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Table 1 The basic parameters of OBC and HDPE

Density MI* N Hard block T, X, b
Sample M, x10° M, /M,
(g/(:m3 ) (g/10min) (wt% ) (c) (wt% )
OBC 0. 867 0.32 180 2.4 16 117 10
HDPE 0.952 4.40 218 9.4 100 131 65

“Melt flow index, 190°C /2. 16 kg;"Determined by enthalpy of fusion

1.2 HBWH &

1t Hakke MiniLab OS %5 ##L b, e il 2 7R
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Fig. 1 Polarized light optical micrographs of OBC/HDPE blends: (a) OBC/HDPE 100/0, (b) OBC/HDPE 90/10 and (¢) OBC/HDPE
70/30
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Phase 5.0 um

Fig. 2 AFM phase images of OBC/HDPE (70/30) blend under different thermal treatments: (a) quenched in liquid nitrogen after

annealing at 190 °C for 30 min, (b) cooling in the air from 190 C, (c¢) higher resolution of (a) and (d) higher resolution of (b)
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Fig. 4 Peak deconvolution of DSC melting curves for
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Fig. 3 Thermal behavior of OBC/HDPE blends: (a) first

heating thermograms and (b) cooling thermograms

The heating/cooling rate was 10 K/min.
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Fig. 5 Stress-strain curves of OBC/HDPE blends
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Fig. 6  Fracture stress (a) and fracture strain (b) of

OBC/HDPE blends
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Fig. 7 The loading and unloading cycles to a strain of 200% ,
500% , 800% for OBC/HDPE (95/5) blends
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Fig. 8 The strain recovery from the first cycle for OBC/

HDPE blends as a function of applied strain
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Table 2 Tensile properties of OBC/HDPE blends
X 5% Secant Yield stress Fracture stress Fracture Recovery”

OBC/HDPE i
(wt% ) modulus( MPa) (MPa) (MPa) strain( % ) (%)
100/0 9 7.3+0.6 1.1 8.8+0.5 1542 +20 94
95/5 12 14.3+1.5 1.5+0.1 9.2+0.4 1499 +49 93
90/10 15 15.9+1.9 1.6 0.1 10.1 0.2 1479 +9 88
80/20 21 26.3 £2.1 2.3+0.1 10.4 0.6 1288 =51 86
70/30 26 40.2 £3.4 3.6+0.5 11.7 £0. 8 1089 +31 76

* Measured by DSC; " Strain recovery from 500% strain after 24 h
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RYDL“ e AT ™ W& D BE A, 25 1 26 435 0 o AT PR AEE e
PEXT S A o B8 A BN DT R Ok A R0 BE Y 5
P Slip-link 455 % 48 5 4% 4> &y sliplinks Al
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+NkT()\ —1){

aZ
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APk 2P RGN, T O 2R A W di
ik, o jﬁE\ﬁj}- TR R R 4 A S
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JE o RAEFEATTGEARPE 1 3 H 1 RO 3h iy
HE Sy T2 L

BRI sh 7 m = 1177 A

(3) A segih e, o LIS 245 R MRy N, N H
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IR S M it 4 5 Bk = HDPE 5 &
(4 IR M AR AR D 28 T A7 A — 5E i 22, 3X 1l B 45
sty EUR 30N 3 8 19

Table 3  Slip-link model parameters for OBC/HDPE blends

Sample
N_kT (MPa) N_kT (MPa) @

OBC/HDPE

100/0 5.9 0.21 0.036

95/5 7.7 0.27 0. 034

90/10 8.1 0.35 0.033

80/20 10.5 0.52 0.028

70/30 15.8 0.70 0. 027

121 OBC/HDPE 70/30

v OBC/HDPE 80/20 <&

10k OBC/HDPE 90/10 <
= o OBC/HDPE 95/5 vyv P
& o OBC/HDPE 100/5 & & s
= < S~
; .v’v o ooo‘ a

v o9

%’) v‘vd e o Ddau
on ot
£ ot cpvi:ﬁf
Q
£ O e
o
[=}
m

11 13 15 17
Extension ratio, A

Fig. 9  Stress-strain curves calculated from slip-link model

(dot lines) and experimental results ( symbols)
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=T IIE S
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B 4 6 810121416
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Fig. 10 Separated contributions of crosslinks and sliplinks

for the stress-strain curves (a) crosslinks and (b) sliplinks
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Fig. 11  Contribution of sliplinks ( N kT) estimated from
the first reloading curves as a function of preloading strain of

OBC/HDPE blends

Crosslinks (N, ) 7] = B ) 5 14 48 45 2 Wi A1) 7K
OCFEAT ST 3k ol A8 I e v A b 1 Ajd
R HAE I OR 58 AL 7 52 B A AU (18 10
(a)). Ffizg HDPE & fEHIIN, N (E 2 #i3 K. — i
o, 9 25 (R R M2 G L 2 TR A

e, SO AR E AR AT R RS
YA B, 26 1 ) HDPE H 45 W K 1Y 48 45 4>
UYL H AR ST b HDPE 4y 7 & R, B
HDPE /) it A B i 25 5 T8 i 4 2% | I Bl 45 i i 4%
245 UMM 2 5

2 W AT FE BR AR (1 2 80 o DR R B AR B
PR R FE 7 L 7 B Ak % 5 3 18] 42 B ke T 4 B
WL B A RE" . o BEE HDPE 2 23 i
T W AT AR (B35 3 B ) LB AE A K.

B2 A LN ol AR/ 1A 1 VA D A 11 2
8 F AR AL 5 ) B RS B 45 gk A TR A K. A b 4
4 B A8 A0 AT IS b i (P ) il 2k 30L& 1Y
N A e F AT Slip-link 4 %1 % OBC/HDPE
VR B 5 R B R T AR 2k AT LG A9
SRR S50 PR AR NV A MR B PR R A
IELL 200% A2 dR Ol B (LI L) L = A T
TR AR R A NI ST A R T
sliplinks TT R FFEACHE: 2 4 2. 45 OBC i Bk
FLAT — 5 (AT [ 52 PR (R 3 A U0 ) v fi B
Anfii sliplinks & WS FE /. X T sliplinks
5N ROEE B A 2 R A G

3 #ig

A58 H HDPE 5 OBC B IR ¥ 1 I A7 7F
ARS8 RH 53 1 4k b [R) I A7 A JFAH L 58 4, S0
b TE) UL B B TR o A Ak g O 4. 45 S TE
HDPE & 8 A0S 56 & 28, R dlh A= 1< B 5 JF R
51k, AR ZE R OBC AH X 4k 22 4= K, M B T 25 (]
W RAY K 5. B HDPE & & 59 34 fm, 2R 9
4 558 35 5 A 2 W 4G A0, 6 B HDPE m] LUAT 2%
2 OBC BYPERE. FRATT T YK Slip-link 48541 i F 51|
IR Y, R Al AR LF Hi 4 & HDPE/OBC Y
LA K. B HDPE % & (3% 4N, sliplinks % H
R, B HDPE Jp 1 K, Jf H 214570 7 & 1L
OBC {i%, K it HDPE Jif A 3 K T crosslinks [
¥ H. HDPE 5 84 (%) s J fix B SL R Wy g IR W)
AHZEF RN G Sh A48 72747 S WA B G I A 5T
XEEREGWILRY IANRA —E R . [F R,
AW AR By A Rk S5 T OBC )41k fig
A A5 95, R RE A B Y S FH A EL.



686 R S A N 2013 4

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

REFERENCES

Drobny J G. Handbook of thermoplastic elastomers. Norwich, NY ; PDL( Plastics Design Library) /William Andrew Pub,2007. 191 ~ 193
Arriola D J, Carnahan E M, Hustad P D, Kuhlman R L, Wenzel T T. Science,2006,312(5774) :714 ~719

Wang H P, Khariwala D U, Cheung W ,Chum S P, Hiltner A, Baer E. Macromolecules,2007 ,40(8) :2852 ~ 2862

Bensason S, Minick J, Moet A, Chum S, Hiltner A, Baer E. J Polym Sci: Part B,1996,34(7) :1301 ~ 1315

Bensason S, Stepanov E V,Chum S, Hiltner A, Baer E. Macromolecules, 1997 ,30(8) :2436 ~ 2444

Wang H P,Chum S P, Hiltner A, Baer E. J Polym Sci:Part B,2009,47(13) :1313 ~ 1330

Wang H P,Chum S P, Hiltner A, Baer E.J Appl Polym Sci,2009,113(5) :3236 ~ 3244

Yang Hong( #7741 ) , Wang Yong( + 5 ), Na Bin (15 ) , Cao Wen ( & ), Li Jiang (Z=VT.) , Zhang Qin ( 5% 2% ), Du Rongni ( #: 5 ) ,

Fu Qiang(f##£ ). Acta Polymerica Sinica( i 2> 1224k ) ,2007,(3) :209 ~218
Kamdar A R, Wang H P,Khariwala D U, Taha A, Hiltner A, Baer E. J Polym Sci: Part B,2009,47(16) ;1554 ~ 1572
Liu G,Guan Y,Wen T,Wang X, Zhang X,Wang D,Li X, Loos J,Chen H, Walton K, Marchand G. Polymer,2011,52(22) :5221 ~5230
Jin J,Du J,Xia Q,Liang Y,Han C C. Macromolecules,2010,43 (24 ) :10554 ~ 10559
Li S, Register R A, Landes B G,Hustad P D, Weinhold J D. Macromolecules,2010,43 ( 10) :4761 ~4770
Loo Y L,Register R A,Ryan A J. Macromolecules,2002,35(6) :2365 ~2374
Rangarajan P, Haisch C F,Register R A, Adamson D H,Fetters L J. Macromolecules, 1997 ,30(3) :494 ~ 502
Chen H Y, Cheung Y W, Hiltner A, Baer E. Polymer,2001,42(18) :7819 ~7830

Liu Guoming( X! [ B ) , Zhang Xiuqgin( 5K 75 /) ,Guan Yu( K¥i) , Wen Tao( C##) , Wang Dujin( %% 4> ). Acta Polymerica Sinica ( /& 3

F2E4R) ,2012,(12) 11434 ~ 1440
Liu G,Zhang X,Li X, Chen H,Walton K, Wang D.J Appl Polym Sci,2012,125(1) :666 ~ 675
Wunderlich B. Macromolecular Physics. New York ; Academic Press,1985.42
Mileva D,Radusch H J,Betchev C. Macromol Mater Eng,2007,292(3) :319 ~328
Frederix C,Lefebvre J] M,Rochas C,Séguéla R, Stoclet G. Polymer,2010,51(13) :2903 ~2917
Prieto O, Pereiia ] M, Benavente R, Cerrada M L, Pérez E. Macromol Chem Phys,2002,203(12) ;1844 ~ 1851
Manaure A C,Miiller A J. Macromol Chem Phys,2000,201(9) :958 ~972
Dong L,Olley R H,Bassett D C. J Mater Sci, 1998 ,33(16) :4043 ~ 4048
Wignall G D,Londono J D,Lin J S, Alamo R G,Galante M J, Mandelkern L. Macromolecules,1995,28(9) :3156 ~ 3167
Wang Jianguo( £ #® ), Liu Yu(X]5*) ,Huang Baotong( % f[f] ) . Acta Polymerica Sinica( 543 724k ) ,1998,(4) 471 ~476
Schuman T, Stepanov E V,Nazarenko S, Capaccio G, Hiltner A, Baer E. Macromolecules, 1998 ,31(14) :4551 ~4561
Christenson E M, Anderson J M, Hiltner A ,Baer E. Polymer,2005,46(25) :11744 ~ 11754
Edwards S F, Vilgis T. Polymer,1986,27(4) :483 ~492
Ball R,Doi M,Edwards S, Warner M. Polymer,1981,22(8) :1010 ~1018

Zuo F,Burger C,Chen X M,Mao Y M,Hsiao B S,Chen H Y,Marchand G R,Lai S Y, Chiu D. Macromolecules,2010,43(4) :1922 ~1929

Edwards S F, Vilgis T A. Rep Prog Phys,1988,51(2) :243 ~297

Brereton M G,Klein P G. Polymer,1988,29(6) :970 ~974

Zhang X H,Yang H M,Song Y H,Zheng Q. Chinese J Polym Sci,2012,30(6) :837 ~ 844

Park H E,Dealy J] M,Marchand G R,Wang J A,Li S,Register R A. Macromolecules,2010,43 (16) :6789 ~6799



53 I 158 4% - i % 3 2R 0 IR A A A ok B SR i 1 i 687

TAILORING THE TENSILE PROPERTIES OF OLEFIN BLOCK
COPOLYMER ELASTOMER BY HIGH DENSITY POLYETHYLENE

Xiao Kuang', Guo-ming Liu', Tao Wen', Xiu-qin Zhang’, Xia Dong', Du-jin Wang'
(' Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Engineering Plastics, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100190)

(* Beijing Key Laboratory of Clothing Materials R & D and Assessment, Department of Materials Science & Engineering ,
Beijing Institute of Fashion Technology, Beijing 100029 )

Abstract The effect of high density polyethylene ( HDPE) on the crystallization and tensile behavior of the
olefin block copolymer ( OBC)-rich blends was examined. Morphological studies revealed that the two
components were phase separated in the melt state. Partial miscibility between the two components came from
the “phase mixing” , which was attributed to the randommess of the block distribution produced by chain
shuttling polymerization. Cocrystallization of HDPE and OBC was observed in slow cooling samples. Crystalline
lamellae originating from the HDPE-rich phase passed through the OBC-rich phase and organized into
spherulites in a space-filling manner. With increasing HDPE fraction, the modulus and tensile strength of the
blends increased gradually. Meanwhile, high fracture strain and excellent strain recovery were retained. The
stress-strain curves of the elastomeric blends could be nicely described by the Slip-link model. The crystalline
part in blends provided the physical basis for “sliplinks” , while the tightened topological entanglements served
as “crosslinks”. The density of sliplinks and crosslinks increased with increasing HDPE content. The increased
crystallinity was shown to be the reason for the increased sliplinks number. By analyzing changes of
microstructure imparted by HDPE, the structure property correlation was nicely established. It was clearly
demonstrated that HDPE could effectively tailor the tensile properties of OBC by simple blending approach.

Keywords Olefin block copolymer, High density polyethylene, Blends, Crystallization, Tensile behavior



