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ABSTRACT

In this study, the isotactic polypropylene, a semicrystalline polymer, was used as a matrix
for composites containing 20% and 40% (by weight) of glass bead filler. Selected surface
treatment was applied to obtain different adhesion between particles and polymer matrix. In
addition to non-treated filler, filler treated with i) a release agent (labelled as NO adhesion) and
ii) an adhesion promoter (labelled as GOOD adhesion) were incorporated into the matrix. The
morphology, tensile mechanical and fracture behaviour (J-integral) were investigated.
Morphology observation revealed a poor interfacial adhesion in the case of non-treated and “NO
adhesion” samples represented with debonding of particles. In contrast, strong particle-matrix
interactions were confirmed in “GOOD adhesion” samples. The presence of rigid filler particles
increased the stiffness, while strain at break was decreased with the lowest value for the
composites with strong interfacial adhesion. On the other hand, the higher rigidity and lower
deformability decreased in fracture toughness.
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1. INTRODUCTION

Particulate-filled polymer composites have a long history and consequently newcomers to
the field usually expect to find an area of well-understood science with few intellectual
challenges remaining [1]. The addition of fillers to polymer often creates new functional
properties not possessed by the polymer matrix [1 - 4]. In general, fillers increase stiffness and
heat deflection temperatures, decrease shrinkage and improve the appearance of composites [1].
Depending on the properties of particulate filler, they can also improve strength and/or
toughness.

Polypropylene (PP) is a very versatile polymer. There are many ways in which the
mechanical properties of PP can be modified to suit a wide variety of end-use applications.
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Fillers, such as talc and calcium carbonate, are often used as extenders, thus reducing the final
material cost. However, some improvement in stiffness and impact can be obtained with these
materials. Solid glass microspheres are special type of filler that induces improved process
ability and service performance in injection-molded polypropylene-matrix composites. Higher
thermal conductivity, dimensional stability and small and well-distributed internal stress are
three qualities of the glass microsphere-filled PP composites [3, 4].

Almost of research on PP/glass bead composites have focused on effect of particle size,
filler loading and the filler-matrix adhesion on resulting mechanical behaviour. The maximum
stress and strain to failure decrease with glass bead content and glass bead diameter [5]. Liang et
al. [6-9] paid much attention on this system. The experimental results showed that glass beads
play a role in inducing crazes and blocking the propagation of cracks to improve the toughness
of filled PP composites, the notched Izod impact strength of the filled systems increased gently
with increasing the volume fraction of the fillers when it was less than 15%, and then it
decreased. The Young’s modulus value was increased, while the tensile yield and tensile stress
at break decreased with the increasing volume fraction of the filler. In these studies, the surface
of glass beads was treated with silane coupling agent. By the using two silanes with different
functional groups to modify the surface of glass particles, Thio et al. investigated [10] the effects
of interfacial adhesion strength on the mechanical properties of particulate filled polypropylene
composites. The tensile strength of the reinforced polypropylene increased with increasing
adhesion strength. Impact toughness increased with weaker adhesion but the dependence became
less pronounced as deformation rate was increased.

The general idea behind this study is to correlate structural parameters with emphasis on
molecular mobility with resulting mechanical behaviour of particulate filled composites with
thermoplastic matrix. The experimental model with different surface properties of glass bead
was used as filler for isotactic polypropylene matrix, together with the multiscale approach using
structure sensitive methods and mechanical testing were also applied in this work.

2. EXPERIMENTAL
2.1. Materials and specimens

Isotactic polypropylene Mosten TB 52.412 (Chemopetrol, Czech Republic) was used as a
matrix in this study. Glass beads, average size ~ 20 um, were used as filler.

Glass beads, fillers were modified with 1 % coupling agent vinyltriethoxy silane (Silquest
A-151INT supplied by Momentive, Switzerland). Silane was added, under constant stirring, to
aqueous solutions of the ethanol and water adjusted to a pH of 4 with acetic acid. The treatment
solution was stirred constantly for 0.5 h to complete the hydrolyzing of silane. The filler
particles were added to mixture. The slurries were stirred constantly for 2 h followed by tray
drying at 80 °C for 2 h. The resulting glass beads were used as filler for polypropylene (PP). To
obtain a GOOD adhesion between filler surface and polymer matrix, dicumylperoxide (Dicumyl
peroxide 98% supplied by Sigma-Aldrich) at content of 0.15 % by weight of filler was added
during this composite preparation as a catalyst for this process.

The preparation of mechanical test specimens was performed by injection-molded process.
Polypropylene and glass beads were been compounded in the twin-screw compounder (extruder)
Brabender and subsequently injection-molded into form of specimens (dog-bone).
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2.2. Sample characterization and testing

The structure morphology was assessed by scanning electron microscope (SEM) taken on
impact fracture cross-section of composites.

Tensile mechanical tests were carried out on Instron 5800 tensile tester at room temperature
and cross-head speeds alternating of 1 mm/min and 50 mm/min. The following mechanical
characteristics were derived from the stress-strain curves: Young modulus E, yield stress o, and
strain at break € . Reported values are averages of 10 individual measurements.

An instrumented Charpy impact tester Ceast Resil Impactor with 7.5J work capacity was
used for the J-integral evaluation. Experimental parameters: notch depth, a =2 mm (/W = 0.2);
support span, s = 40 mm (s/W = 4); pendulum hammer speed, vy = 1 ms™. During impact tests
the load (F) — deflection (f) diagrams were recorded. The total deformation energy up to the
maximum impact load (Ag) was divided into elastic (Ae) and plastic (Ap) parts. The values of
the J-integral were determined by the following equation proposed by Sumpter and Turner [11]:

Apl W —agg
PIB(W—a) W—a

+1

ST __ el
where:
Ner = 0.5 + 5.5(&/W) - 5(&/W)?,
_, (1 —a/W)(0.892 — 4.476a/W)
el = 27 7125 + 0.892(a/W) — 2.238(a/W)?
and a. is the crack length at the onset of unstable crack propagation measured using a light
microscope equipped with a metering table.

3. RESULTS AND DISCUSSION

3.1. Morphology observation

The introduction of inorganic filler into a AN +HZC:CH_S/ iefot
polymer matrix results in a heterogeneous V™ ~

system. Adhesion between different materials is l peroxide
created by physical or chemical bonds between

the adhesive and the substrate, and this depends
on the selection of coupling agent. In studies of

Liang et al., silane coupling agent was applied to N
modify the surface of glass beads, however, (|2H2
results were reported that the interfacial bonding SH,
between the matrix and the particles are weak. /W
To obtain a strong interaction between glass bead Folymer

particles and polypropylene matrix, vinyl silane  Figure 1. Reaction of polymer chain and silane
was used to pre-treat glass bead and  treated glass bead with the presence of DCP.
dicumylperoxide (DCP) was added during

preparation of PP/glass bead composite.

Figure 2 presents structure morphology taken of the impact fracture cross section of
PP/glass bead composites with 20 % of filler content. As revealed by SEM in the cases of non-
treated and NO adhesion, there was a poor interfacial with the strong debonding of particles.
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While in case of GOOD adhesion, a strong bonding achieved between glass bead particles and
PP matrix, coated spheres adhere to the matrix.

3.2. Deformation behaviour
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Figure 3. Young’s modulus values of PP/Glass Figure 4. Yield stress of PP/Glass beads
beads composites. composites.

The effects of glass bead with different surface properties on the Young’s modulus of filled
polypropylene are presented in Figure 3. It can be observed that tensile moduli in all cases of
composites increase with increasing filler loading. Generally, the addition of rigid particulate
fillers increases stiffness, which is measured through Young modulus. This is due to the fact that
fillers often exhibit higher stiffness compared matrix polymer. On the other hand, Young
modulus is measured at the very beginning of a tensile test, where deformation is insufficient to
cause particle-matrix debonding. However, obtained results indicated slightly change in value
among cases of no-treated, NO adhesion and GOOD adhesion. This comes from the difference
in adhesion between particles and polymer matrix with zero adhesion in case of NO adhesion
and a strong adhesion in case of GOOD adhesion. The increasing in Young modulus of glass
bead-filled composites indicates an increase in the rigidity of PP related to the restriction of the
mobility in PP matrix due to the presence of fillers [12 - 14]. This mechanical restraint resulting
from the enhanced surface interaction between two phases in composites. The similar trend also
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found in other studies [9] that enhancement of the interfacial adhesion between the matrix and
glass beads is helpful in improving the stiffness of filled PP composites.

Strength and toughness are very important for polymer composites used as structural
materials. For particulate filled thermoplastic composites, it is generally believed that the
interfacial adhesion between the filler particles and matrix is an important factor affecting
strength and toughness of composites. On the other hand, yield stress gives information on filler-
matrix interactions and consequently it is one of the preferred methods of composite testing [3].
In the case of a poor interaction (non-treated and NO adhesion) between the matrix and the filler,
the interfacial layer cannot transfer stress was reflected by the lower yield stress value in
comparison with a strong interaction in case of GOOD adhesion (Fig. 4). Therefore, one can
assume that the strength of a particulate-filled composite is determined by the effective available
area of load borne by the matrix as a result of the absence of the filler.

The higher yield stress values in case of GOOD adhesion in comparison with cases of non-
treated and NO adhesion at the corresponding concentration reflect the interaction between glass
bead particles and polypropylene matrix. On the other hand, it can be seen that in all cases, yield
stress decreases with increasing filler loading. This is due to the fact that the concentration of the
inclusions is the main factor affecting the yield strength of a filled polymer besides the
interfacial adhesion between the fillers and matrix. The presence of glass beads has a weakening
effect on the composite due to debonding. Weak adhesion and debonding reduce the volume
fraction which can carry the applied load [3].
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Figure 5. Tensile strain at break of PP/Glass beads composites.

Tensile strain at break is a parameter characterizing the extensibility of materials and it is
usually inversely proportional to tensile strength which means that increasing the tensile strength
of filled material usually contributes to a decrease in the strain at break. The strain at break value
for composite of GOOD adhesion had a lowest strain at break value which corresponds with
highest tensile strength value (Fig. 5).

3.3. Fracture behavior
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J-integral was used to characterize the energy absorption of polymer materials at the initial
stage of crack and the resistance for crack initiation. Figure 4 showed J,4 values of polypropylene
and glass bead composites.
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Figure 6. Fracture behaviour of PP/glass beads composites.

The fracture behavior of polymers is strongly affected by the addition of rigid particles. The
incorporation of them into the polypropylene matrix leads to differences in the overall process of
crack propagation and fracture. The process starts with the plastic deformation of the matrix
ahead of the initial crack. The adsorption of polymer molecules on the filler surface through
chemical bonds leads to the rigidity in structure of polymer chains. This leads to earlier crack
initiation and propagation with dramatically decreasing of J-integral value in case of GOOD
adhesion (Figure 6). Plastic deformation of the matrix polymer is the main energy absorbing
process in impact [15] and this increases when the interaction between particles and polymer
matrix is lowered in case of non-treated and NO adhesion.

4. CONCLUSIONS

The presence of rigid filler particles together with a strong interaction with polypropylene
matrix lead to a system with higher rigidity, thus increasing stiffness of composites. Tensile
yield stress decrease as a function filler content, however, this decreasing was compensated by
interfacial adhesion between filler particles and polymer matrix. Tensile stress is increased with
an increase of the adhesion. The higher rigidity and lower deformability leads to earlier crack
initiation and propagation with decreasing in fracture toughness.
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TOM TAT

ANH HUONG CUA PO KET DINH GIUA CAC PHA BEN TiNH CHAT BIEN DANG VA

PHA HUY CUA VAT LIEU TREN CO SO POLYPROPYLEN VA HAT THUY TINH

Nguyén Viét Diing™ ? ", Ngd Ké& Thé?, Jiri Kotek

Vién Hoa hoc Cao phan ti, Vién Han 1am Khoa hoc Céng hoa Séc, Heyrovskeho nam. 2,

CZ-162 06 Praha 6, Cong Hoa Séc

2Vién Khoa hoc vat li¢u, Vién Han 1am KHCNVN, 18 Hoang Quac Viét, Ha Ngi, Viét Nam

“Email: dungnv@ims.vast.ac.vn

Trong nghién ctu ndy, isotactic polypropylen — polyme bén tinh thé, da dwoc st dung lam

chat nén cho vat ligu chira 20 % va 40 % (theo khdi luong) hat thiy tinh. Qua trinh xu I bé mat
chat don dugc tng dung dé€ c6 dugc nhitng tuong tac khac nhau gitra cac hat chat don va chat
nén polyme. Bén canh chat don khéng dugc xur li bé mat, chat don dwoc xr li vai i) tac nhan loai
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bo lién két (ki hidu 1a NO adhesion) va ii) tic nhan thac day lién két (ki higu 1a GOOD adhesion)
da duoc dua vao trong chat nén. Hinh thai, tinh chat co gian dai va tinh chat pha huy (duoc xac
dinh qua tich phan J) cua vat li¢u da duge xac dinh. Quan sat hinh thai bé mat gay cua vat liéu
cho thiy sy twong tic pha yéu trong cac truong hop chit don khong duoc xur i bé mat va mau
vat liéu NO adhesion. Nguoc lai, trong tic pha manh duoc quan sét thiy trong trudng hop cua
mau vat lisu GOOD adhesion. Sy xuét hién cua cac hat chat don cang nhac da 1am tang d6 cang
trong khi d6 bién dang & diém dut giam xudng véi gia tri Ion nhat trong truong hop ciia mau vat
liéu c6 twong tac pha manh. Mat khac, do cimg nhic cao hon ciing nhu kha ning bién dang thap
hon d3 din dén sy suy giam caa do bén pha hay cua mau vat liéu.

Tir khéa: polypropylen, hat thiy tinh, tinh chat co, tich phan J.

307



