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ABSTRACT

PREPARATION AND CHARACTERIZATION OF CALCITE (CaCOs,)
PARTICULATE FILLED THERMOPLASTIC COMPOSITES

Nano-sized particle filled polymer composites have been received great attention
of researchers and industrial institutions in recent years due to their unique properties,
save as high mechanical strength, thermal and solvent resistance as compared to
traditional composite materials.

In this study, calcium carbonate (CaCOs) filled polypropylene (PP) and
Polyethylene (PE) composite blends were prepared using a co-rotational twin screw
extruder with a calcite particle content varying from 0 to 30 wt. % . Tensile and three-
point bending test coupons were prepared by injection moulding using the extruded
composite blends. The effects of calcite reinforcement (with and without stearic acid
treatment) on the microstructural, thermal and mechanical properties of neat PP and PE
were investigated. Nano-CaCO3; powders were characterized by means of Scanning
Electron Microscopy (SEM) and X-Ray Diffraction (XRD). The PE and PP were
characterized via differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA). Analytical results were compared with the experimental results.



OZET

KALSIT (CaCO; ) PARTIKUL DOLGULU TERMOPLASTIK
KOMPOZITLERIN KARAKTERIZASYONU VE HAZIRLANMASI

Nano partikiil dolgulu polimer kompozitler, yiiksek mukavemet, sicaklik ve
coziiclilere karsi dayanikli olmalar1 gibi 06zellikleri nedeniyle son yillarda,
arastirmacilarin ve endiistriyel kuruluslarin dikkatini cekmektedir.

Bu c¢alismada, agirlik¢a farkli yiizdelerde (%0-30) kalsit (CaCOs3) dolgulu
polipropilen (PP) ve polietilen (PE) matrisli kompozitler ¢ift vidali ekstruder
kullanilarak iiretilmistir. Test numuneleri, enjeksiyon kaliplama yontemiyle tiretilmistir.
Nano-kalsit tozlar SEM ve XRD yontemleri ile karakterize edilmistir. PP ve PE’nin
DSC ve TGA ile termal karakterizyonu yapilmustir. Uretilen kompozitlerin morfolojik,
termal, mekanik ve darbe dayanimi 6zellikleri standartlara gore belirlenmistir. Analitik

sonuglar, deneysel verilerle kiyaslanmustir.
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CHAPTER 1

BACKGROUND INFORMATION

1.1. Introduction

A composite material is a macroscopic combination of two or more distinct
phases that are insoluble in each other. At least one phase is mostly inorganic as
dispersed phase. Composites have some advantages such as increased stiffness,
strength, toughness, impact strength, fatigue life, mechanical damping, modified
electrical properties compared to traditional materials such as steel and aluminum [1].

Composites generally consist of two phases: reinforcement phase and matrix
phase. Figure 1.1 shows the phases of a composite for different types of fillers. The first
constituent generally improves the mechanical properties of the matrix. It is dispersed in
matrix and properties of a composite depends on properties of the constituents such as
the content and geometry of the reinforcement (i.e., size and shape of the reinforcing
component). Reinforcing agents are filler materials which can be minerals, metallic
powders, organic by products or synthetic inorganic compounds. They can also
classified according to their geometry as; particles, fibers, and flakes which may have
different properties. The second constituent, matrix, is the main constituent binding the
other components together in the composite. It can be metallic, ceramic or polymeric.
Polymeric composites which will be interest of in this study can be divided into two
main categories: (i) thermoplastic-based composites and (ii) thermoset-based

composites [2].



filler - dispersed phase

= &
/

matrix - continuous phase

Figure 1.1. Hlustrating the phases of a composite [3]

1.2. Thermoplastics

Thermoplastics have the simplest molecular structure, with chemically
independent macromolecules. By heating, they are softened or melted, then shaped,
formed, welded, and solidified when cooled. Multiple cycles of heating and cooling can
be repeated without severe damage, allowing reprocessing and recycling [4].

There are some differences between thermoplastics and thermosetting matrices.
Thermoplastics often have higher tensile strength and moduli compared to many
thermosets. This is because glass transition temperature (Ty) of thermoplastic which is
close to or below room temperature. In contrast, thermoplastics show high strain rates
until failure. Achieving good interfacial adhesion in thermoplastic composites is a
challenging task. High melt viscosities and the lack of reactive groups make them
difficult to wet and bond to reinforcing fibers. The most common thermoplastic
matrices are polyolefinic (polyethylene, polypropylene), vinylic polymers (polyvinyl

chloride, polyamides) [5] .

1.2.1. Polyethylene

Polyethylene (PE), a member of polyolefins, has the simplest structure among
all over polymers. Due to its high toughness, ductility, excellent chemical resistance,
low water vapor permeability, and very low water absorption, PE is an attractive choice

for a variety of applications (Figure 1.2) [6,7].



Figure 1.2. Polyethylene classification and applications [8]

1.2.2. Polypropylene

Polypropylene (PP) is another common polyolefin. Some advantages of PP are
high melting point (relative to most volume plastics), good stiffness/toughness balance,
excellent dielectric properties and low cost. PP is being used in the automotive industry
for the production of bumpers, heater housings, door pockets and trimmings, timing belt

covers cladding [10]. Figure 1.3 shows light weight polypropylene automotive parts.

Instrument
panel :
Under-the- hood Seat ot I i
Cow grill \ onsoles,
-~ trim parts

Wheel lip

Lamp housings molding

Figure 1.3. Light weight polypropylene automotive parts [11]



However, there are some disadvantages of polypropylene such as high
flammability, low temperature brittleness, moderate stiffness, low UV resistance, low

melt strength. Selected, typical properties for polypropylene are shown in Table 1.1.

Table 1.1. Properties of polypropylene [9]

Property
Density, [g/cm?] 0.90-1.24
Ultimate tensile strength, [MPa] 19.7-80.0
Tensile Modulus, [MPa] 0.5-7.6
Elongation to failure, [%6] 3-887

Notched Izod at room temperature,

[3/m?] 0.16-no break
Water absorption over 24 hours, [%6] 0.01-0.1
Chemical resistance
Weak acid Excellent
Strong acid Varies with acid
Weak alkali Excellent
Strong alkali Good
Solvents Nonpolar swells,polar
Alcohols Excellent
Tm, [’C] 130-168
Ty, [°)C] -20
Processing temperature, [°C] 202-252

1.3. Mineral Fillers

PP and PE are often transformed into composites by the addition of mineral
fillers. According to ASTM D1566-95a [12], the term of “filler” is described as “A solid
compounding material, usually in a finely divided form, which may be added in
relatively large proportions to a polymer for technical or economic reasons”. As
mentioned before, mineral fillers are often compounded into thermoplastics to improve
thermal, mechanical, and electrical properties, but also to reduce product cost. Table 1.2
shows some thermoplastic material costs.

There were three stages in the development of reinforcing composites with

additional fillers. The first one started in late 1950s and was related to the development

4



of solid rocket fuel which contained about 80% of rigid powder particles bonded by an
elastic rubber matrix. The second stage began in 1970s with the development of
composites based on thermoplastic polymers filled with rigid nonorganic particles. The
last stage started in late 1980s with the development of nanocomposites [13] .

Table 1.2. Order of magnitude of some thermoplastic material costs (€/1t) [14]

Thermoplastics Minimum Maximum
PE, PVC, PS, PP 0.8 4
ABS, SAN, SMA 3 5
PMMA, PC, PA, POM, PET, PBT, PPE 3 8
Speciality PA 7 12
PPS, PSU 7 30
PEI, PAI 20 40
PTFE 25 50
PEEK, LCP 20 120
ETFE, ECTFE, FEP, PEA 60 220

The effects of inorganic fillers on the mechanical and physical properties of the
thermoplastic composites strongly depend on the filler size, shape, aspect ratio,
interfacial adhesion, surface characteristics, and degree of dispersion. Table 1.3 shows

the most commonly used fillers for PP.

Table 1.3. Inorganic fillers for PP compounds [15]

Oxide Silica, Titanium oxide,Magnesium oxide
Hydroxide Alminum hydroxide,l\ﬁ;grn;;iig? hydroxide,Calcium
Carbonate Calcium carbonate,Dolomite

Sulfate Basic magnesium sulfate

Silicate Talc, Clay, Mica, Glass fiber, Glass balloon, Glass beads,
Calcium silicate, Montmorillonite, Bentonite

Carbon Carbon black,Graphite,Carbon fiber




1.3.1. Calcium Carbonate (CaCO3)

Calcium carbonate (CaCOs3) is one of the most commonly used inorganic filler.
It is abundant, largely inert, low cost, white filler. Commercial CaCO; fillers are
available with a range of micro to nano sizes. The main function of calcium carbonate is
to lower costs, while having moderate effects on mechanical properties. The mechanical
properties of polymer composites with CaCOj3 depend on interfaces where the polymer
matrix and filler are in contact. CaCOg particles have mostly polar, hydrophilic and high
free energy surfaces [16]. Therefore, these particles may not be suitable for polymer
matrices having non-polar, more hydrophobic and relatively low free energy surfaces.
Filler surface treatment can be applied for appropriate adhesion. Stearic acid
[CH3(CH,)1sCOOQOH] treatment has been known to improve processability, wettability
and surface quality of CaCOs.

1.3.2. Kaolin

Kaolin is a member of clay family. With the addition of kaolin, some properties
of thermoplastic composites such as electrical properties, surface quality, chemical
resistance and hardness can be improved. Kaolin also reduces the possibility of water
absorption and crack growth [16].

1.3.3. Feldspar

Feldspar is a natural mineral which used in Polyvinyl chloride (PVC) and
thermosets. It has some advantages such as translucency, wettability, higher flexural

strength, modulus, chemical and abrasion resistance.

1.3.4. Hydrated Alumina

Hydrated alumina is a flame retardant and smoke suppressant filler. In order to

achieve flame retardancy, large amounts of this material are needed [17].



1.3.5. Silica

Silica is the most abundant mineral on the earth’s crust and it is used as a
reinforcing filler in rubbers. Some advantages are high resistance to heat, low thermal

coefficient, good electrical properties and transparency [17].

1.3.6. Talc

Talc is one of the most commonly used reinforcing filler for thermoplastics. It

improves electrical performance, chemical, heat and moisture resistance.

1.3.7. Mica

Mica is commonly used as a reinforcing additive in polymeric or ceramic matrix.
The addition of mica improves stiffness, warp resistance and dimensional stability of

thermoplastic matrix.

1.3.8. Other Mineral Fillers

Other mineral fillers used for reinforcing thermoplastic matrix are summarized
as follows [16]:
e Barium sulfate: Used for sound-damping panels due to its high density.
e Calcium sulfate: A reinforcing mineral filler used for polyolefins.
e Calcium silicate (wollastonite): Improves chemical and moisture resistance of
thermoplastics.

e Titanium dioxide: Used as universal white pigment in paints.



CHAPTER 2

LITERATURE REVIEW

The effect of CaCO; particles on the mechanical properties of polymers has
received the great attention of scientists in recent years. There have been many studies
using nano sized calcium carbonate (CaCOs3) to enhance the properties of polymers. The

following review summarizes some of these studies (Table 2.1).

2.1. Effect of CaCO; Particles on the Mechanical Properties of
Polypropylene

Polypropylene is the one of the most important thermoplastic polymer which is
widely used in technical applications due to its low cost, relatively high mechanical
properties, recyclability. However, owing to its low modulus, poor impact resistance the
usefullness of PP is still limited. For this reason increasing the impact toughness and
modulus of PP has received considerable interest by the scientists.

CaCOg; nanoparticles are very effective toughening agent for PP [18,19]. Impact
strength of PP could be increased by adding mineral filler. Chan et al. [18] reported
that impact strength of PP increased from 55 J/m to 133 J/m by adding 9.2 vol.%
surfactant treated with an average diameter of 44 nm CaCOs [18].

Toughening of polypropylene with CaCOg3 particles, with the influence of
particle size (0.07-1.9 um) and particle content of 0-32 vol.% was studied by Zuiderduin
et al. [19]. They reported that rigid particles leads to a system with higher stiffness and
higher impact resistance.

The addition of nano-CaCOs particles with stearic acid surface treatment on the
CaCOg particles, improves the mechanical properties of PP [20-31]. With increasing
CaCOg3 particle content Tensile strength decreases, while Young’s modulus increases.
Microstructural analysis according to the Scanning Electron Microscopy (SEM)
observations of the fracture surfaces of the samples revealed an improvement in CaCO3

dispersion as a result of surface treatment [21]



Figure 2.1. SEM micrographs of fractured surfaces of selected impact test specimens for
s-PP filled with (a) 1.9, (b) 2.8, and (¢) 10.5 um , uncoated CaCQOg particles
at 20 wt % and (d) 1.9, (e) 2.8, and (f) 10.5 um uncoated CaCO3 samples at
40 wt % [21]

The crystallisation behaviour of CaCO3 /PP nanocomposites were studied by a
number of researchers [23,30]. Hanim et. al. [23] investigated the crystallization
behaviour of nanocomposites by using Differential Scanning Calorimetry (DSC)
technique. They showed that the addition of NPCC decreases crystallization
temperature of PP.

Eiras et al. [24] investigated mechanical properties of CaCO3/PP
nanocomposites. The nanocomposites were prepared in a co-rotational twin screw
extruder machine with calcium carbonate content of 3,5,7 and 10 wt. (%). They reported
that there is an increase in PP elastic modulus and a little increase in yield stress. They
suggested that the tensile properties depend on the surface contact area of nanoparticles
and their dispersion. With the addition of relatively small content of CaCOs;
nanoparticles, they obtained a significant increase in elastic modulus and yield stress,
although the addition of higher contents of nanoparticles did not lead to subsequently

increase in these properties that remained constant.



Lam et al. [25] studied the effect of nanosized and surface-modified precipitated
calcium carbonate on the properties of CaCOs/polypropylene nanocomposites. It has
been shown that a good dispersion of nano-PCC (precipitated calcium carbonate
particles) in PP matrix was achieved. The thermal stability was increased. A strong
interaction between nano-PCC (nhano-sized and surface-modified PCC) and the PP
matrix caused an increase in yield and tensile strength and the maxima were reached
when loading 15-20 wt% of ns-PCC.

Ihueze and Mgbemena [26] examined the effect of calcium carbonate particles
as a filler on the mechanical properties of polypropylene. They reported that the
Young’s modulus of the nanocomposite showed some improvement with the
incorporation of the calcium carbonate nano-filler while the tensile strength
deteriorated. The stearic acid coated fillers showed the highest improvement in the
above tensile properties at low volume fractions while the deformation rate increases
with the inclusion of the nanofiller.

Lin et al. [27] studied the toughening mechanism of polypropylene/calcium
carbonate nanocomposites and the effect of the polymer molecular weight on the
dispersion of nanoparticles. They reported that higher molecular weight polymer matrix
does not affect the dispersion of nanoparticles and a monolayer coating is an effective
way to improve the dispersion of nanoparticles. The notched 1zod impact strength of the
nanocomposites containing the high molecular weight PP and 20 wt% CaCOs;
nanoparticles with a monolayer coating of stearic acid was measured to be about 370
J/m, whereas the impact strength of the unfilled PP was 50 J/m.

Zhang et al. [28] studied the preparation and characterization of nano/micro-
calcium carbonate particles/polypropylene composites. They prepared composites on a
twin screw extruder with the nanoparticle content of 5% and 15 wt%. The sample which
contains micro and nano sized particles shows the best mechanical property.

Buasri et. al. [29] investigated the effect of modified calcium carbonate (CaCO3)
nanoparticles on the thermal and mechanical properties of PP. Sodium stearate was used
as a surface modifier. They modified the surface of nanoparticles to disperse them into
the PP matrices without aggregation. CaCO3 / PP nanocomposites with different filler
content have been prepared by a co-rotating twin screw extruder and injection molding
machine. The modified CaCO3; improved the mechanical properties of PP effectively.

The impact strength and hardness are increased by about 65% and 5%, respectively. The
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morphology, investigated by Scanning Electron Microscopy (SEM), indicated that a
uniform dispersion of filler in the polymer matrix

Zaman and Hun [30] studied the effect of surface-modified calcium carbonate
nanoparticles on the mechanical properties and crystallization behavior of
polypropylene. Pimelic acid (Pa) was used as a surface modifier for nano sized calcium
carbonate (NCC). They prepared three compositions of PP/nCC composites in a co-
rotational twin-screw extruder machine with nCC content of 5, 10, 15, and 20 wt%.
According to the SEM results, the untreated nCC show a uniform size distribution for
nCCPa, which dispersed well in PP. After surface modification by the Pa, the adhesion
between the filler particles and PP matrix was enhanced and the aggregation could be
avoided. The mechanical test results shows that the elastic modulus and impact strength
of the composites increased at first and then decreased with the addition of fillers, and
the tensile yield stress was reduced at the same time. They studied the crystallization
properties of virgin PP and its composites with differential scanning calorimetry. The
results shows that, in comparison with unfilled PP and PP/nCC, the addition of the Pa-
treated nCC fillers into PP led to a higher crystallization temperature, and nucleation.

Zaman and Beg [31] investigated the mechanical, thermal, and rheological
properties of nCC/ PP composites modified by methacrylic acid (MA). MA was used as
a surface modifier for nCC. They prepared the nanocomposites by a twin screw
extruder. MA effects on the morphology, mechanical properties, crystallization and
melting behavior, and rheological properties of nCC/PP composites have been
investigated. The SEM observation shows the surface treatment of nCC with MA
improves the dispersion of 