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A1. Specification of equipment

A1.1 Continuous kneader

Model S1 Type
Maker Ltd.
Paddle dimension 5 Dx m. (L/D = 10.2)
. TET————
Paddle speed . 1 3\ iable) at 50 Hz.
384 ) at 60 Hz.
Barrel heating, cooling s 2 . \
Heating system | '“ : p. 1.5 kW)
Cooling system V'l%: \
Drive unit » 31? : eec T cer (with motor)
A ype- S25D-10R 0.4-4
| Mot P T.EF.C. Type
Power source  F- - Hz. 3¢
Power consumption fﬁ + Heater 1.5 kW)
Capacity approx. g,% kr/hr
Material of mﬂpusg ’J w f] ﬂ ‘j
Barrel SUS 316 + wes
«AAININ TN 1INYR Y
Main shaft SUS 630
Size 540 mm(W) x 1100 mm(L) x 1260 mm(H)

Weight

Approx. 150 kg




A.1.2 Accurate feeder

Model 102 Type

Maker Kurimoto Co., Ltd.

Electrical requirement | 110 Volt., 60 cycle A.C. , single phase

Motor e " !’//_/é'

A.C.

motor, 45 rpm output

D.C. 24

Control -
A.C.
D.C.
‘;‘."'\ +_a‘
1/ Spe:
] =
sia
e e
Feed rates ProX. 845 .32 liter/hr using stainless
ctews ia. with center core helix.

Contact material -t —_—
Hopper
Helix

L] -
Discharge :_ e

Non-contact mﬂerial 304 Stainless steel frame and side panels

oimensiind’| | &) ! {21534 i #1400 i)

Capacity Max. 18 liter/hr

Weight 6.5 kg

136



A1.3 Mold temperature controller

Model MC Il -15 H Type

Maker Kurimoto Co., Ltd.

Power supply A.C. 3¢ 200/220 V 50/60 Hz.
Medium 1 (soft water)

Operational temperature

range
Pump motor

Heater : capacity

Heater box
Material
Capacity

Temperature controller

Operation
Input (Thermocouple)
Setting/indicatio

Timer function

. AUEA
ARIANNT

5999 hr (0.1 hr- 6
min.). Operation starts'when the timer has

N0,
b inenipNR

sensor, and upper and lower limit alarm

Water level detection

Float switch

Pressure gauge

¢ 50x 6 kgf/cm2

External dimensions

232 mm(W) x 506 mm(D) x 538 mm(H)

Unit weight

Approx. 50 Kg.

Power consumption

3.25 kW

137
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A1.4 Press roller

Model ¢ 90 x 200 L
Maker Kurimoto Co., Ltd.
Size 600 mm(W) x 920 mm(L) x 894 mm(H)

Roller speed 0- 10 vpm

Weight

Power consumption lc"" W

Voltage and phase I/ /m r\\\

Capacit 4// ’7 é} l\\\\\\

ﬂ‘UEJ’JVIEW]?WEﬂﬂ‘ﬁ
ammmmummmaa



A2. Experimental data

139

A2.1 Calibration data of accurate feeder flow (for HDPE powder used)

A2.2 Calibration

Feed rate (g/min)

Potentiometer Setting

A Feed rate (g/min)

------

7/ \\\\ '
J’///, k\~\\\
B 7 ] AN

o | &%@" 2
JOU ..u'ﬂ‘m.

t"'" A2

100

8 8

------------------------------------------------

-----------------------------

.....-...-..........-..-..-- -..--.....-.....-. ......
...................................................
comcotornactlocec e cccilocccatonccabocenetocncaticoes s
....................................................

---------------------------------------------------

100 200 300 400 500 600 700 800 900
Potentiometer Setting



A2.3 Calibration data of rotational speed of screw

Rotational speed (rpm)

Potentiometer Setting | Rotational speed (rpm)
81 89
101.5 112.8

122
142
1

oA/l
//

77/ %
/1] !\\\\\

132.5

55.5

G
'\\\\\ :

0 50 100

150 200 250

Potentiometer Setting

300

350

140
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A2.5 The actual experimental data

A2.5.1 Carbon black

1) Condition : Kneading temperature = 200 °C
Speed of screw = 162 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 10 min

n
3 4
2 4 4
4 16 16
5 24 25
8 54 49
10 63 59
16 o 107 110
20 -3 153 ; ) R 150 149
40 .0 05 | 309 312
80 0 . 642\ 4 h 659 671
Sample size 200 1 201 202
' ROy ¥
oallel s .
Iy P v i
2) Con |tioﬁi?ﬁédi g temperature = 200 °C
Speed of screw = 162 rpir
Feed rate =51.2'g/min
n 1 E )
U 1 2 g 3 4
2 ™3 4 Q 4 4 4
AL 1S e B
35 0. L (LAF L LILF- 25
’ 0.125 < 58 55 58 &, 59
a % 16 § 25 | 1€ 1 137
. B 0.05 190 163 170 166
40 0.025 411 360 384 380
80 0.0125 879 924 849 834
Sample size 195 192 187 185
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3) Condition : Kneading temperature = 200 °C
Speed of screw = 162 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

16
25

70

148
199
419
987
171

16
25
55
69

0.0625 | 139 140 138 138
0.05_] .16 —~ 164’ | 148
1025 1[] 13687 | 3] 1| 342
: 46 | 755 765 | 769

190 180 185

Sample size 189
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5) Condition : Kneading temperature = 200 °C
Speed of screw = 162 rpm
Feed rate = 71.9 g/min
Pre-mixed time = 30 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 02 Lo , 25 25 25
8 0.125010% 62 60 61
10 0. 89 91 87
16 - K 157 160
20 28 & , 241 235
40 0 722400 S 260 265
80 . [ \ 690 700
Samplesize 9 R\ 184 187
K Q
- »
6) Géndifion : Kneac ure = 200 °C
Speéd of screw =
Feed rate = 92.5 g/mil .
Pre-niixeg:time = 1!
n T R N(n)
3 L il £l 3 4
7 —05 == Nl 4 4
4 1= 025 | e 16 16
5 " 02 1 25 24 25
8 %5 60 | 59 57 50
o ilo anlo 1 84 ~laa 88 o L6 70
—f% Loy i 136 | 126
20 005 | 183 166 181 162
40 0.025 | “ 371 863 69 °/| 335
’Q 80 | "84 9 795
i Sample's 178 180 182
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7) Condition : Kneading temperature = 200 °C
Speed of screw = 162 rpm
Feed rate = 92.5 g/min
Pre-mixed time = 20 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 1 16 16 16
5 0.2 ha¥ ; 25 25 25
8 0.125 51 \\84' 55 53 55
10 0. SF80 83 82
16 o 1 , 146 146
20 = 190 b= 185 186
40 /8840 359 363
80 ' 774 776
Samp! 189 190
8) @on : Kneadi ture = 200°C
Spgd of screWw =
Feed gate 592.5 g/m
Pre- eﬁ*‘ﬁie=ag
n | Lo e N
t-"—“ 1 i =] 3 4
2 o T ke ) 4 4
4 T Oun A 1 16 16
5 B9 02 25 25 25
8 0.125 55 61 58 60
; H‘F L 81
ﬁ(b | ' df M ﬂ'%s 148
20 0.05 175 192 195 197
_ 40 " 39 97T 437
1 1071
191 2 195
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9) Condition : Kneading temperature = 200 °C
Speed of screw = 243 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 10 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 25 25 24
8 0.1 ‘m\ji[//' 51 56 56
10 O 71 A2 70 73
16 e v S R — 142 131
20 -_..-mm-..__ 165 149
40 0025 1/ 389 349 310
*0.0495¢ }// 880\ j 762 805 725
Sam lg@ized” /| [‘EJ RN 149 152

n

() 4

2 M 4 4

4 = 5 16 -3 16 16

5 0.2 . 25 @ 25 25

8 9125 51 55 54 49

[} ) 71
5 | )ogzq' | , ﬁ'%} 134
20 0.05 161 168 181 165
40 | 0.0 " 348 75%7] 373
’Q m'eb* 1500125 %‘ 8 9 920
g Sample size = o i 43 1 171




11) Condition : Kneading temperature = 200 °C
Speed of screw = 243 rpm

Feed rate = 92.5 g/min
Pre-mixed time = 10 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 25 25 25
8 0.12688% ) - 62 63 60
10 o " 92° 93 87
16 ' 1% 180 185
20 7 249 241
40 374 376
866
189
- 4
2 & 4
4 16
5 25
8 58
10 an 1. 72
6 | 0.0625 %W’& 6 149
20 0.05 155 179 196 180
40 0.025 | © 326 78" 370
'%Qgg ).( 790
ple siz 0 : 8 187




13) Condition : Kneading temperature = 200 °C

Speed of screw = 324 rpm

Feed rate = 51.2 g/min
Pre-mixed time = 10 min

3 4
4 4
16 16
24 25
49 46
83 83
146 147
194 198
366 378
810 820
. 149 152
ture = 200 °C
3 4
2 \A 05 5 Xl 4 4
4 -B 0.25 — 16 16
5 O 02 | 25 .| 25 24
8 £0.125 PR 56 59
5 ‘s =77 74
| 0.0625 13¢ |1 [A25 24 124
20 005 [ 139 168 167 159
: PR 3 311
W% 72815 7o T e
q Sample size _ 143 | 173 161 159
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15) Condition : Kneading temperature = 200°C
Speed of screw = 324 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n
3 4
2 4 4
4 16 16
5 25 25
8 59 59
10 85 83
16 161 145
20 191 191
40 387 391
80 864 889
Sam 169 170
ture = 200 °C
n
3 4
2 0.5 | e 4 4
4 7 O = 16 16
5§ ¥ 02 25 25 25 25
8 £0.125 61 o, 62 60 61
N Y IW B8 ) <p9 91
| 16ATJ0.$ . H84c¢ | 1191 111 do0 190
20 0.05 [ 269 263 267 260
{40 2L Jias =387, _%'n 379
D15 LA | 831 ?’ 831
- Samplesize | 192 174 185 187
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17) Condition : Kneading temperature = 200 °C
Speed of screw = 324 rpm
Feed rate = 71.9 g/min
Pre-mixed time = 30 min

149

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 ' 25 25 25
8 0.125 61 60 62
10 95~ 9 92 95
16 5 183 187
20 04 307 314
40 1451 | 1 424 437
80 900 930
Sam I 01 180 183
rff";é‘ \Y »
NP\
18) Conditior K;:ea t aﬁre 200°C
Speed of s¢réw =
e ate_, ;@%J
Pre
n N(r
- 3 4
2 17 : : 4 4
4 Tk = 16 16
5 W 02 25 25 25
8 0.125 59 60 62 59
Q181 Ahnbi1ofPe dur B8P ﬂ_‘:BZ 89
| B 0.0625 M8l I\ 1583 164 177
20 0.05 194 184 | 194 202
40 0.025 |° 415 =870 396 | 429
i 0.0 7 ’}Q! 13 1043
‘Sample size 3 s T ur 175




19) Condition : Kneading temperature = 200°C
Speed of screw = 324 rpm

Feed rate = 92.5 g/min

Pre-mixed time = 20 min

150

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 Ja% ) 24 25 24
8 0.1255810N - 45 60 54
10 0. 968 82 70
16 100 4 130 114
20 143 158 142
40 /282, 320 290
80 '6 1 676 632
Sam 174 181
4
4
16
25
58
83
149
184
381
928

190




21) Condition : Kneading temperature = 240 °C
Speed of screw = 162 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 10 min

161

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 25
8 0.125 | 60
10 Oty 79
16 152
20 201
40 0 410
80 : 951
Samp! e 152
22) gon
Sp
Feed
Pre-
n | =
CY 4
2 —5 4
4 0 16
5 mb2a™ 25
8 %5 64
a tlo o 95
0.0625' | 249
20 0.05 18" 181 178 180
40 0.025 | “357 386 372%7] 381
QL ERIN LRI VaE L i R
Sample's 171 1 ol




23) Condition : Kneading temperature = 240 °C
Speed of screw = 162 rpm
Feed rate = 92.5 g/min
Pre-mixed time = 10 min

162

n r
3 4
s 05 4 4
4 0.25 16 16
5 0.2 25 25
8 57
10 78
16 131
20 173
40 327
80 727
181
4
4
16
25
57
Wl £
1 130
[ @o 164
40 ; 329° | 335
ol X
q ple si 170



25) Condition : Kneading temperature = 240 °C

Speed of screw = 162 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 10 min

r

0.5

16

25

0.25
0.2 »\E 7.

62

91

179

Bla|3|e|o|a|n

40

80

201

363

798

Sampl

26) Conditioh “Kneading

()

Spéedof scriew =

. (=3
Mo

W

1561

163

16

25

61

85

171

0.05

225

890

L

Sample size

175

179
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27) Condition : Kneading temperature = 220°C
Speed of screw = 324 rpm
Feed rate = 92.5 g/min
Pre-mixed time = 10 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 Lo 16
5 0.2 v124 J 25 .25 25
8 0.128 N\ 15 : 61 e ) 60
10 S 7B A B3 78 77
16 ] 156 156
20 187 180
40 409 400
865 807
184 175

3 4
4 4
16 16
24 25
54 59
=79 79
135 135
182 155
316~ | 355
7 820
2 207
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29) Condition : Kneading temperature = 240 °C
Speed of screw = 162 rpm
Feed rate = 51.2 g/min

Pre-mixed time = 10 min

3 2

4 4

16 16

25 25

57 61

89 90

153 152

249 254

376 358

581 630

161 159

240 °C

3 ]

4 4

16 16

25 25

57 57

0 78 77
6 % : ‘ 27 122
5040 1) 60 1 147 47 147
0 0.025 |. 305 305 316 310
8 6 ~7 699
Q ﬁ i ﬂ%ﬂ_ 173




31) Condition : Kneading temperature = 240 °C

Speed of screw = 162 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

156

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 i 16 16 16
5 0.2 | 25 24 25
8 0.125 | 5 50 47 49
10 N 7 1 82 69
16 149 138 138
20 177, 174 158
40 : 337 342
80 765 771
Sa si & AN RS 179 180
ek T _
% (4 4
Mo
3 i o K f;«;-» e =240°C
e ratgig?;i 9 g/min
n_ B Lt SBRAE
b 4
28 4
4 16
5 % 0.2 25
8 125 62
1 91
1 195¢ 1ll g1s0 191
20 0.05 253 259 265 260
4 )_%% -V 3 367
0.0 1 | E‘ﬂ 7 829
" Sample size 9 203 2 201

Page 1
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33) Condition : Kneading temperature = 240 °C
Speed of screw = 162 rpm
Feed rate = 71.9 g/min
Pre-mixed time = 30 min

n r
3 4
2 0.5 4 4
4 0.25 16 16
5 0.2 24 25
8 0.126 61 62
10 90 91
16 179 185
20 239 241
40 409 410
80 940 917
Sam i 3 200 180
34) Condition : Kneac ure = 240°C
S f'screw =
Fee tegs_.’
Pri |xe§t‘§11e
n e i
gr— by 3 4
2 LA '- 4 4
4 [ Conuma il 16 16
5 0.2 25 . A 25
8 0,425 62 o 57 61 60
LTl Gl m
116 0 [.0.062 ‘ 5 1T 167 151
20 0.05 | _199 £7 197, | 186
r,‘p -l Ve N ™ 393
o [T %0 81 892
9 Sample size 190 178 202 187




35) Condition : Kneading temperature = 240°C
Speed of screw = 162 rpm
Feed rate = 92.5 g/min

Pre-mixed time = 20 min

158

n r
3 4
2 0.5 4 4
4 0.25 16 16
5 0.2 v 25 24
8 0.128 |\ 55 60
10 < 79 85
16 8 124 150
20 : 153 190
40 336 392
80 800 870
Sampie 'si 170 169
% =)
Mo
36) ition : Knez re = 240 °C
of screw’
ed rate 5925
Presmixed time =
n =2 %
N 3 4
2 . _ 4 4
4 "-"N025 e 16 16
5 | (V% 25 | 25 25
8 |, 0125 58 57 55 54
1 i o day ol 2L oulB 73
1 L'? 0.0625 1 1151, 188 142 138
120 .05 187 | 179 174 179
40 0025 | 406 | =378 374/ 360
012 ¥ B?‘Q =1 807
. size 85 191 184 | 200
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37) Condition : Kneading temperature = 240 °C
Speed of screw = 243 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 10 min

n r N(r)

1 2 3 2
2 05 4 4 4 4
4 0.25 16 16 16 16
5 02 L \m 25 24 25
8 0.125 | 60/ /1F 261 60 61
10 %x“r" 55 _' . 87 84
16 N 0625 | 83 ' 187 191
20 ’ ;’mh-._ 291 274
40 0,026 1 362 | 34 324 363
80 0.0405/ Y //797 | 736 723 798
Samplesizes” £}/ 147 | 150 | 155 149

]

Jarature = 240 °C

n N(r)

£ 3 4

2 ¥l 4 4

4 16 16

5 25 | 25 25

8 ; < 61 62

A0p (|0, 00 onln 88 |y 89 90

6 0.0625 192 . |/1187 3 175

20 0.05 283 290 287 277

40 0.025 | “514 433 480°| 476
Q abﬂsqﬁg i ]'J% OullK ﬂ_‘_?_ 7100
? le'siz ¥ 1 18 174
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39) Condition : Kneading temperature = 240 °C
Speed of screw = 243 rpm

Feed rate = 92.5 g/min
Pre-mixed time = 10 min

160

n r N(r)

1 2 3 4

2 0.5 4 4 4 4
4 0.25 16 16 16
5 0.2 25 25 25
8 0.125" | 58 50 60
10 81 76 83
16 W7 - 189 192
20 274 287 280
326 330

750

191

4

4

16

25

56

82
0.0! % 207 202
20 0.05 300 299 297 307
0 025 | ° 71 304~ ], 314
: gbiﬁ'é 7 745
ample size 5 10 297 199




41) Condition : Kneading temperature = 240 °C
Speed of screw = 324 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 10 min

161

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 ~IN 25 25 25
8 0125 | 61 61 58 57
10 8 7 84 79
16 , 157 129
20 4204 w108, 196 177
40 ) 404 2 388 347
80 R 862 795
Sam i 9 190 190
<+ (A & Y
A \
42),Condition : Kneading te ture = 240 °C
Speed of screw =324'rp
te 572 glmin
Presmixgd fim @
3 4
4 4
16 16
25 25
57 58
‘ ; ‘ 8 77
h%j_ﬁ 08635 1 ng2d Yy 45 |l 437 135
420 0.05 164 171 169 170
40 0.025 [° 335 =841 339" | 340
3 9 i | bl "yed ¥l 779
Sample'size” * B Sl ol 184
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43) Condition : Kneading temperature = 240°C
Speed of screw = 324 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n r N(r)
1 2 3 4
2 0.5 4 S R 4
4 0.25 1 16 16 16
5 0.2 oN1BSJ 25 25 - 25
8 0.125 | 657/A 2 60 58 58
10 M 837 , 81 83
16 ) G50 l— 149 153
180 197
WS 388 393
\\ 904 920
\ ;:_;% 170 165
: AN
ture = 240 °C
N(r)
) 3 4
, 4 4
=] 16 16
25 W 24 25
59 57
T 4y <60 90
210 200
296 287
40 | 0025 40: 398
o) s o025, [ 795
q __Sample size 192 200
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45) Condition : Kneading temperature = 240 °C
Speed of screw = 324 rpm
Feed rate = 71.9 g/min
Pre-mixed time = 30 min

n r
3 4
2 0.5 4 4
4 0.25 16 16
5 02 o 25 23
8 0.125 | | 62 60
10 89 92
16 187
20 245
20 410
80 917
205
4
4
16
25
; 56
p-] | 83
16 |10.0625 9 53 iI 156 152
920 0.05 161 203 197 187
40 0.025 |* 329 886 3747 380
. P S T 8551 Hl” B 819
ple size b ot 0 o R B
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47) Condition : Kneading temperature = 240°C
Speed of screw = 324 rpm

Feed rate = 92.5 g/min

Pre-mixed time = 20 min

164

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16
5 0.2 \ 25 25 25
8 0.1285 4%\ i 51 55 56
10 80" 84 85
16 9 135 138
20 181 180 177
40 350 349
80 751 749
Sam i 219 217
48) Condition : Kne: ture = 240°C
S Bw <
F #9825
Pre-mixed time :
n |
- 3 4
2 e 4 4
| B 5 16 16
5 B 02 23 25
8 £0.125 S ol B 53 51
_ﬁn 1 Alan L83~ 1 71
0625 ﬁﬁ 139 140
20 0.05 198 180 157 155
40 .0 v 52 369
"801 11 0. 835
" Sample size 0 0 201




A2.5.2 Quinacridone violet

1) Condition : Kneading temperature = 180 °C
Speed of screw = 162 rpm
Feed rate = 51.2 g/min

Pre-mixed time = 30 min

165

n r N(r)
: 2 3 4
2 0.5 NS is/ 4 4 4
4 0.28 NN\ I 16 16 16
5 ‘ 25 22 24
8 = @ 47 51
10 >, 81 & 61 69
16 7712 93 96
20 147 113 122
40 173 197
80 i A 421 405
Sampié si 185 187
..f“ v/ s \
s c;-{t. I ;_J‘U" L d
Nalel .
2) Condifion K fem ture = 180 °C
Speéd of sorew =162 1
Feed rate =32.5 g/min.
Pre-mixed time = 30/min
P i ‘ 3. 4
2 0.5 4 4 X 4 4
4 £0.25 16 16 16 16
Qlp Pl ﬁ%_ 23 24
0. LJ | Al 43 50
10 0.1 o 65 60 65
, A6 dlon A b 1785~ 87
Q 20 0.0 20 1220 101 117
el 40 | 025 140 218 159 161
80 0.0125 287 404 335 370
Sample size 165 151 145 150




5) Condition : Kneading temperature = 200 °C
Speed of screw = 81 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
D 0.2 ‘ 25 25 <
8 0. 1255 59 59 57
10 4 7 79 80
16 : 125 124
20 61 | 159 163
40 9 261 255
80 0 537 551
113
4
4
16
25
60
V44
101
163
249
’Q 529
180
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3) Condition : Kneading temperature = 180 °C
Speed of screw = 324 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 : 23 25 23
8 0.1250 1 . 55 57 54
10 0. o 69" 1 78 73
16 = — 113 110
20 127
40 217
80 463
Sam 220
4 il A 4
2 = "y 4 4
4 - 16 16
5 ](_7 : ;- - 25 24
8 0.125 52 50 49 50
A0 Slonlo w% 67
6 0.0625 i I % 104
20 0.05 135 123 12 123
40 0 . o7 93" 211
Q 8o il | 1 409
i ple size 5 ; 1 178




7) Condition : Kneading temperature = 200 °C

Speed of screw = 162 rpm
Feed rate = 30.0 g/min
Pre-mixed time = 30 min

168

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 16 16 16 16
5 0.2 LNEH) 25 25 25
8 0.125° |\ 60/ /) 461 61 61
10 O 90 A0 89 91
16 0.06825~+ 155 = 177 165 156
20 Js!zm-._ 210 220
40 o i 417 418
80 . 810 815
Sampleized / |/ 229 235 235
8) Conditic Kﬂea pere tule 200 °C
Sp 2 ﬁwuw- 3p
512
4
4 4
16 16
24 23
56 57
78
| 81 132
151 155
87 | 245
Q 0125 437
q ample size 5 1 2 110




9) Condition : Kneading temperature = 200 °C
Speed of screw = 162 rpm
Feed rate = 71.9 g/min
Pre-mixed time = 30 min

169

3 4

4 4

16 16

20 24

47 62

1 89

116 145

146 189

245 307

497 605

159 175

e =200°C

3 4

4 4

16 16

25 25

56 52 55

TEPM- VPR AN AP PR 80
e i Togess 1 el Y iris L] dos 117
420 0.05 146 139 109 144
40 0.025 |© 270 £062 2387 267
) '14 530
Sample'size 9 19T WM = 120
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11) Condition : Kneading temperature = 200 °C
Speed of screw = 243 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n r N(r)

0.5

0.25 16 16

0.2 25 25

60 61

85 84

i

140
157
319
604
160

2
4
5
8 0.125 |
10
16

16

25

60

80

16 "] 0.0625"] ' 149 | | . 136 141
20 1-005 ] 159 | 174 147 160
40 0.025 342 _ |~ 374 345

i
Fa

317
¢ 4 34 3?25: 687
i 195 o B 205
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13) Condition : Kneading temperature = 200 °C
Speed of screw = 324 rpm
Feed rate = 30.0 g/min
. Pre-mixed time = 30 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 1 16 16 16
5 0.2 ' dh 25 25 25
8 0. 125NN 1 62 63
10 0. 87 A 88 89
16 K —- 169 170
20 2, 183 2 191 191
864, | 384 385
781 783
196 200
<
ure = 200 °C
N(r)
l DN [ 4
4 4
- 16 16
$ 25 25
60 61
| e &Y 86
N A0 0
172 - 173
21”1 . 341
AN E 2 735 62 673
al ample size 80 | 190 175 180
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15) Condition : Kneading temperature = 200 °C
Speed of screw = 324 rpm
Feed rate = 71.9 g/min
Pre-mixed time = 30 min

n r N(r)

1 2 3 4
2 0.5 4 4 4 4
4 0.25 1 16 - 16 16
5 0.2 o\ B 25 - 2O 25
8 0.1255 N\ H 61 ) 60
10 0. . 88 85 90
16 - § 144 147
20 199 | , 197 210
40 ¢/ IBBO N 369 385
80 746 AN 76 744 750
Sam zof' 4 O v 225 225

v

16) Congii éKﬂéa
Spéedjof &créw =
Féed rate _;.‘_hizws
Pre-mixed tiie =
LA‘i R - ) 3 4
4 4
=" 16 16
25 W 25 25
59 57 58
alo q ~ b <79 79
&ﬁi% 185 140
180 169 164
31 337 335
A1 0125 67 675
q Sample size il 18 180
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17) Condition : Kneading temperature = 220 °C
Speed of screw = 162 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 6 16 16 16
5 0.2 ' 24 24 24
8 0. 12508108 Y 60 61 59
10 0. | 80 78 81
16 ‘ = 194 139 140
20 166 178 174
40 786 I 321 317
641
150
4
4
16
25
56
. 76
. o L 120
2! ; 147
g IR e 296
q e A G
q ample size 155 149 150
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19) Condition : Kneading temperature = 220 °C
Speed of screw = 324 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n r N(r)
1 2 3 a
2 0.5 4 4 4 4
4 0.25 1 16 16 16
5 0.2 N 25 25 25
8 0.1256 | _ 63 63 63
10 :g‘&, 87 89 89
16 : : 170 171
20 o 192 191
40 IS | 384 385
80 0 J 781 783
Sam | 225 220
\ N
20) . : Khiea ture = 220 °C
S f'screw =
Féed rate :sg{ 5
Pr -xqqme g
n r B . N
&2 T L) 3 4
2 T g 3 4 4
4 I 025 | 46 = 16 16
5 & 0.2 23 24 W 24 24
8 0125 57 o] 60 61 59
Htbat e b o te H o e
5 10 |L.D.0825 | |L 56 || | 139 140
005 | _ 156 189 178 174
[ 40 T g 2Rd, 317
3 [T DA oerms i gt e T edal 1
q Sample size 150 152 150 150




21) Condition : Kneading temperature = 240 °C

Speed of screw = 81 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

r

0.5

0.25

16

16

175

25

61

89

157

173

340

671

195

=]

4

4

16

23

OO AIN

57

81

139

70

0.05

57 os

1565

-

AR

. -
0.012
9 Sample size

487, b1 245
143 400
153 169




23) Condition : Kneading temperature = 240 °C
Speed of screw = 162 rpm

Feed rate = 30.0 g/min

Pre-mixed time = 30 min

176

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 T 16 16 16
5 0.2 _INNBE /7 25 25 25
8 0.126 5 \\62/, 1 61 61
10 gé % 89 91
16 086261 195 40P~ 165 156
20 7,210 S 210 220
40 I ANRS 417 418
80 T 770 | "8 822 820
Sam z . 198 A4\ 02058 S 200 200
r - . "w} pY X
e A9
24) Condition : Krieading tem régure = 240 °C
Speéd of Screw = ; |
Feed fate =51.2
Pre- xe@fﬁ‘iﬁé*—-»-'@
n P TGN, b
. = = 7IE 4
2 QLA i ; 3 s 4 4
4 =025 _| 18 l 16 16
5 < 0.2 25 25 W 25 25
8 0:125 59 62 63 61
gZajejon 173 89
16 14 [0l0625 LK 154
200 | 005 161 183 199 . | 181
AR A~ oD 1313 ;k 387, 358
80 0125 6 7 681
Sample size 166 199 218 | 195




25) Condition : Kneading temperature = 240 °C

Speed of screw = 162 rpm
Feed rate =
Pre-mixed time = 30 min

71.9 g/min

177

n r N(r)
1 2 3 4
2 0.5 4 4 4 4
4 0.25 1 16 16 16
5 0.2 haN 25 25 25
8 0.12 A\ 62 62 61
10 0. Ny 91 91 91
16 — - 160 150
20 210 | 217 211
40 810 | 450 415
80 810 . | 830 815
Sam 225 250
4
4
16
25
61
75 75
: ( 109
0.05 159 155 157 163
T 27 27 747 | 277
3 55 553
4 4 13 149
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27) Condition : Kneading temperature = 240 °C
Speed of screw = 243 rpm
Feed rate = 51.2 g/min
Pre-mixed time = 30 min

n
4
2 4
4 16
5 2 o 25
% R =
10 - 95
16 180
20 D5 205
40 995 | 410
80 ' 819
Samp JIIJ&E‘I i 215
n
4
2 4
4 16
5 25
8 ¢ 125 PR 62 61
~y 4 1 82
! 16l4 CJo. | 41 143
20 0.05 172 152 169 164
0 0 ) 337 335
Q .01 4';'? 675
9 | _Samplesize | 190 7 1 180




29) Condition : Kneading temperature = 240 °C
Speed of screw = 324 rpm
Feed rate = 30.0 g/min
Pre-mixed time = 30 min

179

n r N(r)
3 4
T 0.5 4 4
4 0.25 16 16
5 0.2 .28 24 23
8 0.125 63 63
10 U 94 95
16 0.0625 | 170 165
20 005 - 210 200
40 0025/ 450 443
80 0l 820 815
Sampi€ sizé / /I 195 197 184
30)Copflitibn : Kneac ature = 240 °C
Speed of s¢rew 532 A
S Wl
Pre d i
n
) 3 2
2 2 ; 4 4
4 I "Ouel K o] 16 16
5 ¥ 02 25 25 25 25
8 £0.125 64 o, 62 63 62
A LT TR 92 92
1 16/ |J0.0625! | 1 82 181
20 0.05 |, 255 260 258 . 258
& [ o L AT2 ) 7466, |, ~470_ 0|, 471
80, [/ 0.0125, [ 847 857 [ [|] 850 || 848
q Sample size 225 237 223 239
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31) Condition : Kneading temperature = 240 °C
Speed of screw = 324 rpm
Feed rate = 71.9 g/min
Pre-mixed time = 30 min

n r
3 4
2 0.5 4 4
4 0.25 16 16
5 0.2 . 25 25
8 0125 | 63 63
10 M 94 92
16 : 170 165
20 05 ] 210 200
40 BN 450 443
80 \ ) 820 815
Sampié si ALY ggjﬂ, 245 240
a
gp ture = 240 °C
N(r)
E ) 3 4
4 4
=l 16 16
25 Y 25 25
60 61 60
) £ &87 85
451 149
177 189 179
P 320
Q [ 57 601 594
q 73 180 180




A2.6 Effect of the key kneading conditions on the tensile properties and
normalized fractal dimension in the case of carbon black pigment

181

T R Strain @ break | Work done 0.2% offset E D*

(°c) | (rpm) (%) (N-mm) |stress (N/mm?)| (N/mm?)

170.4 3105 20.8 2145 | 0.931

174.9 3258 22.7 1986 | 0.932

1751 3040 20.8 1874 | 0.934

170.6 301 21.9 3172 | 0.928

162 ~160.6 2780/ 20.5 2054 | 0.930

173 4 ésssf,ﬁ 2138 216.1_| 0929

150 Ol 2032 = 21.8 2225 | 0.929

175. . 2&, 1 *% 9 2251 | 0.930

Avg. 1 2978 DS 2234 | 0.931

1 TATET, 214 2230 | 0.968

2 'J25 21.2 1866 | 0.962

243 3 47 . 2171 | 0952

14 720457 24.1 2126 | 0.970

200 | Avg. .9 2192 236 209.8 | 0.963

94 % 20784 AN\ 224 2439 | 0.981

20468 |\ L2185 2033 | 0.981

3 1 20170 A 1R1.1 1951 | 0.979

2625 | 0.969

324 2123 | 0.969

2612 | 0.977

2602 | 0.979

2323 | 0.971

Avg. 2339 | 0.976

: 2497 | 0.942

765. 1958 | 0.950

162 96. 81 2200 | 0.933

1271 2280 235 2336 | 0.934

220 | Avg. 85.3.. 1663 | 24.2 2248 | 0.940

gofg L SHNERAB?I S 2395 [ 0993

%ﬁ 14 O T 11808 O f VL4011 2266 | 0.989

324 107.8 1298 301 2474 | 0.978

et 11000 0 b A RRO8 1Al ASHH | 0.981

0\ ] , Vi | 43 ls}jj 12654 [ 0.985




A2.6 Effect of the key kneading conditions on the tensile properties and
normalized fractal dimension in the case of carbon black pigment

(continued)
T R Strain @ break | Work done 0.2% offset E D*
(°c) [(rpm) (%) (N-mm) |stress (N/mm?®)| ( N/mm?)
69.5 1464 31.7 2423 | 0.955
63.2 , 1350 276 2748 | 0.953
63.8 JoN 30.1 2521 | 0.957
| 69.7 \Y 32.8 2714 | 0.953
162 65. tum =7 1219 9.6 2524 | 0.949
7o:4-—--_ 1089 | 278 288.2 | 0.852
2. 982 _os[Swiha 226.1__| 0.953
56 o /029 A\gg% 2454 | 0.957
Avg. & A7k a2y 256.6 | 0.954
llﬂ’[‘; L) Tg g 2346 | 0.979
¢ 401860 ] 2625 | 0.976
243 JIJ!‘B‘I& . 2522 | 0.963
r L), (/68 u“' . 259.8 | 0.974
s " [ /906 L0\ 2 252.3 | 0.973
sof Fl .= ui‘- L\ 2539 | 0.996
50. w ’ ,,j.‘ 1 255.1 | 0.994
46 € 1.7 3209 | 0.997
53.1 26.7 235.1 | 0.989
324 44.8 . 27.4 3420 | 0.997
51.0 ki) 983;“' 279.5 | 0.982
FH S 2336 | 0.982
7 361.9 | 0.986
Avg. 285.3 | 0.991

AUEINYNTNYINS

AMIANTUNNIINYAY




A2.7 Effect of the key kneading conditions on the tensile properties and

normalized fractal dimension in the case of quinacridone violet

183

pigment
T R Strain @ break | Work done 0.2% offset E D*
(°C) | (rpm) (%) (N-mm) |stress (N/mm?)| ( N/mm?)
162 155.4 2680 21.0 119.8 | 0.829
147.8 2729 21.1 164.9 | 0.812
180 | Avg. 151.6 2705 21.0 1424 | 0.821
324 136.7 11626 222 1564 | 0.855
103.1 21824, 23.3 2173 | 0.846
Avg. 119.8 1904° 1o 227 186.9 | 0.851
81 1217 79 e {0 7 1494 | 0.915
1299 ‘279 24.2 1505 | 0.873
Avg. 1238 ). 2479 "21.9 1500 | 0.894
0 4 2132 %23.7 1585 | 0.955
1 £ A 2240 21.8 159.7 | 0.931
162 115 2060 236 2146 | 0.923
124 6 < 2363 24.2 2225 | 0.893
200 [ Avg. 3 2199 23.3 188.8 | 0.926
243 " 8 ¢ 17894 25.2 2147 | 0.935
16. iy 25.0 2353 | 0.919
[ Avg. 1028 7 .| 20560 & 25.1 2250 | 0.927
2 N 23.9 1264 | 0.960
87. 1o A 274 2202 | 0.948
324 97.0° ‘i q7gEaal 24.0 2169 | 0.934
100.4 — 22087 = 25.3 2456 | 0.921
Avg. 927 = {5 AT . 25.2 202.3 | 0.941
162 A.522 1039 . 1952 | 0.936
(T — - 2398 | 0.896
220 | Avg. | 607 217.5 | 0.916
324 68.2 1389 310 2486 | 0.957
48.1 844 2.1 2516 | 0.933
Avg. 58.2 1116 29.3 250.1 | 0.945
81 378 712 24.2 1619 | 0.945
39.1 '698 - 24.0 159.7 | 0.911
Avg. 38.5 705 241 160.8 | 0.928
‘ 29.2 2466, 1, 254 1553 | 0.959
162 | LY \BS.5 466/ | 26.7 | 208.7 0.949
31.5 529 27.4 2308 | 0.948
35.4 671 28.1 2577 | 0.917
240 | Avg. 32.9 533 26.9 2131 | 0.943
243 33.7 518 27.5 2102 | 0.949
36.6 685 29.3 2509 | 0.930
Avg. 35.2 601 28.4 2351 | 0.940
39.0 506 32.2 1886 | 0.982
324 36.8 649 31.9 2528 | 0.979
38.7 893 30.6 2513 | 0.973
38.1 735 30.8 283.0 | 0.946
Avg. 38.2 696 31.4 2439 | 0.970
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A2.8 Estimated number of pigment particles in a SEM microphotograph

sample

1) In the case of carbon black

From the experimental procedure, HDPE and carbon black are

044 cm®

627 cm’

N
(&)
o]
w
+
o
R
]

particle 4/3 7(0.02/2 pm)?

| : Er 4.19x10° pm?
Total paricles of carbon black = 0.44x10%/4.19x 10°

ﬁ‘HEI’J Wﬁlﬂ‘ﬁwmﬂ’ism parces

Number of carbon black per unit volume = 1.05%10'°/(26.27 x 10"
ARIANNTUARTINYARE s
Total area of a SEM photograph = 40.96 pm?
Assume 1 um depth of field depth
~.Number of particles in a SEM photograph = 3.99 x 10°x 40.96x 1.0

=1.63x10"  particles
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2) In the case of quinacridone violet

A ratio between HDPE and quinacridene violet is 25:1 by weight

Basis : Weight of HDPE = 25 g
Weight of quinacridone violet = 1 g
Density of HDPE = 0968 g/lcm®
f = 15 gem?®
Median p = 012 pm
volume = 2583 cm®
volur = 067 cm’
Thus, tc =265 cm’
volume ¢ \ N 3 1(0.12 /2 ym)®  pm?®
9.0 pm?
Total particles of pigrient </ -'f"-"_ 0.67x 10™/9.05x 10 particles
3 H particles
Then, number of pigments p “ - 7.40 x 10“/(265x10'2)
A ‘ particles/um?®
Total area of a gE‘M photograph 5, 113.78 pm?

ol i ] 3 1) ﬂ ’] 17

Thus, nufm)er of particles in ohe SEM ph 1 1.0x27.92
CURERTROIE okt Tl

particles

~ 3177 particles
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A3. Simulation program

100

A3.1 Listing of simulation program (Qbasic language)

: 1 f Pt oEOEGYE L OEOE

AL R E B fL O gt L O

DECLARE SUB SUBYNIFORM

vec ot e m"ﬂ%wmm

DECLARE SUB SUB1 ()

mmﬁm WIaNeaa Y

Lonmiont srisen Q, MS, N, S, Z(), ST, P (), Sf, MSF, SUM, SSUM, STD, Ds, A,
B,TB,A AS DOUBLE

DIM Z (100, 100 ), P ( 100, 100), Sf (100, 100)

cLs

INPUT “T1 = *, TI

PRINT “TI = * TI

IT = TI*101#

IF (IT - 24350542) < 0 THEN GOTO 200 ELSE 150



150

200

IT = ITMO
GOTO 100

IY = 42758321 +IT
IA = INT(IY/2)

IY = IA*2+1

INPUT "Sample population size = ", Q
INPUT "Mean particle size (m '
PAI = 4#* ATN(1#) '
AP = PA[*(MP/2)"2
INPUT "The obserye
INPUT "Maximun
PRINT
PRINT "
PRINT “Type of rande T A AN

PRINT * 1. Unifbrm féngord oumbe ? t :
PRINT " 2. ‘ 3\\\ |

PRINT " \.

e
PRINT GIeT
Z(X.Y)—O '-,-...,-l
INPUT "Type of random _,Jg = ' (+
PRINT L
PRINT "— Ifyoli want to stop, input n
SELECT CASEB

CASE IS = 1

@ﬂmwﬂmwmm

CALL SuB2

aw&mmm UAIINYAY

DO
A=0:B=0TB=0TP=0 SUM=0:SSUM=0: SF(I,J)=0
INPUT "Number of division (S xS ) =*: §

IF S = 0 THEN END |
ST = Ms/S
FOR | =1TO S

FORJ=1TO S

187



q

P(1J) = 0
FOR I2=1TOST: I3 = (1-1)*"ST+12
FOR J2 =1 TO ST: J3 = (J-1)*ST+J2
P(1,J)=P(1,J)+2Z(13,J3)
NEXT J2

NEXT 1
STD = SSUM/
DS =

188

PRINT TAB (1) "Empty segments ="; B TAB (25); "Total of segments ="; A;

LU PTNHRIFNEINT

PRINT "Total of segments that have particlé==
Raa st i nEAa Yy

PRINT "EVALUATION OF TERASHITA et.al. (1993)
PRINT

PRINT TAB (1) "MEAN SF ="; MSF; TAB (27); " STANDARD DEVE. ="; STD ;

TAB (57),"DS = [, DS; "I
PRINT "

PRINT

LOOP
END



SUB SUB1
FORI=1TOQ
CALL SUBUNIFORM
X = INT (RANR*MS + 1)
* CALL SUBUNIFORM
Y = INT(RANR*MS + 1)
Z(XY)=Z(XY)+1
NEXT | ' '
END SUB
SUB SUB2
FOR | =

5

'!
I

YT = YO SIN(YR)

@mmﬁmwmm

IFY<1THENY =14

A WA UAINYRY -

NEXT |
END SUB
SUB SUBUNIFORM
YY = 31254 * Iy
IY = INT(YY/67108864# + 1# * 10 A (-8))
= INT(YY - IY * 67108864# + 0.05)
RANR = IY /671088644
END SUB
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Vita

Miss Arunya Thongchiew was born in Prachuabkirikhun, Thailand, on April 8,
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