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5 PP WA AR BN PP (AR PE. H AT
SCHk AR Y SR A AR IR 25 ok F AE PP/
OBC [ #H 25 1 , SR T X F 45 dib % «PP 5 16 B &5
) OBC MIIRIK R 5 |, FAHIE & B T 52 2145 i
TR T, I AS B8 S B S R 4 1R 9 A 25 M. FE SC
ik b, SR R IR AE LR WF 5T (PP/OBC R 1A R 45 1
ARV B i B AR D AR SORE 32 2% J i 28 A o7
W RUBE R E Y T B, WE o B AH () BRRE B 4 A, K
B R S A M s & & B TR R A 2 Fb
OBC 5 iPP Ay AH 25 1.

1 RBHS

L1 E#

RN ((PP) S Y1600, 14 5y 1 &
M} 190.0 x 10°, 43 F & 4 #i PDI(M /M) K
5.1, FYIFE R n, 1394 Pa-s(190 C) , i 54
WA A AT BR 2 m) S At 2 s s ik B L 2 W (olefin
block copolymer, OBC ), 73 4l iy % & OBC1 Al
OBC2, ¥y B [ A 2 A w42 fik. 2 Fl OBC ) E 1y
TR M, TR AT MM, R R B
HMFTEWMSHI TR 1.

Table 1  Characteristic properties of OBCs

Sample Density M, x1073 PDI Shara Total Cy Cg in hard  Cg in soft Xoan®  m"(190 C)
Code (g/cm®) (M,/M,) (W% ) (mol% ) (mol% ) (mol% ) (wi% ) (Pa-s)
OBC1 0. 877 156. 6 1.97 24.6 11.7 1.9 17.0 14.0 22132
0BC2 0. 877 61.7 1.83 27.0 11.5 1.9 17.2 14.3 470

*Crystallinity from heat of melting;" Determined by the Cross model

1.2 ZWHE

TR [0 5 00 3K« iPP T 4 PR OGS LR TN M 1Y 0
Al L 22 T B, AR 100 ~ 200 pm, B %5 4§
48 h. ¥ OBC F #7F 180 C A i JEE 7 0. 5 mm
B R K PP 2R 4E U)K 0.4 mm 2 A7 B R AT
e AT THAFRY 2 7 OBC Z Ja), 43X S FE
HT2 AWM 28 MG L) 30 K/min (T}
T2 40 °C THE % 130 °C 46 30 min, —J7
ik OBC Je ik 58 2 M5 il Jf 5 (PP KL 2 4k 58 77 #%
filk | 55— 7 T, T BR (PP JE AT Yk AE T 22 33 B Y Bk
BT Z 05 R G TR 2 190 °C L TR A
B EAR Sk 196 2% B (DM2500P, Leica Co.
Ld. ) gEF7 %%, 38 i CCD R4 (PP 4 £F 4k 78 %
AT IR Fr
1.2.1 38

W 0 S LA TR R R [R5 2 1Y PP 5 OBC1
1 OBC2 435I 20/80,80/20 1 5 & Lt hin A F iy
SRR i AR A, SRR BE O 190 C, B
75 v/min, 2R 10 min f5 458 1k AFERE I A2 A b B
H R BURE L 7E 190 °C /Y IE AT 10 MPa 1 J7 4%
PN AR AL B 1 mm R B F 2R
Ja AR R H.
1.2.2 s

DAY 2% A2 € % W 42 4L ( Gemini 200 HR,
Bohlin Instruments, UK) . 3% F 3474 e H , W e
HEBE 2 0.98 mm, & JE 25 mm. 5576 1 Hz

B AR X AN [6] 41 50 08 H R R A7 N AR 3 4, 1
LPERHIX L FE (LVE) . 7 LVE 3 [l N, 4 3¢
VAR AE 5% , R F ol 25 50 8 43 4 19 J7 ¥k R/ Ak 3 Fp
LURE G LA K S A 80% i i 43 By 2 AP AN TR OBC
Jr A TR AR R 0 42 v R v AR Al DU R R
190 °C , H 4595 R JE 4y 0. 01 ~ 100 rad/s. i 3
FhEfAE 5 ) )25 B 4 B Cross BI AL & 5K 15,
TEULE 1 Fngk 1.
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Fig. 1 Complex viscosity of iPP, OBC1 and OBC2 at 190°C

The solid lines are the best fits of the Cross model.

1.2.3 JEAME

IR B 5 iPP/OBC1 (80/20) il iPP/OBC2
(80/20) 1y JE & WL 4% J& 78 9 i i 7 W R
(FESEM, JSM-7401F , JEOL Ltd. , Japan) I #17.
TG KRR B A TR 48 h o — R R A
WA B MEWT, o) — o AR AL AE 230 TR K 0.5 h
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Jo TE TR B VRS TR A V2 L G, % s 1 /s 1)
A it I Bt 1 K DR TR B A0 4 S A A L T
BB T R RE i R A T
AR TAERE R 1 kV B 10 pA.

1.2.4 B J12% 5 Hi (DMA)

i 25 [# TA 2 @) ) DMA Xt 7 A B 5 47
BT R M A A A SR T, L 10
K/min 4 7R 3 2 M - 100 C FHIRE 150 C , H
o R A5 K 0. 05% |, B8k 1 Ha.

1.2.5 JRZHHEMSHT(DSC)

fili AL 524 Q2000, 35 [/ TA 24 F] Ay DSC X
JITA AR T R AT 5 A AR A TR AT O ISR RE
TR 200 °C L, %506 5 min JH RIS K5
IEAE AR DL 10 K/min (1 3 R B R 2 40°C. 8 T X
L AR T 25 X 45 & 1Y 5% i, :PP/OBC1 (80/20 ) Al
iPP/OBC2(80/20 ) LR #F i M\ = i 1 3 T+ il 2
230 °C, 43 AF R K 0.5 h A1 2 h, 88 5 F- LA 10
K/min [ 3R 40 °C. DL F i S2 i o #2 1y
RS T kAT

2 HR5IE
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ASCFFUEFERY 2 Fh OBC B LR - 1 &
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E BT B 5 0 T Y B, AS TR B R 1 vGP LT
ANEA R IEZ X OBCL 2 80 5 i
OBC2 75 Jr i 5% 1) il i 3 LN, R [RDI 3 F 1Y vGP
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(1, i N R RE W RE B X TA U 2
it OBC, ¥R B 5 0 Be 1) y %230, 40+ 1t 1 22 S ok
T HARFT A, OBCI 973 7 i B, [l H yN i/ T
[ (= YT =0 = o= e s i 1 & s e

F i 2 o it i 4% OBC AH 70 B3 A9 RF (100 nm
FeAT) TEAE R T P ik B IR B A 23 RSF (20
~50 nm) , (AT OBC #9470 85 Bk 2 S 4 WLAH 73
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Fig. 2 vGP plot of OBC1 (a) and OBC2 (b) at different temperatures
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40(p +1) o t} (1)
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Fig. 3 (a) Time evolution of shape parameter for ;PP drop immersed in OBC2 matrix at 190 °C; (b) Storage modulus of iPP/OBC1(20/
80 ) and :PP/OBC2(20/80) blends and the best fits using Palierne model ( solid lines)

The images in the inset of (a) show the retraction process of iPP short fiber immersed in OBC2. The images in the inset of (b) exhibit the

droplet morphology of iPP/OBCI blend and iPP/OBC2 blend.

HA M- M AHERAYINRY KR
Z BN BT U1 i, 78 AR X 2% Hh PR A BE A o 1Y) 1
T, 3 2 R T I AR Wi AR S AT O SR A X
FH /N W 20 25 5 1) 7 v 04 5K g i S L A i
22 i AR A5 AR AT L R i A A U - 1 5 4 1 AS A
BRI W R B I 5 T S 45 R
SF 2[R SE &, W0 Palierne BN FI Yu-
. 4(I'/R,) (26 (w) +56G, (w) ]

H (w)

Bousmina A& 11" A 3¢ 5% B Palierne A8 70 5 i 25
WL SR TR 00 /085 e i B L SR W) A R 1) R SR ) B AT
G IRAR R RS Z S HUE (R /R, /NT 2 1,
Palierne £  m] DL faj 4k M

1 +3¢p,H (w)

G:(w) = G;(w)m (2)
A

+[6, (w) -G, (w)][166G (w) + 196G, (w) ]

Hb 6, G, 1 G oy 5 SR ) ik 5T N 23 HAH
A B b, o2 o HOM AR AR 20 8, R, 2 20 HIOHH
A AR T Fhim ik 7). B A5 B 3R K R
ST 5K 3, A6 25U 23 BORDRE T 9 R /. 2 b
RIEFR R HLAL SEM 8 R W& 3 (b) /Y4 &1, 38 2o
4iil 45 iPP/OBC1 1 iPP/OBC2 {k F 1 A BLF-
PIRiAR o 50 1.2 pm A1 1.8 pm. [ 3(b) 5L
47~ H Palierne 15270 48 & LR 4K & 09 6iff BB AL
H, Palierne #5 5 A] L) AR 4 #b 400 &5 52 56 il 6. TRk
53 4E 190 °CF,iPP/OBC1 #1 iPP/OBC2 1A & A
sk 714358 1. 17 mN/m,0. 33 mN/m. X} F iPP/
OBC2 A& £ , FH I 171 45 77 % 1 /)N 9% 1 2 25 59 1)

T40(T/R) (G () + 6. (w)] +[26, (0) +36 (0)][16G. (@) + 196G, (w) ]

(3)

D5 AR B 1 Fm ok Sy AR EEE . WEUE B L iPP/
OBCI {k & A1 5k 71 K F iPP/OBC2 R &, i F
OBCI 4> F KT OBC2 (4 F & , H— s il
T LT Ak S 43 T R 0 0, P e 3R AT 8
DA E S Ik I LB 2 Bl OBC 5 PP [ AH %
PEAFIR.
2.3 iPP/OBC #£BHMIMEESHETH

N T E— %8 PP 5 OBC (AR &1, Tl
R B 25 1 21 R A 5% IR IR F 10 3 3 A 5 A
W T, MM EYMIEEE AT, H4 8
R T ARG Y S IR R R B M D) 5 IR R 56
. MEl 4(a) Al L7 2] OBCL Fi1 OBC2 A9 3% 55 1k
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FEARWRPE T, op M ( = 50.9 °C), L8 2 Fp OBC
g 22 B O S e B B Ak B R . AE
OBC1 1 OBC2 W 41 A 20 wt% () iPP J5 , iPP/
OBC2 H1ffy T, o -3 A4, T iPP/OBCL H1 T,
WS A 1 v VLA B2 ( - 48.0 °C ). &1 4 (b) v, OBC1
F1 OBC2 M hm Affi75 2 A LR AR & b S5 HLR T M
() B AL AR EE T, o 239 1) AR R O 5, (8 I 75 119
FEREAR—FE. iPP/OBCL (A, T, 0 (11.5 C)IE
F iPP/OBC2 IR Z 1 T, 0 (12.7 ) 4415 T,
UL 2. 38 AR A o IR R R R S

SLH 2 AR AL AR IR 43 6k B T 3R A
PRLLGY B T, , ot T W0 200 22 I By b 2 1 fi 7 3t
WY e TR AW (PP) (B 5 1k 7 25 1R 1
1%, AR Y AR 7,5 4 % (OBC) 1 3 B8 4k 5 A2
W TL . Ak, 7E iPP/OBC (80/20) & i, 43
A OBC iy T ¥ LbAFdl 4y OBC /iy T, 2%, iX 1R
T i 2 R T 7 R e R v TR 2 B R R [
PR 45 5 55 A 17 7 B9 A7 7 15 43 BE AR OBC 1Y
T, 8 a4 oy W AIK. A8 J0 45 & 1k R A )/ b R
SRR R P g B2 B S

a

—48.0°C o

=50.9°C iPP/OBC2 20/80
R OBC2
2 ¢ OBC1
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tano

=50 0
Temperature (°C)
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Fig. 4 Dependence of loss tangent on temperature of (a) OBCl, OBC2,iPP/OBC1(20/80) and iPP/OBC2(20/80); (b) PP, PP/
OBC1(80/20) and iPP/OBC2(80/20)
The curves are shifted vertically to avoid overlap.
Table 2 A summary of the glass transition temperatures of iPP, OBC and iPP/OBC blends
iPP 0BC1 0BC2 iPP/0OBC1 iPP/OBC2 iPP/0OBC1 iPP/OBC2
(20/80) (20/80) (80/20) (80/20)
Ty wr (C) 15.2 — — — — 11.5 12.7
T, opc (C) — -50.9 -50.9 -48.0 -50.9 -70.6 -70.1
1t iPP/OBC {& & th iPP f1 OBC ¥f 3 1L % 748 ¢ = C_M,/KpN,,V,, (6)

TR Rk A W] LA 45 T PP 5 OBC B B BEE
A5 AR U RE TE LR Wy v e ) R R O T 2 AP R
BV, X UL iPP/OBCL (K R By A8 25 P
Lt iPP/OBC2 & RZ 4T E JLIR /K R PP & AHT,
T B WA A ke T L F OBC B ¥4 i 2. R4
R RE B 0iPP A S B AR R AR R T,
AT (PP AT PP A ORI i
1 b 1 - b
., T, T
i A B E b 55 iPP Y TR IE &) A PP E AR
PP (SR IE e 45
bie = e + (1 = i) i
AR ¢ 7T LA T XAl T

(4)

iPP 2, 0BC

(5)

Hrp €, WBEWEE L K 2REWEE porh
FTHAFHEA, ) ERGWEE, N, £
Avogadro W ¥,V FESH KB (=), [} & Kuhn
KB, M, 2 BT 4y F . iPP fil OBC 1y 43
FESHUKAWREN TR D FIHTRE4) ~
(6) "] L3545 3] :PP/OBC1 (80/20) 1A & iy iPP
E A OBC1 1 & &K 5. 4% , 1fii iPP/OBC2(80/
20) K Z& Ay PP B AHT OBC2 & &K 3.6% . 2%
LAY, oT Lt 55045 3] iPP/OBCI (20/80) 14 & 11
OBC1 B # iPP [ & 4 6.6% , 1fii iPP/OBC2
(20/80) & & ) OBC2 & A iPP () & #2305 0.
% &%) OBC1 5 OBC2 #R Al Bt 3 I % 1t # 2
AH TR, M — 4 X 2 4 7 . AN vGP Bk
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W, OBC1 7E8 A IR B 5 [N — B2 &AM 4
(4,1 OBC2 75 B A ik B Y Bl P — TV A AH 40 5
KA, AT LUE AR, AT LA B T OBCI
H SRR B A AR 43 B, S PP AR A PELF
TR EHAAN WA 21 OBC2.

Table 3 Molecular parameters of ;PP and OBC!?")

Samples My x107? [, (nm) C, r
PP 42.0 0.114 6. 15 0.19
oBC* 37.17 0.113 6.06 0.15

* Determined by reference to ethylene-butene copolymer with similar

density and the difference between two OBCs is neglected

2.4 FEREBRITAH

FATHE— WS T IR AR R R SRS AT
. S B TR RN 10 K/min i R R L AR
R IR AR b, W] LLE 4l 4 4y iPPLOBCI1 1
OBC2 45 Fhe (T.) 3 B HV PR AE 119.3.97. 4 Fil
101.0°C ,OBC1 {1y T ik F OBC2,iX 5 OBCI H A
BRI WA 3 B AT A O IR YA R T
— > AT HE AT Y 45 A gL 7E iPP/OBC (80,20 ) kiR
Yreb, IOULEE B 0 45 g oy R Y h FE LR N
[ 45 & I, iPP/OBC2 (80/20) 1k & (1 45 & ik
(119.9 C) 54l PP (%45 fh e HE 5 #31, Ui ¥
OBC2 %t iPP By 45 5 9 & £ K50 ; i iPP/OBCI
(80/20) fA F (45 e (115. 1 °C) Wtk [m] IR ViR s
B, X Ui OBCL M AREAR T iPP ) Bl A ok i
5 —J7 i, 78 iPP/OBC (20/80) dLyR 4Kk & v, iPP/
OBC2 (20/80) 1k & f 4% &4 % 100.6 C, 5 4l
OBC2 [ 45 i b3 #5230 , Ul B iPP X} OBC2 (1) 4%
An TG 22 K s SR, iPP/OBC1(20/80 ) 14 & 1Y

101.0°C iPP/OBC1 20/80
974°C OBCI

100.6 °C iPP/OBC2 20/80
1145°C ~ iPP/OBCI 80/20 annealing 2 h

114.6 W’/OBCI 80/20 annealing 0.5 h
us1’c_ \/ iPP/OBCI 80/20
120.1°C ﬁ//PP/OBCz 80/20 annealing 2 h

1204°C__\BFIOBC2 80/20 anncaling 0.5 h

119.9°C iPP/OBC2 80/20
119.3°C W iPP

80 100 120 140 160 180
Temperature (°C)

Endo

Fig. 5 DSC cooling diagrams of (PP, OBCl, OBC2, PP/
OBCl1 and (PP/OBC2 blends

g fhE (101.0 °C) 54 OBCL Ay 45 & 4 L, 1A
) VR S 3 U I AE I SR A AR R PP R
AGERBT S BZ BIAER itk T OBCL (1) 45 &
SUR I =Ry
HVRAR R G5 AT BB A A S 4G
Bl 1 2F W5 A AL TG 2 R A 5 I T AR
PRAE UAZ ot A, 2R R B W AE 4 ok 7 b kAR o
S YRGS R, & R BUR & WsE T S X
P AT S A% (B 75 4 B A% T LB ) A
M0 S8 445 o0 AR A AL T %) 52 e 4 T B 1 T R
B R/NCL K RS W 8 (M A 50 40 25 ) 3 )
2 A B gt T iPP/OBC (80/20) LR 1A &
TE 230°C IR K 0.5 h J5 (HE 5L o SO B9 RS, 5K
B IR SRR L, 3B R S 23 HIORE B8 R A T H T
HLLAE K, iPP/OBC1 #1 iPP/OBC2 B & J5 ki 72 4y
I 1.6 pm HARZE 2.1 pm, 1.2 pm K FE 1.8
pm (WE 6 7w ) . Bl 5 R AR AR R, B AR AR B B
T TE R 2D (2 A4 3R 43 0 2D 2% i 125% )
WRR S WY AT R R KA B (B0 B
55 ) , S 3 B I RE 0 R B AR, 5 B0 o
At A A IR A A TR B N e (IR IR AL 3l [’ S h R
iPP/OBC(80/20)2 A~ 8 1A & 75 B K Al 5 45 i
WA A7 Y 1 55 728 Ak T g 5 5 T T AR ek R LA R iR
1T R BB A 6 (KR 2 DL R P A~ R TR AR R
PP 25 R B Y P 25 . 2 0B I [R] EE K F
2 h,iPP/OBCI1(80/20) Fl iPP/OBC2(80/20) {k %
FI 45 T AR Sy 114.5 C 1 120.1 °C,JL T 5B
k0.5 h AH A, #E— 5 U0 B A & rh S5 S L
e A& BB T 59 1. s i TR AR R &5 AT
9 55 — A~ DAL 3R 2 55 00 5% D9 045 &5 o 3l g 27 iy el g
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Fig. 6 SEM images of iPP/OBC(80/20)blends: (a) iPP/OBC1, (b) iPP/OBC2, (c¢) iPP/OBCIl annealed at 230 °C for 0.5 h and

(d) iPP/OBC2 annealed at 230 °C for 0.5 h
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Effect of Mesophase Separationon the Compatibility of iPP/Olefin
Block Copolymer Blends

Wei Shen, Peng He, Wei Yu" , Chi-xing Zhou
(Advanced Rheology Institute, School of Chemistry and Chemical Engineering , Shanghai Jiaotong University, Shanghai 200240)

Abstract The compatibility between olefin block copolymers (OBC1 and OBC2) and isotactic polypropylene
(iPP) was studied in this work. The two OBCs have similar hard block content and octene content,but are
different in molecular weight. The linear viscoelasticity of OBCs were systematically studied. It was found from
linear viscoelasticity that OBC1 with high molecular weight tends to exhibit strong mesophase separation ,while
OBC2 with low molecular weight is homogeneous in the studied temperature range. The interfacial tensions
between OBCs and iPP were measured by drop retraction and dynamic rheological method. Both methods have
achieved consistent results for the interfacial tension of the blends. The interfacial tension between iPP/OBC1
is around 1. 17 mN/m ,which is larger than that between iPP/OBC2 (about 0. 3 mN/m). The variation of glass
transition temperature in iPP/OBC blends were also studied by dynamic mechanical analysis, and depressions
in the glass transition temperature of iPP were observed in both blends, from which the solubility of OBCs in
iPP was estimated by self-concentration model. It was found that although the interfacial tension between OBC1
and iPP is larger, their miscibility is better. This is ascribed to the strong mesophase separation of OBCI.
Further study on the crystallization of ;PP in blends also justified the miscibility difference between iPP and the
two OBCs.

Keywords Rheology, Olefin block copolymer, iPP, Mesophase separation, Compatibility
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