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APPENDIX A
THE RHEOLOGY CHARACTERIZATIONS 

Table A1 The molecular weight characterization data by the rheological 
method

Material Type PS pp
Test Temperature (°C) 160 190
Relaxation Time Exponent 3.4 3.6
Plateau Modulus (dyn/cmsq) 1.7E+06 4.5E+06
Activation Energy (kJ/mol K) 57 42
Front Factor 7.9E-08 2.01E-22
Entanglement Mw (g/mol) 17400 6520
Reptation Mw (g/mol) 35000 13040
Mixing Rule Double Reptation

Polymer T (°C )

M olecular w eight (g/m ole)
Polydispersity

Mw M n

1 2 AVG. 1 2 AVG . 1 2 AVG.

PP(1) 190 7 . 16E+06 8.79E +06 7.98E +06 3.41E +05 3.40E +05 3.41E +05 21 .0 25 .9 23.4

Company 8.53E +06 4.40E +05 19.4

PP(2) 190 6.67E +06 7.50E +06 7.09E +06 3.50E+05 3.14E +05 3.32E +05 19.1 23 .9 21.5

Company 7.35E +06 3.60E +05 20.4

PP(3) 190 6.29E +06 6 . 10E+06 6.20E +06 3.08E +05 2 . 15E+05 2.62E +05 20.4 28 .4 24.4

Com pany 6.78E +06 5.43E +05 12.5

PP(4) 190 4 .59E + 06 4.32E +06 4.46E +06 2.21E+f)5 2.08E +05 2 .15E+05 20  8 20 .8 20.8

Com pany 5 .10E+06 3.31E +05 15.4

P S(1) 160 2.34E +05 2.89E +05 2.62E +05 9.59E +04 1.49E+05 1-22E+05 2.4 1.9 2.2

Com pany - - -
PS(2) 160 1.84E+05 1.54E+05 1 69E+05 5.58E +04 2.95E +04 4.27E +04 3.3 5.2 4.3

Com pany - - -

PS(3) 160 8.40E +04 7.69E +04 8.05E +04 2.73E +03 2.71E +03 2.72E +03 30.8 28 .4 29.6

Company - - -
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Table A2 The zero shear viscosity of the homopolymer at 220 °c

Polymers
Zero shear viscosity (Poise) AVG.

1 2 3 4 5 (Poise)

PP(1) 1.04E+05 9.83E+04 9.54E+04 8.12E+04 8.93E+04 9.3610.87 
( X  104)

PP(2) 5.98E+04 6.66E+04 6.18E+04 6.76E+04 6.03E+04 6.3210.36 
( X  104)

PP(3) 4.45E+04 4.42E+04 4.46E+04 4.43E+04 4.42E+04 4.4410.02 
( X  104)

PP(4) 1.85E+04 1.65E+04 1.90E+04 1.61E+04 1.80E+04 1.7610.13 
(x 104)

PS(1) 1.27E+05 1.27E+05 1.27E+05 1.26E+05 1.27E+05 1.2710.04 
(X  105)

PS(2) 1.51E+04 1.76E+04 1.36E+04 1.36E+04 1.49E+04 1.5010.16
(X 104)

PS(3) 9.07E+03 8.42E+03 9.73E+03 9.34E+03 9.12E+03 9.1410.47
(X 103)



APPENDIX B
MICROGRAPHS OF THE BLENDS

Figure B1 Micrographs of the PS/PP blends of various thicknesses at the 
shear strain rate of 10 ร'1, 220 °c, magnification: 500 times.

Thickness = 14 pm Thickness = 16pm
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Figure B2 Micrographs of PS(2)/PP(3) blends at various shearing times at the
shear strain rate of 10 ร'1, and at 220 °c, magnification: 500 times. (Figure 4.5)

Shearing time = 300 ร Shearing time = 500 ร

Shearing time = 1000 ร Shearing time = 1500 ร

Shearing time = 2000 ร
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Figure B3 Micrographs of PS(2)/PP(3) blends at various shearing times at the
shear strain rate 100 ร'1,and at 220 °c, magnification: 500 times. (Figure 4.5)

Shearing time = 100 ร Shearing time = 150 ร

Shearing time = 200 ร
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Figure B4 Micrographs of PS(1)/PP(4) blends at various shearing times at the
shear strain rate 10 ร"1, and at 220 °c, magnification: 500 times. (Figure 4.5)

Shearing time = 300 ร Shearing time = 500 ร

Shearing time = 1000 ร Shearing time = 1500 ร

Shearing time = 2000 ร
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Figure B5 Micrographs of PS(1)/PP(4) blends at various shearing times at the
shear strain rate 100 ร'1, and at 220 °c, magnification: 500 times. (Figure 4.5)

Shearing time = 100 ร Shearing time = 150 ร

Shearing time = 200 ร
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Figure B6 Micrographs of PS(2)/PP(3) blends at various shear strain rates
at 220 °c, magnification: 500 times. (Figure 4.11)

Shear strain rate = 10 ร'1

Shear strain rate = 70 ร-1

Shear strain rate = 200 ร'1

Shear strain rate = 30 ร'1

Shear strain rate = 100 ร
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Figure B7 Micrographs of PS(1)/PP(4) blends at various shear strain rates
at 220 °c, magnification: 500 times. (Figure 4.11)

Shear strain rate = 200 ร'1



APPENDIX c
DROPLET SIZE DISTRIBUTION FUNCTIONS

Table C l Droplet size distribution functions for PS(1)/PP(4) at the shear 
strain rate of 10 ร'1, 220 °c (Figure 4.7)

Shearing time
300 ร 500 ร 1000 ร 1500 ร 2000 ร

d f(d) d f(d) d f(d) d m d f(d)
6.125 0.0000 4.875 0.0000 5.875 0.0000 5.625 0.0000 5.125 0.0000
6.375 0.0511 5.125 0.0073 6.375 0.0543 6.375 0.0730 6.375 0.0800
6.875 0.0876 6.375 0.0584 6.875 0.1783 6.875 0.1679 6.875 0.2320
7.625 0.1679 6.875 0.1168 7.625 0.5581 7.625 0.5255 7.625 0.4320
8.125 0.0876 7.625 0.2409 8.125 0.1628 8.125 0.1533 8.125 0.1680
8.375 0.0146 8.125 0.1241 8.875 0.0465 8.875 0.0803 8.875 0.0880
8.625 0.0511 8.625 0.0876 9.375 0.0000 9.625 0.0000 9.625 0.0000
8.875 0.0876 8.875 0.1387
9.125 0.3796 9.125 0.1168
9.375 0.0365 9.375 0.0219
9.875 0.0073 9.875 0.0073
10.125 0.0000 10.125 0.0000
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Table C2 Droplet size distribution functions for PS(1)/PP(4) at the shear
strain rate of 100 ร'1, 220 °c (Figure 4.7)

Shearing time
30 ร 50 ร 100 ร 150 ร 200 ร

d f(d) d m d f(d) d f(d) d f(d)
2.875 0.0000 1.625 0.0000 1.625 0.0000 0.875 0.0000 1.875 0.0000
3.125 0.0728 2.375 0.1748 2.375 0.0365 2.375 0.0114 2.375 0.0114
3.375 0.0048 3.125 0.2961 3.125 0.3125 3.125 0.3466 3.125 0.3182
3.875 0.0485 3.375 0.1505 3.375 0.3802 3.375 0.2727 3.375 0.2955
4.375 0.4320 3.875 0.2039 3.875 0.1771 3.875 0.2386 3.625 0.2500
4.625 0.1019 4.375 0.1408 4.375 0.0052 4.375 0.0056 3.875 0.1193
4.875 0.0291 5.125 0.0146 6.375 0.0000 4.625 0.0000 4.375 0.0056
5.125 0.0388 5.625 0.0048 4.875 0.0000
5.625 0.0097 6.375 0.0000
6.125 0.0583
6.375 0.1990
6.625 0.0437
6.875 0.0048
7.125 0.0000
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Table C3 Droplet size distribution functions for PS(2)/PP(3) at the shear
strain rate of 10 ร'1, 220 °c (Figure 4.7)

Shearing time
300 ร 500 ร 1000 ร 1500 ร 2000 ร

d f(d) d f(d) d f(d) d f(d) d f(d)
2.875 0.0000 2.125 0.0000 1.875 0.0000 1.875 0.0000 1.875 0.0000
3.125 0.0528 2.375 0.1626 2.375 0.0918 2.375 0.1500 2.375 0.1351
3.625 0.0244 3.125 0.2520 3.250 0.5102 3.250 0.4167 3.250 0.4505
3.875 0.2480 3.875 0.1667 3.875 0.3469 3.875 0.2833 3.875 0.3063
4.125 0.2114 4.125 0.2358 4.375 0.0459 4.375 0.1333 4.375 0.0946
4.375 0.0650 4.375 0.0732 4.625 0.0051 4.625 0.0167 4.625 0.0135
5.125 0.0650 5.125 0.0732 5.125 0.0000 5.125 0.0000 5.125 0.0000
5.625 0.0528 5.625 0.0325
6.125 0.1341 5.875 0.0041
6.375 0.0163 6.125 0.0000
6.625 0.0000
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Table C4 Droplet size distribution functions for PS(2)/PP(3) at the shear
strain rate of 100 ร"1, 220 °c (Figure 4.7)

Shearing time
30 ร 50 ร 100 s 150 ร 200 ร

d m d f(d) d f(d) d f(d) d f(d)
8.750 0.0000 8.750 0.0000 0.625 0.0000 0.875 0.0000 0.875 0.0000
1.125 0.0332 1.125 0.0403 1.125 0.0368 1.125 0.0387 1.375 0.0860
1.375 0^0379 1.375 0.0498 1.375 0.0784 1.375 0.0825 1.625 0.1465
1.625 0.0877 1.625 0.1209 1.625 0.1618 1.625 0.1701 2.125 0.2674
1.875 0.1209 1.875 0.1635 2.125 0.2868 1.875 0.2268 2.625 0.0791
2.125 0.2133 2.125 0.2346 2.375 0.1127 2.125 0.2552 2.875 0.0395
2.375 0.1398 2.375 0.1445 2.875 0.0319 2.375 0.1186 3.125 0.0256
2.625 0.0758 2.625 0.0758 3.125 0.0123 2.625 0.0644 3.375 0.0140
2.875 0.0948 2.875 0.0948 3.375 0.0002 2.875 0.0335 3.625 0.0000
3.125 0.0545 3.125 0.0521 3.875 0.0000 3.125 0.0103
3.375 0.0237 3.375 0.0237 3.375 0.0000
3.625 0.0308 3.625 0.0000
3.875 0.0711
4.125 0.0004
4.375 0.0118
4.625 0.0000
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Table C5 Droplet size distribution functions for PS(1)/PP(4) as a function of
shear strain rate at 220 °c (Figure 4.12)

Shear strain rate (ร'1)
10 30 70 100 200

d f(d) d f(d) d f(d) d m d f(d)
5.625 0.0000 4.125 0.0000 2.875 0.0000 2.125 0.0000 1.875 0.0000
6.375 0.0730 4.625 0.0584 3.125 0.0185 3.125 0.0243 2.375 0.2063
6.875 0.1679 5.375 0.2409 3.625 0.0148 3.375 0.1505 3.125 0.4260
7.625 0.5255 5.875 0.1898 4.375 0.1519 3.875 0.2039 3.875 0.1794
8.125 0.1533 6.875 0.0730 4.875 0.2593 4.375 0.2524 4.375 0.0852
8.875 0.0803 7.625 0.0219 5.125 0.1148 4.875 0.1117 5.125 0.0045
9.625 0.0000 8.125 0.0000 5.625 0.0148 5.125 0.0146 5.625 0.0045

5.875 0.0000 5.625 0.0049 5.875 0.0000
5.875 0.0000
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Table C6  Droplet size distribution functions for PS(2)/PP(3) as a function of
shear strain rate at 220 °c (Figure 4.13)

Shear strain rate (ร"1)
10 30 70 100 200

d m d m d พ d f(d) d m
1.875 0.0000 1.625 0.0000 1.375 0.0000 0.875 0.0000 0.625 0.0000
2.375 0.0918 2.125 0.0635 1.625 0.0561 1.125 0.0368 0.875 0.0285
3.125 0.5102 2.375 0.1637 1.875 0.1429 1.375 0.0784 1.125 0.3264
3.875 0.3469 2.625 0.4133 2.125 0.6837 1.625 0.1618 1.625 0.2383
4.375 0.0459 3.125 0.5102 2.375 0.1173 2.125 0.2868 1.875 0.1425
4.625 0.0051 3.375 0.2635 2.625 0.0000 2.375 0.1127 2.125 0.0907
5.125 0.0000 3.625 0.0876 2.875 0.0319 2.375 0.0751

3.875 0.0000 3.125 0.0123 2.625 0.0000
3.375 0.0024
3.625 0.0000
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Table C7 The ensemble averages of droplet size of PS/PP blends at 220 °c
(Figure 4.5)

Polymer
pairs shear strain rate (ร'1) Droplet size

Shear strain unit
3000 5000 10000 15000 20000

PS(1)/PP(4)

10

AVG. (pm) 8.36 8.01 7.57 7.57 7.53
STD. 0.91 0.9 0.57 0.63 0.67

Max. (pm) 9.86 9.86 8.86 8.86 8.86
Min. (pm) 6.26 5.10 6.26 6.26 6.26

100

AVG. (pm) 4.87 4.01 3.36 3.42 3.40
STD. 1.01 0.82 0.34 0.32 0.30

Max. (pm) 6.79 5.7 4.43 4.43 4.43
Min. (pin) 3.05 2.49 2.04 2.49 2.49

PS(2)/PP(3)

10

AVG. (pill) 4.62 3.7 3.33 3.39 3.36
STD. 0.92 0.85 0.50 0.62 0.58

Max. (pm) 6.39 5.83 4.55 4.55 4.55
Min. (pill) 3.05 2.49 2.49 2.49 2.49

100

AVG. (pill) 2.45 2.14 1.98 1.97 2.02
STD. 0.76 0.52 0.41 0.41 0.50

Max. (pm) 4.42 3.47 3.32 3.2 3.47
Min. (pill) 1.01 1.01 1.01 1.01 0.87

T a b le  C8 The ensemble averages droplet size of PS/PP blends as a function of
shear strain rate at 220 °c (Figure 4.11)

Polymer pairs Statistical
equilibrium

Shear strain rate (ร'1)
10 30 70 100 200

PS(1)/PP(4)

AVG (pm) 7.58 5.68 4.48 3.9 3.24
STD. 0.62 0.61 0.53 0.78 0.6

Max (pm) 8.86 7.6 5.71 5.71 5.71
Min (pm) 6.27 4.57 3.05 2.49 2.49

PS(2)/PP(3)

AVG (pm) ว. วว 2.73 . 2.14 1.99 1.55
STD. 0.5 0.35 0.21 0.41 0.41

Max (pm) 4.55 3.05 2.49 3.31 2.44
Min (pm) 2.49 2.26 1.61 1.01 0.82
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Figure C l Distribution function of droplet size of PS(1)/PP(4) at shear strain
rate of 10 ร'1, 220 °c (Figure 4.7).

Shearing time = 300 ร
Compression conditions: .80 -

-

Heating temperature : 175 ° c .60 -: (a)
Preheating time : 5 min O :

Load : 10 tons
Compression time under load: 3 min .20 -

/ นCooling temperature : 40 °c 0.00 —r  “ F- L

0 2 4 6 8 10
Droplet Size (pm)

Shearing time = 500 ร

.20 
0.00

0 2 4 6 8 10
Droplet Size (pm)

Shearing time = 1500 ร

i

20

0.00
0

Droplet Size (pm)

Shearing time = 1000 ร

Shearing time = 2000 รShearing time = 1500 ร
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Figure C2 Distribution function of droplet size of PS(1)/PP(4) at the shear
strain rate of 100 ร'1, 220 °c (Figure 4.8).

Compression conditions:
Heating temperature : 175 °c

Preheating time : 5 min
Load : 10 tons
Compression time under load: 3 min
Cooling temperature : 40 °c

Shearing time = 30 ร

Droplet Size (pm)

Shearing time = 50 ร Shearing time = 100 ร

Droplet Size (pm) Droplet Size (pm)

Shearing time = 150 ร Shearing time = 200 ร

Droplet Size (pm) Droplet Size (pm)
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Figure C3 Distribution function of droplet size of PS(2)/PP(3) at the sheai
strain rate of 10 s' , 220 c  (Figure 4.9).

Compression conditions:
Heating temperature : 175 °c
Preheating time : 5 min
Load : 10 tons
Compression time under load: 3 min 
Cooling temperature : 40 °c

Shearing time = 300 ร

Shearing time = 500 ร

Shearing time = 1500 ร
.60
.50 (d)
.40 - A

) .30 r \
.20

■ /  \.10 ■ /  10.00 j-j-i—1111111
0 2 4 6 8 10

Droplet Size (pm)

Shearing time = 1000 ร
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Figure C4 Distribution function of droplet size of PS(2)/PP(3) at the shear
strain rate of 100 ร'1, 220 °c (Figure 4.10).

Compression conditions:
Heating temperature : 175 °c
Preheating time : 5 min
Load : 10 tons
Compression time under load: 3 min
Cooling temperature : 40 °c

Shearing time = 300 ร

Droplet Size (pm)
Shearing time = 500 ร Shearing time = 1000 ร

Droplet Size (pm)

Shearing time = 1500 ร Shearing time = 2000 ร

0
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Figure C5 Distribution function of droplet size of PS(1)/PP(4) as a function of
shear strain rate at 220 °c (Figure 4 .1 2 ).

Shear strain rate = 10 s

Heating temperature : 175 °c
.8 -r

Preheating time : 5 min .6 7
Load : 10 tons พ  4  :
Compression time under load: 3 min
Cooling temperature : 40 °c .1

0.0
2 4 6 8 10

Droplet Sizes (pm)

Shear strain rate = 30 ร'1

Shear strain rate = 100 ร'1

Shear strain rate = 70 ร'1
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Figure C6 Distribution function of droplet size of PS(2)/PP(3) as a function of
shear strain rate at 220 °!C (Figure 4.13).

Compression conditions .8
Heating temperature : 175°c
Preheating time : 5 min .6

Load : 10 tons f(d) 4
Compression time under load: 3 min 9
Cooling temperature : 40 ° c

.z

0.0

Shear strain rate = 10 ร'
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APPENDIX D
INTERFACIAL TENSION OF PS/PP BLENDS

The interfacial tension, r  12, between 2 homopolymers making up an 
immiscible blend was calculated from the surface tension of each component, 
assuming that no chemical reaction took place. Both surface and interfacial 
tension decrease with increasing temperature. The values of surface tension 
for the homopolymers have been published (Brandrup, 1989). The surface 
tension of a polymer at any temperature can be calculated from the 
temperature coefficient of surface tension and surface tension at a reference 
temperature as

ÏT = y , - ^ - ( T - 2 0 ) (D-l)

where y r is the surface tension at a required temperature, Yr is the surface 
tension at a reference temperature, (dy/dT) is a temperature coefficient, and T 
is the temperature (°C). The surface tension consists of disperse-contribution 
and polar-contribution

Y =  y d +  y p ( D - 2 )

x r = ~  (D-3)

Xd= T  (D-4)

XP+XJ =I (D-5)
where yd is dispersion component (arising from dispersion force interactions), 
YP is polar component (arising from various dipolar and specific interactions), 
XP is the polarity of polymers (depending on chemical structure of polymer), 
and X is the dispersion value of polymers. The interfacial tension is related to
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the surface tension and the polarity of two contiguous phase by the harmonic- 
mean equation.

r , 2 = Y i +  Ï2  -
4y;y;

y? + y d2

พ Y\ 
y\  + Yl

(D-6)

where r i 2 is an interfacial tension between polymer pair, the subscripts 1 and 2 
refer to the two individual phases. The harmonic-mean equation has been 
shown to predict the interfacial tension between polymers satisfactorily.

The surface tension and interfacial tension at temperature 220 °c are 
shown in Table D1 and D2, respectively.

Table D1 Surface tension of homopolymer at 20, 150 and 200°c

Polymers
y  (dyn/cm)

x p x d

๐- y p
20°c 150°c 200°c 20°c 150°c 200°c 20°c 150°c 200°c

pp 29.4 22.1 19.3 0 1 0 0 0 29.4 22.1 19.3

PS 40.7 31.4 27.8 0.17 0.83 6.8 5.2 4.6 33.8 26.1 23.1

Table D2 The interfacial tension of PS/PP blends at 20, 150 and 200°c

Polymer
blend

system

r ,2 of PS/PP (dyn/cm)
r  12 from references® 
at 220 °c (dyn/cm)20°c * 150°c * 200°c * 220°c +

PS/PP 7.15 5.61 5.02 4.78 5.00
* from calculation 

from Figure D1 
® Levitt et al., 1996
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The surface tension of polymer is usually a linear function of 
temperature. The interfacial tension is found to decrease linearly with 
temperature. So the interfacial tension of PS/PP blends at 220°c are also 
obtained from the relation of interfacial tension and temperature as shown in 
Figure Dl. From the linear regression, the interfacial tension of PS/PP blends 
at 220 °c is 4.78 dyn/cm.

Figure Dl The interfacial tension of PS/PP blends as a function of 
temperature.



Table E l The dimensionless parameters for PS/PP blends of pre-shearing at the viscosity ratio of 0.5,
220 °c (Figure 4.14) ________________________________ __________________ _

Polymer
pairs

r  *
(dyn/cm) y

(ร '')

D
(p m )

na
(Poise)

Pm
(Poise) nr N,.d

(dyn/cm2)
N,,11,

(dyn/cm2) N,.r Ca

PS(3)/PP(3) 4.78 30 3.21+0.65 3.78E+04 7.13E+04 0.53 1.90E+05 5.57E+05 0.34 14.36 + 2.91
PS(2)/PP(3) 4.78 10 5.16+ 1.44 6.82E+04 1.42E+05 0.48 9.23E+04 2.50E+05 0.37 15.34 ±4.27
PS(2)/PP(3) 4.78 20 3.97+ 1.72 5.17E+04 1.09E+05 0.47 1.75E+05 4.33E+05 0.40 18.12 ±7.84
PS(3)/PP(3) 4.78 50 3.48 + 0.88 2.89E+04 5.44E+04 0.53 3.02E+05 6.16E+05 0.49 19.82 ±5.02
PS(2)/PP(1) 4.78 50 4.07+ 111 3.25E+04 6.09E+04 0.53 3.94E+05 7.16E+05 0.55 25.92 ±7.08
* calculated from Harmonic equation (Appendix D)

Table E2 The dimensionless parameters for PS/PP blends of pre-shearing at the viscosity ratio of 1, 
220 °c (Figure 4,14)

Polymer
pairs

โ'*
(dyn/cm) y

(ร',)
D(pm) na

(Poise) (Poise) nr N,,d
(dyn/cm2)

N1>m  ̂
(dyn/cm2) N ,, Ca

PS(3)/PP(2) 4.78 30 1.43 ±0.30 3.22E+04 4.08E+04 0.79 1.40E+05 4.01E+05 0.35 3.66 ±0.76
PS(2)/PP(2) 4.78 20 1.60 ±0.48 4.86E+04 5.92E+04 0.82 1.57E+05 3.82E+05 0.41 3.96+ 1.20
PS(2)/PP(2) 4.78 30 1.70 ±0.41 4.25E+04 4.08E+04 1.04 2.13E+05 4.01E+05 0.53 4.35 ± 1.04
PS(3)/PP(3) 4.78 100 1.11 ±0.36 2.13E+04 1.86E+04 1.14 4.64E+05 6.72E+05 0.69 4.32 ± 1.43
PS(3)/PP(4) 4.78 50 1.37 ± 0.38 3.45E+04 3.29E+04 1.05 3.33E+05 3.62E+05 0.92 4.71 ±0.98
PS(2)/PP(4) 4.78 50 1.66 ±0.42 2.77E+04 2.83E+04 0.98 4.05E+05 3.62E+05 1.12 4.91 ± 1.20

CAPILLARY NUMBER, VISCOSITY RATIO, AND THE FIRST 
NORMAL STRESS DIFFERENCE RATIO OF PS/PP BLENDS



Table E3 The dimensionless parameters for PS/PP blends of pre-shearing at the viscosity ratio of 2, 220 °c (Figure 4.14)

Polymer pairs r*
(dyn/cm) Y

(ร'1)

D
(pm)

0d
(Poise)

ทๆ,
(Poise) Or N,.d

(dyn/cm2)
Nun,

(dyn/cm2) N,.r Ca

PS(2)/PP(2) 4.78 50 3.89 ±0.89 3.25E+04 1.94E+04 1.68 3.91E+05 4.16E+05 0.94 7.88+ 1.81
PS(3)/PP(4) 4.78 100 3.87+1.03 1.99E+04 1.02E+04 1.95 4.98E+05 4.30E+05 1.16 8.25 ±2.20
PS(1)/PP(3) 4.78 30 3.60 + 0.92 1.35E+05 7.13E+04 1.90 8.39E+05 5.57E+05 1.51 15.88 ± 4.14
PS(1)/PP(3) 4.78 70 3.56 + 1.16 7.46E+04 3.09E+04 2.41 1.08E+06 6.38E+05 1.68 16.11 ±5.18

Table E4 The dimensionless parameters for PS/PP blends of pre-shearing at the viscosity ratio of 3, 220 °c (Figure 4.14)

Polymer pairs r *
(dyn/cm) Y

(ร'')
D

(pm) Od
(Poise) On,(Poise) Or N,.d

(dyn/cm2)
N,. 1ท

(dyn/cm2) N.,r Ca

PS(1)/PP(2) 4.78 10 3.40 ±0.93 2.83E+05 1.12E+05 2.53 3.85E+05 2.76E+05 1.40 7.94 ± 2.17
PS(1)/PP(3) 4.78 100 3.10 ±0.74 5.60E+04 1.86E+04 3.01 9.83E+05 6.72E+05 2.33 11.32 ±2.69
PS(1)/PP(4) 4.78 30 4.53 ± 1.03 1.45E+05 4.55E+04 3.19 9.39E+05 2.77E+05 3.39 12.94 ±2.95
PS(1)/PP(4) 4.78 20 5.24 ± 1.04 1.90E+05 6.08E+04 3.12 9.12E+05 2.11E+05 4.31 13.33 ±2.66



Table E5 The dimensionless parameters for PS/PP blends after shearing 5000 strain unit at the viscosity ratio of 0.5, 220 °c
(Figure 4,15)_______ _________ _________ _________ _________ _________ _________ _________ _________ _______

Polymer
pairs

r  *
(dyn/cm) Y

(ร'1)
D

(pm) Pd(Poise)
Pm

(Poise) Pr Ni,d
(dyn/cm2)

Ni,m
(dyn/cm2) N.,r Ca

PS(3)/PP(3) 4.78 30 3.21 ±0.65 3.51E+03 6.88E+03 0.51 6.30E+04 1.97E+05 0.32 13.26 + 2.68
PS(2)/PP(3) 4.78 10 5.16+ 1.44 6.81E+03 1.31E+04 0.52 5.24E+04 1.50E+05 0.35 13.52 ±3.77
PS(2)/PP(3) 4.78 20 3.97+ 1.72 5.22E+03 1.02E+04 0.51 6.72E+04 1.64E+05 0.41 16.28 ±7.04
PS(3)/PP(3) 4.78 50 3.48 + 0.88 2.88E+03 5.33E+03 0.54 1.21E+05 2.58E+05 0.47 18.57 ± 4.71
PS(2)/PP(1) 4.78 50 4.07+  1.11 3.28E+03 6.56E+03 0.50 2.19E+05 4.30E+05 0.51 26.75 ±7.29

Table E6 The dimensionless parameters for PS/PP blends after shearing 5000 strain unit at the viscosity ratio of 1, 220 °c 
(Figure 4,15)_______ _________ _________ 1_;_______ _________ _____________________________________ ______

Polymer
pairs

r*
(dyn/cm) Y

(ร'1)
D

(pm) Pd
(Poise)

Pm
(Poise) Pr N,,d

(dyn/cm2)
N,,m

(dyn/cm2) N,.r Ca

PS(3)/PP(2) 4.78 30 1.43 ±0.30 3.47E+03 3.66E+03 0.95 1.08E+05 2.41E+05 0.45 3.28 + 0.68
PS(2)/PP(2) 4.78 20 1.60 ±0.48 5.16E+03 5.11E+03 1.01 1.05E+05 2.29E+05 0.46 3.43 + 1.04
PS(2)/PP(2) 4.78 30 1.70 ±0.41 4.24E+03 3.66E+03 1.16 1.49E+05 2.41E+05 0.62 3.90 + 0.94
PS(3)/PP(3) 4.78 100 1.11 ±0.36 1.99E+03 1.71E+03 1.16 2.10E+05 2.83E+05 0.74 3.98+ 1.32
PS(3)/PP(4) 4.78 50 1.37 ± 0.38 2.87E+03 2.79E+03 1.03 1.74E+05 2.17E+05 0.80 4.01 +0.84
PS(2)/PP(4) 4.78 50 1.66 ±0.42 3.24E+03 2.79E+03 1.16 2.19E+05 2.17E+05 1.01 4.85 + 1.22



Table E7 The dimensionless parameters for PS/PP blends after shearing 5000 strain unit at the viscosity ratio of 2, 220 °c
(Figure 4.15) _____ _________ _________ _________ ______________________________________________________
Polymer pairs r *

(dyn/cm) Y
(ร-1)

D
(pm )

Pd
(Poise)

Pm
(Poise) Pr N,.d

(dyn/cm2)
N ,.m

(dyn/cm:) N,.r Ca

PS(2)/PP(2) 4.78 50 3.89 + 0.89 3.24E+03 1.70E+03 1.91 2.20E+05 2.50E+05 0.88 6.60+ 1.51
PS(3)/PP(4) 4.78 100 3.87+ 1.03 1.99E+03 1.02E+03 1.95 2.99E+05 2.58E+05 1.16 7.89 ±2.10
PS(1)/PP(3) 4.78 30 3.60 + 0.92 1.35E+04 6.88E+03 1.97 4.89E+05 1.97E+05 2.48 14.87 + 3.82
PS(1)/PP(3) 4.78 70 3.56 + 1.16 7.37E+03 3.76E+03 1.96 9.31E+05 2.73E+05 3.41 18.75 + 6.11

Table E8 The dimensionless parameters for PS/PP blends after shearing 5000 strain unit at the viscosity ratio of 3, 220 °c  
(Figure 4.15)_________________ _________ _________ _________ _________ _________ _________ _________ ______
Polymer pairs r *

(dyn/cm) Y
(ร-1)

D
(p m )

Pd
(Poise)

Pm
(Poise) Pr N,,d  ̂

(dyn/cm:)
N,.m

(dyn/cm2) N , , Ca

PS(1)/PP(2) 4.78 10 3.40 ±0.93 2.82E+04 9.38E+03 3.01 3.86E+05 1.66E+05 2.33 6.38+ 1.74
PS(1)/PP(3) 4.78 100 3.10 + 0.74 5.24E+03 1.71E+03 3.06 9.83E+05 2.83E+05 3.47 10.66 ±2.53
PS(1)/PP(4) 4.78 30 4.53 + 1.03 1.35E+04 4.55E+03 2.97 8.29E+05 1.66E+05 4.99 12.37 ± 2.81
PS(1)/PP(4) 4.78 20 5.24+1.04 1.81E+04 6.08E+03 2.97 6.56E+05 1.27E+05 5.17 12.75 ±2.54

'-J00



Table FI The shear viscosity ratio at pre-shearing of PS/PP blends, 220 °c

Y
(ร '1)

P S (  1 ) /  
P P ( 1 )

P S (  1 ) /  
P P ( 2 )

P S ( 1 ) /
P P ( 3 )

P S (  1 ) /  
P P ( 4 )

P S ( 2 ) /
PP(1)

p  s  ( 2  ) /
P P ( 2 )

P S ( 2 ) /
P P ( 3 )

P S ( 2 ) /
P P ( 4 )

p  s  ( 3 ) / 
P P ( 1 )

p  s  ( 3 ) / 
P P ( 2 )

P S ( 3 ) /  
P P ( 3 )  .

p  s  ( 3 ) / 
P P ( 4 )

10 1 . 5 9 2 2 . 5 3 3 1 . 9 8 9 4 . 0 5 0 0 . 3 8 4 0 . 6 1 1 0 . 4 8 0 0 . 9 7 7 0 . 2 8 8 0 . 4 5 8 0 . 3 5 9 0 . 7 3 2

20 1. 1 9 0 2 . 8 7 7 1 . 6 6 0 3 . 1 2 3 0 . 3 4 0 0 . 8 2 2 0 . 4 7 4 0 . 8 5 0 0 . 2 6 8 0 . 6 4 9 0 . 3 7 4 0 . 6 7 0

3 0 1 . 5 0 3 3 . 3  14 1 . 8 9 7 3 . 1 9 4 0 . 4 7 3 1 . 0 4 3 0 . 5 9 7 0 . 9 3 5 0 . 3 8 6 0 . 7 9 3 0 . 5 3 0 0 . 7 6 3

50 1 . 5 3 5 4 . 8 2 6 1 . 7 1 7 3 . 3 4 5 0 . 5 3 3 1 . 6 7 7 0 . 5 9 7 0 . 9 8 1 0 . 4 7 4 1 . 4 9 1 0 . 5 3  1 1 . 0 5 3

7 0 2 . 1 2 5 5 . 3 0 9 2 . 4 1 3 4 . 7 9 0 0 . 7 2 2 1 . 8 0 3 0 . 8 2 0 1 . 6 2 7 0 . 6 9 6 1 . 7 4 0 0 . 7 9 1 1 . 5 7 0

to o 2 . 5 7 2 5 . 7 3 8 3 . 0 0 9 5 . 1 4 2 0 . 8 5 9 1 . 9 1 7 1 . 0 0 5 1 . 7 1 8 0 . 9 7 7 2 . 1 7 9 1 . 1 4 3 1 . 9 5 2

Table F2 T he f ir s t  n orm al s tre s s  d if fe re n c e  ra t io  at p re -s h e a r in g  o f  P S /P P  b le n d s , 220 °c

Y
( ร '1)

P S (  1 ) /  
P P ( 1 )

P S (  1 ) /  
P P ( 2 )

P S (  1 ) /  
P P ( 3 )

P S (  1 ) /  
P P ( 4 )

P S ( 2 ) /
P P ( 1 )

P S ( 2 ) /
P P ( 2 )

P S ( 2 ) /  
P P ( 3  )

P S ( 2 ) /
P P ( 4 )

p  s  ( 3 ) /  
P P ( 1 )

P S ( 3 ) /
P P ( 2 )

p  s  ( 3 ) / 
P P ( 3 )

P S ( 3 ) /
P P ( 4 )

1 0 1 . 7 6 0 1 . 4 0 4 2 . 5 7 3 6 . 4 9 8 0 . 2 3 8 0 . 3 1 5 0 . 3 6 8 0 . 8 7 8 0 . 1 5 5 0 . 2 0 5 0 . 2 2 6 0 . 5 7 1

20 1 . 6 2 6 2 . 3 8 7 2 . 1 0 5 4 . 3  13 0 . 3 1 3 0 . 4 0 9 0 . 4 0 5 0 . 8 3 0 0 . 2 1 3 0 . 3  12 0 . 2 7 5 0 . 5 6 4

3 0 1 . 5 7 5 2 . 3 4 1 1 . 5 5 9 3 . 3 8 9 0 . 4 1 7 0 . 5 2 9 0 . 4 4 6 0 . 8 9 8 0 . 3 0 0 0 . 3 4 6 0 . 3 4 1 0 . 6 4 6

5 0 1 . 3 4 2 2 . 3 0 9 1 . 6 8 4 2 . 6 5 6 0 . 5 5 2 0 . 9 3 8 0 . 5 9 5 1 . 1 1 5 0 . 4 0 6 0 . 6 9 9 0 . 4 9 2 0 . 9 2 4

7 0 1 . 1 7 1 2 . 3 3 8 1 . 5 0 5 2 . 5 3 8 0 . 5 4 2 1 . 0 8 1 0 . 6 9 6 1 . 1 7 4 0 . 4 5 2 0 . 9 0 3 0 . 5 8 1 0 . 9 8 0

1 0 0 1 . 2 1 8 2 . 0 2 7 2 . 3 3 4 2.  1 8 5 0 . 5 8 2 0 . 9 6 9 0 . 6 6 7 1 . 0 4 4 0 . 6 4 6 1 . 0 7 5 0 . 6 8 7 1 . 1 5 9

0๐

H
พ
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Table F3 The shear viscosity ratio after shearing 5000 strain unit of PS/PP blends, 220 °c
Y

(ร'1)
P S (  1 )/ 
P P ( 1 )

P S (  1 )/ 
P P ( 2 )

P S (  1 )/ 
P P ( 3 )

P S (  1 ) /  
P P ( 4 )

p  s  ( 2  )/
P P ( 1 )

p  s  ( 2  )/
p p  ( 2  )

p  s  ( 2 )/
P P ( 3 )

p  s  ( 2 )/
P P ( 4 )

P S ( 3 ) /
P P ( 1 )

p  s ( 3 )/ 
P P ( 2 )

p  s  ( 3 )/ 
P P ( 3 )

p  s  ( 3 )/ 
P P ( 4 )

10 1 . 6 3 5 3 . 0 1 1 2 . 1 5 7 4 . 0 5 0 0 . 3 9 4 0 . 7 2 6 0 . 5 2 0 0 . 9 7 7 0 . 2 9 5 0 . 5 4 4 0 . 3 9 0 0 . 7 3 2

2 0 1 . 3 1 2 3 . 5 3 8 1.766 2 . 9 7 4 0 . 3 7 5 1 . 0 1 1 0 . 5 0 5 0 . 8 5 0 0 . 2 9 6 0 . 7 9 8 0 . 3 9 8 0 . 6 7 0

30 1 . 4 0 8 3 . 6 9 5 1 . 9 6 5 2 . 9 7 0 0 . 4 4 3 1.163 0 . 6 1 8 0 . 9 3 5 0 . 3 6 1 0 . 9 4 9 0 . 5 0 5 0 . 7 6 3

5 0 1.423 5 . 5 0 6 1 . 7 5 2 3 . 3 4 5 0 . 4 9 5 1 . 9 1 3 0 . 6 0 9 1 . 1 6 2 0 . 4 4 0 1 . 7 0 1 0 . 5 4 1 1 . 0 3 3

7 0 1 . 6 6 7 6 . 9 2 4 1 . 9 5 5 4 . 7 9 0 0 . 5 6 6 2 . 3 5  1 0 . 6 6 4 1 . 6 2 7 0 . 5 4 6 2 . 2 7 0 0 . 6 4 1 1 . 5 7 0

1 0 0 1 . 9 1 3 7 . 3 2 7 3 . 0 5 7 5 . 1 4 2 0 . 6 3 9 2 . 4 4 7 1 . 0 2 1 1 . 7 1 8 0 . 7 2 6 2 . 7 8 2 1 . 1 6 1 1 . 9 5 2

Table F4 T he f irs t  n o rm al s tre s s  d if fe re n c e  ra t io  a f te r  s h e a r in g  5000  s tra in  u n it o f  P S /P P  b le n d s , 220 °c

Y
( ร ' 1)

P S (  1 ) /  
P P ( 1 )

P S (  1 ) /  
P P ( 2 )

P S (  1 ) /  
P P ( 3 )

P S (  1 ) /  
P P ( 4 )

p  s ( 2 ) /
P P ( 1 )

p s ( 2 ) /
P P ( 2 )

p  s ( 2 ) /
P P ( 3 )

P S c 2 ) /  
P P ( 4 )

p  s ( 3 ) /  
P P ( 1 )

p  s ( 3 ) /  
P P ( 2 )

p  s ( 3 ) /  
P P ( 3 )

P S ( 3 ) /
P P ( 4 )

10 1 . 7 6 0 2 . 3 2 7 2 . 5 7 3 6 . 4 9 8 0 . 2 3 8 0 . 3 1 5 0 . 3 4 8 0 . 8 7 8 0 . 1 5 5 0 . 2 0 5 0 . 2 2 6 0 . 5 7 1

2 0 1 . 9 4 8 2 . 8 5 9 2 . 5 2 1 5.  1 6 6 0 . 3  13 0 . 4 5 9 0 . 4 0 5 0 . 8 3 0 0 . 2 1 3 0 . 3 1 2 0 . 2 7 5 0 . 5 6 4

3 0 2 . 3 2 0 3 . 4 4 8 2 . 4 8 0 4 . 9 9 2 0 . 4 1 7 0 . 6 2 0 0 . 4 4 6 0 . 8 9 8 0 . 3 0 0 0 . 4 4 6 0 . 3 2 1 0 . 6 4 6

5 0 2.544 4 . 3 7 8 2 . 9 5 7 5 . 0 3 7 0 . 5  12 0 . 8 8 1 0 . 5 9 5 1 . 0 1 4 0 . 4 0 6 0 . 6 9 9 0 . 4 7 2 0 . 8 0 4

7 0 2.654 5 . 2 9 8 3 . 4 1 2 5 . 7 5 2 0 . 5 4 2 1 . 0 8 1 0 . 6 9 6 1 . 1 7 4 0 . 4 5 2 0 . 9 0 3 0 . 5 8 1 0 . 9 8 0

1 0 0 3 . 0 3 0 5 . 0 4 5 3 . 4 7 3 5 . 4 3 8 0 . 5 8 2 0 . 9 6 9 0 . 6 6 7 1 . 0 4 4 0 . 6 4 6 1 . 0 7 5 0 . 7 4 0 1 . 1 5 9
00o
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