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Table 2—1. Codes, number— and weight—average molecular weights, and densities for

component polymers employed.

3

polymer code M,/10* M,/10* p/gem” remark
PA PA1 2.2 4.6 0.977%
PA PA2 1.39 2.5 0.977%
SAN SAN1 6.8 13.5% 0.907%,0.943¢ AN=24.7"wt%
SAN SAN?2 3.2 6.1 0.907%,0.943°% AN=24.0"wt%
PS PS 10.6% 23.9% 0.940%,0.968°
PP PP1 7.6 81.9% 0.736%,0.754%
PP PP2 3.7 30.4% 0.736%,0.754°
EPR EPR 0.759¢ MFR=5.4%,

C3=26.3"wt%

“determined by titration. ®determined by gel permeation chromatography (GPC).

“Ydetermined by dilatometry. Yat 250°C. “at 200°C. PAN denotes acrylonitrile content

determined by elementary analysis. ¥MFR denotes melt flow rate at 230 . Me,

denotes propylene content determined by *C nuclear magnetic resonance (NMR)[13].

Table 2-1 250 200
Table 2-2 [14,15] Fukunaga [15]
250 200
PS/PP SAN/PP 200 250
[14]
5.0x10™*  1.2x107°N/m [14]

14



Table 2-2. Interfacial tensions between the components at 200°C and 250 °C.

712/107°Nm™’
blend
200°C 250°C
PA/SAN 4.15
PA/PS 10.50
PA/PP 8.50
PS/PP 4.70 3.56
SAN/PP 7.30 7.10
PP/EPR 0.53
2.2.2
R-40
2
40mm 60ml 0.25mm
80%
EPR 50
80 24hr PA/SAN PA/PS PA/PP
250 PP/EPR 200 SAN/PP PS/PP 250
200 2
2
5mm 90/10 75/
25 25/75 10/90 4 90 (90
rpm) PA/SAN=75/25 30 90
180rpm 3
90rpm 250 200 Smin

15



PA 250 PA

200 25mm 2 S5Smm
2.2.3
| 7]
25mm 0.1rad
RMS Model-605 RDS-II
130 295
[16]
100 10 1 0.1s™' | n*|
n
(L) (D) (L/D) 10 20 60 3
170 295
Bagley Rabinowitsch
| 7% 7
(TEM)
Model TEM-200CX RuO, [17]
100nm
PP/EPR I'n
PIAS-II TEM 1000
PP/EPR
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Fig. 2-1. Master curves of |p*| and 7 for component polymers at a reference
temperature of 250°C. Closed and open marks represent |7*| and 7,

respectively.



Table 2-3. Torque ratios and viscosity ratios between the components at 250°C.

blend torque ratio® viscosity ratio”
PA1/SANI1 1.6 1.6
PA1/SAN2 13 12
PA2/SANI1 0.53 0.53
PA2/SAN2 4.2 4.2
Yat rotor speed of 90 rpm. ®at shear rate of 220 s™".
Vv
. cy
o =2.47n =148 L (2-2)
(D
(2-2) Vo Favis [8] Jordhamo
[19] (2-2)
30 180rpm 7 74 440s”!
2.3.2
[20-22]
Taylor
[23,
24]

19

(2-3)
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Fig. 2-2. SEM microphotographs

of PA dispersed phases

obtained by acetone

extraction of the matrix SAN phase of PA1/SAN1=25/75 blend prepared by

rotor speed of 90 rpm at 250°C. The microphotograph (A) and (B)

correspond to non heat—treated sample and heat—treated sample at 250°C

for 1 min, respectively. The magnification of (A) and (B) are 5000 and

10000, respectively.

(B)
PA
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Fig.

i /Jum

2-3.

plotted against melt blending time.

22
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The number—average radii of particulate dispersed phases

PA1/SAN1=75/25 blends prepared by rotor speed of 30, 90 and 180 rpm at
250 °C and (B) PA1/SANI1=75/25, PA1/SAN2=75/25, PA1/SAN1=90/10

and PA1/PS=75/25 blends prepared by rotor speed of 90 rpm at 250 °C
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Fig. 2—4. TEM microphotograph of morphology of PA1/SAN1=75/25 blend prepared by

90 rpm at 250°C. The magnification is 5000.

k=1

[9] Fig. 2-5(A) PA/SAN=75/25 25/75

I'n

PA/SAN=75/25 0.1 1

Taylor

Wu 66/EPR
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24
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Fig. 2-5. (A) The number—average radii of particulate dispersed phases and (B) the
Weber number plotted logarithmically against 74/ 7, for PA/SAN=75/25 and
25/75 blends prepared by rotor speed of 30, 90 and 180 rpm at 250°C.

Subscript d and m denote dispersed and matrix phase, respectively.
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Fig. 2—6. Master curves of |7*| and 7 for four PA1/PS blends and their components at a
reference temperature of 250°C. Closed and open marks represent |7 *| and 7,

respectively.
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The number—average radii of particulate dispersed phases for (A)
PA/SAN=75/25, PA/SAN=25/75, PA/PS=75/25 and PA/PS=25/75 blends
prepared by rotor speed of 30, 90 and 180 rpm at 250°C and (B)
PA/SAN=90/10, PA/SAN=10/90, PA/PS=90/10 and PA/PS=10/90 blends
prepared by rotor speed of 90 rpm at 250°C plotted logarithmically against
average shear stress generated in the mixer. The slope of straight lines in

these figures is —1/2.

28



Taylor Tokita

Fig. 2-8 250

25wt% 10wt% PA/SAN PA/PS
Laplace Oay
Laplace Cay /2 1
PA/SAN
PA/PS Fn 1
Ouy  —1/2
1/2

@ PA/SAN=T5/25
O PA/SAN=25/75
@ PA/PS=T5/25
{ PA/PS=25/75
W PA/SAN=90/10
[0 PA/SAN=10/90
A PA/PS=90/10
2 PA/PS=10/90

w

=

EL

B

"o

=

3
3 4 5 ]

log(o , /Pa)

Fig. 2—8. The Laplace stress for PA/SAN and PA/PS blends with dispersed phase of 25
and 10 wt% prepared by rotor speed of 30, 90 and 180 rpm at 250°C plotted
logarithmically against average shear stress generated in the mixer. The

straight lines in this figure have a slope of 1/2.
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PS/PP=75/25 | | O
PP/EPR=90/10 Fa¥

(B) PP/EPR=10/90 v

2
3 4 5
loglo aw,f’Pa)

Fig. 2-9. The values of Laplace stress multiplied by ¢¢*”> for (A) PA/SAN and PA/PS
blends with dispersed phase of 25 and 10 wt% prepared by rotor speed of 30,
90 and 180 rpm at 250°C and (B) PA/PP, SAN/PP, PS/PP and PP/EPR blends
with dispersed phase of 25 and 10 wt% prepared by rotor speed of 90 rpm
plotted logarithmically against average shear stress generated in the mixer.
In (B), closed and open marks represent the mixing temperature at 250°C and
at 200°C, respectively. The positions and the slope of straight lines in these

figures are the same and the slope of these lines is 1/2.
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3.1
2 2 3
[1-6]
[7-10] [11-20]
[21-30]
2
1 1
4 [7,8]
3 [7-10]
3 PA/SAN/PP PA/
PS/PP
3.2
3.2.1
Table 3-1 2 PA SAN
1 PS PP M, M,
SAN 250
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Table 3-1. Sample codes, number— and weight—average molecular weights and

densities for component polymers employed.

polymer code M,/10* M,/10* ,oc)/gcrnf3 remark
PA PA1 2.2 4.6 0.977
PA PA2 1.39 2.59 0.977
SAN SANI 6.8 13.5% 0.907 AN=24.7Ywt%
SAN SAN2 3.29 6.1% 0.907 AN=24.0Ywt%
PS PS 10.6° 23.99 0.940
PP PP 7.6 81.9% 0.736

Ydetermined by titration. "’determined by GPC. “determined by dilatometry at 250°C.

DAN denotes acrylonitrile content determined by elementary analysis.

3.2.2
2 R-40
2
250 Smin 90rpm
2 90rpm
7. 22057
80 24hr
PA SAN PP
6/1/1 PA/PS/PP PA
PA/PS/PP=12/3/1 6/1/1 12/1/3 3
2
3.2.3
| 7] 25mm 0.1
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rad

RDS-II 250

[31]

TEM Model TEM-200CX
RuOy, [32]
100nm RuOy4

PP>PA>SAN (PS)

2
SEM
Model X-650 PA
SAN
PIAS-II
Fukunaga [33,34] Table 3-2 250

Table 3-2. Interfacial tensions between the components at 250°C.

blend 712/107°Nm™"
PA/SAN 4.15
PA/PS 10.50
PA/PP 8.50
SAN/PP 7.10
PS/PP 3.56
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3.3

3.3.1 3
Fig. 3-1 3 1 2 3

4 Fig. 3-1(A) 2 1

Fig. 3-1(B) Fig. 3-1(A) 1 2

Fig. 3-1(C) 2
Fig. 3-1(D) 2
[7

~10]

(B)

(D)

Fig. 3—1. Schematic description of (A) dispersed particles of component 1 encapsulated
by component 2, (B) dispersed particles of component 2 encapsulated by
component 1, (C) dispersed particles of component 1 and 2 stuck partially
each other, (D) separately dispersed particles of component 1 and 2, in a

ternary polymer blend.
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Hobbs 3
Harkin
[7] 3 1
1 2 Ao
Ay =51 =V~ Vn
A =05V~ s
Ay =71 =15~ Vs
Vi i A
Fig. 3-1(A)
(3-1b)
A Fig. 3-1(B)
As A
Fig. 3-1(D) 2
Inoue
A1 As Fig. 3-1(C)
(D)
1 A (3—-1c¢)
A3 Fig. 3-1(D)
A3 Fig. 3-1(C)
Inoue
2
3 Neumann
3 [8] Fig. 3-2
2
(3-2)
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A
2 3
(3—-1a)
(3—1a)
(3—-1b)
(3-1¢)
2 1
1
2 1
2
2
Fig. 3-1
1 3
0,



Y12

Fig. 3-2. Schematic description of interfacial tension balance at interface of three

liquids.

2 2 2
Vi = Vi T Vx

cosd, = (3-2)
27072
|cosB,]<1 cos b, cos 6,
2 —1<cosB,<1
Neumann 3 2 1 3
Fig. 3-1(C)
cosbh>1 2 1 3 Fig.3-1(A)
1 2
cos@r,<-1 2 0, 6; Fig. 3-2
cosf;>1 Fig. 3-1(B) 2 1
cosd;>1 Fig. 3-1(D)
3
2
AG [10]
AG
Ag Ag

Fig. 3-1(A) Fig. 3-1(B) Fig. 3—-1(D)
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Ag(A), Ag(B) Ag(D) (3-3a) (3-3b)
-3c¢)
/
Ag(A)=S8,7, +8y7; = (6”1/2)2/3[¢12 37/12 +(o, +¢2)2/37z3]
AgB)=S,7, +S37; = (6”1/2)2/3[¢22/3712 +(4, +¢2)2/3713]
/ /
Ag(D) = Sy3715 + 8570 = (6”1/2)2/3(¢12 37/13 +¢22 3723)
Sij P ]
(3-3) Ag
Table 3-2
Neumann 3 cosd Table 3-3 Ag Table 3-4
Table 3-3 PA/SAN/PP PA/PS/PP A
Neumann 3 cosd
1 A Neumann 3 cos@
/SAN/PP PA/PS/PP Fig. 3-1(C)

3

(3-3a)
(3-3b)

(3-3¢)

—1<cosf<

PA

Table 3-3. The calculated values of spreading coefficient 4 and cosd in Neumann’s

triangle for PA/SAN/PP and PA/PS/PP blends.

A cosd
blend
iPA ZSAN ﬂ'PS ﬂ'PP ePA GSAN HPS HPP
PA/SAN/PP -5.55 -2.75 — -11.45 -0.55 0.08 — -0.87
PA/PS/PP -15.44 — -5.56 -1.56 -0.95 — -0.68 0.42
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Table 3—4. The calculated values of interfacial energy change Ag for PA/SAN/PP and

PA/PS/PP blends.

Ag/10°Nm
blend componentl component2 matrix
(A)  (B) (D)
PA/SAN/PP=6/1/1 SAN PP PA 26.6 18.7 17.1
PA/PS/PP=12/3/1 PS PP PA 22.9 245 245
PA/PS/PP=6/1/1 PS PP PA 22.0 26.9 24.7
PA/PS/PP=12/1/3 PS PP PA 20.9 29.0 23.5
SAN/PA/PP=6/1/1 PA PP SAN 23.8 19.9 14.5
PP/PA/SAN=6/1/1 PA SAN PP 16.3 18.9 16.6
Table 3-4 Ag PA/SAN/PP PA SAN
Fig. 3—-1(D)
PP PA SAN
PA/PS/PP
PS PP
Fig. 3-3 PA1/SANI1/PP TEM Fig. 3-3(A) PA1
/SAN1/PP=6/1/1 PA1 PP SAN1
Fig. 3-3(B) SAN1/PA1/PP 6/1/1
SANI1 PA1 PP
PP PA1
Fig. 3-3(C) PP/PA1/SAN1=6/1/1
PP PA1
SAN1
PA SAN
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Fig. 3-3. TEM microphotographs of (A) PA1/SAN1/PP=6/1/1, (B) SAN1/PA1/PP=6/1/1

and (C) PP/PA1/SAN1=6/1/1 blends. The magnification is 6000.
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Fig. 3-4. TEM microphotographs of (A) PA1/PS/PP=12/3/1, (B) PA1/PS/PP =6/1/1

and (C) PA1/PS/PP=12/1/3 blends. The magnification is 9000.
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Fig. 3-4

PS

PP

PP

Table 3-3

pm

3.3.2

Fig. 3-3

PA1/PS/PP TEM

PP PS

PA1/PS/PP=12/1/3

Fig. 3-4

Fig. 3-5

PA2

PP
Table 3-4
Neumann 3

3

(8]

TEM
2

SAN2/PA2/PP 6/1/1

PP
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100 T
SAN2/PA2/PP=6/1/1

—e— PA+PP

—— PP

50

Cumulative Percentage/%

log(r/am)

Fig. 3—-5. The cumulative percentage of number of PA and PP particles plotted against

the logarithms of radius of dispersed particle for SAN2/PA2/PP=6/1/1 blend.

PP SAN2/PA2/PP 6/1/1
PP Fig. 3-5 PP
ra PA2 .
(3-4)
1/3
o = Voah, n(PA+P3P)3r n(PP)3 : G4y
Voa Voo, nPP) Vet n(PA +PP)
Vi rag Fu(i+j) i i
i PA/SAN/PP
6/1/1 PP r'n SAN
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(3-4) PA/PS/PP
PA PS PP Fa

Table 3-5 'n

Table 3-5. Number—average radii of dispersed phases for blends and average shear

stress in the melt blending process at 250°C.

blend dispersed phase ro/pm 6.v/10*Pa

SAN 0.56
PA1/SAN1/PP=6/1/1 5.05

PP 1.75

SAN 0.68
PA1/SAN2/PP=6/1/1 4.43

PP 2.41

SAN 1.11
PA2/SAN2/PP=6/1/1 2.21

PP 2.62
PA1/PS/PP=12/3/1 pp? 2.46 3.40
PA2/PS/PP=12/3/1 pp¥ 4.02 0.98
PA1/PS/PP=6/1/1 pPp¥ 1.47 2.73
PA2/PS/PP=6/1/1 PP 2.82 0.94
PA1/PS/PP=12/1/3 pp¥ 2.26 4.35
PA2/PS/PP=12/1/3 ppY 3.72 1.15

PA 0.43
SANI1/PA1/PP=6/1/1 4.21

PP 1.35

PA 0.53
SAN1/PA2/PP=6/1/1 2.52

PP 1.76

PA 1.82
SAN2/PA2/PP=6/1/1 0.39

PP 4.15

a) PS dispersed phases are encapsulated by PP phases.
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2 2 o (2-7)
(2-7) 2 n 1
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Oav

Fig. 3-6 250

3 PA/SAN/PP | 7%
[23,24]
Cox—Merz [35] [1]
2 7%
5 I I
250 —@— PAL1/SAN1/PP=6/1/1
—O— PAL1/SAN2/PP=6/1/1
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a
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2
1
-2 -1 0 1 2 3
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Fig. 3-6. Frequency dependence of |*| for three PA/PS/PP=6/1/1 blends at 250°C.
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Rabinowitsch n

Cox—Merz 2
3 Cox—Merz
Vo 22087
220s"! | 7] Oav
Oav Table 3
-5
Fig. 3-7 PA/PS/PP 3
Oay PS
PP Laplace PP PS ¢a 2/3
5 |
@ PA/PS/PP=12/3/1
O PA/PS/PP= 6/1/1
& PA/PS/PP=12/1/3
2
3 4 5 6

Iog(oav/Pa)

Fig. 3—7. The values of Laplace stress multiplied by ¢4°°> for PA/PS/PP blends with
dispersed PS particles encapsulated by PP plotted logarithmically against
average shear stress generated in the melt mixing process. The values of ¢y

are the sum of @gps and ¢pp. The straight line in this figure has a slope of 1/2.
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2 (2-7)
Fig. 3-8(A) 2
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Fig. 3-8.
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The values of Laplace stress multiplied by (A) ¢d2/3 and (B) ¢d’2/3 for
PA/SAN/PP blends in which components disperse separately each other
plotted logarithmically against average shear stress generated in the melt

mixing process. The positions and the slope of straight lines in these figures

are the same as that in the Fig. 3-7.
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4.2

4.2.1
2 PA SAN 1 PS
Table 4-1 M, M,
SAN 24 25wt%
250 PA SAN
PS 0.977 0.907 0.940g/cm’
2 3
Table 4-1. Sample codes, number— and weight—average molecular weights and

viscosities for component polymers employed.

polymer code M,/10* M/10* 7% /Pas
PA PAl 2.2 4.6 4.18x10%
PA PA2 1.39 2.5 1.42x10°
SAN SAN1 6.8 13.5" 2.68x10°
SAN SAN2 3.2" 6.1 3.38x10'
PS PS 10.6" 23.9" 5.74x10"
Ydetermined by titration. ) determined by GPC. “at shear rate of 220 s~ at 250°C.
4.2.2
R—-40
2
250 Smin 90rpm 90rpm
7. 22057
4 PA/SAN 2 PA/PS PA
75 25wt% 11
80 24hr
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250

150 250pum
30mm Smm
4.2.3
n 170 295
L D
(L/D) 10 20 60 3 Bagley
Rabinowitsch Table 4-1 250
220s”"
E
B
RSA-II -
100s™" 0.05%
2  /min
SAN2 SAN2
TEM Model TEM-200CX
RuOy [29]
100nm
RuOy, SAN PS PA PA
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PA SAN PS

Smm 3 7day
[30,31]
Fukunaga [31]
250 PA/SAN PA/PS 4.15x107° 1.05x
107°N/m
4.3
Fig. 4-1 4 PA/SAN=50/50 TEM Fig. 4-1(A) Fig.
4-1(D) PA1/SAN1 PAI1/SAN2 PA2/SANI PA2/SAN2
Fig. 4-1(A) PA1/SANI
SANI PA1
PA1 SANI Fig. 4-1(B) PA1/SAN2
SAN2 PA1
Fig. 4-1(C) PA2/SANI1 PA1/SAN2
PA2 SAN1 Fig. 4-
1(D) PA2/SAN2 3
Fig. 4-2(A) Fig. 4-2 (B) PA1/PS
PA2/PS=50/50 TEM PA1/PS PA2/PS
PA2
Fig. 4-1 Fig. 4-2
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Fig. 4-1. TEM microphotographs of (A) PA1/SAN1=50/50, (B) PA1/SAN2=50/50, (C)
PA2/SAN1=50/50 and (D) PA2/SAN2=50/50 blends. The magnification is

5000.

Fig. 4-2. TEM microphotographs of (A) PA1/PS=50/50 and (B) PA2/PS=50/50 blends.

The magnification is 3000.
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PA/PS

Table 4-1
TEM SEM
PA
PA 220
SAN PS
SAN PS (Ty)
SAN PS T,
PA
SAN1=70/30 30/70 E’ E"
PA2 SAN1 E’ E"
PA2 SAN1 E”
67 117 2
PA2/SAN1=70/30 200
PA2/SANI1=30/70 SAN T,
130

60

PA/SAN

20

PA

Fig. 4-3

EH

PA2/SAN1=70/30

220s™!

PA2/



10
100s”] @ rA?

A PA2/SAN1=70/30
O PA2/SAN1=30/70
A SANT

log(E" /Pa) & log(E” /Pa)

B | | | | " | I | | |
40 60 80 100 120 140 160 180 200 220 240
104"

Fig. 4-3. Temperature dependence of E' and E” at 100 s' for two PA2/SAN1 blends of

different compositions and their components.
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Fig. 4-4 4 PA/SAN
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PA1/SAN2 PA2/SAN2 PA 60Wt%
45wt% E'
PA1/SAN2 PA2/SAN2 PA 60Wt% 45
Wt% SAN2
Fig. 4-4 PA1/SAN1 PAI1/SAN2 PA2/SANI PA2/
SAN2 PA PA 45 50wt%
60 65wt 40 45wt 45 50wt PA/SAN
PA SAN PA PA1/
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Fig. 4-4. Temperature dependence of E’ at 100 s™' for (A) PA1/SANI, (B) PA1/SAN2,

(C) PA2/SANI and (D) PA2/SAN2 blends of different compositions.
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SAN1 PA1/SAN2 PA2/SANI PA2/SAN2 55wt%
65wt% 50wt% 55wt% SAN
PA PA PA1/SAN1 PA1/SAN2 PA2/
SAN1 PA2/SAN2 45wt% 60wt% 45wt%
45wt% PA/SAN
2
PA/PS PA PS
PA PA1/PS PA2/PS 55wt% 50
wt% PS PA
PA PA1/PS PA2/PS 50wt% 40
wt%
Table 4-2 SAN Pe SAN
PS de.ps Fig. 4-1 Fig. 4-2
TEM
Table 4-2. The values of ¢.san or ¢.ps measured experimentally and predicted

according to equations (4-1) ~ (4-7), Fig. 4-5 and Fig. 4-6 for

co—continuous structure.

¢c,SAN or ¢c,Ps

blend . Eq. Eq. Eq. Eq. Eq. prediction
experiment
(4=1)  (4-3) (4-4) (4=5) (4=7) from figures
PA1/SANI1 0.47~0.57 0.39 0.42 0.45 0.30 0.00023 0.53
PA1/SAN2 0.37~0.42 0.08 0.28 0.28 0.01 0.00012 0.42
PA2/SANI1 0.52~0.62 0.65 0.50 0.57 0.79 0.0060 0.47
PA2/SAN2 0.47~0.57 0.19 0.35 0.36 0.07 0.00078 0.52
PA1/PS 0.46~0.51 0.12 0.32 0.31 0.03 0.00006 0.47
PA2/PS 0.51~0.61 0.29 0.39 0.40 0.16 0.0010 0.53
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4.4

¢c,i
Paul Barlow[17] Jordhamo [18]
Miles Zurek[19] (4-1)
1
.= 4-1
P [+k (4-=1)
ky =1 (4-2)
;
i n; i ] Avgeropoulos
[20] Ho [21] (4-1)
Ho [21]
(4-3)
P — (4-3)
"o1+1.22k
Utracki Krieger
Dougherty [32] (4-4) [22]
¢ (¢ l)k [l flﬁmax
e (4-4)

[7]y $max

i +1
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¢max [77]b

Utracki 18
[7]=1.9 (4-4)
Pmax  0.844 [22]
Metelkin Blekht[23]
Tomotika [24] (4-5)
1
¢c,i=— (4-5)
l+kijF(kij)
F(kij) =1+2.25 log(kij) +1 .81[10g(kij )]2 (4-6)
(4-5) kij=1 (4-1)
Table 4-2 4 PA/SAN 2 PA/PS
P, sAN Pe.ps (4-1) (4-6) Table 4-2
(4-1) PA2/SANI (4-3) PAI1/SANI
PA2/SAN1 (4—-4) PAI1/SANI PA2/SAN1
(4-5)
(4-1) (4-6)
Willemse
(4-7)
[26]
LoN42
o =138+ 0.0213(’7"*—er (4-7)
712
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Nm
Willemse
2
o
Nielsen
1+ AB¢,
77b = m
1-Byg,
k-1
k+ A4
1_¢max
'”:H[ b’ J%
A
¢max
Table 4-1

I'n

Pa

7o

[33]

Table 4-2

(4-8) PA
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[26-28]
Vav
(2-7)
(2-7)
(4-8)
(4-8)
(4-9)
(4-10)
1.5
0.74 [34]
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328 175 205

164
(4-7)
6
Willemse
Ag
Ag
(2-7)
rIl
Ag = 47'[7"“2]/12]\[
(4-11) N

SAN PS

PA1/SAN2 PA2/SANI PA2/SAN?2

67.5Pas PA1/PS PA2/PS

Table 4-2

(2_7) rn
Pe.SAN P ps (4-7)

¢c,SAN ¢C,PS
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Fig. 4-5 Fig. 4-6 PA/SAN
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PA SAN PS Ag
SAN PS
PA Ag SAN PS
PS Fig. 4-5
PA Ag SAN PS
SAN
Ag PA SAN
Table 4-2 Fig. 4-5 Fig. 4-6 6
Pe,SAN Pe.ps Table 4-2
Pe.ps PA2/SANI1
Table 4-2
PA/SAN PA/PS 2
4.5
PA/SAN PA/PS
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Fig. 4-5. Composition dependence of interfacial energy change calculated for (A)

PA1/SANI1, (B) PA1/SAN2, (C) PA2/SAN1 and (D) PA2/SAN2 blends.
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Fig. 4-6. Composition dependence of interfacial energy change calculated for (A)
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(1]
[1-14]
3 PP/SAN PP/EPR
[15]
5.2
5.2.1
SAN PP PA EPR
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Table 5-1. Number— and weight—average molecular weights and densities for

component polymers employed.

polymer  M,/10* My/10* p/gem™? remark
PA 2.2% 4.6" 0.9779
SAN 3.2% 6.1% 0.907%,0.943° AN=24.0"wt%
PP 3.7 30.4" 0.754°
EPR 0.759° MFR=5.4%)

C3=26.3"wt%

Ydetermined by titration. "’determined by GPC. “determined by dilatometry. “at 250°C.
“at 200°C. "AN denotes acrylonitrile content determined by elementary analysis.
&'MFR denotes melt flow rate at 230°C. ™C; denotes propylene content determined by

3C NMR[16,17].

Table 5-1 PP/SAN PP/EPR PA/SAN
R-40
2 Table 5-2
Smin 90rpm

PA/SAN 250 PP/SAN PP/EPR 200

60ml 0.25mm Table 5-2

5.0x10™*  1.2x107*N/m [18]
Table 5-2 3
PP/EPR

PP/SAN PA/SAN
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Table 5-2. Compositions of PP/SAN, PP/EPR and PA/SAN blends and interfacial

tensions between the components.

blend composition in wt% )/12/1073Nm71

PP/SAN 90/10, 75/25, 60/40 7.30%
40/60, 25/75, 10/90
PP/EPR 90/10, 10/90 0.53%

PA/SAN 75/25, 25/75 4.15%

a)at 200°C. b)at 250°C.

PP/EPR PP/SAN

A) PP/SAN
PP 5g 500ml p- PP
SAN p— p—
( SAN) PP SAN
5g 500ml
PP SAN
B) PP/EPR

5g 500ml p-
XI PP XS
EPR
C) PA/SAN

5S¢ 500ml
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PA SAN

Imm 27mm
PA
250 200
5.2.2
G' G"
25mm 0.1rad
RDS-II 4x10*  1x107%s™!
PA/SAN 250 PP/SAN PP/EPR
200
200 250
[19,20]
100nm
TEM Model TEM-200CX PA
[21] Ru0,4[22]
[23,24]
PIAS-II TEM 1000
5.3
5.3.1
PP/SAN=40/60
Fig. 5-1 PA/SAN=75/25 TEM
PA SAN

PP/SAN=40/60
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Fig. 5—-1. TEM microphotograph for PA/SAN=75/25 blend.

PA/SAN=75/25

(5-1)

3 Zor

1

¢i ri

Table 5-3
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Fig. 5-2

Iy

Fig. 5-1

[25,26]

Iy

TEM

(5-1)



30 T T
PA/SAN=75/25
X
— 20F =
>
=
=*]
=
=3
!
=~ 10F .
0—2 -1 0 1
log (r/ £ m)

Fig. 5-2. Distribution of radii of dispersed phases for PA/SAN=75/25 blend.

Table 5-3. Volume—average radii », of dispersed phases for PP/SAN, PP/EPR and

PA/SAN blends.

blend ry/pm
PP/SAN=90/10 3.39
75/25 12.90

60/40 19.89

25/75 13.30

10/90 5.32
PP/EPR=90/10 0.63
10/90 0.15
PA/SAN=75/25 4.22
25/75 5.53
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5.3.2

Fig. 5-1 3
[1-14]
Fig. 5-3 Fig. 5-8 200 PP/SAN PP/EPR
250 PA/SAN G' G"
GV GH
PP/SAN
G G" 2
Fig. 5-3 Fig. 5-8
Fig. 5-8
PA/SAN=75/25 G' 2 G’
6 T 1 T T
5 -
4 F

log (G'/ Pa)
w

[\~
T

log (/s
Fig. 5-3. Frequency dependence of G' for three PP/SAN blends of different PP content

(>260%) and their components (before melt—blending) at 200°C.
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6 T | T T

PP/SAN 200°C
o 100/0
St = 40/60 .
& 25/75
v 10/90
* (/100

log (G'/ Pa)
8]

-2 -1 0 1 2 J
log (w/s™))
Fig. 5-4. Frequency dependence of G' for three PP/SAN blends of different SAN

content (260%) and their components (before melt—blending) at 200°C.

log (G'/ Pa)
W

0 1 | 1
-2 -1 0 1 2 3

log (w/s7Y)
Fig. 5-5. Frequency dependence of G” at 200°C for the same blends and their

components as shown in Fig. 5-3.
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log (G'/ Pa)

0 1 1 1 1
-2 -1 0 1 2 3

log (w/s™1)

Fig. 5-6. Frequency dependence of G” at 200°C for the same blends and their

components as shown in Fig. 5—4.

6 T T T T

PP/EPR 200°C

5 N Gl G” /
o e 100/0

<o ¢ 90/10
A A

4-Vv N

log (G'/ Pa) & log (G'/ Pa)
)

-2 -1 0 1 2 3
log (w/s™h)
Fig. 5-7. Frequency dependence of G' and G” for PP/EPR blends and their components

(before melt—blending) at 200°C.
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PA/SAN 250°C
| G'G”

o e 100/0
o & 7525
A A 25/75
v v 0/100

= i
T

log (G'/ Pa) & log (G'/ Pa)
W

log (w/s7h)
Fig. 5-8. Frequency dependence of G' and G" for PA/SAN blends and their components

(before melt—blending) at 250°C.

Fig. 5-3 Fig. 5-6 PP/SAN G’ G"
G! GH
Fig. 5-3 Fig. 5-6 PP/SAN
G!
GH
Fig. 5-7 Fig. 5-8
PP/EPR PA/SAN

PP/SAN
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5.3.3

Fig.
Fig. 5-10 PP/SAN PP 200
PP G’ Fig. 5-9 PP
Fig.5-10 SAN PP
PP G’
G' PP
PP G’ SAN
SAN PP
6 T | T
PP/SAN 200°C
--- PP
SF o 9010 7
<o 75/25
— 4 = A -
~
=¥
—
e 3f :
=T}
=
2 L -
1 - -
0
-2 3

log (w/s7Y)

PP

PP

PP

SAN

Fig. 5-9. Comparison of G’ curves at 200°C for PP components extracted from three

PP/SAN blends of different PP content (260%) with that for virgin PP

(before melt—blending).
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6 T | T T
PP/SAN 200°C
--- PP
SE 4 40/60 g
& 25/75
v 10/90
—_— 4 B -
2]
B
v 3} :
en
=2
2 - -
1 - =
0 1 | 1 1
-2 -1 0 1 2 3

log (w/s71)

Fig. 5-10. Comparison of G’ curves at 200 °C for PP components extracted from three
PP/SAN blends of different SAN content (260%) with that for virgin PP

(before melt—blending).
6

I
PP/SAN 200°C

--- SAN
SF o 9010 y
o 75/25
A 60/40

log (G’ /Pa)
8]

2 L -
1 - -
0 1 .r/ 1 1 1

-2 -1 0 1 2 3

log (w/s7Y)

Fig. 5-11. Comparison of G’ curves at 200 °C for SAN components extracted from
three PP/SAN blends of different PP content (260%) with that for virgin

SAN (before melt—blending).
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W
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1 - -
| ) 1 1 1
0—2 -1 0 1 2 3
log (w/s™Y)

Fig. 5-12. Comparison of G’ curves at 200 °C for SAN components extracted from
three PP/SAN blends of different SAN content (260%) with that for virgin

SAN (before melt—blending).
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Fig. 5-13. Comparison of G' curves at 200°C for PP and EPR components extracted

from PP/EPR blends with

melt—blending).
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Fig. 5-14. Comparison of G’ curves at 250°C for PA and SAN components extracted

those
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5.3.4
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Fig. 5-15. Comparison of characteristics frequencies, (7q) ' and (z'p)f1 with G' data at

200°C for PP/EPR=10/90 blend.
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Fig. 5-16. Comparison of G’ data at 200°C with prediction of an emulsion model for

five PP/SAN blends. The model parameters were evaluated for PP and SAN

components extracted from the blends.
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Fig. 5-17. Comparison of G” data at 200 °C with prediction of an emulsion model for

log (G'/ Pa)+A

five PP/SAN blends. The model parameters were evaluated for PP and SAN

components extracted from the blends.
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Fig. 5-18. Comparison of G’ and G"” data at 200°C with prediction of an emulsion

model for PP/EPR blends. The model parameters were evaluated for PP and

EPR components extracted from the blends.
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Fig. 5-19. Comparison of G’ and G" data at 250°C with prediction of an emulsion
model for PP/EPR blends. The model parameters were evaluated for PA and

SAN components extracted from the blends.
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6 (EPBC)

6.1
EPBC EPR
PP
[1] EPBC PP
[2,3] EPBC
PP
PP
EPR [4-8]
PP/EPR PP
EPR PP EPR
EPR
[9] PP EPR
PP PP EPR
[10] EPR PP
PP/EPR
5 2
EPBC PP/EPR
EPBC
PP
EPBC [11,12] PP
[3,13] EPBC

EPR
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EPBC

EPR EPR
6.2
6.2.1
4 EPBC EPBC
PP EPR EPBC
EPBC5g 500ml p—
X1 XS XI XS
PP EPR
Table 6-1 4 EPBC MFR XI 200
XS FT-IR [11] XS
Ubbelhode 135 XS
Table 6-1 EPBC MFR X1
Table 6—1. Melt flow rates, zero—shear viscosities of xylene insoluble parts (XI) and
weight fractions, propylene contents and intrinsic viscosities of xylene
soluble parts (XS) for four EPBC samples.
X1 XS
sample MFR®
170" /Pas wt% Ci/wt%  [n]/dlg™!
EPBC-A 40 395 9.2 56.0 3.1
EPBC-B 48 275 9.6 75.3 6.9
EPBC-C 46 211 10.2 69.4 8.1
EPBC-D 38 257 13.7 77.4 7.7
Yat 230°C.  at 200 °C.
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EPBC-D 3 XS

wt EPBC-A 3 XS
77wt EPBC-A 3 XS
EPBC-A
6.2.2
1 1.5mm 27
EPBC 200
EPBC 200
EPBC XS X1 G' G"
25mm 0.1rad
RDS-II
4x10% 1x107%s7! 200
EPBC XS X1 E’ E"
RSA-II
-70
100s™" 0.05 E"
1 /min 2  /min
EPBC RuO, [14] 100nm
TEM Model TEM-200CX
TEM PIAS-II
6.3
6.3.1 EPBC
EPBC PP EPR
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69



[3] EPBC-A EPBC-B TEM Fig.

6-1(A) Fig. 6-1(B)
PP EPR XS EPBC-B EPR
EPBC-A TEM
EPBC EPR (5-1) ry
Table 6-2 4 EPBC r, EPBC r, XS
XS

Fig. 6-1. Typical examples of heterogeneous structures for EPBC observed by TEM.
TEM microphotographs of (A) and (B) denote EPBC-A and EPBC-B,

respectively. The magnification is 5000.
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Table 6-2. Volume—average radii r, of dispersed phases, glass transition temperature
for PP and EPR phases and PP/EPR compositions of PP amorphous phases

in the four EPBC samples.

composition of

T,/°C
sample ry/pum PP phase in wt%
PP phase EPR phase PP/EPR
EPBC-A 1.37 13.6 -53.2 99.0/1.0
EPBC-B 0.51 11.2 -33.5 94.2/5.8
EPBC-C 0.65 10.0 -40.4 93.3/6.7
EPBC-D 0.47 10.5 -32.5 92.8/7.2
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Fig. 6-2. Temperature dependence of £’ and E” for four EPBC samples at 100 s .
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6.3.2 EPBC (PP)
(EPR)
Fig. 6-2 4 EPBC E' E"
4 EPBC E' E"
EPBC E’ 2 E’
EII 2 E’
E" EPR PP
E! EU 2
EPBC
Fig. 6-1 TEM EPR PP
E’' E" 4 EPBC
15 12
EPBC-A @ 100s~" EPBC-A @ 100s™
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& Y ‘n" 0‘ ? * o
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Fig. 6-3. Temperature dependence of E” for four EPBC samples at 100 s™'. (A) and (B)

represent around the glass transition area of EPR and PP phases,

respectively.
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Fig. 6-3(A) Fig. 6-3(B)
EPBC EPR PP
E"
T, Fig. 6-3(A) EPR T, XS
Table 6-2
EPBC EPR PP T,
EPBC XI T, 14.5 PP
[10] 4 XS T, EPBC EPR
PP/EPR T, PP EPR
PP EPR [15,16]
[10] PP/EPR
EPBC PP T, Fox  [17]
PP EPR PP PP/EPR
[10,18]
L1 _m w
T, T, T,
Ter Tyi wi Ty i
T, 1
4 EPBC PP PP/EPR Table 6-2
EPBC-B C D PP/EPR PP EPR
EPBC-A 5
EPR 60wt% PP
[18]
EPBC PP
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EPR
PP
6.3.3 EPBC
EPBC

Fig. 6-4 Fig. 6-7

X1
EPBC X1
6.3.4 EPBC
6.3.4.1
Palierne
[22]
EPBC
Graebling
(5-2)
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log(G" /Pa) & log(G” /Pa)
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log(w/s™")

Fig. 6—4. Frequency dependence of G' and G" for EPBC—A and its components (XI and

XS) at 200°C.
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Fig. 6-5. Frequency dependence of G' and G” for EPBC—-B and its components (XI and

XS) at 200°C.
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Fig. 6-6. Frequency dependence of G' and G" for EPBC-C and its components (XI and

XS) at 200°C.

. 200°C

/Pa)

log(G" /Pa) & log(G”

-3 -2 -1 0 1 2 3
log(w/s™")

Fig. 6—-7. Frequency dependence of G' and G” for EPBC-D and its components (XI and

XS) at 200°C.
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(5-2) EPBC XI XS G’ G"
EPBC G’ G"
XI XS
200 [9] Table 6-1 XS
Table 6-2 r, XI
XS XS
[9,23] PP 3 EPR [9]
EPBC 200 1x107°  1x107°N/m
1x107°  1x10°N/m
EPBC
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Fig. 6-8. Comparison of experimental values of G’ and G” with calculated ones for
EPBC-A at 200°C. Solid and dashed lines represent predictions of the
emulsion model for EPBC—A and of the blending rule for EPBC—-A having

PP matrix phase in which a part of EPR component dissolves, respectively.
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Fig. 6-9. Comparison of experimental values of G' and G" with calculated ones for
EPBC-B at 200°C. Solid and dashed lines represent predictions of the
emulsion model for EPBC-B and of the blending rule for EPBC-B having

PP matrix phase in which a part of EPR component dissolves, respectively.
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Fig. 6—10. Comparison of experimental values of G’ and G” with calculated ones for
EPBC-C at 200°C. Solid and dashed lines represent predictions of the
emulsion model for EPBC—-C and of the blending rule for EPBC-C having

PP matrix phase in which a part of EPR component dissolves, respectively.
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Comparison of experimental values of G’ and G” with calculated ones for
EPBC-D at 200°C. Solid and dashed lines represent predictions of the
emulsion model for EPBC-D and of the blending rule for EPBC-D having

PP matrix phase in which a part of EPR component dissolves, respectively.
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[26] [27] [28]
5, (5-8) EPBC
(5-8) 1
7p Mo r Table 6-1 X1
Table 6-2 EPBC r,
[24-26] 4 EPBC (7" 107 107757
Fig. 6-8 Fig. 6-11
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6.3.4.3 EPR PP
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PP EPR [9,10] PP
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PP/EPR PP PP
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1.8
7.8 EPR PP
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Takatori PS/
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Fig. 6-8 Fig. 6-11 4 EPBC PP
EPR EPR
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2 EPR
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PP EPR PP
EPR 2
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EPR EPBC
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7.1
6 PP
EPBC/EPR
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[4-9]
[10-12]
PP/EPR EPBC
PP
EPR
PP/EPR
7.2
7.2.1
EPBC MFR 49.0
8.1dl/g XS
Fujiyama FT-IR

1

35
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EPBC EPR
[l1-3] PP EPR
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PP EPR
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EPR
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6 XS
10.5wt% 71.0wt%
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XI 200
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3C NMR
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2
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50 24hr
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0.5 Imm
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200
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180s

EPBC EPBC/EPR

TEM Model TEM-200CX

PIAS-II

7.3

7.3.1 EPBC EPBC/EPR
EPBC PP

1s7!

180s

TEM

EPR

[18] Fig. 7-1(A) EPBC TEM

Fig. 7-1. Typical examples of heterogeneous structures for EPBC and EPBC/EPR blend

observed by TEM. TEM microphotographs of (A) and (B) denote EPBC and

EPBC/EPR2=60/40 blend, respectively. The magnification is 9000.

121



Fig. 7-1(B) EPBC/EPR

EPR2=60/40 TEM
PP EPR
EPR
TEM
(5-1) ry EPBC
Table 7-1
EPR
EPR
EPR EPR
2

2

EP

EPBC/

EPBC EPR

EPR
EPBC/EPR ry
EPR
EPBC/EPR
BC XS

EPBC

1 da 213

Table 7-1. Volume—average radii r, of dispersed phases for EPBC, EPBC/EPR1 and

EPBC/EPR2 blends.

sample rv/pum
EPBC 0.69
EPBC/EPR1=90/10 0.94
80/20 1.30

70/30 1.59

60/40 1.90

50/50 2.16
EPBC/EPR2=90/10 0.99
80/20 1.34

70/30 1.63

60/40 1.93

50/50 2.43
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Fig. 7-2. Frequency dependence of G’ for five EPBC/EPR1 blends of different content

and their components at 200°C.
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Fig. 7-3. Frequency dependence of G” for five EPBC/EPR1 blends of different content

and their components at 200 °C.
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Fig. 7-4. Frequency dependence of G’ for five EPBC/EPR2 blends of different content

and their components at 200 °C.
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Fig. 7-5. Frequency dependence of G” for five EPBC/EPR2 blends of different content

and their components at 200 °C.
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Fig. 7-6. Comparison of frequency dependences of G' and G” for virgin EPBC (before

melt—blending) with those for sheared (after melt—-blending) EPBC at 200 °C.
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Fig. 7-7. Stress development in the course of steady shear flow at a shear rate of 1 s

for EPBC and EPBC/EPRI1 blends at 200°C.
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8. Stress development in the course of steady shear flow at a shear rate of 1 s~

for EPBC and EPBC/EPR2 blends at 200 °C.
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2 EPBC/EPR

7.3.4 EPBC/EPR
(A) EPBC/EPR

Fig. 7-9 (B)

Fig. 7-9(B)

(C)

Fig. 7-9. Schematic drawings of changes in morphology of EPBC/EPR blend in a

course of steady shear flow.
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Fig. 7-10 Fig. 7-11 EPBC/EPR1 EPBC/EPR2
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Fig. 7-10. Time dependence of shear stress relaxation after cessation of steady shear
flow at a shear rate of 1 s~' for five EPBC/EPRI blends and their

components at 200°C.
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Fig. 7-11. Time dependence of shear stress relaxation after cessation of steady shear

flow at a shear rate of 1 s ! for five EPBC/EPR2 blends and their

components at 200°C.
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Fig. 7-12. Dependence of the longest relaxation times upon EPR content for

EPBC/EPR1 and EPBC/EPR2 blends at 200 °C.

PP EPR
Fig. 7-12 EPBC/EPR1
EPBC
EPBC
EPBC/EPRI1 Fig. 7-9(B)
EPBC/EPR1
PP EPR
PP EPBC/EPR2 EPR2
30wt% EPBC/EPR1

135



EPR2 40wt%

EPR 50/50
EPR 30wt% Fig. 7-9(B) EPR
Fig. 7-9(C) EPBC/EPR2
EPR2 30wWt% EPBC/EPRI
EPR2 30wt%
EPR EPR 3
PP
EPR EPR 3
EPBC/EPR2=50/50
EPR EPR
XS EPR
PP
PP
EPR
7.4
2 EPR
2 EPBC/EPR
EPR
EPR
EPR

136



2 EPBC/EPR

EPR 30wt% EPBC/EPR

EPR

EPR EPR

EPR 30wt%
EPBC
EPR EPR

EPR

7.5
1. L. A. Utracki and M. M. Dumoulin, “Polypropylene: Structure, Blends and
Composites”, J. Karger—Kocsis ed, (1995), Chapman & Hall, London, p50.
2. J. Jansz, “Polypropylene: An A—-Z reference”, J. Karger—Kocsis ed., (1999), Kluwer
Academic, London, p641.
3. , 50, 27 (1993).
4. , 22,165 (1994).
5. M. Yamaguchi, H. Miyata, and K. Nitta, J. Appl. Polym. Sci., 62, 87 (1996).
6. K. Nitta, K. Okamoto, and M. Yamaguchi, Polymer, 39, 53 (1998).
7. , 26, 163 (1998).
8. M. Scki, H. Nakano, S. Yamauchi, J. Suzuki, and Y. Matsushita, Macromolecules,
32,3227 (1999).
9. M. Naiki, T. Matsumura, and M. Matsuda, J. Appl. Polym. Sci., 83, 46 (2002).

10. , 22, 155

137



(1994).

11. , 60, 499 (2003).
12. , 31, 313 (2003).

13. , 11, 691 (1999).
14. , 13, 549 (2001).

15. , 19, 76 (1991).

16. M. Kakugo, Y. Naito, K. Mizunuma, and T. Miyatake, Macromolecules, 15, 1150
(1982).

17.J. S. Trent, J. I. Scheinbeim, and P. R. Couchman, Macromolecules, 16, 589 (1983).

18. H. Sano, T. Usami, and H. Nakagawa, Polymer, 27, 1497 (1986).

19. L. A. Utracki, “Polymer Alloys and Blends”, Hanser, Munich (1989), chapter 3;

«“ ? pl157 (1991).

20. , 42,734 (1993).

21. D. Graebling, R. Muller, and J. F. Palierne, Macromolecules, 26, 320 (1993).

22.J. F. Palierne, Rheol. Acta, 29, 204 (1990).

23. T. Shikata and D. S. Pearson, J. Rheol., 38, 601 (1994).

24. H. Watanabe, M. Yao, A. Yamagishi, K. Osaki, T. Shikata, H. Niwa, and Y.
Morishima, Rheol. Acta, 36, 433 (1996).

25. T. Sato, H. Watanabe, K. Osaki, and M. Yao, Macromolecules, 29, 3881 (1996).

26. T. Yamamoto, Y. Ohta, T. Takigawa, and T. Masuda, Nikhon Reoroji Gakkaishi, 30,
129 (2002).

27. T. Okubo, J. Colloid Interface Sci., 17, 165 (1987).

28. , 25,221 (1997).

29. , 25,247 (1997).

30. I. Vinckier, P. Moldenaers, and J. Mewis, J. Rheol., 41, 705 (1997).

31. H. Yamane, M. Takahashi, R. Hayashi, K. Okamoto, H. Kashihara, and T. Masuda,
J. Rheol., 42, 567 (1998).

32. A. V. Tobolsky and K. Murakami, J. Polym. Sci., 40, 443 (1959).

138



8 PP/ /
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[11]
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1
Fig. 8-1
20 25mm
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Product

10mm

Fig. 8—1. Photograph of concave—convex stripes formed on the surface in vicinity of

gate portion of injection molding. The thin arrows indicate the stripes.

PP
8.2
8.2.1
10 PP
2 2UCM EPBC EPR EBR
200 210 900rpm EPBC PP
EPR [13-17] 6
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EPBC PP PP/ /
MFR Table 8-1 PP
MFR 12.0 26.4 PP/ / 54/35/11
3mm UBEMAX UV4000-
830 843D-ZAS
208 245
70kg/cm®  12s  25kg/cm’ 65 50
Table 8-1. Melt flow rates, compositions and surface appearances of injection
moldings for ten PP/rubber/talc blends employed.
composition in wt%
blend MFR® surface appearance
PP/rubber/talc
A 26.0 52.5/36.5/11.0 bad
B 26.4 52.4/36.6/11.0 bad
C 12.0 56.9/33.1/10.0 very bad
D 25.0 52.7/36.3/11.0 bad
E 18.5 53.6/35.4/11.0 good
F 24.0 53.5/35.5/11.0 bad
G 18.7 53.7/35.3/11.0 bad
H 23.0 54.0/35.0/11.0 bad
I 24.0 56.5/32.9/10.6 excellent
J 19.7 56.0/33.2/10.8 excellent
Yat 230°C.
8.2.2
PP
RDS-II 200
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G G n 25mm 0.1rad

4x10°  1x107%s™! 4x10"  1x107's™!
3min
50mm 0.041rad
1 5
10s™' 3 PP
10s”" 3min G’ G"
1s™!
PP
570A
4
excellent>good>bad>very bad Table 8-1
10 PP
PP
MFR
PP TEM
TEM-200CX C
3mm
RuOy [18]
8.3
8.3.1
Fig. 8-2 D E J
D E J
bad good excellent
excellent
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10pm

4mm

Fig. 8-2. Three dimensional surface appearances for D, E and J.

\

Y N N O ——Y 1110

(a) (d) A

Imm

RO ROR
(c) ()

Fig. 8-3. Photograph and its schematic representation of the cross section of injection

molding cut in direction perpendicular to concave—convex stripes for C.
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good bad lpum 2 4pm 4 6pm

very bad
C 6um
C 3mm
Fig. 8-3
Imm
PP
Fig. 8-3 (a) (b) (c)
TEM (a) (b) (c)
10pm Imm [.5mm (a)
(b) (c) (d) (e) (f)
(b) (e)
(a) (c) 6000 TEM Fig. 8-4(a) (c¢)
Fig. 8-5(d) (f) (d) (D)
PP
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Fig. 8—4. TEM microphotographs of (a), (b) and (c) positions in the cross section just
under the convex part shown in Fig. 8-3. The arrows in the microphotographs

show in the direction of specimen thickness. The magnification is 6000.
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Fig. 8-=5. TEM microphotographs of (d), (e¢) and (f) positions in the cross section under
a normal part. These (d), (e) and (f) positions correspond to (a), (b) and (c)
in the cross section under the convex part shown in Fig. 8-3, respectively.
The arrows in the microphotographs show in the direction of specimen

thickness. The magnification is 6000.
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Fig. 8—6. Frequency dependence of G’ for six blends at 200°C.

PP
PP
G' PP
PP G'
[19] Fig. 8-6
G' J>G>1>C>B>E
G’ 100Pa J<G<I
<C<B<E Table 8-1

PP
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8.3.3

[20] PP
PP
PP
Fig. 8-7 C D 200 n
> |
200 - -
YT VYL
I blend C o ®
blend D 1 ]
4
o
o
e
c-.
8o
o
2
-1 0 1 2
log(y/s™)

Fig. 8-7. Shear rate dependence of 7 for C and D at 200°C. Open and closed marks

represent the viscosities measured by changing the shear rate from low to
high and vice versa, respectively.
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Fig. 8-7
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PP GH
PP 10s™'  3min
20s 1s7!
Fig. 8-8 200 C D E
GH 4 GH
PP G"
4 0,
e blend C 200C
o blend D 'J"=IUS_ ,3dmin
_1.-1 _
blend E =w=ls °, 7(=0.1
3 =
blend J

(]

107% G” /Pa

10
t/min

25

1s!

Fig. 8—8. Time dependence of G" for four blends at 200°C after cessation of steady

shear flow for 3 min at a shear rate of 10 s~ .
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GH PP

GH
PP
[19,21,22] [23-26]
GH
ts o G (y,0,t)  (8-1)
G"(y,0,t)= G"(7,,0)+ ZG{{I - exp(— fiﬂ (8-1)
Gl!/ fi i
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(8-2)
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8-2)  G"(y,m,1)

-1/&
i
log[oG" (7, w,1)/ 6t
Fig.8 9 Fig.8 8 4
(8 2)
log[oG" (7, w,t)/ 6]
4
L, 200C
* -1 e blend C
* w=1s ,70=0.l
o blend D
blend E
blend J
] | | |
0 5 10 15 20

t/min

Fig. 8-9. Logarithms of the values of 0G"/dt plotted against time for four blends at

200°C after cessation of steady shear flow for 3 min at a shear rate of 10 s™'.

PP

Table 8-2 G" (7, m,0)=
G" (o) PP
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Table 8—2. The longest characteristic times for the recovery of morphologies and their
contributions to the recovery of morphology of blends after cessation of

steady shear flow at 200°C.

blend &ils G."/G"
A 315 0.175
B 322 0.183
C 404 0.133
D 399 0.203
E 324 0.230
F 312 0.182
H 260 0.359
J 576 0.330
PP 100s
PP
8.3.5
200 PP 1 5
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3
blend E

blend J

log (o /Pa)

Fig. 8—10. Logarithms of relaxation stresses plotted against time for four blends at

200°C after cessation of steady shear flow for 3 min at a shear rate of 1 s '.
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PP
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PP
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PP
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Takahashi PS

[28] PP Table 8-3 1 Table 8-1
Is
A H E bad very bad
s I J excellent
Is E
bad good

Table 8-3. The longest stress relaxation times and their contributions to the stress
relaxation of blends at 200°C after cessation of steady shear flow at three

shear rates.

y=1s y=5s 7 =10s"
blend
71/s o/o 71/8 o/lo 71/s oilo
A 3.40 0.068 3.23 0.031 3.14 0.023
B 3.27 0.101 3.37 0.044 3.02 0.034
C 3.18 0.131 3.13 0.058 2.87 0.035
D 2.87 0.089 2.90 0.045 2.21 0.023
E 2.85 0.053 2.84 0.030 2.84 0.018
F 2.63 0.098 2.28 0.044 2.64 0.027
G 1.26 0.175 1.28 0.062 1.23 0.038
H 1.17 0.104 1.12 0.036 1.21 0.025
I 0.64 0.262 0.47 0.146
J 0.67 0.301 0.58 0.164 0.56 0.130
8.3.6
PP
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