g
cm-3,  respectively  (Figure  6).  Based  on  the
measured  density  values,  o-MMT  reinforced
composites showed higher density values compared
to  neat  PVC/ASA blend,  and the obtained density
values tended to increase slightly with increasing o-
MMT amounts.

Weathering Test
Plastic  materials  are  exposed  to  the  effects  of
climate changes (cool,  heat, rain, UV, etc.) during
their life cycle. Fluctuations in ambient temperature
directly  affect  the  mobility  of  the  long  polymer
chains, and thus the final properties of plastics such
as  color,  brilliance,  hardness,  flexural,  or  impact
strength. Accordingly, it is important to know how
polymers perform when subjected to external heat
changes. High temperatures can cause the mobility
of  the  polymer  chains  and  crystalline  structure
changes  occur,  or  temperatures  lower  than  Tg  of
material immobilize polymer chains and the material
becomes fragile (52).

Figure 7. SEM micrographs of PVC/ASA-6 before and after four heating-cooling cycles.

A modified freeze-thaw cycling test was applied to
determine  the  effect  of  ambient  temperature
changes  on  the  durability  of  PVC/ASA-6
nanocomposite having the best material properties.
After four heating-cooling cycles, comparisons were
performed  on  the  mechanical  properties  and
morphology of the exposed and unexposed samples.
SEM images of the two samples were taken of the
fracture  surface  after  tensile  testing  to  assess  if
temperature  changes  affected  the  interfacial
adhesion between o-MMT and PVC-ASA matrix. As
seen  from the  embedded  images  in  Figure  8,  no
changes  in  the  visual  appearance  of  PVC/ASA-6

samples  were  detected  such  as  crack  formation,
color change, or surface roughness. However, there
were  some  gaps  or  crevices  in  the  SEM  image
(Figure 7) of the exposed PVC/ASA-6 sample; these
were  probably  due  to  the  decreased  interfacial
adhesion between PVC and ASA polymers.

The  tensile  strength  and  tensile  modulus  of
unexposed  PVC/ASA-6  samples  were  36.010  MPa
and 1.764 GPa;  whereas the  values  decreased to
34.920  MPa  and  1.645  GPa,  respectively,  after
exposure to four heating-cooling cycles. This decline
could be attributed to the degradation of interfacial
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adhesion  between  PVC  and  ASA  and  hence  low-
stress  transfer  at  the  interface  as  a  result  of
exposure  to  moisture.  Besides,  the  sample  was
immersed  in  water  to  ensure  enough  moisture
before  freeze-thaw  cycles  and  then,  the  volume
expansion  of  water  occurred  while  the  sample
freezes down. Then, removal of the water during the
thawing process might result  in voids which could
lead to mechanical failure (Figure 7) (53).

CONCLUSIONS

In this research, the fabrication of PVC/ASA/o-MMT
nanocomposites with a fixed PVC/ASA weight ratio
of  70/30  was  demonstrated.  The  resultant
nanocomposites  were  characterized  using  FTIR,
TGA, SEM, and tensile test units. The effects of o-
MMT content on the mechanical properties, thermal
properties,  and  water  absorption  of  the  PVC/ASA
blends examined in detail. With the addition of 6 wt
% o-MMT,  the  highest  tensile  strength  value,  i.e.
36.01  MPa  was  obtained  for  PVC/ASA-6
nanocomposite.  Also,  the  thermal  stability  of
PVC/ASA/o-MMT nanocomposites improved with o-
MMT incorporation  to  the  blend;  the  temperature
referring  50%  mass  loss,  Td50 increases  as  a
function  of  o-MMT  content.  Furthermore,  water
absorption  of  these  nanocomposites  slightly
decreased with the o-MMT content due to increased
hydrophobicity  of  the  structure.  Weathering  test
results  demonstrated  that  the  loss  in  tensile
properties  due to  the  exposure  to  heating-cooling
cycles was not  critical,  although some voids  were
observed  on the PVC/ASA nanocomposite  fracture
surface.
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