172 B Tk 20194F55 664

BT/ REERAREEGHMHRETES
FEERIT AR

WRA,EER R4
CRIF TP #BE MR TR R, IL7G KJE - 030008)

FEE - %A LK 1 (0C) /57 A e (IR) 44K &2 4 b1 EL (IRCNs) , BF 58 O C H i A IRCNsHLAR P BE A1 AR 15 345 AT
ST, A5 R W]  IRCNs HOC AT 5T e A1 LB O CAN R AR 2 s/ I , ELAN S 34 20 3 o3 B AR SR AR b T8 AT 7 4 2
S5 K8 5 Bl A OC 4 3§ I, IRCN's B 437 A 588 52 e 389 S s/ , 2 OC T4k Sy 5403 R, TRCNs 4 3 A8 e K (16. 44 MPa) |, %4
TR $ 54 1% ; IRCN's f N 78 5 5 £ {7 A9 Wit O C JH 8 3 A I IR I AR e A%, 17y I 575 728 o 38 i i/ 5 244 IO 72 /1N T B2 7

P R TRCNs FHOC I IR SE AR, 24 17 78 KT 1o 3 1l 7572 i i, O CIBL 1) B St I T4 R
SRR« S AR AT HURE s DO AT E B s 0 B S5 s hr b 1

fE 4% E:TQ333.3;TQ330.3873
XHRFRERL: A

AR DAL o Y g L A A R U R A A
APERACR L o TR 2 BIAR B (O A5 i 88 B AR
fff I 5 2EAT #b i AT D BRI, IR ARAR I
(NR) 0T #4M5 (BR) 5 A5 (IR) 26 RE 7 i ff
KR AR 7, BT A A0 B2 o R 35
JSE RIS 3 57 Pk G 25 , TR I ik AR e SR AR A A b
SRAR ML . TRAE N &5 i BRI, #E L i Ab T A
HEAR A 50 55 RS B I, Pl b ] R S A
im AT AR 25 ek H ) SRR I JLARR, A AR
LAV B i A1 R A % S 45 AT DA BRI 58 R ATk
fry 2 PR

JRARBERRER IS W e IR (Wl 1) £ 5 I
HLRA DS  J J2 454 o SR R i 5 RS 1/
AWK G MR EAT L R A T 5Pk BE | it 24
EALPERE BLIATERE A TIRBHRRHERE" 7 Akt
S A LR A (OC) B AR R BB, X AR 5
T ) BRIV A, FL RSP AT R TR A X 3
PEAR T (9 VAR 15 S 2 AT AR AR

A TAR % OC/IRAAK S £ 41K (IRCNs) |, fF

BEWE: [HRARP ARSI (51573124)

EF R AT WL (1971—) , 55, INARERDT N, RIR Tl 2 B3

2, WL, FENFRIRIE S S MR 6 % 450 5 TERERT AT
W FH R A (liangyr7103@aliyun. com)

XE4HS:1000-890X (2019) 03-0172-05
DOI:10.12136/j. issn. 1000-890X. 2019. 03. 0172

FEOCHIHE XS IR CN A BE AN AL U5 45 i A7
A2

1 I
1.1 FEEHH
IR, A AL FFE N Rl =i OC, 51, 44P,

£ [E Nanocor/A 7l 7= i
1.2 REEA
IR 100,0C ZF#&(0,1,3,5F17) , il iR MR &

5,7 8w 2, f2iERICZ 0.7,
1.3 AHEF&E

FFIRTE W9 3R TF R AL 38, — B[] J5 A
OCIRIEIAT SR JG MR UM AME N W2 5 2 32 551 Fn
T, 13 BNR MRS . TR MR AE T R AP ARk
(145 ‘C/10 MPa X t,,) ,f#3|IRCNs.
1.4 K34
1.4.1 HMEELEH

(1) R FHTD-3000 A X 5 & 417 4L (XRD) (J+
IR TR AR A R 2 w7 ) IR )2 1 /5 OCHY J2
[) 5 A2 Ak, 300 2% 1 R - SR FH CudlEK 4 59 U6 (L=
0.154 nm) , & ML JE 30 kV, & H il 20 mA,
MR 1.5°~10°, M E R 1/2

(°) *min ',



%3 1

TSEANAE . A WU £/ 5 SRR A K 2 5 BB A8 5 3 45 AT 0 I IE 5 173

(2) K H Tecnai 127435 i H1 1 B 54 5% (TEM)
(faf 22 "R 2 F) 7= ) WL 2R IRCN's 1) FofOUR 43
AR, M TR o 120 KV, SRR 45 75 0 - i A
T —100 CLUT & R F, I T4 9 F
(3) >R FHUB202i 8 fi s fi 1l e (F PRIRTEE Sl
FeARA BRI 7= ) WLEEIR CNsFEAN 6] 1328 T FR 7
MRS
1.4.2 hifiiEge
P RE R P HLZ I GB/T 17200—
2008 4TI, IR EE S (25+£2) C.

2 #ER5iFi
2.1 XRD&#F

ATFOCHHEIRCNsHIXRDIE U E 1R o

H &1 1 A] 0T OCHY A3 5 06 ffy J32 243,787, 3 2ok
A g 5 RIS AT R )2 ] FE 2.33 nm; OC
JH M 1,3, 5H7 0 IRCNs FP OCHT 5t s £ BE Hy
2.21°~2.36°, BOCA [ P2 EE I/ s *OC H 2 R 510

SR

26/ (%)
a—OC;OCH®/fy:b—1,c—3,d5,e—7,
E1 FREOCHEIRCNsHIXRDiE
B, IRCNsHTOC iy JZ2 ] B (177 5 W £ ) 43.99 nm
(2.21°) , RIS T HEAE SR Z AL B VIE FH
THEAOCH 2 HOCH JZ H IS K, IRCNsHE AL
THH)ZE5H 3 541, AN OCHEHIRCNs I H B d 0, Fil
doo TSI, R BIRCNSHIE IR T A JF4d 2 4544
2.2 TEM®%&#h
ARIOCHIEIRCNSHTEM I H anE 27w o

T A20 0004 .

JEA50 00013 .

(a) OCH = 5107

JA20 0004 .

AR50 00013 .

(b) OCHI = Ry 7153
E2 AREOCHAESIRCNsHITEMEH



174 B ok Tk

20194F55 664

ME 2T LLE e 2SOCH B 54y iF, oCcl
S AT AR SR A rh, K B S 100~400
nm, JE R 10~30 nm, IRCNs B A &4 145 2 45
¥4 5 SOCH A 7T B, OCTERR e EE A v il 30—
TRREE R AR, AR 2%

2.3 AR

ARIOCHEIRCNs R HPERE MR 1T .

*1 AEOCH=IRCNsHIHfRERE
OCHI &t /1y
0 1 3 5 7
100%E N 1/MPa 0.25  0.30  0.30 0.47 0.57
300% &M f3/MPa 0.70  0.79  0.86 1.15 1.25
$ir {58 /MPa 11.63  13.11 14.34 16.44 13.34
HEW K%/ % 829 792 785 728 655

MR LLE H B #E OCH 4 K, IRCNsH
LA SR B ST S B0, R g Y I R Y
OC JH i S 5453 if , IRCNs i o7 il 58 J3 45t K (16. 44
MPa) , B IR H141%; 2fOC H & h 7153 i}, IRCNs
) o A o B A/ 3R BT K O CHE AR i ik
PRHIE 3 2 1 R, T EIRCNsI T RE T B ;
IRCNs H i p 5E B WA F IR, X J2& F S OCHE 5%
FUAAL T U1 1 /E R AR 08 X TR
Fethrb P IER 2 S50 R BRI

AN [FOCH] 5 IRCNs Y v -y A2 it 2 an 513
Fim o

BT LA Y, Bl A A8 (35 R IRCNs ) L
1B W R 24 0 AR I8 B — g (E I, IRCNs [ i )
T A, X 32 PO TR & A 1 AR 5 3 45 AT
Sy, SEEL T RN Bl OCH] i3S K IRCNs i 48

i H

16 —d

14 F ¢

12 - € b
£ a
S 10
<
=l 6k

4k

2 | -

Il Il Il
0 200 400 600 800 1000

N7 /Y%
OCHIH/#y:a—0;b—1;c—3;d—5;e—7,
E3 AEOCHEIRCNsH R J1- 5735 ih 2k

V45 AT N AR5 RS

MR8 1 - h A it 2k, 753 thOCHI 0, 1,3,
51747 B TR CNs [ s 7578 15,4331 S 680%
620%,610%,550%F1500%., 1 17 %01, IRTE [ 728
£680% (F <) B A Rl & A= AR 15 S 45 AT R,
M M5y OC TR CNSTE I AE 4 550% AR
A TR & AR AR S S AT N . T IR A AR
W 4 E SV R & AR s i 2 AR A S
A5 CUHAEOCHT , OCHN ] T S i #4 G 5 A4 | 2 W
ERIRNRAE EREE . ORGSR OCH A
KATIEAR PE, XA 5355 i BIR /P i, 3
WIPE AT R 2 S50 F T 0 #F 2 VAR 43+ BEAE
SRR (BLIE AR i F) Pk B, fE i IRCNs
{18 o7 AR 5 S 45 AT O ZE AR AR T TR R A
2.4 RAXEBRESWT

ANRIOC H F IRCNSTE AN [] 13 28 9 i 't Bk 7k
BEHR R N E 4R o

AT LLE W R B, B OC H] & 1
K, IRCNsHOCHIURL 1S 22 5 Bl 45 I A8 3 K, IRy
o7 A B ] AS 1 B, TRCN's B 17 A B[] i 25 O C )
B R T B S5 AR /N R g I A A AN
IRCNsHTOC 1Y B[] B2 B, >4 7 A8 K 1 77 1 5t
VAR AT, OCH ] BH i I F AR B, 3 5 BHOC X}
IR AR R4 AT h B AR, HRiEOC
RIS, OCTE W AE BN AR T & A e B 1)

3 %t

(1) IRCNsHTOC I AiT it I £ FE AL O CAN [ A2 i
RANNNE I E QR B 17 G R Y - 3 N I 1 e 6
FEAH 2 254

(2) BE# OCHI 1 K, IRCNs A7 {58, Ji S 448
KIG U/, 24 OCH & R Sy i, IRCNs f 37 /1 5% &
K (16. 44 MPa) , B IR#EH41%.

(3) BE# OCHI 4 K, IRCNs Y I A5 175 45
A5 2y AR R A2 56 7%, 107 7 i 5375 78 a5 28 Wi 0 /N o
24 AR /N TR I 575 78 A, IRCNs O C Y
o) B I, > 0 7 KT I g I 75 A8 a5, OCHi ]
A J I AR R

S 3Lk

[1] Ikeda Y, Junkong P, Ohashi T, et al. Strain—induced Srystallization



§ W 55 5 T

620% (1 11l S 7575 55
(b) OCH =N 1y

500% 610% (0 J7 1 S48 1) 700%

(c) OCHIHE M35y

500% 550% (L 71l S5 78 45 600%

(d) OCHIH 54y

0 400% 500% (R 71l 7575 1) 600%
(e) OCHIHE Ay 713
El4 REOCHEIRCNsEARENETHREXBRIERA
Behaviour of Natural Rubbers from Guayule and Rubber Dandelion Rsc Advances,2016,98 (6) :95601-95610.
Revealed by Simultaneous Time-resolved WAXD/Tensile [2] Toki S. Strain-induced Crystallization and Mechanical Properties of

Measurements : Indispensable Function for Sustainable Resources[J]. Rubber: | . Uniaxial Deformation and Strain-induced Crystallization



176 B m Tk 20194E45 664

of Rubbers[J]. Nippon Gomu Kyokaishi,2017,90 (8) : 401-408. Macromolecules,2009,42 (4) :6166-6174.

[3] #akiik, FA IOk, 5K BE, S5, SR (AR IR ) RS AR 75 485 5T [11] Ren Y, Zhao S, Yao Q, et al. Effects of Plasticizers on the Strain—
PERT]. B0 F2F41t,2011,725 (6) : 586-595. induced Crystallization and Mechanical Properties of Natural

[4] PR HCAS, 2N, 5. 6 4 O i S 45 M0 T SRAG e vy A1 - Rubber and Synthetic Polyisoprene[J]. Rsc Advances,2015,5(15) :
S5 AR AL T 2441, 2017, 68 (4) < 1684-1690. 11317-11324.

[5] B, WA, RO, A5 ST AR/ A HURG R 98K S 5 R [12] BUFHE 222505 4, 45 AT LSRG oMl SO R e o o i 75
FUAF S LE S AT RFFELT]. AT, 2018, 65 (12) : 1325-1330. HRAED]. Z AR, 2016,33 (8) :1663-1670.

[6] Nie Y. Strain-induced Crystallization of Natural Rubber/Zinc [13] Suprakas S R, Masami O. Polymer/Layered Silicate
Dimethacrylate Composites Studied Using Synchrotron X-ray Nanocomposites: A review from Preparation to Processing[J].
Diffraction and Molecular Simulation[J]. Journal of Polymer Progress in Polymer Science,2003,28 (11) : 1539-1641.
Research,2015,22(2) : 1. [14] Ma X F,Wu C G, Wang Z P. Micro-structural Evolution of Rubber/

[7] Toki S, Hsiao B S, Amnuaypornsri S, et al. New Insights into Clay Nanocomposites with Vulcanization Process[J]. Express
the Relationship between Network Structure and Strain-induced Polymer Letters,2011,5(9) :777-787.

Crystallization in Un-vulcanized and Vulcanized Natural Rubber by [15] LiPY, Wang L, Song G J, et al. Characterization of High—
Synchrotron X-ray Diffraction[J]. Polymer,2009,50 (9) :2142-2148. performance Exfoliated Natural Rubber/Organoclay

[8] Candau N, Laghmach R, Chazeau L, et al. Temperature Dependence Nanocomposites[J]. Journal of Applied Polymer Science,2008, 109
of Strain-induced Crystallization in Natural Rubber:On the Presence (6) :3831-3838.
of Different Crystallite Populations[J]. Polymer, 2015, 60 (1) : 115- [16] He SJ, Wang Y Q, Wu Y P, et al. Preparation, Structure,
124. Performance, Industrialization and Application of Advanced

[9] Liang Y, Guo Y, Wang E, et al. Details of Molecular Organization Rubber/Clay Nanocomposites Based on Latex Compounding
during Strain—induced Crystallization in Natural Rubber/Clay Method[J]. Plastics,, Rubber and Composites,2013,39 (1) :33-42.
Systems As Revealed by Real-time Mechano-Optical Behavior[J]. [17] Liang Y R, Wang Y Q, Wu Y P, et al. Preparation and Properties
Macromolecules,2015,48 (7) :2299-2304. of Isobutylene-Isoprene Rubber (IIR ) /Clay Nanocomposites[J].

[10] Tosaka M. A Route for the Thermodynamic Description of Strain— Polymer Testing,2005,24 (1) : 12-17.

induced Crystallization in Sulfur-cured Natural Rubber[J]. fm B #A:2019-02-20

Study on Strain-induced Crystallization Behavior of Organic Clay/
IR Nanocomposites

TAN Yingjie, LIANG Yurong, GUO Hongwei
(Taiyuan Institute of Technology , Taiyuan 030008, China)

Abstract: The organic clay (OC) /isoprene rubber (IR) nanocomposites (IRCNs) were prepared, the
effect of OC amount on the tensile properties and strain-induced crystallization behavior of IRCNs was
investigated. The results showed that, the diffraction peak angle of OC in IRCNs decreased to some extent
compared with that of OC,and it was finely and uniformly dispersed in the rubber matrix to form an ordered
intercalation structure. With the increase of OC amount, the tensile strength of IRCNs increased first and
then decreased. When OC amount was 5 phr,the tensile strength of IRCNs was the highest (16. 44 MPa) ,
which was 41% higher than that of IR. The strain-induced crystallization behavior of IRCNs shifted to low
strain with the increase of OC amount,and the critical strain decreased gradually. When the strain was less
than the critical point, the degree of orientation of OC in IRCNs was low,and when the strain was bigger than
the critical point, the orientation of OC was obvious and close to the limit.

Key words: IR ; organic clay; nanocomposite ; strain—-induced crystallization; tensile property



