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Appendix A

Polyol #3 50.92 211 Z,
Polyol #4 50.68 340 &
Polyol #5 50.69 | 2.09 W+1/4
Polyol #6 BI66 4860 X
Polyol #7 4_9,4? 217 &
Polyol #8 8025 3.46 Z41/2
Polyol #9 50.5{1‘ 2.02 W+1/4
Polyol #10 51 .30 3.60 Y+1/4

Polvol #3 112,773 317
Polyol #4 142,124 2.62
Polyol #5 66513 3.37
Pm;mf # SVIeS 64841 5.36
Polyol #7 127416 6.99
Polyol #3 133,165 6.83
Polyol #9 63,615 3.35
Polyol #10 77,066 3.67

! The stpstsmanis wete conducted by MCTs barstory, Japan



Table A.3 Spacification of hardener

1.NBDI Isocyanurate

11.7

65

140

n-Butyl Acetate

2.IPDI Isocyanurate

9.62

65

Xylene

3N 1588 A 24.43
4N 1978 41 24.32
5N : 18.87 51 24.42
6N 2017 61 2479
TN 2537 b\ 71 31.18
8N V j _25.?’? 8l 31.67
SN 2580 9l 31.83
10N 26.31 101 3242

! Calculation method can be ssan in appandix C.
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Appendix B

Abbhreviation name

Table B.1 Name of catalyst
AIBN QL OL-Azobis-iso-butyro nitrile
PBO t-butyl peroxy octote
BPO Dibenzoyl peroxide
Table_B.2 Name of monomer
ST styrene
AN Acrylonitrile
MMA Methyl methacrylate
EMA Ethyl methacrylate
i-BMA i-Butyl methacrylate
n-BMA n-Butyl methacrylate
MA Methyl acrylate
EA Ethyl acrylate
n-BA n-Butyl acrylate
2EHA 2-Ethylhexyl acrylate
DMAEMA Dimethylaminocethyl methaacrylate
H.EMA 2-Hydroxylethyl methacrylate
HPMA 2-Hydroxylpropyl methacrylate
HEA Hydroxylethyl acrylate
2-HPA 2-Hydroxylpropyl acrylate
AAc Acrylic acid
MAc Methacrylic acid
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Appendix C

Example of Calculation

: 1000
T,(°C - —
Q TowlFactor - (C1-1)
M
Total Factor = Z[?‘::;' xI’,(Faﬂar),} (C.1-2)
i=]
1000 (C.1-3)
T (F =
o0 [= e,

EA =22
n-BA BE
MAc 104

Example C.1/1

In this example the Tg of polyol #3 is determined from data in the table
C1
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Monomer wt %wt/100 Tg(factor) %wt/100* Tg(factor)
MMA 573.00 0.3904 2,63 1.0268
n-BMA 146.70 01000 341 0.3408

EA 27570 0.1879 3.97 0.7458
n-BA 278.70 0.1879 461 0.8660
HEA 184.80 0.1259 4.2 0.5289
MAc 7.20 0.0049 2.65 0.0130

DMAEMA 4.50 0.0031 3.4 0.0105

Total 1,467.60 1.0000 3.5319
Tg ' = 10.13 °¢
C.2 Determining the quantity of hardener,

Following the condition of 1:1 mole ratio of polyol : hardener, the quantity
of hardener used with 100 g of polyol is calculated by this formula.

Formula :

Quentity of hardener = 7.5x OH value (varnish) (C.2-1)
(with resin 100 g.) % NCO
Note:

OH value (Varnish) =

OH value (solid) x %NV/100 {C.2-2)

OH value (solid) 56100x% wt of hydroxyl monomer  (C.2-3)

100 x MW of hydroxyl monomer
Example C,2/1
In this example , HEA is hydroxyl monomer used for synthesizing the
polyol.
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From table 1, for polyol #3 the following data is available.

HEA weight = 184.8 g.
Total monomer weight S o= 1,467.6 g.
Molecular weight of HEA = 116.0 g.
So.
% wt of HEA = 184.8x100
(relatives to monomet) 1,467.6
= 12.58 %
OH value (solid) = 56100 x % wt of hydroxyl monomer
100 x MW of hydroxy! monomer
= 56100-x 12.69
100 x 116
= 60
OH value (Varnish) = OH value (solid) x %NV/100
= 60.9 x 50.82/100
= 31.01

B
1

From eqﬁation C.2-1

Qt of hardener (IPDI) = 7.6 x 31.01
(for resin 100 g) 9.52 .
= 24.43 gq.
C.3 Estimate the number of bar coater
Number of bar coater = thickness (Um)*100 - 10 (C.3-1)

%NV of paint
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Example C.3/1

In this example, the number of bar coater used for the sample 3I is

NV of polyol #3 = 50.92 %

%NV of IPDI = 55.00 %

Qt. of thinner = 40.00 g.

Qt. of polyol #3 = 100.00 g.

Qt. of IPDI = 2443 g.

Thickness = 25-30 Um
%NV of paint = (100*.5092+24.43*.55+0)*100

100+24.43+40
= 39.14 %
No. of bar coater = 27.5*100 -10
39.14
= 60

C.4 Calculation of crosslinking density of films

Mc = . 831*(273+Tg)*10° (C.4-1)°

(G*10)

XLD = 1/Mc : (C.4-2)
Note:

Mc = The entanglement molecular weight of film, cc/mol.

Tg = The temperature at maximum tan & , °C '

G = The storage modulus at 95 °C , Pa

XLD = The crosslinking desity, mol/cc.

! Ikeda, 1973; Kano, 1969,
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Example C.4/1

The XLD of 3N can be calculated from table D.43

Tg = 86.4 °C G = 48 Pa
Mc = 8.31*(273+66,4)*10°
4810’
= 58.59 cc/mol
XD = 1/68.59

= 17107 mol/cc
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Appendix D

Experimental result
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- Sample Helght (mm) Average
A 300 300 300 300 300.0
a 350 350 360 300 337 8
51 280 260 250 200 2375
6I 280 250 250 200 2375
71 200 200 250 250 225.0
8I 250 250 250 250 260.0
9l 200 200 200 250 212.5
101 250 260 250 250 250.0
Table D.2.T . ¢ NBDL at /2" di e
Sample Height (mm) “Average
aN 500 500 500 500 500.0
aN 500 500 500 500 500.0
5N 500 500 500 500 500.0
6N 600 500 500 500 500.0
7N 400 380 380 350 362.5
8N 500 500 500 500 500.0
9N 450 400 400 400 4125
10N 400 400 400 400 400.0
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Sample Height (mm) Average
3N 500 500 500 500 500.0
4N 250 260 250 300 262.5
5N 300 300 300 250 287.5
6N 500 500 500 450 487.5
N 100 160 100 100 112.5
8N 300 250 250 250 262.5
9N 150 150 150 100 1379
10N 150 150 150 150 150.0

Tablo Dud 7 i , 2 d 500

Sample |Height (mm)| Sample [Height (mm)
31 300.0 3N 500.0
a 078 AN 500.0
51 2375 5N §00.0
61 2875 6N 500.0
71 2125 7N 362.5
81 250.0 8N 500.0
oI 2125 SN 412.5
101 250.0 10N 400.0

Average 2564.7| Average 459.4




Sample Helght (mm)
a 500.0
a 2625
5N 2875
6N 4875
TN 112.5
8N 2625
9N 137.5
10N 150.0
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Sample Helght (mm) Average
3 250 250 250 250 250.0
a 300 300 300 300 300.0
I 250 250 250 300 ) 262.5
61 250 250 250 200 2375
71 200 250 250 200 2250
eI 250 250 250 260} 250.0
s 200 200 200 200 200.0
101 200 200 200 200 200.0




3r 250 250 250 300 262.5
4 260 260 250 2501 250.0
51 250 250 250 250 250.0
6I 200 200 250 250 2260
71 200 250 200 2001 2125
81 200 200 250 200 21256
91 200 200 200 250 2125
101 200 200 200 200 200.0

Sample Height (mm) Average
3N 500 - - - 500.0
4N 500 A - - 500.0
SN 450 - 3 - 450.0
6N 450 - - - 480.0
7N 325 - - | 325.0
8N 450 - - - 450.0
SN 350 - - - 350.0
10N 300 2 2 1 300.0
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Sample Hoight (mm) Average
W 200.0 150.0 1500 1500 1625
N 250.o| 200.0 200.0 200.0 2125
5N 150.o| 150.0 1500 1000 1375
6N zoo.ol 200.0 200.0 150.0 1875
N 1000 1000 100.0 100.0 100.0
o 2000 2000 2000 20,0 2128
N 150.0 1000 1500 100.0 1250
10N 1000 100.0 1000 50.0 875

Sample Helght (mm} Average
N 30000 300.00 i : 300.0
v 350000 30000  300.00 . 316.7
5N 35000 300000 350,00 . 333.3
6N 250.00 300.00 i . 275.0
7N 35000 35000 400,00 | 3667
o 350.00( 35000 - 13m0
9N 350.00{ ©  350.00 ! . 350.0
10N 350.00] | 350,00 300,00 ! 333.3




Sample Height {ram) Average
3N 150.0 200.0 150.0 200.0 175.0
4N 2000 2000 160.0 150.0 1750
5N 2000 150.0 150.0 150.0 162.5
6N 200.0 200.0 160.0 1500 175.0
7N 100.0 100.0 100.0 100.0 100.0
8N 200.0 200.0 200.0 200.0 200.0
N 1100.0 100.0 100.0 50.0 875
10N §0.0 50.0 500 100.0 62.5

Sample Boefore | After acld | After base | A acld A bage

{ram) -~ {mm) (mm) (mm) (mm)
3I 300.0 260.0 262.5 50.0 375
a1 337.5 300.0 290.0 378 875
51 237.5 262.5 250.0 25.0 12.5
61 2375 2375 2250 - 12.5
v/ 225.0 225.0 2125 1 12.5
8l 2500 290.0 2125 - 375
oI 2125 200.0 2125 125 -
101 250.0 200.0 200.0 50.0 50.0
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Sample Before | After acid | After base A acld A base
| {mm) {ram) (mam) (mn) (mm)
3N 500.0 500.0 300.0 0.0} 200.0
4aN 500.0 500.0 316.7 0.0 1833
5N 500.0 450.0 333.3 50.0 166.7
6N '500.0 450.0 276.0 50.0 225.0
7N 362.5 326.0 366.7 37.5 -4.2
8N 500.0 4500 350.0 50.0 160.0
9N 412.5 350.0 350.0 62.5 62.5
10N 4000 300.0 333.3 100.0 66.7

Sample Before (mm)| After acid | After base | A acld A base

(ramm) (mm) {mm) {mm)
3N 500.0 162.5 175.0 3375 325.0
aN 262.5 212.5 175.0 50.0 87.5
6N 287.5 1375 162.5 150.0 126.0
6N 4875 187.5 1750 3000 3128
N 112,5 100.0 100.0 12,5 12,5
8N 2625 212.5 200.0 50.0 62.5
8N 137.5 125.0 875 126 50.0
10N 150.0 875 62.5 62.5 87.5
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3.Drying time
ble D.16 Drving ti
Semple |t, (min) [t, (min) (t, (min) | Sampls ¢, (min) t, (min) [t, (min)
3 4' 40" | 6' 00" 30° 3N 3' 40" | 5' 00" 17
4 4' 20" | &' 00" 29' 4N 3'40° | S' 00" 18'
51 4'45 | 520" 31 5N 4'10" | 4'60° 16'
61 4'15 | 5 20" 32' 6N 4' 00" | 4'40° 20°
4.Exposure Test
Sample Gloss . Average
31 88.1 86.2 88.5 89.1} 827
a 835 853 874 88.6 86.2
14 884 87.2 86.6 87.7 87.5
61 85.8 89.3 89.1 901 886
/4 88.2 87.5 87.3 88.8 88.0
81 86.8 89.0 87.8 88.6 88.1
ar 87.8 80.0 878 90.5 89.1
10I 90.0 80.4 89.7 88.2 87.1
3N 899 86.3 89.7 89.5 88.9
aN 87.0 80.0 89.0 89.7 88.9
5N 878 903 877 | e85 88.6
6N 88.4 90.6 904 90.1 89.9
/N 90.2 83.6 80.2 90.3 90.1
8N 90.8 91.1 80.5 011 90.9
9N 90.3 86.5 90.2 88.2 88.8
10N 89.6 90.5 89.9 89.9 80.0].
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Table D.17 Gloss (60°) at 2 week

Sample Gloss Average
a1 83.2 83.6 84.6 85.4 84.2
a 806 816 81.0| 82.0 81.3
81 84.3 84.0 851 85.0 846
6l 84.0 838 84.7 84.3 84.2
71 84.2 846 85.1 84.9 84.7
81 80.3 807 81.5 83.1 814
91 84.3 8456 85.7 858 85.1
101 83.2 85.6 84.2 83.4 84.1

3N 85.7 85.1 87.6| 86.4 86.2
an 85.1 86.9 87.1 88.5 86.9
5N 86.7 829 84.8 82.8 843
6N 835 87.6 85.1 86.2 85.6
IN 843 89.3 853 84.7 859
8N 84.3 87.0 843 83.2 84.7
9N 86.0 854 87.4 86.0 86.2
10N 86.3 89.0 84.7 84.0 86.0
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Tahle D.18 Gloss (60°) at 4 week

Sample (Hloss Average
a 76.7 78.9 81.6 776 845 79.7
a 83.5 823 82.5 81.3 78.8] 81.7
51 83.0 81.1 82.1 81.2 843 823
al 80.1 82.4 80.7 82.1 715 80.6
71 80.4 80.6 79.6 79.4 79.1 79.8
81 79.0 81.8 82.6 795 753 79.6
of 81.3 82.1 825 809 839 82.1
101 808 83.0 82.2 82.1 84.1 82.4
aN 84.2 83.9 84.4 83.4 86.0 84.4
4N 835 84.0 83.8 84.6 86.2 84.4
5N 850, 622 84.7 835 80.5 83.2
6N 85.0 85.1 846 85.1 83.0 84,6
TN 844 85.6 84.3 855 849 849
8N 85.7 85.8 869 87.6 835 859
N 85.8 86.2 85.1 859 84.3 85.5
10N 85,5 83.4 831 843 861 . 845
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Table D.19 Gloss (60°) at 6 week
Sample Gloss Average
3l 828 80.5 77. 80.2 82.0 80.5
ar 835 83.0 81.2 84.1 82.2) 828 -
51 80.0 78.2 81.3 80.2 79.1 79.8
61 819 79.7 820 809 81.2 81.1
71 79.4 82.4 80.6 80.1 83.8 81.3
ar . 83.0 785 82.2 80.8 83.2 81.5
oI 80.3f 803 78.8 80.3 81.1 80.2
101 825 834 81.3 807 78.1 81.2
3N 865 86.9 84.9 86.4 86.6 86.1
4N 83.2 834 84.8 86.1 838 843
5N 88.3 86.0 87.0 840 - 866 86.2
6N 843 853 820 87.4 86.7 85.1
N 82.2 83.7| 85.0 83.4 845 83.8
8N 86.2 84.9 84.1 824 87.2 86.0
9N 87.0 87.0 816 86.9 828 86.1
10N 84.2 847 847 85.0 86.5 84.8
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Table D.20 Gloss (60°) at 8 wask

Sample Gloss Average
o sa2l o3¢ e s 779 80.9|
a 76.4 745 74.0 76.9 77.2 75.8
81 828 86.5 80.7 838 82.6 83.1
61 79.8 81.2 79.4 80.8 80.1 80.3
71 79.1 80.1 785 76.9 81.1 794
81 82.3 81.3 80.8 834 84,5 82.5
oI 818 82.4 80.6 81.4 82.1 81.7
101 833 81.9 81.1 80.8 855 825
N 86.3 84.1 84.3 86.0 86.6 85,5
an 86.9 84.1 85.4 86.4 84.7| 86.3

' 5N 88.2 86.9 855 833 86.8 86.1
6N 86.0 863 853 86.8 859 869
IN 86.0 84.5 84.9 843 84.2 84.8
8N 86.6 83.7 826 845 865.7 84.4
9N 86.0 847 86.9 845 85.9 86.6
10N 87.2 845 86.7 85.8 87.7 86.4
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Table D.21 Gloss (60°) at 10 week

Sample Gloss Average
3 813 80.6 764 768 78.0 78.6
4 76.4 75.0 77.8 73.1 76.4 755
51 81.1 82.3 79.0 79.8 80.6 80.6
61 78.8 75.6 72.9 76.2 77.0 759

7 81.3 783 79.2 774 7758 78.7
81 78.1 78.6 743 78.8 76.5 773
o1 80.7 80.0 80.3 80.7 80.4 80.4
101 78.1 833 76.7 80.5 “79.2 796
N 8356 86.7 81.0 85.0 82.5 837
4N 82.8 834 80.4 84.5 81.7 82.6
5N 859 83.6 76.5 83.1 85.9 83.0
6N 80.6 81.7 76.9 846 830 814
N 83.6 80.6 82.3 82.2 81.7 82.1
8N 76.3 822 78.7 82.3 81.7 80.2
N 83.8 840 830 83.2 82.7 833
10N 82.0 83.4 82.7 848 82.5 831
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Table D.22 Gloss (60°) at 12 week

' Sample Gloss Average
3 805 80.7 7756 743 706| 76.7
ar 738 769 728 723 764 744
&1 75.0 78.2 722 76.0 745 752
ar 76.8 72.8 746 69.1 79.0 745
71 716 709 736 73.0 76.3 731
81 76.2 771 69.2 755 744 745
o1 73.9 75.3 79.0 72.8 729 74.8
101 772 81.4 79.2 776 798 790
N 83.0 76.6 83.2 76.8 822 80.4
4N 77.0 78.7 77.0 78.2 785 779
N 79.0 78.1 779 794 789 786
&N 789 717 76.2 81.0 782 78.4
IN 80.0 79.8 73.8 77.8 772 777
8N 75.1 74.1 74.1 70.7 76.2 740
9N 79.9 794/ 758 79.4 81.2 79.1
10N 82.8 80.1 76.3 834 82.2 81.0
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Table D.23 QGloss (60°) at 14 week
Sample Gloss Average
3 754 77.0 76.6 80.2 80.5 77.9
a 7186 709 70.2 73.0| 72.7 71.7
51 720, 714 69.7 73.6 76.6 72.7
61 73.7 71.0 670 730 70.9 71.1| .
71 724 69.8 70.9 69.1 72.9 71.0
81 66.5 68.4 744 7.7 75.4 7.3
oI 705 7.4 73.8 734 70.1 71.7
101 733 76.3 740 76.2 77.2 75.4
3N 715 79.2 72.4 79.7 77.5 77.3
4N 80.1 774 738 76.3 78.8 77.2
5N 81.7 785 79 76.5 76.8 77.1
6N 80.2 754 742 775 77.3 76.9
TN 82.9 783 77.8 775 78.9 79.1
8N 786 73.0 70.7 73.2 71.3 734
N 78.9 81.1 79.5 80.4 801 80.0
10N 83.7 816 80.5 80.9 79.1 81.2
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Table D24 Gloss (60°) at 16 week
Sample Gloss Average
3 78.8 79.1 70.3 78.6 74.3 76.2
4I 70.1 72| 74.3 719 75.0 72.7
51 77.2 75.3 74.0 70.1 76.7 74.7
61 74.6 743 73.6 73.9 70.5 734
71 70.7 76.1 736 76.5 72.9 74.0|
81 76.7 72.4 75.9 71.8 75.2 74.2
o 71.0 74.9 724 713 72.7 724
101 82.7 784 759 81.1 774 79.1
N 72.5 70.4 715 70.3 69.0 70.7
aN 69.1 67.7 69.4 70.2 718 69.6
5N 72.2 732 67.0 76.7 637 70.6
6N 72.8 67.0 67.3 69.4 71.6 69.6
7N 68.3 72.4) 71.7 74.4 69.9 71.3
N 72  7a0l 742l 73 724 7.4
9N 79.9 76.2 71.9 72.1 79.4 75.9
10N 78.1 72.8 71.6 759 76.2 749
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Table D.26 Gloss (A0°) at 18 weels
Sainple Gloss Average
31 79.9 825 77.9 76.4 79.3 79.2
4 728 706 705 75.1 76.3 72.9
51 76.5 77.4 75.6 73.9| 76.0 75.7
61 71.7 70.7 72.0 76.0 724 72.6
71 73.2 74.6 716 71.9 74.0 73.1}
81 734 74.5 65.4 70.3 745 716
o1 66.7 708 74.4 71.4 75.1 M7
101 76.4 77.0 77.0 73.0 80.0 76.7
3N 80.1 79.4 75.1 81.9 80.5 79.4
4N 783 775 76.9 775 80.6 78.2
5N 78.0 78.8 737 775 78.3 773
6N 77.7 765 74.1 724 76.0 75.3
7N 76.5 75.4 71.4 76.4 73.7 74.7
8N 776 775 75.6 75.2 75.5 76.3
9N 78.2 78.2 759 79.0 78.9 78.0
10N 82.1 78.8 78.5 78.4 78.8 79.3
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Table D26 Gloss (60°) at 20 week
Sample Gloss Average
ar 80.5 766 793 743 802 78.2
a 754 748 739 76.2 69.3 73.7
&I 74.2 79.0 74.1 71.0 761 74.7
6l 74.2 74.4 714 718 788 74.1
71 77.0 755 69.9 73.7 746 74.1
8l 76.1 741 72.4 74.0 72.0 735
oI 66.1 71.7 714 72.6 711 706
101 75.4 766 778 76.4 80.0 77.1
N 79.3 87 763 81.8 80.7 79.8
aN 798 76.4 768 76.8 788 775
&N 79.4 795 76.4 74.4 78.7 777
6N 81.0 777 733 77.0 79.2 776
TN 779 774 7756 793 788 782
8N 744 784 72.5 77.0 76.7 75.6
9N 79,0 81.3 797 79.3 B1.8 80.2
10N 78.1 798 749 78.5 836 79.0
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WQSLM
Sample Gloss Average
31 77.8 775 79.1 717 76.7 77.8
4l 73.9| 69.6 70.7 713 72.0 715
51 65.3 7.7 69.2 70.7 76.8 70.7
61 69.9 70.6 70.2 64.5 737 69.8
71 725 725 7.6 69.1 74.7 721
8l 72.5 68.4 721 76.3 748 72.6
oI B4.3 69.9 72.7 72.3 749 70.8
101 71.3 69.2 67.5 65.5 78.6 704
3N 82.3 76.5 80.3 79.0 81.0 79.8
aN 735 72.9 69.8 711 76.3 72.7
5N 75.7 738 74.1 78.2 77.9 75.9
6N 75.3 740 76.5 705 77.2 74.7
7N 75.6 746 74.7| 74.6 77.9 75.5
8N 72.8 76.0 735 74.4 77.5 74.8
9N 73.3 74.9 74.7 74,1 784 76.1
10N 78.6 77.3 76.9 76.2 77.8 774
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Takle D.28 Gloss (60°) at 24 week
Sample Gloss Average
ar 84 772 781 768 709 767
4 736 71.2 711 716 71.3 71.8
34 7.9 71.2 705 748 688 71.4
6l 70.7 73.4 69.4 72.0 709 71.3
71 69.6 68.3 67.4 66.7 68.2 68.0
81 69.4 69.7 69.5 72.9 73.9 71.1
of 62.2 67.9 66.1 67.9 71.8 67.2
101 72.1 69.6 67.8 71.2 66.5 © 694
3N 79.1 77,0 80.3 79.2 79.1 78.9
aN 76.2 72.8 72.5 738 772 745
5N 77.6 74.2 736 76.4 74.1 75.2
6N 76.5 76.6 71.0 73.7 745 74.3
7N 72.4 70.4 732 69.8 76.3 72.4
8N 74.0 73.9 71.2 75.4 701 72.9
9N 75.5 73.4 74.3 76.2 80.0 75.9
10N 76.7 76.5 76.3 74.4 77.2 76.2
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Time '31 4 Bl 6l 71 8I 9I 101 | Avg.

(week) '
0 877 862 9o75| 836l 880 881 801 871 878
2 ga2l 813 846 ‘842 847 814[ 861 841 837
4 797 817 823 806 798 796 821 824 810
6 gos| 828 798 811 813 815 802 812 811
8 809 .758| 831 803 791 825 817 825 807
10 786| 755 806l 770 775 768 804 766 778
12 76.7| 744 752 745 731 745 748/ 790 753
14 779 717 727 ma|l 7| 73] 717 754 729
18 792 720|757  7268) 731 716 717 767 742
20 782 737|747l 741 743|738 706 771|745
22 778 78 707 698 721 728 708 704 720
24 757 718 714 718 680 711 672 694 707
Time

ook 3N | 4N | BN | 6N | 7N | BN. | 9N | 10N | Avg.
0 889 889 886 899 901f 909 888 900 895
2 82| 869 843 856 859 847 862 860 857
4 844 844 832 846 849 859 855 845 847
6 g1l 843 862l &5t 838 850 861 848 851
8 855 853| ~86:1| = 859)  B4B| © 844| 856/ ' 86.4] 865
10 837 826 830 814 821 802 833 831 824
12 804 779 786 784 777 740 791 810 784
14 778 7721 774] 789 791 734 s00f 812 778
18 794 782 773( 753 747 763] 780 793 773
20 798| 778| 777 776 782 756| 802 790 782
22 798| 727 759 747| 758 748 751 774 767
24 780| 745 782] 743 724] 720| 789 762 750
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me | | ol s | & | m [ ;| o | 101 | av

(week)

0 1000 100 100| 100f 100] 100] 100| 100[ 100.0
2 os| 94 97| 95| 9| 92 96 97| 953
4 o1 et 94 9| 91} 80 92 95 923
6 92 98 91 o 92| @ 9 93 - 923
8 oof 88 98 91| oo 94 92l @5 920
9 9| 88 92| s 88l 87 90| 8 887
10 g7l el 8| 84 83 85| 84 91 858
14 gol 83 s3] s 8 - 8| 80 87 830
18 oof e 87| 82 8| 81 80 88 845
20 gol @& 85| 84 84 83 79 89 849
22 g9l 83 81 79, 82 8 79 8] 820
24 8| 8| 8 s 77| & 78 80 806
Time

oo 3N | aN | 6N | 6N | 7N | BN | SN | 10N | Avg.
0 100~ 100 100 100[ 100[ 100/ 100{  100{ 100.0
2 971 98 95| 95| 95| 93| 97| 96 958
4 95, 95 94 94 94 94 96 94| 946
6 971" 95 97| o8| 93 94 9l - 94 950
8 9| 96| 97| e8| 94 @3 | g 96 9565
9 94 83 o4 91| 91| e8| o4 92 921
10 oo| 88 89| 87 8| 81 8 90| 876
14 87l 871 87| ssf 88 e8| g 90 869
18 ssl e 87| 84 83 84 88| 88 864
20 oo 87 s8] 88| 87] & 90| 88 874
22 9| 82 e 83 84 82| 85| 88| 846
24 gsl 84 ss| 8 s 80| 85| 85 838
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Table D.31 Gloss at 60 of QUV test,
Time (hrs)

Sample 0 200 700
Base 84.6 86.2 85.2 874
3l 848 89.2 89.3 89.4
4 88.4 88.4 885 89.3
51 87.7 87.8 88.6 89.7
61 87.0 883 89.3 88.7
7l 837 85,5 86.2 87.1
8l 86.5 88.1 89.5 87.7
a1 853 88.9| 88.4 87.0
101 86.9 87.8 88.0 89.2
Average 86.3 88.0 88.5 88.5
3N 87.0 885 904 895
4N 88.1 88.0 90.6 90.4
5N 885 88.0 885 89.0
6N 85.2 88.4 89.9 89.8
7N 88.9 87.8 89.0 91.1
8N 88.7 89.6 89.5 91.0
9N 88.4 89.1 88.9 90.8
10N 88.7 89.5 89.9 91.3
Average 87.9 88.6 89.6 90.4




Time (hrs)
Sample
200 400 700
Base 100.0| 100.7 100.7 103.3] -
3 100.0 106.2 105.3 106.4
4f 100.0 100.0 100.1 101.0
5l 100.0 100.1 101.0 102.3
61 100.0 1015 1026 102.0
7l 100.0 102.2 103.0 104.1
8l 100.0 101.8 1035 1014
9l 100.0 104.2 103.6 102.0
10 100.0 101.0 101.3 102.6
Average 100.0 102.0 102.6 102.6
3N 100.0 101.7 1039 102.9
4N 100.0 99.0 102.8 102.6
5N 1000 99.4 1000 100.6
6N 100.0 103.8 106.5 105.4
7N 100.0 98.8 100.1 1025
8N 100.0 101.0 100.9 102.6
9N 100.0 100.8 100.6 102.7
10N 100.0 100.9 101.4 102.9
Average 100.0 1008 101.8 102.8
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Table D.33 Yellowness (AE) of QUV test.
Time (hrs)
Sample
200 400 700
Base 0.58 0.70 0.87 |

3l 0.59 0.88 1.24
4 0.45 0.65 097
5l 0.44 0.53 0.95
61 0.49 0.67 1.19
7I 0.54 0.76 1.06
8l 0.65 0.89 1.64
aI 0.70 0.88 1.49
101 0.74 0.95 1.50
Average 0.58 0.78 1.24
3N 1.01 111 1.35
4N 0.96 121 1.38
5N 0.99 1.15 1.44
6N 1.03 1.26 143
7N 1.68 2.04 2.09
8N 121 1.28 1.61
9N 1.06 1.30 147
10N 1.28 178 1.93
Average 115 1.39 1.58

17
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Table D.34 Tensile propenty of sample bl
Sample | Thickness (Um) | AL (mm) Force (kg,)
bl/1 69 11 1.830
6I/2 81 2.7 2422
51/3 59 1.2 1.802
5l/4 - 61 1.3 1.910].
I/ 64 1.8 2.090
51/6 86 29 2312
Table D.35 _Tensile property of sample 6]
Sample | Thickness (|lm) AL (am) Force (kg)
61/1 59 20 2.237
61/2 81 2.5 2515
61/3 100 2.1 2.750
61/4 76 .2 2.317
61/56 82 2.5 2.285
61/6 90 18 2.467|.
61/7 79 2.7 2.642
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Table D.36 Tensile property of sample 91
Seraple | Thickness (Um) | AL (mm) | Force (kg)
91/1 63 16 2.420
o1/2 69 14 2.587
o1/3 59 14 2.316
ol/4 57 12 1.907
01/5 70 1.1 2.470
01/6 7 14 2.555)
91/7 70 1.3 2.585
Table D.37 Tensile property of sample 101
Sample | Thickness ([lm) AL (mm) Force (kg,)
101/1 57 1.7 2.382
101/2 75 2.1 2.757
101/3 73 14 2.712
101/4 71 5 2492
101/5 b2 15 2.212) -
101/6 80 18 2.282]
101/7 65 11 2.312
101/8 75 2.0 2.687



Table D.38 Tensile property of sample 6N
Sample | Thickness (m) | AL (mm) | Force (kgy
5N/1 70 8.0 1.457
BN/2 67 159 1492
5N/3 70 72 1570|
BN/4 75 104 1.647
EN/S 78 10.7 1.665
Table D.39 Tensile property of sample 6N
Sample | Thickness (Llm) AL (mm) Force (kg,)
6N/1 90 12.1 1.860
6N/2 87 133 1.845
6N/3 79 54 1.802
6N/4 84 9.3 1.925
6N/S 90 89 1.862
6N/6 68 84 1.742
Table D40 Tensile property of sample ON
Sample | Thickness (Llm) AL (mm) Force (kg
aN/1 78 143 2.110
oN/2 81 16.8 2.120
oN/3 80 155 1,987
ON/4 76 136 1.710
gN/S 62 11.8 1.627
aN/6 70 150 1.655
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Sample | Thickness (llm) | AL (mm) Force (kg
10N/1 78 185 1.905
10N/2 59 15,6 1.687
10N/3 70 8.4 1.725
10N/4 | 74 8.5 1.782
10N/ 73 8.9 1.745
10N/6 76 16.2 1912
10N/7 88 6.8 2.050
10N/8 90 18.7 2.224
Tahle D42 Condlusion of ]
Sample Strength (kg/cm’) % Elongation
6l 299 6.1
61 308 71
)| 367 45
101 378 55
&N 218 34.8
6N 223 319
9N 251 48.3
10N 248 42.3
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Je D43 Dynamicl mechanicel analysis (DMA) e
Sample | tan O (C) [G'*10'Paat9s°C|  Mc XLD
N 65.4 48 58.59 1.71E-02
N 69.8 5.1 55.86 1.79E-02
BN 64.6 5.6 50.10 2.00E-02
6N 65.3 47 59.61 1.67E-02
7N 79 45 65.00 1.54E-02
8N - - - -
oN 69.9 46 61.95 1.61E-02
10N 748 47 61.49 1.63E-02
51 783 55 53.08 1.88E-02
61 74.7 58 49.82 2.01E-02
or 80.2 6 48.92 2.04E-02
101 76 5.8 50.00 2.00E-02




Dynamic Mechanical Analysis

Results



DMS Name:

Sample 3N Sample: o 3N
Date: " Tt Temp. made: Remp
Comment: -~~-—memmmm——— Defarm: ‘ Shesr
--------------- les: 20.000 mm »  0.800 mm2
_ et T Frequency: A 0.5~ 10 Hz
PH
4.00E+09: 600E+09 T z T T T . T T T T T L4 T T Al o 0.350
= 4 0.250
® w | ] 0.150
a. Q. =
5 F & |
[ — ] :
- M A
§ [ JAA
[ \\\f‘} - -
S.OOE"'OS: 200[;:4.0? . 1 I3 1 L 1 | B n- ] 1 : I 1 i ] i _0.050
-100.0 , -25.0 50.0 125.0 200.0
Mitsui Chemicels.. Inc. (MCI) Temp. (C] Heating

tansé -

8Ll



DMS

4.00E+09

[Pa)

GI

3.00E+03

Mitsui Chemicals.,

Name : Sample 4N Semple: 4N
Date: : Temp. mode: Ramp
Camment: -~~cmemmmmeme Deform: Shesar
——————————————— l+s: 20.000 mm »  0.77C mm2
——————————————— Frequency: 0.5~ 10 Hz
2Hz

: 6 00{‘:*09 T L D T T T T r T T T B T T 2 ) T 0.205

X [ 69.8 C
i 2 Hz

— 57.98 min

: 0.170 .

[ G

_ . {0.145

] - G —

L [ i

s 1 0.085

0.

- [ tonsd { 0.025
- V\__J\J\____AM

: 200E+0f ] L 1 [ L L I L L 1 L 1 L 1 L ) [ I -0‘035

—100,0 -25.0 25.0 200.0

Inc.

tans

BL1



DMS

4.00E+09F 6 0GFE+03

T I rry

[Pa]

Cl

3.00E+03L 2.00r+07

0.

-

L)

Name: Sampie 5N Sample: 5N
Date: . Temp. made: Ramp
Camment: -~----mmmme Defarm: Shear '
——————————————— 1»s: 20.000 mm = 0Q.640 mm
——————————————— Freguency: 0.5 ~ 10 Hz
2Hz
r T L - S — L) T T r T L] 1] 0.350
L
0.250
E
-
0.150
-
X 0.050
|
o
L i [ 4 'l 1 1 1 - 1 1 L [ 4 1 ] .-0‘050
-100,0 -25.0 5.0 200.0

Mitsui Cheh1cals.. Inc. (MCI)

50.0 12
Temp. IC) Heating

tané

081



[)AAES Name : - Sample BN Sampte: 6N

Date: Temp. made: Ramp
Comment: ~-~-ccremmma o Defarm: Shesar
----------- e iss: 20.000 mm » 0.840 mm2
e L L B Frequency: 0.5~ 10 Hz
2H - .
4-00E+09[ 6 00E+Gg T C T T T T T T 1§ T T T T T T T T T T 0.3'0
i 65.3 C
i : 2 Hz
3 L 36522 nin
o / N b
G .
4 0.220
E— -
3 - G
® P {0.130
o a. i
5 F o q
3.00E+03: 200E+0? t 1 1 1 L 1L 1. 1 ] 1 |- 1 L ] .l 1 1 1 [ __0.050
: -100.0 -25.0 5 25.0 200.0

0.0 1
Mitsui Chemicals., Inc. (MCI) * Temp. (C] Heating

tané

181



[)AAES Name : Sample 7N Sample: 7N
Date: Temp. made: Remp
Camment: ------mmmmom Defarm: Shear
——————————————— lsg: 20.000 mm = 0.950 mm2
——————————————— Frequency: 0.5 ~ 10 Hz
4.00E4090 6 00Fs09 e L 0.200
N i . ‘2Hz
_ X 62.27 min
. i ; 0.252
i q -
- ' 4 0.210
é J

LIk i ) IFIII

a [ & | 1 0.130
5 F &
» [ H 0.050
[ tand
300E+03: 200'.‘_40? .r 1 1 ] 1 1 I .1 1 1 1 1 1 t L L 1 L 1 _0030
-100.0 -25.0 25.0 200.0

_ 50.0 1
Mitsul Chemicals.. Inc. (MCI) Temp. (CJ Heating

tané

Z81



DMS

2.50E+08, 4.00F+09

b

(Pa)

Gl

—

5.00F+04L 7 00F+07

50.0 1
Mitsui Chemicals.. Inc. (MCI) Temp. [C] Heating

0.

——

Name : Sample 8N Semple: 8N
Date: Temp. mode: Ramp
Comment: ---mmeceeoeaaoo Deform: Shear
--------------- leg: 20.000 mm »  0.260 mm2
——————————————— . Frequency: 0.5~ 10 Hz
2Hz
L] L] T 1} L} — ¥ T L r L L LI L L L T T 1 0.070
58.1 ¢ '
2 Hz
. §1.75 min
G - - ~ 0.058 -
& |
41 0.050
~ -fand
0.030
0.010
L 1 1 L i L 1 1] 1 i L L i L L L L 1 L _0.010
-100.0 -25.0 25.0 : 200.0

tané

£81



[)hAES_ Name:

Samplie 9N Sample: 9N
Date: ; Temp. mode: Ramp
Camment: -—~--emmmma e Defarm: Shear
——————————————— l*g: 20.000 mm - 0.750 mm?2
——————————————— Frequency: 10 Hz
2Hz
4.00E+09, & 00F+03 - — ———— r r 0.215
I ] 89.9 C
; s 2 Hz
3 oiet "
o / b -
- G
- v 4 0.155
F )
© o | 4 0.095
(a1 Gi. -~
o F e _
- X tand ] 0.025
3.006403L 2 ooR+g7L— I S e S TN S S —J-0.025
-100.0 -25.0 ‘50,0 - . 125.0 1200.0
(MCI) Temp. - IC] Heat1ng‘

Mitsui Chemicals.. Inc.

tané

¥81



0.5 ~

10N
Ramp
Shear
0.920 mm2

10 Hz

L

— 0.3i0

0.220

il

0.040

: -0.050

DMS Name: Sample 10N Sample:
Date: ' Temp. mode:
Comment: -—-—c-mmmomee e Defarm:
--------------- Jo5: 20.000 mm »
--------------- Frequency:
2Hz
4.00E+09: 6 GOE'.'OQ T T T T 4 T = T T T T T
] 74.8 C
| 2 Hz
3 ; 3°é§2 nin
G .
] B Gf
-
N
© P
Q. ¢
o Foou
3.00E+03: 1 ?5E+th t t 1 t ' t 1 1 i 1 3
-100.0 -25.0 25.0

Mitsul Chemicels.. Inc. (MCI)

50.0 1
Temp. [CJ] Heating

200.0

tané

gg1



DMS

Sample: | 51

Name : ~Sample 51
Date: B Temp. made: Ramp
Comment: --—---mwcemcmmmee Defarm: Shear
--------------- l=s: 20.000 mm - 0.750 mm2
---------------- Freguency: 0.5 ~ 10 Hz
2H
4000E+09: 6 GOF—"'GQ T z T . L 4 T = = T T o T T ™ ™ T T T T L] 00205
' 79.3 C
= - 2 Hz
3 p 59.72 min 4
s & 0.168
- , {4 0.145
E 7
F N G
o ™ { 0.085
a o.
= i tand 0.025
"\I-VAV-\J\_I\._.JW
3.00E+03: 2 00{407 1 I ] 1 -l L L [ 1 1 1 L 3 1 t 1 [ L _0.035
-100.0 -25.0 125.0 ' 200.0

. Mitsuil Chemicals.. Inc. (MCI)

50.0
Temp. [C]) Heating

tané

981



DMS Name : Sample 61 Semple: 61
Date: i Temp. mode: Ramp
Comment: -~-~remememe——— Defarm: Shear
--------------- Tes: 20.000 mm = 0.700 mm2
I i T~ O Fregquency: 0.5~ 10 Hz
: 2H
4.00E+09: 700E+09F 1: T T T 7 T T 1 T L i T T T T 1 L R ] T 0-185
L [ 4.7 C
E 2 Hz
" 1 60.55 min ]
- Gy 0.128
| . 10.115
£ 4
s | o 1 0.085
s [ <
o @ | ]
- tons
- - 1 0.015
300E+03: 250[.'_‘.[.0] l- I L X ) L 1 1 x 1 : 1 1 L | S H : ] _.,0.035
-100.0 -25.0 125.0 200.0

Mitsui Chemicals.. Inc. (MCI)

50.0 :
Temp. [C) Heating

tané

481



[)hAES ‘Neme: Sampte 91 Sample: 91

Date: Temp. mode: Ramp
Comment: ---~===-e-=---= Defarm: Shear
——————————————— T»s: 20.000 mm =~ 0.690 mm2
——————————————— Freguency: 0.5~ 10 Hz
2Hz ,
4.00E+09: ? .00E+09 ¥ L k L] LI ¥ L ] LI ¥ B‘UT'ETC L] L ¥ L T L + 0.215
N [ 2 Hz
X . 63.43 min
— 0.189
; L o ’
- G{ 4 0.155
E [
@ | « | 1 0.095
= | o
5 F & ‘
- | | 0.035
r .
5 [ 6&nf i
ﬁdkwa\AFAAJ
3 | -
3.00E+03E 2 . 50'::4.0? 1 1 1 1 x 1 1 1 1 L 1 Il 1 1 1 [ | 1 ] _0- 025

-100.0 ~25.0

_ 50.0 . 125.0 200.0
Mitsui Chemicals., Inc. (MCI) ' Temp. [C) Heating :

tané

881



DMS

4.00E+09

(Pal

0!

3.00E+403

Mitsui Chemicals.. Inc. (MCI)

Neme: Sample 101 Sempie: 101
Oate: Temp. mode: Ramp
Comment: -~——ccmmm Deform: Sheegr
——————————————— les: 20.000 mm »  0.740 mm2
———————————————— Freguency: 0.5~ 10 Hz
2Hz
E B OOE"'OQ T T T ™ T T T T T T L B 1 T ] T T T 0.2'0
i 76.0 C
- 2 Hz .
’ , 61.37 min .
G 0.187
| G’ 1 0.150
® 4 0.090
Q.
2
= - { 0.030
: 2n0£‘+07 4 1 ) 2 L : L 1 ] ) 1 1 1 [ L L L L ,_0.030
-100.0 -25.0 25.0 200.0

' 50.0 1
Temp. [C] Heating

tans

681
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