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Abstract

In this paper fracture behaviour of particulate posite (CaC@ — PP) is studied. Attention is focused
mainly to the influence of interphase between pkasi and matrix on stress distribution and on maexk
propagation in composite matrix. The composite masleled as three-phase continuum and numericatiy-si
lated on a microscopic scale using the finite el@npgogram ANSYS. Simplified two-dimensional modgl
used for estimation of hypothetical micro-crackthgarediction. The influence of interphase propgerion frac-
ture toughness for particle reinforced polymer cosiie is discussed.
© 2007 University of West Bohemia. All rights reserved.
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1. Introduction

Polymeric particulate composites are frequentlyduse engineering applications. The

properties of the particles themselves (size, shayag¢erial properties) can have a significant
effect on the global behaviour of the compositee &ddition of rigid particles to a polymer
matrix usually has an embrittling effect on the pasite. Most studies on modification of
thermoplastic composites with rigid mineral fillemsport a significant decrease in fracture
toughness compared with the neat polyfdér The presence of particles significantly influ-
ences the cure reaction, resulting in the formatibtine third phase known as the interphase,
which possesses property distinct from those ofrtiagrix and the particles. In the studied
case the size of the interphase is between 20 @médBometres. The interphase has a micro-
scopic scale and controls the adhesion betweerclparand matrix. Thus it essentially con-
tributes to the ability of the matrix to transfemacono-load and plays a deciding role in the
evaluation of the driving force of micro-cracks.[1]
Rigid particles as toughness must fulfill certaaquirements: the particles have to be of small
size (less then 5 um), the aspect ratio shoulddse=d¢o 1 to avoid high stress concentration,
the particles must debond prior to the yield sti@imnatrix in order to change the stress state
of the matrix and the particles should be dispetsedogeneously in the matrix [3].

The main goal of the present paper is to estimfaeirifluence of interphase on micro-
crack propagation in the particulate compositethln contribution the particle-filled polymer
composite is modelled as three-phase continuunesepted by infinite matrix with homoge-
neously dispersed identical coated stiff spheipeaticles. The studied composite corresponds
to calcium carbonate (CaCO3) filled polypropylene.
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2. Determination of crack propagation direction

A propagation of a micro-crack in the matrix of fgarlate composite is controlled by its
interaction with particles. To describe the intéi@t the micro-crack propagation direction
has to be known. Generally a crack propagatesrection leading to zero values i§f; . For
determination of crack propagation direction nursbefr criterions exist in the literature. In
this paper maximum tangential stress (MTS) critefj@] has been used. Determination of
crack propagation directia@s can then be expressed by the following equation:
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where K and K, are corresponding values of the stress intenadiofs for normal and shear
mode of loading.

3. Numerical model

To estimate the crack propagation direction theieslof stress intensity factors for mode
I and Il have to be numerically calculated. To this the stress strain distribution of the
three-phase composite with homogeneously distributeated particles was numerically
simulated on a microscopic scale using the finiéenent program ANSYS. A simplified 2D
model has been used in the present contributioe. gédometry of the model is shown in
fig. 1.

Fig. 1. The geometry of the 2D model used for estiom of micro crack behaviour in the studied marttte
composite.

Tensile load was applied via a prescribed fdfc&he finite element model with symme-

try boundary conditions is shown in fig.2. For edétions plane stress conditions were as-
sumed. Two dimensional isoparametric elements (PE&2% were non-homogenously dis-
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tributed, because of the material inhomogenity lkigth stress concentration in the crack tip.
The typical finite element model has about 40 Oéénents.

The material properties characterizing the compositrresponding to calcium carbonate
(CaCOa3) - filled polypropylene (PP) at room tempera are used. The calculations have
been performed for rigid particle dimension (givey radius of the CaCfparticlesR = 5
um) and wide interval of particulate filler volumeaé€tion between 10 — 35 %. The Young's
modulus of the particleE = 72 GPa, and the value of Poisson’s rati 0.29. The corre-
sponding parameters of the neat polymer matrixr(faRerial) areE = 1.8 GPay = 0.36. The
thicknesd of the interphase 50 nm is considered here ortlg. derfect adhesion between par-
ticles, interphase and matrix was assumed. Thaessard strain distributions in the matrix
have been determined for a variety of the interphpsoperties. The value of Young's
modulus of the interphase ranges from 0.05 to GBA. It is assumed that Young’s modulus
of the interphase is constant through its thicknAssicro-crack of length corresponding ap-
proximately to the distance between the particlas modelled and the corresponding values
of the stress intensity factoks andK; were calculated for different micro-cracks confeu
tions.
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Fig. 2. Schematic representation of FEM model dsedalculation of the stress intensity factor.

4. Numerical results

The corresponding values of stress intensity fadgrandK; were estimated using the
standard KCALC procedure as implemented in ANSYt& mesh around the crack tip has to
be refined because of high stress concentratioaci&p“‘crack” finite elements with shifted
mid-nodes and modeling the near tip stress sindyhaere applied. Obtained valu&s and
Ky were used for estimation of further crack propageadiirectionQs using eq. (1), see fig. 3.

The influence of the volume fraction of the comp®sin the crack located close to the
particle, i.e. fork/kl= 0.9 and?a/b — 1 has been studied. Six configurations were maldele
for three values of filler volume fraction and tero limiting values of interphase moduli. The
curves accordance with value of Young's modulu$§ G@a are marked by quads and curves
accordance with value of Young's modulus 1.8 GRanzarked by circles. It has to be men-

145



Z. Majer et. al / Applied and Computational Mechanics 1 (2007) 143 - 148

tioned, that Young's modulus of the interphase@FR& corresponds to Young's modulus of
the matrix and behavior of this configuration cspends to the two-phase composite without
interphase. Strong decrease of the angle of crasgagationQs corresponds to Young's
modulus 1.8 GPa for all mentioned filler volumectians. In this case the micro-crack
propagates purely in the matrix and has a tendendgflect to rigid particles. For this mate-
rial configurations the direct interaction betwegnticle and crack is rare a have no influence
on fracture toughness of the composite.

Contrary to it for interphase with Young’s modulu®5 GPathe influence of rigid parti-
cles is shielded by a soft interface and even femall volume fraction of the interphase, the
behaviour of the micro-crack can be changed. Thekcdeflection is much smaller and in
some cases crack cannot avoid the particle anttreceed to it. Final configuration corre-
sponds then to a micro crack with its tip on thenface between matrix and interphase. Due
to existing high stress concentration matrix andigda are debonded and as a consequence,
the crack is blunted. This is connected with strdagrease of the stress near the crack tip and
the singular stress field is changed to regular @he crack is transformed to a notch and ar-
rested near the particle. Stronger influence fackrbehavior was observed for volume frac-
tion 35%. Therefore only this special case is dised here in the detalils.
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Fig. 3. Dependence of crack propagation direcflgon ratio2a/b for variety of filler volume fraction
(FVF) and elastic moduk2 of interphase.

Again six configurations with filler volume fractia35% was modeled, three for variety of
ratio of k/k1l and for two different moduli of interphase, sedig 4. For small ratio ok/k1l
(0.1 in our case) the crack is close to symmetmpoaition between two particles, therefore
the change of crack propagation direction is mithiribe influence of the particles and inter-
phase is visible mainly for the crack whtk = 0.5 -0.9, where the influence of the interphase
started to be important.
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Fig. 4. Dependence of crack propagation direcfigon ratio2a/b for filler volume fraction 35% for variety
of ratiok/k1and elastic moduk2 of interphase.
5. Conclusion

The addition of mineral fillers to polypropyleneRPcan profoundly change the mechani-
cal properties of a polymer system. The propemiethe particles themselves (size, shape,
material properties) can have a significant effactthe global behaviour of the composite.
Computation of the internal stress and strain $ietdthe body with particles is the first step
towards to understanding of the composite in maana micro levels. In the contribution fi-
nite element simulations based on the microstrectdrpolymer composite filled by coated
particles are conducted in order to transfer tlermation from micro- to macro-scale. To
this end finite element analyses were carried outuidy the influence of the interphase on
the fracture toughness of the composite. The sttstgbution was determined for a variety
of thickness and the material properties of therpttase as well as the corresponding values
of the stress intensity factors for a micro-crackck lying in the matrix were evaluated. It is
suggested that the interaction between particlesnaigro-cracks plays a deciding rolEhe
simplified 2D model of a micro-crack interactingtvithe nearest particle was used. The in-
fluence of the interphase between rigid particlé aratrix on toughening mechanism was in-
vestigated. The basic mechanism of the compodgiighening due to micro-crack propagation
consists in shielding of rigid particles by softarphase followed by debonding of the particle
and the matrix. As a consequence, the crack igdxduand can be arrested on the particle. The
intensity of this effect depends mainly on the sime quality of the interphase.

Presented computational methodology give us pawarbl to quantified effects of par-
ticular micro structural properties on macroscapaterial response. Consequently, numerical
calculations can help design polypropylene basedposite with specifically requested mate-
rial properties.
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