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Result: Analysis Report

~ Sample Details —
Sample ID: WATER RUBBER Run Number: 1 Measurement Date: Mon, Apr 26, 1995 2:19PM
Sample File: PORNCHAI Record Number: 19 Analysis Date: Mon, Apr 26, 1999 2:19PM
Sample Path: A\ Resutt Source: Anatysed
Sample Notes Test by Pranee : Sci and T 9
E Centre Chulalong Uni Y
Lqud medium : WATER
ystem T
Range Lens' 300RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 22.7 %
Presentaton: 30HD [Particte RI. = ( 1 5295, 0.1000):  Dispersant R, = 1.3300!
Analysis Mode! Polydisperse Residual: 0.350 %
Moddications Active — Killed Data Channets Low 0, High 2
esu stics
Distnbution Type Volume Concentration = 00039 % Vol Density = 1.000 g / cub. em Specific SA. = £.6930sq.m/g
Mean Diameters D(v.0.1)= 0.40um D(v.05)= 0.78um D(v.09)= 152um
D(4.3]= 097um D[3.2)= 069um Span = 1.449E+00 Uniformdy = 5.544£-01
m Llowluml T % Ze_| Um) | Under® ]
(4 @Iﬁr 777 2 B
0.06 772 0.11 9.00 99.99
007 9.00 0.01 10.48 100.00
0.08 10.48 0.00 1221 100.00
00s 1221 0.00 14.22 100.00
0.11 14.22 0.00 16.57 100.00
0.13 1657 000 19.31 100.00
0.15 X 19.31 0.00 22.49 100.00
017 ; s 4 2243 0.00 26.20 100.00
020 0.00 023 0.00 2620 0.00 30.52 100.00
023 0.87 0.27 067 30.53 0.00 35.56 100.00
c27 230 C.31 318 3556 0.00 41.435 100 00
031 3.90 0.36 7.07 4143 0.00 48.27 100.00
038 5.42 0.42 12.50 4827 0.00 56.23 100.00
042 717 0.48 19.67 56.23 0.00 65.51 100.00
0.4 9.09 o0.ss 28.76 65.51 0.00 76.32 10C.00
0.58 10.34 0.67 35.10 76.32 0.00 88.91 100.00
067 1139 0.78 50.48 8891 0.00 103.58 100.00
0.78 11.42 081 61.50 103.58 0.00 120.67 100.00
o¢1 10.66 1.06 72.56 120.67 0.00 140.58 100.00
1.05 8.91 1.2¢ 8148 140.58 0.00 16377 100.60
1.2¢ €55 1.44 88.13 163.77 0.00 150.80 10C.00
144 4.46 1.68 $2.60 190.80 0.00 22228 100.00
168 266 195 $5.26 22228 0.00 258.95 100.00
185 134 228 96.60 258.35 0.00 301.68 100.00
228 0.54 265 S7.14 301.68 0.00 351.46 100.00
265 0.19 3098 $7.34 351.46 0.00 409.45 100.00
3.09 0.26 3.60 97.60 409.45 0.00 477.01 100.00
30 043 4.19 $8.03 477.01 0.00 555.71 100.00
4.19 057 488 93.60 555.71 0.00 647.41 100.00
488 057 569 9917 647.41 0.00 754.23 100.00 .
5.69 0.45 6.63 9952 75423 0.00 878.67 100.00
20 Volume % 100
—_— - i
e _"90
o jkao
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=t _{70
i ko
e //\ i
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Malvem Instruments Ltd.
Malvern, UK
Tel:0684 892456 Fax:0684 892789
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Mastersizer S long bed Ver. 2.11

Serial Number: 32734-89 26 Apr 99 -

Figure A.1 Chart diagram showing the size distribution of rubber particles

Specific S.A.

Diameter

=8.6930 sq.m/g

=0.78 um



Result: Analysis Report

12

Sample Deails
Sample ID: ZnO Run Number. 1 Measurement'Date: Mon, Apr 26, 1999 1:31PM
Sample File: PORNCHAI Record Number. 1 Analysis Date: Mon, Apr 26, 1999 1:32PM
Sample Path: A\ Result Source: Analysed
Sample Notes: Test by Pranee : Scientific and Technological Research
Equi Centre C ¢ Y.
Liquid medium : WATER
System DeGils
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 15.6 %
Presentation: 30HD [Particle R.I. = ( 1.5295, 0.1000):  Dispersant R|. = 1.3300]
Analysis Model: Polydisperse Residual: 1.046 %
Modifications: Active — Killed Data Channets: Low O; High 2
Resull SGatistics
Distribution Type: Volume Concentration = 0.0027 %Vol Density = 1.000g/cub. cm Specific SA. = 17.3361sq.m/g
Mean Diameters: D(v.0.1)= 0.19um D(v.05)= 040um D(v.08)= 133um
D[4.3]= 060um D[3.2]= 035um Span = 2.854E+00 Uniformity = 8.483E-01
Ze_ ) 0% Sge_Rgh{um] | - Unders | €_Low [m| % Ze_| um) | Onder%k |
005 Loxe] TS 0TS LX) LY 1.72 TOO.00
0.06 0.20 0.07 0.30 172 0.00 9.00 100.00
0.07 033 0.08 0.3 9.00 0.00 10.48 100.00
0.08 0.50 0.08 113 10.48 0.00 12.21 100.00
0.08 0.73 0.11 1886 1221 0.00 14.22 100.00
0.11 1.06 0.13 292 1422 0.00 16.57 100.00
0.13 159 0.15 451 16.57 0.00 19.31 100.00
0.15 2.44 0.17 6.65 1931 0.00 22.49 100.00
0.17 384 0.20 10.79 2249 0.00 26.20 130.00
020 595 023 16.73 26.20 0.00 30.53 100.00
9z3 84S 027 25.145 3052 0.00 35.58 100.00
c27 15.06 031 3525 35.56 0.00 41.43 100.00
031 Q.74 0.36 4495 4143 0.00 48.27 -~ 100.00
036 843 0.42 5341 4827 0.00 56.23 100.00
0.42 7.46 0.48 60.87 56.23 .00 65.51 100.00
0.48 665 058 67.52 6551 0.00 76.32 100.0C |
2.58 542 067 7254 7632 0.00 88.91 100.00
0.67 461 0.78 7754 88.91 0.00 103.58 100.00
0.78 3.9 0s1 81.44 103.58 0.00 120.67 100.00
0.91 358 1.08 85.02 120.67 0.00 140.58 100.00
106 342 124 B8 44 140.58 0.00 163.77 100.00
1.24 3.22 144 91.66 163.77 0.00 190.80 100.00
1.44 27 1€8 8443 190.30 0.50 22228 100.00
168 214 195 96.57 222.28 0.00 258.95 100.00
195 .51 228 $8.07 258.95 0.00 301.68 100.00
228 o.e3 265 99.00 301.68 0.00 351.46 100.00
265 0.52 309 9353 35146 0.00 409.45 100.00
3.09 028 3.60 $9.81 408.45 0.00 477.01 100.00
3.60 0.19 4.19 100.C0 47701 0.00 555.71 100.00
4.13 0.00 488 100.00 §85.11 0.00 647.41 100.00
488 0.00 5.69 100.00 647.41 0.00 754.23 100.00
569 0.00 6.63 100.00 75423 0.00 878.67 100.00
20 Volume % 100
: . i
. 0
=1 0
&£ 0
10_ 0.
- 0
- 80
B 0
< 0
% 0
.01 01 10 100 100.0 1000.0
Particle Diameter (pm.)
Malvem Instruments Ltd. Mastersizer S long bed Ver. 2.11

Malvem, UK
Tel:0684 892456 Fax:0684 892789

Serial Number: 32734-89
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Figure A.2 Chart diagram showing the size distribution of zinc oxide dispersion

Specific S.A. = 17.3361 sq.m/g

Diameter = 0.40 um



Result: Analysis Report
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Sample Deails 3
Sample ID TMTD Run Number. 2 Measurement Date: Mon, Apr 26, 1999 1:47PM
Sample Fde: PORNCHAI Record Number. 12 Analysis Date: Mon, Apr 26, 199S 1:47PM
- A Resutt Source: Analysed
Sample Not=s: Test by Pranee * and T
i Centre C [ y
Liquid mecium - WATER
System DeGiTE
Range Lens' 300RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 21.0 %
Presentation: 30HD [Particle R.I. = ( 1.5295, 0.1000); Dispersant R I = 1.3300]
Analysis Model. Polydisperse Residual: 0.215%
Modifications® Active — Killed Data Channels: Low 0 High 2
esul
Distnbution Type: Volume Concentration = 0.0081 % Vol Denstty = 1.000 g/ cub. cm Specific SA = 66404sq.m/g
Mcan Diameters: D(v.0.1)= 028um D(v.05)= S525um D(v.08)= 25.07um
D[4.3]= 1061um D[3.2]= 0.90um Span = 4 723E+00 Uniformity = 1.74SE+00
[ Sze_Tow [um] W% Ze_HGh(um) | Underh ) &_Low [um % SEe_Rgh(um] | Under%
UUS Uz 005 Uz 553 337 772 55%
006 0.04 0.07 0.05 1.72 4.14 9.00 63.67
0.07 0.07 0.08 0.12 9.00 425 10.48 67.93
008 0.1 0.09 0.24 10.48 433 1221 72.26
0.09 .18 0.1 0.42 1221 424 14.22 76.50
0.1 0.28 0.13 0.70 14.22 4.07 16.57 8057
Q.13 0.46 0.15 1.16 16.57 381 19.31 8430
0.15 0.77 0.17 183 15.31 344 2249 8782
0.17 1.32 0.20 325 2243 3.00 26.20 90.82
020 223 0.23 5.48 26.20 250 30.53 9332
023 329 027 8es 30.53 1.97 35.56 9529
c27 £.15 031 13.01 35.56 1.46 41.43 $6.76
0.3 3.96 0.36 16.98 4143 1.01 48.27 87.76
0.36 3.28 0.42 2026 48.27 0.63 $6.23 98.39
0.42 278 049 23.05 56.23 035 65.51 98 74 i
043 254 058 2539 65.51 0.18 7532 88.92 !
0.58 1.74 0.67- 2713 76.32 0.0 8e g1 95.01 H
067 132 0.78 28 46 88.91 0.12 103.58 99.12
0.78 111 0.1 2956 103.58 0.13 120.67 $3.26
0.1 0.38 1.06 30.54 120.67 0.16 140.58 99.41
1.06 093 124 31.47 140.58 0.17 163.77 99.58
1.24 111 1.44 32.58 163.77 0.16 150.80 99.74
1.44 1.20 1.68 3378 120.80 0.13 222.28 99.86
168 1.23 185 3511 22228 0.08 258.95 99.95
195 1.82 228 36.63 258.85 0.04 30168 99.99
228 1.73 265 38.36 301.68 0.01 35146 100.00
265 201 3.09 40.37 351.46 0.00 409.45 100.00
3.08 232 3.60 4269 409.45 0.00 477.01 100.00
3.60 268 4.19 4538 477.01 0.00 555.71 100.00
419 305 488 4842 5§56.71 0.00 647.41 100.00
488 341 5.69 51.84 647.41 0.00 754.23 100.00
5.69 3.73 6.63 5557 754.23 0.00 878.67 100.00
Wi, . o Volume %~~~ 100
= 80
3 _IPO
i !
- —{7 0
1‘” | O
4 0
1 5o
i |
i / 20
i |
4 -0
' |
%' 240 A 10
.01 10 100 100.0 10000
Particle Diameter (pm.)
Malvern Instruments Ltd. Mastersizer S long bed Ver. 2.11
Malvern, UK Serial Number: 32734-89 26 Apr 89 -

Tel:0684 892456 Fax:0684 89278S

Figure A.3 Chart diagram showing the size distribution of tetramethylthiuram

disulfide dispersion.

Specific S.A. = 6.6404 sq.m/g

Diameter =15.25 pm



Result: Analysis Report

e —Sample De@ils
Sample ID. ZBDC Run Number: 2 Measurement Date:Mon, Apr 26, 1999 2:14PM
Sample File: PORNCHAI Record Number, 16 Analysis Date: Mon, Apr 26, 1999 2:14PM
Sample Path: A\ Result Source:
Sample Notes: Test by Pranee : and T
i Centre Cl gl L
Liquid medium : WATER
System De@ails 3
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 23.6 %
Presentation: 30HD [Particle R.I. = ( 1.5295, 0.1000); Dispersant R.I. = 1.3300]
Analysis Model: Polydisperse Residual: 0.203 %
Modifications: Active — Killed Data Channels: Low 0;High 2
esul slcs
Distribution Type: Volume Concentration = 0.0067 %Vol Density = 1.000 g/cub. cm Specific SA. = 7.8029sq.m/g
Mean Diameters: D(v.0.1)= 0.28um D(v.05) = 1.8%um D(v.09)= 11.48um
D[4.3]= 475um D[3.2]= 077um Span = 5.919E+00 Uniformity = 2.161E+00
€] Gm —n % €] am) | Under®c | Felow(um] | W% | Seel G|
LUAG) U007 U5 T0Z 563 IBS 7.72 BYBT
0.06 0.0 0.07 0.07 112 3.52 9.00 8533
007 0.08 0.08 0.15 9.00 3.07 10.48 88.41
008 0.12 0.09 0.27 1048 258 12.21 90.98
009 0.18 n1 0.45 1221 2,08 14.22 93.07
o1 0.28 0.13 073 14.22 1.64 16.57 94.71
013 044 0.15 117 16.57 127 19.31 95.98
015 0.73 0.17 1.91 19.31 0.97 22.49 9C.85
0.7 1.25 0.20 3.16 2248 0.75 2620 87.70
020 213 0.23 529 26.20 0.58 30.53 98.27
023 330 0.27 8.58 3053 0.45 35.56 98.73
027 420 031 1273 35.55 035 47.43 99.08
o3 4.26 0.36 17.04 41.43 0.27 48.27 99.36
036 385 0.42 20.89 48.27 0.20 56.23 99.56
042 3.65 0.49 2454 56.23 c.15 65.51 99.71
049 355 0.58 28.09 65.51 0.10 76.32 99.81
058 3.16 0.67 3125 76.32 0.08 88.91 99.89
067 297 0.78 3423 e8.9 0.06 103.58 99.95
078 279 091 37.02 102.58 0.05 12067 100.00
081 272 1.06 30.74 12067 0.00 140.58 100.00
1.06 2.70 1.24 4244 140 58 0.00 163.77 100.00
124 271 1.44 45.14 163.77 0.00 190.80 100.00
144 27 1.68 47.85 i90.80 0.00 22228 100.00
168 273 1985 50.58 222.28 0.00 258.95 100.00
185 280 228 §338 258.95 C.00 301.68 100.00
228 2.89 265 56.26 301.68 0.00 351.46 100.00
265 3.05 3.09 59.32 351.46 0.00 409.45 100.00
3.09 3.27 3.80 62.59 409.45 0.00 477.01 100.00
360 3.83 419 66.12 4771.01 0.00 5§55.71 100.00
4.19 3.82 488 €9.93 §55.71 0.00 647.41 10C.00
488 4.00 5.69 73.84 647.41% 0.00 754.23 100.00
569 402 6.63 7796 754.23 0.00 878.67 100.00
0% = = Volume % s 100
1
i
2 0
i ﬁo
i jtso
a4 to
o 1)
.2 0
L 0
4 0
% : 0
.01 01 10.0 100.0 1000.
Particle Diameter (pm.)
Malvem Instruments Ltd. Mastersizer S long bed Ver. 2.11 [
Malvem, UK Serial Number: 32734-89 26 Apr 99 14:

Tel:0684 892456 Fax:0684 892783

Figure A.4 Chart diagram showing the size distribution of zinc dibutyl

dithiocarbarmate dispersion

Specific S.A. = 7.8029 sq.m/g

Il

Diameter 1.89 pm
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Result: Analysis Report

“Sample Details
Sample ID: TiO2 - Run Number: 5§ Measurement Date: Mon, Apr 26, 1999 1:42PM
Sample File: PORNCHAL Record Number:' 8 Analysis Date: Mon, Apr 26, 1999 1:42PM
Sample Path: A\ Result Source: Analysed
Sample Notes: Test by Pranee : and Te
Equi Centre C 9 L Y
Liquid medium : WATER
. — System De@ils
Range Lens: 3CCRF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 158 %
Presentation: 30HD [Particle R.I. = ( 1.5295, 0.1000); Dispersant R.I. = 1.3300]
Analysis Model: Polydisperse Residual: 1.611%
Modifications: Active — Kitied Data Channels: Low 0: High 2
esul Stics
Distribution Type: Volume Concentration = 0.0029 %Vol Density = 1.000¢g/cub.cm Specific S A. = 27.7667sq.m/g
Aean Diameters: D(v,.0.1)= 0.11um D(v,05) = 0.26um D(v.09)= 073um
D[4.3]= 037um D[3.2)= 022um Span = 2.351E+00 Uniformity = 7.725E-01
[ Sze_Low (um) % ze_} um) | Underk | [ Sze_Low (um) % S@e_High(um) | Underd |
L) UZ8 U005 UZE 63 U300 777 TOU00
0.06 1.10 0.07 1.58 1.72 0.0C 9.00 100.00
0.07 181 0.08 339 9.00 0.00 10.48 100.00
008 259 0.08 5.98 10.48 0.00 12.21 102.00
0.ce 3.42 0.1 9.40 12.21 0.00 1422 100.00
0.1 433 0.13 13.73 14.22 0.00 16.57 100.00
0.13 531 0.15 18.05 16.57 0.00 19.31 100.00
0.15 6.33 0.17 2543 19.31 0.00 2249 100.00
0.17 752 0.20 3285 22.49 0.00 26.20 100.00
0.20 8.58 0.23 4153 26.20 0.00 3053 100.00
023 927 0.27 £0.80 30.53 000 35.56 100.00
027 9.22 031 60.02 35.56 0.00 4143 100.00
031 833 036 68.35 4143 0.00 48.27 100.00
0.36 7.00 0.42 7535 48.27 0.00 56.23 100.00
042 567 0.4 £1.02 55.23 0.00 65.51 100.00
0.49 439 0.58 £5.40 65.51 0.00 76.32 100.00
0.58 3.18 0.67 88.59 76.32 0.00 88.91 10C.00
067 23 0.78 £0.90 88.91 0.00 103.58 100.00
0.78 1.77 0.91 $2.67 103.58 0.00 12067 100.00
cs1 1.56 1.95 9423 120.67 0.00 140.58 100.C0
1.06 1.52 1.24 €575 140.58 0.0C 163.77 100.00
124 1.46 1.44 §7.20 163.77 0.00 190.80 100.00
144 1.22 1.68 $8.42 190.80 0.00 22228 100.00
1.68 0.85 1.95 99.28 222.28 0.00 258.95 100.00
185 0.51 228 99.79 258.95 0.00 301.68 100.00
228 021 265 100.00 30i.68 0.00 35146 10000 *
265 0.00 3.09 100.00 351.46 0.0 409.45 100.00
3.08 0.00 3.60 100.00 40¢.45 0.00 47701 100.00
3.60 0.c0 4.19 1€2.00 477.01 0.00 556.71 100.00
419 0.00 488 100.00 555.71 0.co 647.41 100.00
488 0.00 5.69 100.00 647.41 0.00 754.23 100.00
569 0.00 663 100.00 754.23 0.00 878.67 100.00
10 Volume % 100
1
1
i
3 0
i
o 0
=15 _$50
Ly 0
13 0
| /
- 0
i 0
%, S 0
.01 0.1 10 10.0 100.0 1000.0
Particle Diameter (pm.)
Malvem Instruments Ltd. Mastersizer S long bed Ver. 2.11 p.
Malvern, UK Serial Number: 32734-89 26 Apr 99 14:
Tel:0684 892456 Fax:0684 892789

Figure A.5 Chart diagram showing the size distribution of titanium dioxide dispersion

Specific S.A. =

Diameter

27.7667 sq.m/g

0.26 pm



Appendix B

1. Mechanical Stability Time of Prevulcanized Latex

Table B.1 Mechanical stability time (MST) of prevulcanized latex at various amounts

of potassium hydroxide

Amount of 1** Experiment 2 Experiment Average
potassium specimen MST specimen MST
hydroxide (phr) (second) (second)
0.25 1 82 1 95
P 83 < 98
3 86 3 113
mean 84 mean 102 93
0.50 1 79 1 80
2 82 2 83
3 88 3 83
mean 83 mean 82 83
0.75 1 90 1 103
2 90 2 106
3 96 3 112

mean 92 mean 107 100
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Amount of 1** Experiment o Experi'ment Average
potassium specimen MST specimen | MST
hydroxide (phr) (second) (second)
1.00 1 107 1 ‘ 123
2 108 2 128
3 112 3 130
mean 109 mean 127 118

Table B.2 Mechanical stability time (MST) of prevulcanized latex at various amounts

of tergitol NP9
Amount of 1** Experiment 2" Experiment Average
Tergitol NP9 specimen MST specimen MST
(phr) (second) (second)
0.25 1 90 | 93
2 93 2 98
3 93 3 100
mean 92 mean 97 95
0.50 The values are shown in Table B.1 at amount of potassium

hydroxide 1 phr.
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Amount of NP9 1** Experiment 2" Experiment Average
(phr) specimen MST specimen i MST
(second) (second)
0.75 1 52 1 57
2 53 2 65
3 60 3 67
mean 55 mean 63 59
1.00 1 42 1 45
3 48 ) - 49
3 54 3 50
mean 48 mean 48 48

Table B.3 Mechanical stability time (MST) of prevulcanized latex at various amounts

of casein

Amount of 1* Experiment 2" Experiment Average

casein (phr) specimen MST specimen MST

(second) (second)
0.25 1 95 1 95
2 96 2 104
3 103 3 107

mean 98 mean 102 100
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Amount of 1** Experiment 2" Experiment Average
casein (phr) specimen MST specimen: MST

(second) (second)

0.50 The values are shown in Table B.1 at amount of potassium

hydroxide 1 phr.

0.75 1 147 1 159
2 153 2 169
3 168 3 170

mean 156 mean 166 161

Table B.4 Mechanical stability time (MST) of prevulcanized latex at various amounts

of ammonium laurate

Amount of 1* Experiment 2" Experiment Average
ammonium specimen MST specimen’ MST
laurate (phr) (second) ~ (second)
0.05 1 528 1 933
2 531 2 540
3 543 3 553

mean 534 mean 542 538
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Amount of 1* Experiment 2" Experiment Average
ammonium specimen MST specimen MST
laurate (phr) (second) (second)
0.10 1 675 1 683
2 683 2 689
3 688 3 695
mean 682 mean 689 686
0.15 1 710 1 721
2 719 2 730
3 725 3 730
mean 718 mean 727 723
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Appendix C

1. Tensile Strength of Vulcanized Sheets

Table C.1 Tensile strength of vulcanized sheets that used ammonium laurate 0.15 phr

at various amounts of tetramethylthiuram disulfide (TMTD)

Amount of 1** Experiment 2" Experiment Average

TMTD specimen  Tensile strength  specimen Tensile strength

(phr) (MPa) (MPa)
1 1 9.01 1 8.41
2 8.93 2 8.45
3 8.09 3 9.16
4 8.87 e 8.95
mean 8.73 mean 8.74 8.74
2 1 13.70 1 13.69
2 13.45 2 13.95
3 13.94 3 18.52
4 12.11 4 19.56
mean 13.30 mean 16.43 14.87
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Amount of 1** Experiment 2" Experiment Average

TMTD specimen Tensile strength  specimen Tensile strength

(phr) (MPa) (MPa)
3 1 18.09 1 22.42
& 20.56 | 2 ' 22.80
3 21.90 3 20.11
4 20.09 4 2111

mean 20.16 mean 21.61 20.89

Table C.2 Tensile strength of vulcanized sheets that used ammonium laurate 0.15 phr,

TMTD 2 phr at various amounts of titanium dioxide (TiO,)

Amount of 1** Experiment 2" Experiment Average

TiO, (phr)  specimen Tensile strength ~ specimen  Tensile strength

(MPa) (MPa)

1.25 1 15.33 1 13.38
2 12.36 2 13.59

3 14.28 3 15.11

4 10.44 4 13.92

mean 13.10 mean 13.50 13.30
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Amount of 1** Experiment 2" Experiment Average
TiO; (phr)  specimen Tensile strength specimen  Tensile strength

(MPa) (MPa)

2.50 The values are shown in Table C.1 at TMTD 2 phr

3.7 1 12.84 1 . 15.93
2 13.64 2 15.63
3 14.56 3 1519
- 11.78 - 1557
mean 13.21 mean 15.57 14.339

Table C.3 Tensile strength of vulcanized sheets that used Tergitol NP9 0.5 phr at

various amounts of tetramethylthiuram disulfide (TMTD)

Amount of 1** Experiment 2" Experiment Average

TMTD specimen Tensile strength  specimen Tensile strength

(phr) (MPa) (MPa)
1 1 14.34 1 15.70
2 14.10 2 14.46

3 13.90 3 14.65

4 14.08 4 1525

mean 14.11 mean 15.02 14.57




Amount of 1** Experiment 2" Experiment Average
TMTD specimen Tensile strength  specimen Tensile strength

(phr) (MPa) (MPa)
2 1 1512 1 15.78
2 14.42 2 15.44
3 14.41 3 1593
4 15.61 4 16.17

mean 14.89 mean 15.83 15.36
3 1 20.14 1 20.90
2 19.02 2 21.56
3 20.29 3 20.97
4 19.86 4 20.59

mean 19.83 mean 21.01 20.42
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Table C.4 Tensile strength of vulcanized sheets that used Tergitol NP9 0.5 phr,

TMTD 2 phr at various amounts of titanium dioxide (TiO,)

Amount of 1** Experiment 2 Experiment Average

TiO; (phr) specimen Tensile strength specimen Tensile strength

(MPa) (MPa)
1.25 1 12.70 1 14.24
2 12.70 2 13.72
3 13.76 3 13.47
B 13.32 L -
mean 13.12 mean 13.81 13.47

2.50 The values are shown in Table C.3 at TMTD 2 phr

3.75 1 13.11 1 15.75
2 13.82 2 16.04
3 12.68 3 | 15.06
4 1301 4 1593

mean 13.33 mean 15.70 14.52




2. Elongation of Vulcanized Sheets

Table C.5 Elongation of vulcanized sheets that used ammonium laurate 0.15 phr at

various amounts of tetramethylthiuram disulfide (TMTD)

88

Amount of 1** Experiment 2" Experiment Average
TMTD (phr) specimen Elongation (%) specimen Elongation (%)

1 1 840 1 840
2 920 2 872
3 904 3 932
-+ 836 4 940

mean 875 mean 896 886
2 1 808 1 800
2 780 3 800
3 776 3 792
4 792 4 820

mean 789 mean 803 796
3 1 740 1 760
2 748 2 736
3 736 3 756
-4 756 4 756

mean 745 mean 752 749




Table C.6 Elongation of vulcanized sheets that used ammonium laurate 0.15 phr,

TMTD 2 phr at various amounts of titanium dioxide (TiO,)

Amount of 1** Experiment 2" Experiment Average

TiO; (phr)  specimen Elongation (%) specimen Elongation (%)

1.25 1 800 1 848
2 816 2 828
3 828 3 808
4 832 A 800

mean 819 mean 821 820

2.50 The values are shown in Table C.5 at TMTD 2 phr

385 1 788 1 820
2 824 2 848
3 844 3 828
4 780 4 828

mean 809 i 831 820




Table C.7 Elongation of vulcanized sheets that used Tergitol NP9 0.5 phr at various

amounts of tetramethylthiuram disulfide (TMTD)
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Amount of 1** Experiment 2" Experiment Average
TMTD (phr) specimen Elongation (%) specimen Elongation (%)

1 1 908 1 948
2 908 2 960
3 932 3 960
4 940 - 948

mean 922 mean 954 938
2 1 860 1 852
2 828 2 860
3 836 3 860
. 848 4 853

mean 843 mean 856 850
3 1 780 1 780
2 760 p. 172
3 768 3 780
4 772 4 768

mean 770 mean 775 773
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Table C.8 Elongation of vulcanized sheets that used Tergitol NP9 0.5 phr , TMTD 2

phr at various amounts of titanium dioxide (TiO5)

Amount of 1** Experiment 2" Experiment Average

TiO, (phr)  specimen Elongation (%) specimen Elongation (%)

1.25 1 840 1 860
2 852 2 840
3 844 3 860
4 860 4 -
mean 849 mean 853 851

2.50 The values are shown in Table C.7 at TMTD 2 phr

3,75 1 880 1 880
2 860 2 860
3 860 3 860
-+ 860 4 872

mean 865 mean 868 867




3. Hardness of Vulcanized Sheets

Table C.9 Hardness of vulcanized sheets that used ammonium laurate 0.15 phr at

various amounts of tetramethylthiuram disulfide (TMTD)

Amount of 1** Experiment 2" Experiment Average

TMTD (phr) positions Hardness positions Hardness

(shore A) (shore A)
1 1 25.2 1 243
2 26.7 2 27.6
3 27.4 3 27.8
4 285 T
5 28.7 5 294
mean 274 mean 27.8 27.6
2 1 28.7 1 28.9
2 29.0 2 293
3 29.2 3 29.6
4 29.8 - 30.2
5 30.1 5 , 30.2

mean 29.2 mean 29.6 29.4
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Amount of 1** Experiment 2" Experiment Average

TMTD (phr) positions Hardness positions Hardness

(shore A) (shore A)
3 1 30.0 1 30.5
2 30.6 2 30.8
3 30.8 3 : 311
- 31.3 4 31.8
5 322 5 32.0
mean 30.8 mean 31.1 31.0

Table C.10 Hardness of vulcanized sheets that used ammonium laurate 0.15 phr,

TMTD 2 phr at various amounts of titanium dioxide (TiO,)

Amount of 1** Experiment 2"4 Experiment Average

TiO; (phr)  positions Hardness positions Hardness

(shore A) (shore A)
1.25 1 242 1 245
2 254 4 256
3 235 3 28.1
4 28.2 4 29.4
5 28.7 s 304
mean 27.5 mean 28.1 27.8

2.50 The values are shown in Table C.9 at TMTD 2 phr




94

Amount of 1** Experiment 2 Exp;:riment Average
TiO; (phr)  positions Hardness positioﬁs Hardness
(shore A) (shore A)
3.75 1 28.9 1 293
2 30.4 2 29.9
3 30.8 3 | | 314
- 31.1 5 31.7
5 314 ) 31.8
mean 30.8 mean 31.4 311

Table C.11 Hardness of vulcanized sheets that used Tergitol NP9 0.50 phr at various

amounts of tetramethylthiuram disulfide (TMTD)

Amount of 1* Experiment 5 gy Experiment Average

TMTD (phr) positions Hardness positions Hardness

(shore A) (shore A)
1 1 273 1 28.2
p 28.2 4 28.4
3 28.7 3 29.1
4 29.2 4 291
5 9.2 5 294

mean 28.7 mean 29.1 28.9
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Amount of 1** Experiment 29 Expériment Average
TMTD (phr) positions Hardness positions Hérdness
(shore A) (shore A)
2 1 28.3 1 28.5
2 29.1 2 294
3 30.0 3 31.2
-+ 30.5 - 312
5 32.1 5 32.0
mean 30.0 mean 31.2 30.6
3 1 31.8 1 322
2 2.5 ] 32.5
3 329 3 33.2
-+ 32.9 B 334
3 34.8 5 33.8
mean 329 mean 332 33.1
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Table C.12 Hardness of vulcanized sheets that used Tergitol'NP9 0.50 phr, TMTD 2

phr at various amounts of titanium dioxide (TiO,)

Amount of 1* Experiment 2" Experiment Average

TiO; (phr)  positions Hardness positions Hardness

(shore A) (shore A)

125 1 249 1 : 25.6

2 26.4 2 26.7

3 26.8 3 27.0

4 272 4 31.8

5 27.7 5 324

mean 26.8 mean 27.0 26.9

2.50 The values are shown in Table C.11 at TMTD 2 phr
3.75 1 342 1 : 33.9

2 32.8 2 35.0

3 355 3 354

4 344 4 36.8

5 35.6 5 k y

mean 335 mean 354 34.5
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3. Adhesion Strength of Solder Masks

Table C.13 Adhesion strength of solder masks that used ammonium laurate 0.15 phr

at various amounts of tetramethylthiuram disulfide (TMTD)

Amount of 1** Experiment 2" Experiment Average

TMTD (phr)  specimen Adhesion specimen Adhesion

strength (N) ~ strength (N)
1 1 103.30 1 111.60
2 107.50 2 113.10
high 107.50 high 113.10 110.30
2 1 93.12 1 92.41
2 100.10 2 95.60
high 100.10 high 95.60 97.85
3 1 62.45 1 ' 65.52
2 66.49 2 TERL

high 66.49 high 71.11 68.80
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Table C.14 Adhesion strength of solder masks that used ammonium laurate 0.15 phr,

TMTD 2 phr at various amounts of titanium dioxide (TiO,)

Amount of 1** Experiment 2" Experiment Average

TiO; (phr) specimen Adhesion specimen Adhesion

strength (N) strength (N)
1.25 1 131.10 1 142.10
2 137.60 2 147.40
high 137.60 high 147.40 142.50
2.50 The values are shown in Table C.13 at TMTD 2 phr
3.75 1 83.16 1 93.69
2 90.16 2 97.96

high 90.16 high 97.96 94.03
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Table C.15 Adhesion strength of solder masks that used Tergitol NP9 0.50 phr at

various amounts of tetramethylthiuram disulfide (TMTD)A

Amount of 1** Experiment g Experiment Average

TMTD (phr)  Specimen Adhesion specimen Adhesion

strength (N) strength (N)

1 1 38.38 1 47.57
7 41.96 2 48.10

high 41.96 high 48.10 45.03
2 1 28.27 1 29:25
2 28.72 2 32.16

high 28.72 high 32.16 30.44
3 1 24.88 1 26.66
2 26.53 z 28.42

high 26.53 high 28.42 27.48
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Table C.16 Adhesion strength of solder masks that used Tergitol NP9 0.50 phr,

TMTD 2 phr at various amounts of titanium dioxide (TiO,)

Amount of 1* Experiment 2" Experiment Average

TiO; (phr) specimen Adhesion specimen Adhesion

strength (N) strength (N)
1.25 1 3235 1 33.72
2 36.70 p/ 37.31
high 36.70 high 3731 37.01
2.50 The values are shown in Table C.15 at TMTD 2 phr
3.75 1 19.76 1 20.58
2 20.29 v 22.77

high 20.29 high 22.11 21:53




Appendix D

1. Viscosity of Solder Masks

Table D.1 Factors necessary to convert reading on scale 0-100 to millipascal seconds

(centipoises) of Brookfield RVT small sample in spindle number 14

Speed (rpm) Factor
100 125
50 250
20 625
10 1,250
55 2,500
4 K by
RY 5,000
2 6,250
1 12,500
0.5 25,000
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Table D.2 Viscosity of solder masks at various amounts of carboxymethyl cellulose

(CMC)

Amount of 1** Experiment 2" Experiment Average

CMC (g) specimen Viscosity (cps.) specimen Viscosity (cps.)

5% CMC 1 11,562.5 1 11,687.5
20g 2 11,500.0 . 11,812.5
3 11687.5 3 11,750.0

mean 11,583.3 mean  11,750.0 11,666.7
5% CMC 1 12,750.0 1 12,625.0
25¢g 2 13,062.5 2 o 126875
3 13,125.0 3 12,812.5

mean SR ri R mean 12,708.3 12,843.8
6% CMC 1 129375 1 15,625.0
20g 2 15,812.5 2 15,625.0
3 15,625.0 3 < kT ai0

mean 15,791.7 mean 15,666.7 15,7292
6 % CMC 1 19,187.5 1 = 1250
25g 2 19,375.0 b 19,187.5
3 19,437.5 3 19,375.0

mean 19,333.3 mean 19,2292 19,281.3
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IS(

Amount of Experiment 2" Experiment Average

CMC (g) specimen Viscosity (cps.) specimen Viscosity (cps.)

7% CMC 1 20,812.5 1 21,125.0
20g 2 21,375.0 2 g 21,250.0
3 21,375.0 3 21,250.0

mean 21,187.5 mean. 21,208.3 21,197.9
7% CMC 1 26,562.5 » 1 26,437.5
25¢g 2 26,687.5 2 26,437.5
k 26,687.5 3 26,562.5

mean 26,645.8 mean 26,479.2 26,562.5

Table D.3 Viscosity of solder masks at various time ;

L)

Amount of CMC ~ Weeks Viscosity (cps.) Average
€
1 2 3
5% CMC 0 11,687.5 11,812.5 11,750.0 11,750.0
20¢g 1 10,312.5 10,312.5 10,312.5 10,312.5
2 10,125.0 10,187.5 10,187.5 10,166.7
4 9,500.0 9,56.2.5 9,500.0 9,520.8
6 9,062.5 9,395.0 9,187.5 9,208.3

8 9,062.5 9,187.5 9,187.5 9,145.8
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Amount of CMC  Weeks Viscosity (cps.) Average

(8)
1 2 3

5% CMC 0 12.750.0 13,062.5 13,125.0 12,979.2

25¢g 1 11.875.0 12,000.0 12,125.0 12,000.0

. 12.437.5 12,500.0 12,437.5 12,458.3

4 11.250.0 11,312.5 1153125 11,291.7

6 11.250.0 11.250.0 11,250.0 11,250.0

8 11.375.0 11,312.5 11,250.0 11.312.5

6% CMC 0 15937.5 15,812.5 15,625.0 15,791¢7

20¢g 1 15.937.5 16,000.0 Y93 %5 15,958.3

2 15.375.0 15,437.5 15,750.0 15,520.8

B 14.687.5 14,562.5 14,562.5 14,604.2

6 14.812.5 14,937.5 14,875.0 14,875.0

8 14,812.5 14,687.5 14,687.5 14,729.2

"

6% CMC 0 19.18%.5 19,375.0 19,437.5 19,333.3

25¢ 1 19.125.0 19,312.5 19.312.5 19,250.0

2 19.312.5 19,375.0 19,312.5 193333

- 17,500.0 17,375.0 17,312.5 17,395.8

6 171815 17,062.5 16,562.5 16,937.5

8 17,062.5 17,062.5 16,937.5 17,020.8
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Amount of CMC Weeks Viscosity (cps.) Average
(8) 1 5 ]

7% CMC 0 20,812.5 21,375.0 21,375.0 21,187.5

20g 1 21,875.0 22,187.5 21,812.5 21,958._3

2 21,500.0 21,562.5 21,500.0 21,520.8

- 20,000.0 19,875.0 19,687.5 19,854.2

6 21,000.0 20,750.0 20,625.0 20,1987

8 20,687.5 20,895.0 20,937.5 20,833.3

7% CMC 0 26,562.5 26.687.5 26,687.5 26,645.8

25¢g 1 25,3125 25,562.5 253125 25,395.8

. 26,750.0 26,562.5 26,4375 26,5833

- 25,875.0 24.875.0 24,875.0 25,208.3

6 25,812.5 25,875.0 25,250.0 25,645.8

8 25,875.0 25,687.5 25,625.0 29,1292




N 100.0
5.0 T e et + v, Onset 381.82 *C .
0.0 —r 80.0
=5.0 ~80.0
<
E -40.0 - ~70.0
i
2  -45.0 4 -60.0
S
g
T -20.0 - 50.0
Q
a
§ -25.0 ~40.0 |
-30.0 - -30.0
-35.0 - \ 20.0
-40.0 Peak 404,43 *C 5 . rie.o
e Ares -84.97 Wt. % e
I I I T = l 0.0
100.0 200.0 300.0 400.0 500.0 ~ 600.0
ELASTOMER IDENTIFICATION Temperature (°C) JIRAPORN :
0.0 min RATEL £20.0 C/min - PERKIN-ELMER

TBEE o38:8 § Thes

7 Seriesn Thermal'Analfmia‘ System
Mon Nov 29 09: 17: 28 {999

Figure E.1 TG/DTG thermogram of solder mask that prepared from suitable formula of prevulcanized latex

Weight (Wt. %)

o xipuaddy



VITA

Pornchai Kengpanyadee was born on September 19, 1975 in Bangkok,
Thailand. He received him Bachelor Degree of Science in Chemistry, King
Mongkut’s Institute of Technology Thonburi in 1996. He began his Master Degree of
Petrochemistry and Polymer Science, Graduate School Chulalongkorn University. in

1997 and completed the program in 1999.



	References
	Appendix
	Vita

