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Summary  An elasto-viscoplastic two-phase composite inclusiosebdamodel for the mechanical performance of semicryséallin
materials has previously been developed. This researdsésmn adding quantitative abilities to the model, in paldir for the stress-
dependence of the rate of plastic deformation, referred thayield kinetics. A key issue in achieving that goal isdkeecription of
the rate-dependence of slip along crystallographic planes

INTRODUCTION

The elasto-viscoplastic behaviour of semicrystallineypwric materials is strongly dependent on the underlying mi
crostructure consisting of both amorphous and crystalfiomains [1, 2]. A micromechanically-based model for the
constitutive behaviour of semicrystalline polymeric nmatehas been presented in Van Dommelen et al. [3]. The model
accounts for both crystallographic and morphologicaliextthe latter corresponding to the orientation distrdubf the
lamellar interface normals. A three-level modelling agmio was used to study intraspherulitic deformation andst®

for semicrystalline polyethylene [4] and to predict thepmsse of tensile specimens obtained at different anglds wit
respect to the extrusion direction of the material [5]. Therent research focuses on adding quantitative abilitigbe
micromechanical model, in particular for the stress-deleece of the rate of plastic deformation, referred to as ibld y
kinetics.

MODEL DESCRIPTION

The constitutive behaviour of semicrystalline materiatigdelled by an aggregate of two-phase composite inclusions
This composite inclusion model is discussed in detail in B&ch inclusion consists of a crystalline and an amorphous
phase. A microstructural elasto-viscoplastic constitutnodel is defined for both the crystalline and the amorphous
phase, where the plastic deformation of the crystallinespli®described by a rate-dependent crystal plasticity mdde
relate the volume-averaged mechanical behaviour of eadpasite inclusion to the imposed boundary conditions for an
aggregate of inclusions, a hybrid local-global interattaw is used [3].

TOWARDSA QUANTITATIVE STRUCTURE-PROPERTY RELATIONSHIP

In order to predict both the short- and long-term failure olfymers, quantitative predictions of the yield kineticglodse
materials are required. The present work is directed tosvélrd prediction of the yield and post-yield behaviour, and
texture evolution in semicrystalline polymers during Edeformations at different strain rates. A critical fad®the
stress-dependence of the rate of plastic deformationlithkisetics, which is the mechanism underlying time-degbemt,
macroscopic failure. The kinetics of the macroscopic pi&iw strongly depend on the slip kinetics of the individual
crystallographic slip systems. Therefore, an accuratatifative prediction requires a proper description of theer
dependence of slip along crystallographic planes. As adiegi in achieving this goal, the previously used viscojgast
power law relation is replaced with an Eyring flow rule. Theeraluation of the slip kinetics is performed using a
combined numerical/experimental approach and the refilie#inetics are then validated for uniaxial compressiotada

of isotropic HDPE, for different strain rates [6].

A double yield phenomenon is found in the model predictiod anrelated to morphological changes that induce a
change of deformation mechanism, see Figure 1. For poligthya double yield point is also experimentally observed
during both tensile and compressive deformation modegelature, several possible mechanisms have been profmsed
explain this behaviour, among which different deformapoocesses for the first and second yield point, often aswsatia
with fine slip and coarse slip. Even though the present maatediders only fine slip, it mimics this complex behaviour,
where it is observed that after the first yield point a chamgeé mechanisms occurs and transverse slip systems become
active, whereas the primary chain slip mechanism was theérdorprocess around the first yield point.

The description of the slip kinetics is further refined in erdo predict the temperature dependence of the kinetics of
yield for polyethylene. The experimental data in Figure @lthe presence of two different processes, where one can be
attributed to the crystalline phase and the other to thesatpltaxation mechanism in the amorphous phase. Also shown
in this figure is a prediction of the temperature dependehtieamacroscopic yield kinetics as well as time-to-failire
creep experiments with the micromechanical model.
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Figurel. (a) Double yield behaviour predicted by the micromechdmieadel and (b) microstructural origin of double yield pretitn.
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Figure 2. Temperature dependence of (a) yield kinetics and (b) triture of HDPE (markers) and predicted by the micromeeha
ical model (solid lines).

CONCLUSIONS

The current research focuses on adding quantitativeiabitih a micromechanical constitutive model for semiciiinta
polymers, in particular for the stress-dependence of tteeabplastic deformation, referred to as the yield kinetiés

key issue in achieving that goal is the description of the-dgpendence of slip along crystallographic planes. Tipe sl
kinetics have been re-evaluated and characterized usiglgradtnumerical/experimental procedure, and the resudisew
validated for uniaxial compression data of isotropic HD&Bjarious strain rates. A double yield phenomenon is oleserv

in the model prediction and texture analysis shows thattlub @ yield pointin the model can be related to morpholdgica
changes during deformation, that induce a change of detammaechanism. In addition, the temperature dependence
of the kinetics of yielding has been described.

References

[1] Lin L., Argon A.S. Journal of Materials Science 29:294-323, 1994.

[2] G’Sell C., Dahoun, AMaterials Science and Engineering A 175:183-199, 1994.

[3] Van Dommelen J.A.W., Parks D.M., Boyce M.C., Brekelm&i#\.M., Baaijens F.P.TJournal of the Mechanics and Physics of Solids 51:519—
541, 2003.

[4] Van Dommelen J.A.W., Parks D.M., Boyce M.C., Brekelm&d#\.M., Baaijens F.P.TPolymer 44:6089-6101, 2003.

[5] Van Dommelen J.A.W., Schrauwen B.A.G., Van Breemen A.CGovaert L.E.Journal of Polymer Science: Part B: Polymer Physics 42:2983—
2994, 2004.

[6] Sedighiamiri A., Govaert L.E., Van Dommelen J.A.Wgurnal of Polymer Science: Part B: Polymer Physics 49:1297-1310, 2011.



