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moment with respect to the stretching direction

e AN ARG 5 A W 2 1 A A 3 A A
[ {0 P, T L2 ) 00 i DX AR o DX A B B2 e
TN S TR %E H AE A 4R S8 D i
BT R i @Al R BRSO TR R
AE MAE i) h (9 2 s A2 k. h T 2 AT 4050
AT, ZOR P OLIE A B OE /N T 1 A 2
U 135 PO AR S e 25 R 9 4 S v O | i 2210 X
SLEORAE A LB (CRAJLHBULAROK) |, 44
T SE IR oK T — %E Y PR ME.



588 ¥

I

i 2011 4F

RS

1.3 5

KT 505 e 2 T 8 o0 1 A5 7 1) M L
J7 1) BAS Rl 3T 6 45 K. 25 08 B i s g 1 i
ik B 2 0 AR 5 1) B qR) DRI A BB 1) ) A i AE
R LN E R R VA Ll I S S e S N TN T
A XTS5 Rk BB A e B XU S E SR

An =n, —n, (7)

AR AR A BIE 7 07 S ) 28 R v 0L

BRI R R T &L

vkTC
Vv

Krf, v/ V2B RITIRR R, k2R E S
W, T RANHEE, C 2% 0 2 5 (stress-optical
coefficient, SOC) ,C 5 M ¥¢ & m 5 I A
K, RFRAXUW(9)

C =

An = (o —a™') =D, (a —a™") (8)

27(n® +2)°T,
27nkT
K, n BT EFE L
Il Hermans B[] K7 £ 5 X7 3 An BIE HE

(9)

An = An'f (10)

An® R BRI A ST 5 B R A, 7E B AR TR H
EY 8

M (8)FM(10) AT UFF An 5 o® - o™
IEOCHR M f N5 An BIE HOCER  H I, AT DL
WS An 5 o - o7 WYL R E MRS T HER
B /N, AT 5 32 0 5 0 J2 3 A o T RE B (1
5 i DXOR AR 5 X)) 14 Y B I) . ST S ik R R
Al G R AT T A 1 A AR AR A 3B G T
R 22, P 4Y 4 1 G O ] R R IR X
Toft D7 3 T APF 2 A M P fof B ) sf 5 2 1) P 1)

FATH L3R FEAE J7 32k B0 A5 B R 5 A 2R
PEAT T BRI LR, W 1. {0 JC 18 X Wk A o 50k
e, R L A ) 4 LA i e 1 R s e B )
S B 107 7 R R R, R R B R AR A
b, BB JC ¥k [ E . R, 05 v 1A b R A
RN AR T B BRI, A i o L Bk A L A ot
0BT 24 i s 2 A

Table 1 Characterization methods of polymer stretching orientation and strain-induced crystallization

Characterization methods Tested oriented unit

Requirement of sample

Characteristic

Synchrotron
radiation WAXD

Crystalline and

amorphous domains

SAXS Large-scale
microstructure
(ca. 1 ~100 nm) , i.e.,
filler and TPE phase

Almost all the samples

Almost all the samples

Crystallization index, orientated
amorphous index, unorientated
amorphous index, orientation degree of
crystalline and crystallite size can be
determined.

The orientation of the filler aggregate

and phase of TPE can be determined.

Infrared Specific functional Thin samples, ensuring The orientation degree of specific

dichroism group ( size of the absorbance of functional group as well as

polymer segments) detected absorption crystal phase and amorphous phases

band less than 1 can be detected, respectively.

Birefringence Whole polymer The samples having The anisotropy of the whole sample can

chains high optical be detected, whereas the orientation
transparency degree of crystal and amorphous phases
can not be measured separately.
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American Chemical Society
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Fig. 7 Orientation function ( f) of cylindrical
microdomains  of SEPS-30'').  Reproduce with

permission from Wiley
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Fig. 8 SAXS patterns: (a) unstretched SEPS-30 and (b)

stretched SEPS-30 at a strain of 1. 5/'°). Reproduce with

permission from Wiley
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CHARACTERIZATION METHODS AND RESEARCH PROGRESSES FOR
STRETCHING ORIENTATION AND STRAIN-INDUCED
CRYSTALLIZATION OF ELASTOMERS

XU Zhigiang' , LU Yonglai"*, ZHANG Liqun'**, YAN Shouke®

(' Key Laboratory of Preparation & Processing of Novel Polymer Materials, Beijing City,
Beijing University of Chemical Technology, Beijing 100029 )
(* Key Laboratory for Carbon Fiber & Functional Polymer, Ministry of Education, Beijing University of Chemical Technology, Beijing 100029)
(* Key Laboratory for Nanomaterials, Ministry of Education, Beijing University of Chemical Technology, Beijing 100029)
(* State Key Laboratory of Chemical Resource Engineering , Beijing University of Chemical Technology, Beijing 100029

Abstract  Stretching orientation and strain-induced crystallization of rubber is widely recognized to play key
role in the self-reinforcement of natural rubber and some synthetic rubbers (such as chloroprene rubber, butyl
rubber and hydrogenated nitrile-butadiene rubber). Therefore, studying these phenomena and behavior has
substantial significance for understanding the mechanism of the rubber reinforcing. In this review, various
characterization methods concerning stretching orientation and strain-induced crystallization of polymer
materials as well as principles, features and applicable scope of these methods were summarized and compared.
Current progresses in the research about stretching orientation and strain-induced crystallization of nano-fillers
(including carbon black, silica, nano clay and carbon nanotube) reinforced rubber composites as well as
thermoplastic elastomers were surveyed. Finally, the future developing trend in this research field was
prospected.

Keywords Elastomer, Nano reinforcement, Stretching orientation, Strain-induced crystallization



