ﺗﺎﺛﻴﺮ ﻧﺎﻧﻮﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﺭﻭﻱ ﺧﻮﺍﺹ ﻣﻜﺎﻧﻴﻜﻲ  PVCﻭ ﻣﺨﻠﻮﻁ ABS/PVC
 PVCﭘﻠﻴﻤﺮﻱ ﺍﺳﺖ ﻛﻪ ﺑﻪ ﺧﺎﻃﺮ ﺧﻮﺍﺹ ﻭﻳﮋﻩ ﻧﻈﻴﺮ ﭘﺎﻳﻴﻦ ﺑﻮﺩﻥ ﻗﻴﻤﺖ ﻭ ﻋﺪﻡ ﺍﺷﺘﻌﺎﻝ ﭘﺬﻳﺮﻱ ﺑﻪ ﻃﻮﺭ ﻭﺳﻴﻌﻲ ﺩﺭ ﺻﻨﻌﺖ
ﻣﻮﺭﺩ ﺍﺳﺘﻔﺎﺩﻩ ﻗﺮﺍﺭ ﻣﻲ ﮔﻴﺮﺩ .ﻭﻟﻲ ﻣﺸﻜﻼﺗﻲ ﻣﺎﻧﻨﺪ ﻧﻘﻄﻪ ﻧﺮﻡ ﺷﺪﮔﻲ ﻭ ﭼﻘﺮﻣﮕﻲ ﭘﺎﻳﻴﻦ  PVCﻛﺎﺭﺑﺮﺩ ﺁﻥ ﺭﺍ ﺩﺭ ﺻﻨﺎﻳﻊ ﺗﺎ
ﺣﺪﻭﺩﻱ ﻣﺤﺪﻭﺩ ﻛﺮﺩﻩ ﺍﺳﺖ .ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﺑﻪ ﻋﻨﻮﺍﻥ ﻳﻚ ﺭﻧﮕﺪﺍﻧﻪ ﻭ ﭘﺮ ﻛﻨﻨﺪﻩ ﺑﻪ

 PVCﺍﺿﺎﻓﻪ ﻣﻲ ﺷﻮﺩ .ﺩﺭ ﺍﻳﻦ ﻣﻘﺎﻟﻪ

ﺍﺛﺮ ﻧﺎﻧﻮﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﺭﻭﻱ ﺧﻮﺍﺹ ﻣﻜﺎﻧﻴﻜﻲ ﭘﻠﻴﻤﺮ ﻣﻮﺭﺩ ﺑﺮﺭﺳﻲ ﻗﺮﺍﺭ ﻣﻲ ﮔﻴﺮﺩ .ﺩﺭ ﺻﻮﺭﺗﻲ ﻛﻪ ﭘﺮﻛﻨﻨﺪﻩ ﺑﻪ ﺻﻮﺭﺕ
ﻧﺎﻧﻮﺫﺭﺍﺕ ﺍﺳﺘﻔﺎﺩﻩ ﺷﻮﺩ ﺑﺎﻋﺚ ﻛﺎﻫﺶ ﺗﺠﻤﻊ ﭘﺮﻛﻨﻨﺪﻩ ﺩﺭ ﻳﻚ ﻗﺴﻤﺖ ﺧﺎﺹ ﻭ ﺍﻓﺰﺍﻳﺶ ﺑﺮ ﻫﻤﻜﻨﺶ ﺑﻴﻦ ﭘﺮﻛﻨﻨﺪﻩ ﻭ
ﻣﺎﺗﺮﻳﻜﺲ ﭘﻠﻴﻤﺮ ﻣﻲ ﺷﻮﺩ .ﻧﺎﻧﻮﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﻳﻜﻲ ﺍﺯ ﻣﻌﻤﻮﻟﺘﺮﻳﻦ ﭘﺮﻛﻨﻨﺪﻩ ﻫﺎ ﺩﺭ ﻣﻘﻴﺎﺱ ﻧﺎﻧﻮﺑﻪ ﺷﻜﻞ ﻛﺮﻭﻱ ﺍﺳﺖ
ﻛﻪ ﺑﺮﺍﻱ ﺗﻬﻴﻪ ﻧﺎﻧﻮﻛﺎﻣﭙﻮﺯﻳﺖ ﺍﺳﺘﻔﺎﺩﻩ ﻣﻲ ﺷﻮﺩ.
ﺍﺯ  PVCﺧﺎﻟﺺ ﻭ ﺗﺮﻛﻴﺐ  PVC/ABSﻛﻪ ﺑﻪ ﺍﺧﺘﺼﺎﺭ  BLENDEX∨ 338ﻧﺎﻣﻴﺪﻩ ﻣﻲ ﺷﻮﺩ ﺩﺭ ﺍﻳﻦ ﻣﻘﺎﻟﻪ ﺍﺳﺘﻔﺎﺩﻩ ﻣﻲ
ﺷﻮﺩ .ﻣﺸﺎﻫﺪﺍﺕ ﻣﻴﻜﺮﻭﺳﻜﻮپ ﺍﻟﻜﺘﺮﻭﻧﻲ ﻧﺸﺎﻥ ﺩﺍﺩ ﻛﻪ ﻧﺎﻧﻮ ﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﺑﻪ ﻃﻮﺭ ﻳﻜﻨﻮﺍﺧﺖ ﺗﺮﻱ ﺩﺭ

 PVCﻭ

 BLENDEX∨ 338ﭘﺮﺍﻛﻨﺪﻩ ﻣﻲ ﺷﻮﻧﺪ .ﺩﺭ ﻧﺘﻴﺠﻪ ﺑﻌﻀﻲ ﺍﺯ ﺧﺼﻮﺻﻴﺎﺕ ﻣﻜﺎﻧﻴﻜﻲ ﻣﺎﻧﻨﺪ ﻣﻘﺎﻭﻣﺖ ﺑﻪ ﺿﺮﺑﻪ ،ﻣﺪﻭﻝ
ﺧﻤﺸﻲ ،ﺩﻣﺎﻱ ﻧﺮﻡ ﺷﺪﻥ  PVCﻭ  BLENDEX∨ 338ﭘﺲ ﺍﺯ ﺍﻓﺰﻭﺩﻥ  (phr) 0-15ﻧﺎﻧﻮﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﺍﻓﺰﺍﻳﺶ
ﭘﻴﺪﺍ ﻛﺮﺩ .ﺍﻣﺎ ﺧﻮﺍﺹ ﻛﺸﺸﻲ ﻫﺮ ﺩﻭ ﻧﻮﻉ ﭘﻠﻴﻤﺮ ﺗﻐﻴﻴﺮﺍﺕ ﻣﺨﺘﻠﻔﻲ ﺭﺍ ﺩﺭ ﺣﻀﻮﺭ ﻧﺎﻧﻮ ﺫﺭﺍﺕ ﻛﻠﺴﻴﻢ ﻧﺸﺎﻥ ﺩﺍﺩ .ﺧﻮﺍﺹ ﻛﺸﺸﻲ
ﻭ ﺍﺯﺩﻳﺎﺩ ﻃﻮﻝ ﺩﺭ ﻧﻘﻄﻪ ﭘﺎﺭﮔﻲ ﺩﺭ  PVCﺑﺎ ﺍﻓﺰﻭﺩﻥ ﻧﺎﻧﻮﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﺍﻓﺰﺍﻳﺶ ﭘﻴﺪﺍ ﻣﻲ ﻛﻨﺪ ﺩﺭ ﺣﺎﻟﻴﻜﻪ ﺍﻳﻦ ﺧﻮﺍﺹ
ﺩﺭ  BLENDEX∨ 338ﺑﺎ ﺍﻓﺰﻭﺩﻥ ﻧﺎﻧﻮﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ ﻛﺎﻫﺶ ﭘﻴﺪﺍ ﻣﻲ ﻛﻨﺪ .ﺍﻓﺰﺍﻳﺶ ﻧﺎﻧﻮﺫﺭﺍﺕ ﻛﺮﺑﻨﺎﺕ ﻛﻠﺴﻴﻢ
ﺑﺎﻋﺚ ﺍﻓﺰﺍﻳﺶ ﻣﺪﻭﻝ ﻛﺸﺸﻲ ﻭ ﺍﻓﺰﺍﻳﺶ ﺩﻣﺎﻱ ﺍﻧﺘﻘﺎﻝ ﺷﻴﺸﻪ ﺍﻱ ) (Tgﺩﺭ  PVCﻭ  BLENDEX∨ 338ﻣﻲ ﺷﻮﺩ.
) ABSﺑﺎ  PVCﺳﺎﺯﮔﺎﺭﻱ ﺧﻮﺑﻲ ﺩﺍﺭﺩ ﻭ ﺑﻪ ﻋﻨﻮﺍﻥ ﺍﺻﻼﺡ ﻛﻨﻨﺪﻩ ﺿﺮﺑﻪ ﺩﺭ ﺗﺮﻛﻴﺐ ﺑﺎ  PVCﻣﻮﺭﺩ ﺍﺳﺘﻔﺎﺩﻩ ﻗﺮﺍﺭ ﻣﻲ ﮔﻴﺮﺩ(.
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Abstract
The effects of nanoscale calcium carbonate (nano-CaCO3) particles on the mechanical properties of different ductile
polymer matrices were investigated. Polyvinyl chloride (PVC) and PVC/Blendex (BLENDEX 338) blend were used
as the matrix in this study. The nano-CaCO3 particles were observed to be dispersed uniformly on the nanoscale in
both PVC and PVC/Blendex blend by means of transmission electron microscopy. The impact strength, flexural modulus
and Vicat softening temperature of PVC and PVC/Blendex blend were significantly enhanced after addition of 0–15
phr nano-CaCO3, but the tensile properties of the two matrices showed different changes in the presence of nanoCaCO3. The yield strength and elongation at break of PVC could be increased by the addition of nano-CaCO3, while
those of PVC/Blendex were decreased. Dynamic mechanical thermal analysis showed that the addition of nano-CaCO3
led to an increase in storage modulus and glass transition temperature for both PVC and PVC/Blendex blend.
 2003 Elsevier Ltd. All rights reserved.
Keywords: Polyvinyl chloride; Calcium carbonate; Blendex; Mechanical properties

1. Introduction
Developing nanocomposites based upon polymers and
nanoscale fillers has been an attractive approach to
achieving good properties. Various nanoscale fillers,
including montmorillonite [1], silica [2], calcium carbonate [3–5] and aluminum oxide [6], have been reported
to enhance mechanical and thermal properties of polymers, such as toughness, stiffness and heat resistance.
It is well known that surface modification of nanoscale
fillers play an important role in the preparation of nanocomposites. Nanoscale fillers are usually organically
modified in order to reduce the filler aggregation and
enhance the interaction between the filler and polymer
matrix, hence acquiring good dispersion of the filler in
the polymer matrix. In addition, the properties of nanocomposites are greatly dependent on the filler’s aspect
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ratio, surface area and interactions between the filler and
polymer matrix. For example, layered silicates and fibers
exhibit good reinforcing effects on many polymeric
matrixes due to their large aspect ratio, but this kind of
filler with a high aspect ratio does not obviously improve
the toughness, and sometimes even decreases it [7]. In
contrast, spherical mineral nanoparticles are quite different. Their low aspect ratio but large surface area could
result in a strong interfacial interaction between filler and
polymer matrix. These particles were reported to be able
to greatly increase strength, modulus, as well as toughness [3–6].
Nano-CaCO3 is one of the most common spherical
nanoscale fillers used in preparation of nanocomposites.
A study on polypropylene (PP)/nano-CaCO3 composites
[3] revealed the dramatic toughening effect of nanoCaCO3 on PP, but the yield strength of PP was slightly
decreased, because of the nucleating effect of nanoCaCO3. In another research [4], the glass transition and
melting temperature of polyethylene terephthalate were
considerably increased after nano-CaCO3 was intro-
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duced. Both the studies found that organically treated
nano-CaCO3 was a good nucleating agent for semicrystalline polymers. Regarding noncrystalline polymers,
only research focused on polymethyl methacrylate/nanoCaCO3 composites’ abrasion properties has been
reported [6].
Polyvinyl chloride (PVC), as a commodity plastic, has
been widely used in industrial fields for many years, due
to its good properties, such as nonflammability, low-cost
and formulating versatility. However, its low toughness
and heat-softening temperature limit its application. In
the past, a variety of PVC blends with other resins were
developed to broaden PVC application. Among these
blends, PVC/acrylonitrile butadiene styrene terpolymer
(ABS) blend has been intensively studied [8,9]. ABS was
reported to be compatible with PVC and had a good
toughening effect on PVC. A modified ABS resin,
BLENDEX 338, was used to obtain PVC blends in this
study. BLENDEX 338 was produced by GE Specialty
Chemicals Corporation and used as an impact modifier
for PVC.
In recent years, nanocomposites based on PVC have
attracted increasing attention. PVC/montmorillonite [1]
and PVC/cellulose whisk [10,11] nanocomposites have
been studied. The effect of finely powdered CaCO3 on
the impact resistance of PVC has also been researched
[12], but few publications concerning the effect of nanoCaCO3 on the mechanical properties of PVC or PVC
blends have been reported.
In this paper, the morphology and mechanical properties of PVC/nano-CaCO3 composites were studied. To
evaluate the modification effects of nano-CaCO3 on different ductile polymer matrices, the PVC/Blendex blend
were used for comparison. Dynamic mechanical properties of nano-CaCO3 filled PVC and PVC/Blendex blend
are also discussed.

with a two-roll mixer at 170 °C for 10 min to give binary
composites. The PVC compound, nano-CaCO3, and
Blendex 20 phr were mixed in the same way to give
ternary composites. The composites thus prepared were
molded into sheets of 1 and 3 mm in thickness by compression-molding at 180 °C and 20 MPa for 10 min, followed by cooling to room temperature at 10 MPa.
2.2. Characterization
Nano-CaCO3 was dispersed in ethanol in an ultrasonic
bath for 10 min. A drop of solution thus obtained was
dripped onto a 200-mesh copper grid and air-dried for
transmission electron microscopy (TEM) observation.
The composites were ultrathin-sectioned using a microtome equipped with a diamond cutter. The sections
(about 100 nm) were mounted on copper grids for TEM
observation. In order to observe the Blendex dispersion
in the ternary composites, the ternary composites were
marinated on OsO4 solution for 24 h prior to sectioning.
The TEM observation was performed with a JEM1200EX apparatus running at an acceleration voltage of
80 kV.
Notched Izod impact tests were performed at room
temperature using an impact tester from RAY-RAN Co.,
UK, according to ASTM D256. The impact-fractured
surfaces of composites were observed by scanning electron microscopy (SEM) with a HITACHI-S-2150 apparatus. The surfaces were covered with gold prior to observation. Tensile tests were performed at a crosshead speed
of 10 mm/min using an Instron tensile tester according
to ASTM D638M, and the flexure tests were performed
using an Instron tensile tester according to ISO 178.
Vicat softening temperatures (VSTs) were measured
under a load of 5 kg using a VST test from RAY-RAN
Co., UK. Dynamic mechanical thermal analysis (DMTA)
was performed on a Rheometric Scientific DMTA IV in
tension mode at 1 Hz. The heating rate was 3 °C/min.

2. Experimental
2.1. Materials and sample preparation

3. Results and discussion

Suspension PVC (WS-800, DP = 800) was produced
by Shanghai Chlor-Alkali Chemical Co., Ltd., China.
Blendex (BLENDEX 338), copolymerized with butadiene (70 wt%), styrene and acrylonitrile, was produced
by GE Specialty Chemicals Co., USA. Nano-CaCO3
(SP-200, surface-modified with stearic acid), was produced by Shanghai Perfection Nanometre New Material
Co., Ltd., China. The organic tin stabilizer and stearic
acid were industry grade products.
PVC 100 phr, organic tin stabilizer 5 phr and stearic
acid 0.3 phr were premixed together in a high-speed
mixer for 8 min to give the PVC compound. NanoCaCO3 was dried at 80 °C for 24 h in a vacuum oven.
The PVC compound and nano-CaCO3 were melt mixed

3.1. Morphology observation
Fig. 1 presents the TEM micrographs of nano-CaCO3,
binary
composites
and
PVC/nano-CaCO3
PVC/Blendex/nano-CaCO3 ternary composites. As
shown in Fig. 1(a), most of the nano-CaCO3 particles
have a diameter 30–45 nm, and these particles tend to
aggregate together. Fig. 1(b) reveals the nanoscale dispersion of CaCO3 in PVC matrix when the content of
nano-CaCO3 is 10 phr. Some aggregates are found when
the content of nano-CaCO3 is increased to 15 phr, as
shown in Fig. 1(c). It can be observed from Fig. 1(d)
and (e) that nano-CaCO3 is well dispersed in the ternary
composites, and Blendex is homogenously dispersed in
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Fig. 1. TEM photographs of nano-CaCO3 and the composites: (a) nano-CaCO3 particles, (b) PVC/nano-CaCO3 (10 phr), (c)
PVC/nano-CaCO3 (15 phr), (d) and (e) PVC/Blendex/nano-CaCO3 (10 phr).

the matrix, indicating good compatibility of Blendex
and PVC.
3.2. Notched impact strength
The impact strengths of the composites are presented
in Fig. 2. It can be seen that PVC/Blendex blend exhibits
much better impact performance than PVC, and the
impact strength of PVC/nano-CaCO3 binary composites
and PVC/Blendex/nano-CaCO3 ternary composites can
be increased simultaneously in a broad range of nanoCaCO3 content. For example, the impact strength of the
binary composites reaches the maximum value of 39 J/M
when 15 phr nano-CaCO3 is introduced, about 30%
higher than that of pure PVC (30 J/M), while the
maximum impact strength of the ternary composites is
819 J/M, which is about 81% higher than that of
PVC/Blendex blend (453 J/M). This result suggests a
much better toughening effect of nano-CaCO3 on
PVC/Blendex matrix than that on PVC matrix.
The SEM micrographs of the impact-fractured surfaces of the composites are shown in Fig. 3. As seen in

Fig. 2. Notched impact strength of the composites as a function of nano-CaCO3 content.
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Fig. 3(b), cavities can be found on the fracture surface
of the ternary composites, some of which are occupied
by CaCO3 particles. These cavities are much larger than
the particles, suggesting cavitation happens during the
samples being impacted. Since no cavity is observed on
the fracture surface of PVC/Blendex blend, as shown in
Fig. 3(a), the presence of CaCO3 particles must be
responsible for the cavitation. This cavitation could
absorb large amounts of energy, leading to the improvement of the composites’ impact strength. Chan [4] also
found cavitation on the fracture surface of PP/nanoCaCO3 composites. As shown in Fig. 3(c), few cavities
can be observed on the fracture surface of PVC/nanoCaCO3 binary composites. This indicates that the toughening effect of nano-CaCO3 on pure PVC is restricted to
the mechanical coupling between the filler and polymer
matrix, and no cavitation is involved.
3.3. Tensile properties
Figs. 4 and 5 represent the yield strength and elongation at break of PVC/nano-CaCO3 binary composites
and PVC/Blendex/nano-CaCO3 ternary composites,
respectively. The yield strength of the ternary composites
is slightly decreased with the increase of nano-CaCO3
content, while that of the binary composites can be
increased when the nano-CaCO3 is below 10 phr. An
interesting phenomenon is that the elongation at break
of the binary composites can be greatly increased when
a low content of nano-CaCO3 is introduced. That is quite
different from many other composites based on spherical
nanoscale fillers, which exhibit either decreased or not
changed elongation at break with the addition of fillers.
It also can be seen from Fig. 4 that the elongation at
break of the ternary composites is decreased in general.

Fig. 3. SEM photographs of the composites: (a)
PVC/Blendex, (b) PVC/Blendex/nano-CaCO3 (10 phr), (c)
PVC/nano-CaCO3 (10 phr).

Fig. 4. Yield strength of the composites as a function of nanoCaCO3 content.

N. Chen et al. / Polymer Testing 23 (2004) 169–174

173

shown in Fig. 7. It can be seen that the addition of nanoCaCO3 leads to increase in VST due to the rigidity of
nano-CaCO3 particles. The VSTs of the ternary composites increase with the nano-CaCO3 content increase,
while the VST vs. nano-CaCO3 content curve of binary
composites reaches its peak when 15 phr of nano-CaCO3
is added. It can be concluded from this result that,
besides the inherent properties of polymer matrix, the
dispersion state of fillers also affects the VSTs of composites.
3.6. Dynamic mechanical properties
The DMTA spectra of composites are shown in Fig.
8. Glass transition temperature (Tg) is determined as the
temperature at the maximum of loss factor (tan d), and
Fig. 5. Elongation at break of the composites as a function of
nano-CaCO3 content.

3.4. Flexural modulus
As shown in Fig. 6, the flexural moduli of PVC/nanoCaCO3 binary composites and PVC/Blendex/nanoCaCO3 ternary composites increase simultaneously with
the increase of nano-CaCO3 content independent of the
filler dispersion state. Classically, composites based on
spherical mineral fillers and polymer matrix exhibit
increased elastic moduli with the increase of the filler
concentration [3,4], due to the rigidity of fillers and the
strong interaction between the filler and polymer matrix.
3.5. Vicat softening temperature
The VSTs of PVC/nano-CaCO3 binary composites and
PVC/Blendex/nano-CaCO3 ternary composites are

Fig. 6.

Fig. 7. Vicat softening temperature of the composites as a
function of nano-CaCO3 content.

Flexural modulus of the composites as a function of nano-CaCO3 content.
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it can be seen that, whether in the binary composite or
the ternary composites, the presence of nano-CaCO3
leads to a higher storage modulus (E⬘) throughout the
whole temperature range investigated and a slight shift
of relaxation peak to high temperature. No obvious different effects of nano-CaCO3 on the dynamic mechanical
properties of PVC matrix and PVC/Blendex matrix could
be observed.

4. Conclusion
binary
composites
and
PVC/nano-CaCO3
PVC/Blendex/nano-CaCO3 ternary composites were prepared by melt mixing. Nano-CaCO3 can be well dispersed in both the composites, when the nano-CaCO3
content is below 10 phr. Nano-CaCO3 had a much better
toughening effect on PVC/Blendex matrix than that on
PVC matrix. The yield strength and elongation at break
of pure PVC can be increased by the addition of nanoCaCO3, while those of PVC/Blendex blend were
decreased. The flexural modulus and Vicat softening
temperature of PVC and PVC/Blendex blend can be
increased simultaneously by the presence of nanoCaCO3, and higher storage moduli and glass transition
temperatures can also be achieved for the two kinds of
composites.

Fig. 8. DMTA spectra of the composites: (a) PVC/nanoCaCO3, (b) PVC/Blendex/nano-CaCO3.

Table 1
Glass transition temperature of the composites as a function of
nano-CaCO3 content
Property

Tg (°C)

Sample

PVC/nano-CaCO3
PVC/Blendex/nanoCaCO3

Nano-CaCO3 content
(phr)
0

10

15

62.5
65.8

63.9
67.7

64.1
68.0

summarized in Table 1. Due to the compatibility of Blendex and PVC, the curve of tan d vs. temperature of
PVC/Blendex blend exhibits only one relaxation peak
that is attributed to the glass transition of the blend. Also,
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