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Abstract Molecular dynamics simulation with coarse-grained model of polyvinyl alcohol was used to investigate the

structure of semicrystalline polymer through melt-cooling process. The relationship between microstructure and macro-
scopic mechanical behavior was then investigated to reveal the microscopic mechanism of semicrystalline polymer during
uniaxial tension. The stress-strain behavior comprised elastic stage, yield stage, strain softening stage and strain hardeni
stage. Several important structural evolution forms were investigated: reorientation of molecular chains, slipping of PVA
molecules in crystalline region, disturbed crystalline region (crystal to amorphous) and disentanglement of PVA molecules
in the amorphous region. The stress-strain behaviors in the crystal region and amorphous region were investigated respe
tively. The stress varied in two regions during uniaxial tension, which mainly caused by various microstructure evolution

in different stages. In the elastic stage, the main microstructure evolution was the reorientation of molecular chains. In the
strain softening stage, the slipping behavior of folded chains in the crystalline region and the disentanglement of the PVA
molecules in the amorphous region were the main structural evolution forms. The stress in the crystal region in this stage
was larger than that in the amorphous region, because keeping slipping behavior of folded chains in crystalline region wa:
harder than to deform in the amorphous region. In the strain hardening stage, the deformation of amorphous region wa
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more dificult than crystal slipping, in other words, the disentanglement of PVA molecules need more energy. The stress
in this stage increased which mainly led to the mechanical behavior of strain hardening. In conclusion, the coordinated
microstructure evolution contributed to macroscopic mechanical behavior during tension in spite of the variation of the
main microstructure evolutions infirent stages.

Keywords semi-crystalline polymertension deformationmicrostructure evolutionmicroscopic mechanismmolecular

dynamics simulation
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Fig.1 The uniaxial tensile deformation of semicrystalline polymer
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Fig. 8 Variation of chain orientation parameter with strain

FHEE 2,327 RIEE 2.3.3 T (MR v &1, e3P
AT BE it DX A% FH AR i DX A 2 45 5547 Ry BB IE AN i
&, BB XA B R ARy K, B
A TEAI A ZR G5 L 2 kN, A 207 BT
H R AL T 454 70 N AR AL AN AR B AT B, F i
AIA W O b 53 RS E A B ) 38 7 4 AR
X RN oy TR, 503 A3 R )
BEBLW P FZ 30 A RSB, WL ) AR N T
Z AT B AR TERY B, Sy Ak, i DR B ) EE B )
WAAR R AN JIT A T B B B ) A TR, R
BEAG AR I, X 2 B HE G A o X i 2 )
B ) B

34 ip

AR AR R LRI, N TR S 7
TE 1% D5 i, R RN R RS I
il - Ve AN EE AR, R T DR AR S R HLAZ 2%
MRS R GRS, WL T F SR G 0
R A L R A 1) 0 2247 0 S OW AR TR LB, e
FHENHI NI - NAAT AL HE 4 A IREY BL: 3 pEAR
o TR AR AR N AR SR AL B, A4 AR )
FAHB A DORIER S DX AR AN R IR g, TERCT A
7l (R P A AR AL T 3 AE SRR BL, i XA A
DA L3 BE B A A 1) SR HR R A 32 A
IR AL AZFRALRT BE, i DX EE AL i DR 32 5K
I3 5 X DR A it X Jee AR )RR X, I ELAR
st DXORFF I 2 I (10 8 7 K AR i XA B i s 221K
J2 ). AR BE DR T AT BB B R A
¥, ARMDCOR A TR L BIRIESSAT 0. AE N AR
BAL5 NAZ SRR BLZ 18], B XA i XK 52 AT 22
AR ST, X CATHR 7080 X i 3 B R B 1

HIXI R BT BIBIR, HeA 0 T AR X L PR
DR ARTE Ll R ARSI, 37 B BB W] T AT N
{5y, AEN AR SRALIT B, b XTI R TR AR AT O S
AN, AHAR S DX IR S5 4T 08 © R R IR B3
JERIBNRE, H TN R EARGEESAT 2 (B
SRIFTIT) 5 EHR T, AT AN B B AR S XY,

[EnY

10

11

12

13

14

15

TIEHHIR, TR T W AR s B 5.

5 % X #

Yamamoto T. Computer modeling of polymer crystallization toward
computer-assisted materials’ desigPolymer 2009, 50(9): 1975-
1985

Schrauwen BAG, Janssen RPM, Govaert LE, et al.
formation behavior of semicrystalline polymerslacromolecules
2004, 37(16): 6069-6078

Schrauwen BAG, Von Breemen LCA, Spoelstra AB, et al. Structure

Intrinsic de-

deformation and failure of flow-oriented semicrystalline polymers.
Macromolecules2004, 37(23): 8618-8633

Hong K, Rastogi A, Strobl G. Model treatment of tensile deforma-
tion of semicrystalline polymers: Static elastic moduli and creep
parameters derived for a sample of polyethylekiacromolecules
2004, 37(26): 10174-10179

Hong K, Rastogi A, Strobl G. A model treating tensile deformation
of semicrystalline polymers: Quasi-static stress-strain relationship
and viscous stress determined for a sample of polyethylaero-
molecules2004, 37(26): 10165-10173

Cheng JJ, Alvarado-Contreras JA, Polak MA, et al. Chain entangle-
ments and mechanical behavior of high density polyethyléaet-

nal of Engineering Materials and Technolo@010, 132(1): 011016
Gsell C, Dahoun A. Evolution of microstructure in semicrystalline
polymers under large plastic deformatioMaterials Science and
Engineering A1994, 175(1-2): 183-199

Bassett DC. On moire patterns in electron microscopy of polymer
crystals.Philosophical Magazinel 964, 10(106): 595

Lustiger A, Lotz B, Diif TS. The morphology of the spherulitic sur-
face in polyethyleneJournal of Polymer Science Part B: Polymer
Physics 1989, 27(3): 561-579

Dicorleto JA, Bassett DC. On circular crystals of polyethyldtay-

mer, 1990, 31(10): 1971-1977

Bartczak Z. Hect of chain entanglements on plastic deformation be-
havior of linear polyethyleneMacromolecules2005, 38(18): 7702-
7713

Meyer H, Muller-Plathe F. Formation of chain-folded structures in
supercooled polymer melts examined by md simulatiokscro-
molecules2002, 35(4): 1241-1252

Vettorel T, Meyer H, Baschnagel J, et al. Structural properties of
crystallizable polymer melts: Intrachain and interchain correlation
functions.Physical Review E2007, 75(4): 041801

Yamamoto T. Molecular dynamics modeling of polymer crystalliza-
tion from the melt.Polymer 2004, 45(4): 1357-1364

Yamamoto T. Molecular dynamics simulations of steady-state crys-
tal growth and homogeneous nucleation in polyethylene-like poly-



#o2 BRI : AR AR AT MO L 377
mer. Journal of Chemical Physic€008, 129(18): 184903 28 BUgH, FUR. SRASGUIRRL 0 FA WSS AT IS B

16 Gee RH, Lacevic N, Fried LE. Atomistic simulation of polymer 1, 2014, 63(13): 281-288 (Duan Fangli, Wang YuanffeEt of
crystallization at realistic length scaledNature Materials 2005, single nanoparticle on the polymer crystallization behaviActa
5(1): 39-43 Physica Sinica2014, 63(13): 281-288 (in Chinese))

17 Monasse B, Queyroy S, Lhost O. Molecular dynamics prediction of 29 Plimpton S. Fast parallel algorithms for short-range molecular dy-
elastic and plastic deformation of semi-crystalline polyethyldéme. namics.Journal of Computational Physic$995, 117(1): 1-19
ternational Journal of Material Forming2008, 1: 1111-1114 30 fA[ B, SR 4, MR 2455, B, g H ek AL,

18 Lee S, Rutledge GC. Plastic deformation of semicrystalline 2006: 159-161 (He Manjun, Zhang Hongdong, Chen Weixiao, et al.
polyethylene by molecular simulation.Macromolecules 2011, Polymer Physics. Shanghai: Fudan University Press, 2006: 159-160
44(8): 3096-3108 (in Chinese))

19 Queyroy S, Monasse B. Molecular dynamics prediction of elas- 37 Gee RH, Lacevic N, Fried LE. Atomistic simulations of spinodal
tic and plastic deformation of semicrystalline polyethylemeter- phase separation preceding polymer crystallizatiature Materi-

national Journal for Multiscale Computational Engineerjri2p11, als, 2006, 5(1): 39-43

9(1): 119-136

20 Queyroy S, Monasse B.fiect of the molecular structure of

32 Zhu YJ, Wang HY, Zhu JH, et al. Nanoindentation and thermal study
of polyvinylalcohofgraphene oxide nanocomposite film through or-
ganiginorganic assemblyApplied Surface Scienc2015, 349: 27-

34
33 Zhao X, Zhang QH, Chen DJ, et al. Enhanced mechanical prop-

] ) o o i erties of graphene-based poly (vinyl alcohol) compositéscro-
grained polymer models using automatic simplex optimization to fit molecules2010, 43(5): 2357-2363

structural propertiesMacromolecules2001, 34(7): 2335-2345 ) o .
. ] . 34 Li YQ, Yang TY, Yu T, et al. Synergisticfiect of hybrid carbon
22 Hsu DD, Xia WJ, Arturo SG, et al. Thermomechanically consistent
and temperature transferable coarse-graining of atactic polystyrene.
Macromolecules2015, 48(9): 3057-3068
23 Meyer H, Muller-Plathe F. Formation of chain-folded structures in
supercooled polymer meltsJournal of Chemical Physic2001,
115(17): 7807-7810
24 Vettorel T, Meyer H. Coarse graining of short polythylene chains for

semicrystalline polyethylene on mechanical properties studied by
molecular dynamics.Journal of Applied Polymer Sciencg2012,
125(6): 4358-4367

21 Reith D, Meyer H, Muller-Plathe F. Mapping atomistic to coarse-

nantube-graphene oxide as a nanofiller in enhancing the mechani-
cal properties of PVA compositedournal of Materials Chemistry
2011, 21(29): 10844-10851

35 Dong X, McDowell DL, Kalidindi SR, et al. Dependence of
mechanical properties on crystal orientation of semi-crystalline
polyethylene structure®olymer 2014, 55(16): 4248-4257

studying polymer crystallizationJournal of Chemical Theory and 36 Yashiro K, Ito T, Tomita Y. Molecular dynamics simulation of de-

Computation2006, 2(3): 616-629
25 Vettorel T, Meyer H, Baschnagel J, et al. Structural properties of

formation behavior in amorphous polymer: Nucleation of chain en-
tanglements and network structure under uniaxial tendisterna-
crystallizable polymer melts: Intrachain and interchain correlation tional Journal of Mechanical Science2003, 45(11): 1863-1876
functions.Physical Review 2007, 75(4): 041801 37 Huang L, Yang XP, Jia XL, et al. Fracture mechanism of amorphous
polymers at strain fields.Physical Chemistry Chemical Physics

talline polymers: Crystallization, melting, and reorganizatidour- 2014, 16(45): 24892-24898
nal of Polymer Science Part B: Polymer Physi@910, 48(21): 38 Hossain D, Tschopp MA, Ward DK, et al. Molecular dynamics

26 Sommer JU, Luo C. Molecular dynamics simulations of semicrys-

2922.2232 simulations of deformation mechanisms of amorphous polyethylene.
27 BOSH, SRS, LR AR AW T30 0 F . S5, Polymer 2010, 51(25): 6071-6083

2012, 29(5): 759-765 (Duan Fangli, Yan Shidang. Molecular dy- 39 Lavine MS, Waheed N, Rutledge GC. Molecular dynamics simula-

namics simulation of semicrystalline polymefhinese Journal of tion of orientation and crystallization of polyethylene during uniax-

Computational Physic®012, 29(5): 759-765 (in Chinese)) ial extension Polymer 2003, 44(5): 1771-1779



