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M3 0.1 QAUAVTANNMINNVDINAFAN INARNNAUANNH UL UM

(u.ae Indennay, lilsingiany

J

)

AaaNTANIIMENIN BT RILEREA Ny
NNV ASTM D2117 110 °C
8n51Msviaow 11ia (Melt flow rate) ASTM D1238 0.3 /10 min
ANUHUWUY ASTM D1505 0.921 kg/em’
ANUNUADNTVIA ASTM D638 | MD210TD 120 | kg/em’
(Tensile strength at break)

SLILMITVIAANLUUIIT ASTM D638 | MD320 TD 680 %
(Elongation at break)
M3 1.2 AAUAVTANNMINNVBINAFAN INABNNAUANUHU MUY
(u.aeu Inaennay, "liiﬂimgﬂﬁﬁmﬁ)

AaANTANIIMENIN W Ny
ANNADUINAI ASTM D2117 131 °C
851 sviaow 1va (Melt flow rate) ASTM D1238 0.04 g/10 min
ANUHHILUY ASTM D1505 0.956 g/em’
ANMUNUABLTIA ASTM D638 233 kg/ em’
(Tensile strength at yield)

ANUNUABDNITLUAN ASTM D638 360 kg/ em’
(Tensile strength at break)

FLILMITVIAATULUIT ASTM D638 >500 %
(Elongation at break)

anuudausany lewen ASTM D256 30 kg-cm/cm’
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=) 1 A [ =
A5 19 V.1 mavesaNurianemsiasulatonsinsimeu

voanaadn Indleniauarmuuiudifigurgioe
8ATININOU ANUNIA 2 guinil 160°C anunilamay
(1/s) (Pa.s) (Pa.s)
997.2 287.4 285.3 286.4
1994.5 177.7 178.1 177.9
3003.3 134.3 134.2 134.3
4000.5 110.0 110.5 110.3
4997.8 93.8 94.5 94.2
8nI N3N OU ANWYTA a guKgll 170°C i
(1/s) (Pa.s) (Pa.s)
997.2 261.8 260.4 261.1
1994.5 163.3 164.5 163.9
3003.3 124.7 124.6 124.7
4000.5 102.1 103.1 102.6
4997.8 87.5 88.5 88.0
803NN ANMUNTIA W QKR 180°C AnuHiiamae
(1/s) (Pa.s) (Pa.s)
997.2 238.4 236.1 237.3
1994.5 149.0 141.8 145.4
3003.3 112.7 112.9 112.8
4000.5 94.0 93.7 93.9
4997.8 80.9 80.4 80.7
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=) 1 A [ =
A5 19 V.1 mavesaNurianemsiasulatonsinsimeu

=

YOINAAAN INARNNAUANURU MU UM NYUNYNAE) (A1D)

q

8ATININOU ANUNIA 2 gauinil 190°C anunilamay
(1/s) (Pa.s) (Pa.s)
997.2 212.1 210.9 2115
1994.5 138.7 132.4 135.6
3003.3 105.6 105.2 105.4
4000.5 87.3 87.2 87.3
4997.8 75.5 73.2 74.4

8nI N3N OU ANWYTA a QuNgl 200°C i
(1/s) (Pa.s) (Pa.s)
997.2 189.1 185.7 187.4
1994.5 121.7 115.3 118.5
3003.3 91.1 90.3 90.7
4000.5 74.7 75.3 75.0
4997.8 66.0 63.4 64.7
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=) 1 A [ =
A5 19 V.2 mavesaNurianemsiasulatonsinsmeu

=

YDINATAAN INALNNAUANUHU MU UGINYUNYUA1Y
9ATININOU ANUNIA 2 gurinil 190°C anunilamay
(1/s) (Pa.s) (Pa.s)
997.2 4983 499.3 498.8
1994.5 307.3 306.5 306.9
3003.3 230.2 229.8 230.0
4000.5 184.9 185.1 185.0
4997.8 155.1 154.9 155.0
8nI N3N OU ANWYTA a QuNgl 200°C i
(1/s) (Pa.s) (Pa.s)
997.2 391.1 391.3 391.2
1994.5 234.7 235.1 234.9
3003.3 180.5 180.3 180.4
4000.5 141.3 141.7 141.5
4997.8 118.0 117.6 117.8
803NN ANMUNTIA W QKR 210°C Anuniiamae
(1/s) (Pa.s) (Pa.s)
997.2 385.3 385.1 385.3
1994.5 230.3 230.6 230.3
3003.3 172.9 173.5 172.9
4000.5 137.6 137.2 137.6
4997.8 113.4 113.8 113.4
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=) 1 A [ =
A5 19 V.2 mavesaNurianemsiasulatonsinsmeu

=

YOINAAAN INARNNAUANURU MU UM NYUNYNAE) (A1D)

q

8ATININOU ANUNIA 2 gainil 220°C anunilamay
(1/s) (Pa.s) (Pa.s)
997.2 378.1 379.3 378.1
1994.5 224.0 224.2 224.0
3003.3 168.4 168.6 168.4
4000.5 131.9 131.5 131.9
4997.8 109.8 110.0 109.8

8nI N3N OU ANWYTA A guKgll 230°C i
(1/s) (Pa.s) (Pa.s)
997.2 368.7 368.5 368.7
1994.5 217.7 218.1 217.7
3003.3 166.4 166.7 166.4
4000.5 131.5 130.9 131.5
4997.8 107.8 107.6 107.8
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A1519 A.1 Hamsnaaeiamdsualunsonsa (g/s) naraansia lnaennau

=

[ o‘ { a <3 1
AITUHUULHUAT NYUV YN HASANUETITOUANC

Q

gl (°C)

3
ANWLTITOUVDINITHYUANT

2 v
IANINTIN (g/s)

naY (g/s)

(50UADUIN) 1 2 3
150 120 1.870 1.885 1.884 1.879
140 2192 | 2.194 | 2.170 2.185
160 2.501 2.496 2.494 2.497
180 2746 | 2757 | 2.753 2.752
200 3.055 | 3.066 | 3.070 3.064
160 120 1.883 1.857 1.880 1.873
140 2200 | 2202 | 2.194 2.198
160 2512 | 2489 | 2474 2.492
180 2778 | 2776 | 2.773 2.776
200 3.055 | 3.061 | 3.072 3.063
170 120 1.865 1.900 1.881 1.882
140 2230 | 2217 | 2.196 2214
160 2.473 2.489 2.459 2.474
180 2781 | 2.780 | 2.782 2.781
200 3.044 | 3.056 | 3.070 3.057
180 120 1.911 1.903 1.902 1.905
140 2208 | 2206 | 2.209 2.208
160 2.487 2.481 2.473 2.480
180 2768 | 2.817 | 2.836 2.807
200 3.075 | 3.075 | 3.054 3.068
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A1519 A.1 Hamsnaaeiamdsualunsonsa (g/s) naraansia lnaennau

=

] .;; a < 1 1
AITUUUULHUAT NYUV NN HASAINLTITOUANC (919)

q

Uil (°C)

<
ANNLITITOUVDINITHHYUANY

o

9 ]
v A

AINTIN (g/s)

naY (g/s)

(59UABUIN) 1 2 3
190 120 1.905 1.920 1.910 1.912
140 2219 | 2229 | 2.220 2.223
160 2.510 2.542 2.488 2.513
180 2.833 | 2.820 | 2.836 2.830
200 3.108 | 3.133 | 3.112 3.118
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A1519 7.2 kanmsnaaeiamUTualunsonasa (g/s) naraansialnaennau

=

] { a < 1
ANV UUUUGI NYUH YN LASAITNETITOUAN

q

gl (°C)

3
ANULITITOUVDINITHYUAN]

9

9 v
v A

ANTIN (g/s)

naY (g/s)

(59UABUIN) 1 2 3
190 120 1.338 1.238 1.228 1.268
140 1.536 | 1366 | 1.441 1.448
160 1.587 | 1.747 | 1.630 1.655
180 1.651 | 1.923 | 1.787 1.787
200 1.982 | 1.999 | 1.974 1.985
200 120 1.608 1.619 1.604 1.610
140 1.856 | 1.854 | 1.846 1.852
160 1.977 1.985 2.015 1.993
180 2133 | 2154 | 2.152 2.146
200 2497 | 2278 | 2330 2.368
210 120 1.612 1.605 1.604 1.607
140 1.851 | 1.867 | 1.894 1.871
160 1.996 1.966 2.000 1.987
180 2.195 | 2201 | 2208 2.201
200 2382 | 2333 | 2426 2.380
220 120 1.629 1.611 1.605 1.615
140 1751 | 1734 | 1.736 1.740
160 1.916 1.996 1.886 1.933
180 2070 | 2.149 | 2.070 2.096
200 2499 | 2396 | 2315 2.240
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A1519 7.2 HamsnaaeiamUsualunsonsa (g/s) naraanwia lnaennau

=

] a < 1 1
ANNHUWUUFINGUN YN HAZANNLTITOUAN (919)

Q

QUUYN |anuEasenvedMINyUng IAMATIN (gfs) 4
1Ry (g/s)

(°C) (5oUAOUIN) 1 2 3

230 120 1.617 1.589 1.580 1.595
140 1.883 | 1.865 | 1.808 1.852
160 2.061 1.860 2.148 2.023
180 2.212 2.065 2.170 2.149
200 2350 | 2341 | 2330 2.340
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319 4.1 sndaa i Gw) Avemes ¥ lumsnyuangalal

AMSITOLVDIANS (3DUABUIT)

AN
120 140 160 180 200
1 0.643 0.557 0.381 0.342 0.330
2 0.629 0.574 0.380 0.337 0.324
3 0.641 0.574 0.374 0.345 0.324
4 0.625 0.572 0.400 0.341 0.319
5 0.651 0.572 0.388 0.338 0.320
6 0.615 0.579 0.396 0.345 0.328
7 0.648 0.556 0.387 0.353 0.319
8 0.648 0.578 0.394 0.341 0.324
9 0.641 0.580 0.386 0.353 0.322
10 0.631 0.570 0.391 0.343 0.326
11 0.613 0.568 0.398 0.352 0.325
12 0.617 0.563 0.391 0.342 0.324
13 0.613 0.566 0.385 0.352 0.321
14 0.605 0.568 0.389 0.344 0.318
15 0.619 0.568 0.370 0.333 0.325
16 0.626 0.574 0.394 0.336 0.311
17 0.624 0.556 0.378 0.352 0.329
18 0.609 0.568 0.391 0.343 0.317
19 0.616 0.576 0.382 0.346 0.321
20 0.614 0.569 0.368 0.340 0.314
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a3 9.1 amasa Wi Gw) Avemes Ilumsvnyuangular (o)

2 mmﬁaiammﬁﬂg (iamiamﬁ)
ATIN
120 140 160 180 200
21 0.615 0.576 0.392 0.346 0.332
22 0.618 0.565 0.395 0.345 0.323
23 0.606 0.574 0.394 0.342 0.326
24 0.622 0.570 0.388 0.334 0.325
25 0.627 0.564 0.394 0.347 0.331
26 0.617 0.554 0.394 0.344 0.323
27 0.604 0.550 0.380 0.343 0.323
28 0.605 0.556 0.383 0.346 0.320
29 0.619 0.573 0.371 0.325 0.325
30 0.603 0.567 0.382 0.346 0.327
méﬂ 0.626 0.569 0.386 0.344 0.322
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[ I H L [ a a a
1319 1.2 amdanu i «w) nuewes 15 lumssasanaraanyiia Inaennay

=

ANUUUMUUAT NYUKN 150°C

Q

s ANNISITPVVRIANS (FOURDUIN)
AN
120 140 160 180 200

1 1.605 | 1558 | 1.713 1.924 | 2.152
2 1.564 1.573 1.720 1.923 2.153
3 1577 | 1561 1719 | 1915 | 2.152
4 1.537 | 1.553 1.726 | 1920 | 2.149
5 1.696 1.561 1.727 1.926 2.160
6 1575 | 1572 | 1722 | 1935 | 2.158
7 1.625 1.566 1.718 1.938 2.162
8 1.626 | 1562 | 1719 | 1936 | 2.167
9 1.631 1.573 1.732 1.930 2.157
10 1.646 1.558 1.708 1.924 2.152
11 1.617 | 1564 | 1729 | 1927 | 2.148
12 1.596 1.571 1.717 1.932 2.167
13 1.531 1556 | 1727 | 1913 | 2.156
14 1.671 1564 | 1.722 | 1926 | 2.155
15 1587 | 1.555 | 1716 | 1917 | 2.156
16 1.640 | 1566 | 1.727 | 1925 | 2.144
17 1.586 1.579 1.719 1.918 2.145
18 1.610 | 1.583 1.724 | 1912 | 2.146
19 1.663 1.587 1.713 1.905 2.149
20 1.553 1567 | 1719 | 1926 | 2.132
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[ I H L [ a a a
A13719 1.2 amdanu i «w) nuewes 1¥lumssasanaraanyiia Inaennay

ANUHUWUUAT NYUNY 150°C (7D)

s ANNISITOVURIAN (3OUARDUIN)
AN
120 140 160 180 200
21 1562 | 1560 | 1.724 | 1922 | 2.141
22 1.552 | 1.581 1.721 1.921 | 2.157
23 1.674 | 1580 | 1712 | 1917 | 2.148
24 1,529 | 1564 | 1.730 | 1927 | 2.153
25 1.668 1.551 1.725 1.923 2.152
26 1.641 1554 | 1722 | 1922 | 2.146
27 1.616 | 1574 | 1.725 | 1924 | 2.162
28 1.605 | 1.571 1.723 1911 | 2.144
29 1.535 1.563 1.727 1.924 2.161
30 1.642 | 1575 | 1715 | 1914 | 2.153
i 1.605 | 1.567 | 1.721 | 1.923 | 2.153




76

[ I H L [ a a a
1319 1.3 Amdanu i «w) nuewes 1¥lumssasanaraanyiia Inaennay

=

ANUUUIUUAT NYUKN 160°C

Q

s ANNISITPVVRIANS (FOURDUIN)
AN
120 140 160 180 200

1 1.624 | 1494 | 1.648 | 1845 | 2.142
2 1.621 1,502 | 1.654 | 1.857 | 2.130
3 1.635 | 1.507 | 1.648 | 1.843 | 2.146
4 1.585 | 1500 | 1.637 | 1835 | 2.135
5 1.621 1.492 1.639 1.840 2.130
6 1615 | 1509 | 1.655 | 1837 | 2.127
7 1.592 1.497 1.648 1.842 2.130
8 1577 | 1502 | 1656 | 1.843 | 2.129
9 1.612 1.495 1.648 1.841 2.131
10 1.588 1.508 1.647 1.844 2.128
11 1.639 | 1.501 1.638 | 1.852 | 2.134
12 1.627 | 1494 | 1.651 1.847 | 2.127
13 1.642 | 1508 | 1.650 | 1.849 | 2.131
14 1.629 1.499 1.654 1.838 2.139
15 1.584 | 1487 | 1.644 | 1845 | 2.142
16 1.587 | 1499 | 1.654 | 1839 | 2.136
17 1.630 1.496 1.632 1.843 2.132
18 1.576 | 1504 | 1.642 | 1.839 | 2.141
19 1.636 1.500 1.650 1.852 2.141
20 1580 | 1495 | 1656 | 1846 | 2.135
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[ I H L [ a a a
1319 1.3 Amdanu i «w) nuewes 1¥lumssasanaraanyiia Inaennau

ANUHUWUUAT NYUNYI 160°C (7D)

s ANNISITOVURIAN (3OUARDUIN)
AN
120 140 160 180 200
21 1.605 | 1507 | 1.646 | 1842 | 2.143
22 1.641 1.506 1.630 1.858 2.136
23 1.608 | 1483 | 1647 | 1835 | 2.129
24 1.638 | 1.496 | 1.641 1.841 | 2.144
25 1.614 | 1484 | 1.650 | 1.844 | 2.129
26 1580 | 1505 | 1.648 | 1.842 | 2.124
27 1.615 1.516 1.654 1.840 2.137
28 1.640 | 1502 | 1.636 | 1833 | 2.133
29 1.575 1.493 1.646 1.836 2.145
30 1.613 1497 | 1652 | 1841 | 2.152
i 1.611 | 1499 | 1.647 | 1.843 | 2.135
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[ I H L [ a a a
1319 1.4 Amdanu i «w) nuewes 1¥lumssasanaraanyiia Inaennay

=

ANUUUUUAT NRUKN 170°C

Q

s ANNISITPVVRIANS (FOURDUIN)
AN
120 140 160 180 200

1 1520 | 1472 | 1579 | 1759 | 2.053
2 1.534 1.440 1.559 1.762 2.037
3 1.546 | 1496 | 1560 | 1.746 | 2.047
4 1.542 | 1.473 1570 | 1757 | 2.043
5 1.536 1.474 1.563 1.756 2.041
6 1518 | 1.493 1550 | 1739 | 2.046
7 1.545 1.482 1.561 1.740 2.047
8 1522 | 1457 | 1571 1.744 | 2.050
9 1.539 1.484 1.569 1.746 2.047
10 1.516 1.457 1.564 1.740 2.041
11 1.538 | 1.461 1.561 1.741 | 2.048
12 1,540 | 1446 | 1564 | 1.748 | 2.046
13 1534 | 1440 | 1567 | 1742 | 2.044
14 1.524 | 1.481 1,559 | 1.766 | 2.044
15 1.509 | 1440 | 1.562 | 1.740 | 2.050
16 1.513 1492 | 1.563 1.758 | 2.052
17 1.538 1.491 1.562 1.766 2.044
18 1.521 1472 | 1582 | 1752 | 2.047
19 1.524 1.461 1.567 1.748 2.042
20 1.541 1477 | 1.563 1.737 | 2.036
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[ I H L [ a a a
1319 1.4 Amdanu i @w) nuewes 1¥lumssasanaraanyiia Inaennay

ANUHUWUUAT NYUNYN 170°C (7D)

s ANNISITOVURIAN (3OUARDUIN)
AN
120 140 160 180 200
21 1.531 1452 | 1565 | 1744 | 2.043
22 1.537 1.480 1.545 1.750 2.042
23 1516 | 1467 | 1550 | 1752 | 2.050
24 1,519 | 1459 | 1567 | 1.754 | 2.038
25 1.517 1.472 1.561 1.755 2.038
26 1532 | 1464 | 1579 | 1756 | 2.050
27 1.530 1.455 1.555 1.754 2.043
28 1525 | 1482 | 1.551 1.738 | 2.046
29 1.526 1.482 1.536 1.740 2.038
30 1519 | 1467 | 1558 | 1753 | 2.048
i 1.528 | 1.469 | 1.562 | 1.749 | 2.045
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[ I H L [ a a a
1319 1.5 amaanu i «w) nuewes 1¥lumssasanaraanyiia Inaennay

=

ANUUUUUAT NYUKN 180°C

Q

s ANNISITPVVRIANS (FOURDUIN)
AN

120 140 160 180 200
1 1500 | 1379 | 1518 | 1.695 | 1.931
2 1.479 1.391 1.498 1.694 1.935
3 1464 | 1396 | 1.501 1.690 | 1.933
4 1.481 1394 | 1512 | 1.701 1.921
5 1.445 1.388 1.513 1.696 1.922
6 1.461 1384 | 1509 | 1.686 | 1928
7 1.457 1.376 1.509 1.690 1.929
8 1485 | 1389 | 1512 | 1.684 | 1.940
9 1.473 1.384 1.513 1.686 1.924
10 1.491 1.400 | 1514 | 1.691 1.922
11 1445 | 1399 | 1509 | 1.697 | 1927
12 1.489 1.385 1.504 1.696 1.937
13 1494 | 1377 | 1505 | 1.693 1.920
14 1.455 1.390 1.511 1.686 1.924
15 1498 | 1377 | 1510 | 1.685 | 1.926
16 1470 | 1390 | 1505 | 1.697 | 1.924
17 1.489 1.378 1.514 1.682 1.921
18 1458 | 1380 | 1507 | 1.680 | 1.918
19 1.448 1.397 1.517 1.689 1.925
20 1474 | 1381 1512 | 1.673 1.922
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[ I H L [ a a a
13719 1.5 amaanu i «w) nuewes 1¥lumssasanaraanyiia Inaennay

ANUHUWUUAT NYUNYI 180°C (7D)

s ANNISITOVURIAN (3OUARDUIN)
AN
120 140 160 180 200
21 1445 | 1380 | 1506 | 1.703 1.921
22 1462 | 1371 1,512 | 1.690 | 1.924
23 1.483 1392 | 1505 | 1.680 | 1910
24 1.489 1.379 1.506 1.692 1.912
25 1.494 1.384 1.498 1.689 1.924
26 1490 | 1396 | 1500 | 1.690 | 1.922
27 1.454 1.382 1.503 1.687 1.914
28 1.463 1387 | 1.501 1.704 | 1916
29 1.471 1.380 1.503 1.688 1.925
30 1446 | 1379 | 1500 | 1.694 | 1.929
i 1472 | 1386 | 1.508 | 1.690 | 1.924
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[ I H L [ a a a
13719 1.6 Amaanu Wi w) nuewes 1¥lumssasanaraanyiia Inaennay

=

ANUUUUUAT NYUKN 190°C

Q

s ANNISITPVVRIANS (FOURDUIN)
AN
120 140 160 180 200

1 1382 | 1323 1427 | 1586 | 1.757
2 1406 | 1322 | 1420 | 1587 | 1.768
3 1410 | 1317 | 1.423 1.597 | 1.765
4 1454 | 1324 | 1429 | 1595 | 1.756
5 1.451 1.318 1.432 1.605 1.762
6 1379 | 1316 | 1430 | 1.601 1.769
7 1.400 1.316 1.437 1.595 1.762
8 1399 | 1324 | 1439 | 159 | 1.767
9 1.380 1.335 1.447 1.587 1.764
10 1412 | 1320 | 1442 | 1592 | 1.770
11 1436 | 1315 | 1419 | 1590 | 1.768
12 1.396 1.305 1.418 1.604 1.772
13 1.431 1320 | 1424 | 1599 | 1.763
14 1417 | 1316 | 1445 1.604 | 1.758
15 1.440 | 1311 1.433 1.590 | 1.770
16 1382 | 1308 | 1436 | 159 | 1.754
17 1.389 1.324 1.445 1.605 1.755
18 1430 | 1.323 1440 | 1597 | 1.769
19 1.406 1.313 1.434 1.586 1.757
20 1407 | 1.323 1425 | 1.591 1.763




&3

[ I H L [ a a a
1319 1.6 Amaanu Wi w) nuewes 1¥lumssasanaraanyiia Inaennay

ANUHUWUUAT NYUNYI 190°C (7D)

s ANNISITOVURIAN (3OUARDUIN)
AN
120 140 160 180 200
21 1.393 1318 | 1419 | 1594 | 1.758
22 1422 | 1317 | 1432 | 1.588 1.771
23 1390 | 1318 | 1432 | 1595 | 1.762
24 1.425 1.321 1.446 | 1.603 1.772
25 1.420 1.315 1.450 1.603 1.766
26 1398 | 1325 | 1443 1.593 1.756
27 1.384 1.321 1.432 1.605 1.767
28 1432 | 1315 | 1436 | 1600 | 1.772
29 1.439 1.314 1.450 1.594 1.758
30 1435 | 1309 | 1424 | 1598 | 1.767
i 1412 | 1318 | 1434 | 1.596 | 1.764
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[ I H L [ a a a
1319 1.7 amaanu i w) nuewes 1¥lumssasanaraanyiia Inaennay

=1

ANUUUIMUUGI NYUNNN 190°C

q

s ANNIEITOVURIANS (FOURDUIN)
AN
120 140 160 180 200

1 2211 | 2.043 | 2300 | 2602 | 2812
2 2.176 2.033 2.289 2.612 2.818
3 2212 | 2.036 | 2279 | 2621 | 2820
4 2176 | 2.037 | 2294 | 2604 | 2.804
5 2.205 2.039 2.288 2.618 2.815
6 2212 | 2.026 | 2303 | 2624 | 2814
7 2.178 2.052 2.298 2.608 2.809
8 2208 | 2.048 | 2300 | 2620 | 2816
9 2.198 2.045 2.271 2.623 2.817
10 2.177 2.033 2.267 2.620 2.812
11 2187 | 2.036 | 2271 | 2622 | 2815
12 2.186 2.037 2.259 2.605 2.807
13 2.164 | 2.034 | 2279 | 2613 | 2.806
14 2.187 2.031 2.284 2.606 2.807
15 2173 | 2027 | 2262 | 2604 | 2.813
16 2.168 | 2.042 | 2286 | 2613 | 2817
17 2.174 | 2045 | 2283 | 2622 | 2814
18 2.188 | 2.044 | 2266 | 2.604 | 2815
19 2.176 2.068 2.273 2.610 2.819
20 2191 | 2054 | 2263 | 2614 | 2811
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[ I H L [ a a a
1319 1.7 amaanu i «w) nuewes 15 lumssasanaraanyiia Inaennay

=

ANUUUMUUGI NYUNNN 190°C (91D)

Q

s ANNISITOVVRIANS (FOURDUIN)
AN
120 140 160 180 200
21 2.198 | 2.050 | 2258 | 2613 | 2819
22 2.194 | 2047 | 2255 | 2.624 | 2813
23 2176 | 2.039 | 2271 | 2608 | 2816
24 2.179 2.043 2.313 2.616 2.803
25 2.182 2.051 2.320 2.609 2.812
26 2191 | 2.040 | 2305 | 2618 | 2.809
27 2.198 2.030 2.287 2.618 2.822
28 2185 | 2.041 | 2272 | 2.622 | 2.803
29 2.185 2.039 2.262 2.616 2.813
30 2.189 | 2.049 | 2254 | 2625 | 2818
way | 2187 | 2041 | 2280 | 2614 | 2813
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[ I H L [ a a a
1319 4.8 Amaanu Wi w) nuewes 1¥lumssasanaraanyiia Inaennay

=1

ANUUUIMUUGI NYUNNN 200°C

q

s ANNIEITOVURIANS (FOURDUIN)
AN
120 140 160 180 200

1 2.186 | 2.086 | 2420 | 2658 | 2.704
2 2.150 2.076 2.415 2.652 2.707
3 2.190 | 2.051 | 2411 | 2.664 | 2.714
4 2115 | 2.047 | 2404 | 2652 | 2.702
5 2.159 2.061 2.405 2.652 2.698
6 2131 | 2.086 | 2410 | 2645 | 2714
7 2.140 2.100 2.409 2.654 2.718
8 2.102 | 2.106 2.42 2657 | 2716
9 2.133 2.083 2412 2.641 2.719
10 2118 | 2.061 | 2411 | 2652 | 2708
11 2200 | 2.078 | 2403 | 2648 | 2.719
12 2085 | 2074 | 2414 | 2647 | 2712
13 2139 | 2.091 | 2414 | 2653 | 2.698
14 2101 | 2.093 | 2420 | 2.657 | 2.713
15 2138 | 2075 | 2414 | 2650 | 2.703
16 2.101 | 2.064 | 2407 | 2662 | 2.701
17 2.117 | 2065 | 2411 | 2661 | 2.714
18 2.188 | 2.075 | 2418 | 2657 | 2.720
19 2.157 2.070 2.402 2.644 2.696
20 2179 | 2.081 | 2411 | 2658 | 2.692
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13719 4.8 Amaanu Wi w) nuewes 1¥lumssasanaraanyiia Inaennau

=

ANUUUMUUGI NYUNNN 200°C (91D)

Q

s ANNISITOVVRIANS (FOURDUIN)

AN

120 140 160 180 200

21 2191 | 2078 | 2401 | 2650 | 2.693
22 2.132 2.076 2.408 2.658 2.692
23 2.144 | 2.088 | 2417 | 2651 | 2719
24 2114 | 2099 | 2417 | 2.654 | 2.693
25 2.134 2.087 2.418 2.654 2.707
26 2.108 | 2.079 | 2420 | 2.645 | 2.705
27 2.182 2.070 2.409 2.650 2.704
28 2176 | 2.084 | 2402 | 2.652 | 2.703
29 2.198 2.087 2.403 2.648 2.699
30 2.140 | 2102 | 2406 | 2642 | 2.721

wag | 2145 | 2079 | 2411 | 2652 | 2707
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=1

ANUUUIMUUGI NYUNYN 210°C

q

s ANNIEITOVURIANS (FOURDUIN)
AN
120 140 160 180 200

1 2112 | 2.095 | 2393 | 2355 | 2.859
2 2.078 2.102 2.389 2.340 2.842
3 2.087 | 2.060 | 2409 | 2344 | 2854
4 2116 | 2.116 | 2392 | 2340 | 2.855
5 2.099 2.093 2.379 2.337 2.848
6 2034 | 2.082 | 2371 | 2341 | 2859
7 2.006 2.119 2.378 2.337 2.848
8 2065 | 2.069 | 2361 2.35 2.854
9 2.100 2.083 2.367 2.357 2.844
10 2.093 2.071 2.385 2.335 2.855
11 2.080 | 2.095 | 2380 | 2348 | 2852
12 2.094 2.078 2.381 2.343 2.851
13 2.108 | 2111 | 2307 | 2339 | 2.841
14 2.082 2.083 2.384 2.342 2.858
15 2072 | 2099 | 2382 | 2353 | 2.841
16 2074 | 2.086 | 2401 | 2359 | 2.842
17 2.110 2.091 2.396 2.356 2.859
18 2052 | 2.097 | 2381 | 2359 | 2.855
19 2.081 2.071 2.388 2.356 2.858
20 2081 | 2071 | 2379 | 2337 | 2.843
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[ I H L [ a a a
1319 1.9 Amaanu Wi «w) nuewes 1¥lumssasanaraanyiia Inaennay

=

ANUUUMUUGI NYUNN 210°C (91D)

Q

s ANNISITOVVRIANS (FOURDUIN)
AN
120 140 160 180 200
21 2071 | 2.085 | 2381 | 2335 | 2.860
22 2.065 2.084 2.382 2.352 2.851
23 2077 | 2.095 | 2370 | 2350 | 2.843
24 2.081 2.116 2.383 2.335 2.851
25 2.112 2.097 2.389 2.349 2.856
26 2107 | 2112 | 2375 | 2356 | 2.853
27 2.098 2.105 2.386 2.355 2.843
28 2.106 | 2.101 | 2401 | 2360 | 2.847
29 2.066 2.074 2.389 2.343 2.855
30 2096 | 2.108 | 2379 | 2347 | 2852
way | 2083 | 2092 | 2381 | 2347 | 2851
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A1319 4.10 awasnu i Gew) nuowmes 1slumsdasanaradnwsiia Inaeniau

=1

ANUUUIMUUGI NN 220°C

q

Y 2 ANFITOUVRIANG (3DUADHIN)
AN
120 140 160 180 200

1 2159 | 2029 | 2367 | 2615 | 2818
2 2118 | 2032 | 2351 | 2.605 | 2817
3 2.158 | 2036 | 2320 | 2613 | 2.824
4 2076 | 2.027 | 2320 | 259 | 2813
5 2.109 2.038 2.357 2.604 2.824
6 2078 | 2019 | 2343 | 2603 | 2815
7 2.054 2.047 2.345 2.613 2.825
8 2047 | 2026 | 2353 | 2.604 | 2.829
9 2.030 2.024 2.360 2.611 2.821
10 2.126 2.026 2.354 2.617 2.816
11 2083 | 2011 | 2342 | 2616 | 2826
12 2.108 2.024 2.346 2.617 2.832
13 2049 | 2027 | 2351 | 2618 | 2817
14 2.033 2.011 2.356 2.605 2.807
15 2077 | 2016 | 2355 | 2.606 | 2.818
16 2078 | 2.008 | 2358 | 2582 | 2.828
17 2.098 2.013 2.356 2.601 2.819
18 2.030 | 2028 | 2358 | 2609 | 2.825
19 2.072 2.025 2.339 2.596 2.820
20 2147 | 2020 | 2341 | 2.605 | 2.821
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A1319 4.10 awaanu i Gew) nuewmes 1glumsdasanaradnwsiia Inaeniau

=

ANUUUMUUGI NYUNN 220°C (91D)

Q

Y 2 ANFITOLVRIANG (3DUADHIN)
AN
120 140 160 180 200
21 2143 | 2039 | 2346 | 2598 | 2.836
22 2.135 2.031 2.339 2.607 2.812
23 2023 | 2023 | 2340 | 2610 | 2.803
24 2134 | 2031 | 2332 | 2604 | 2.824
25 2.057 2.013 2.335 2.620 2.835
26 2127 | 2037 | 2320 | 2611 | 2817
27 2127 2.034 2.317 2.608 2.828
28 2087 | 2021 | 2339 | 2.606 | 2819
29 2.157 2.030 2.344 2.597 2.817
30 2073 | 2034 | 2352 | 2594 | 2.809
md | 2003 | 2026 | 2345 | 2606 | 2.821
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=1

ANUUUIUUGI NN 230°C

q

Y 2 ANFITOUVRIANG (3DUADHIN)
AN
120 140 160 180 200

1 2129 | 2.090 | 2393 | 2.608 | 2.925
2 2.057 2.129 2.389 2.592 2.927
3 2076 | 2131 | 2370 | 2.608 | 2.929
4 2043 | 2092 | 2372 | 2596 | 2937
5 2.135 2.099 2.382 2.612 2.939
6 2097 | 2107 | 2378 | 2587 | 2936
7 2.094 2.098 2.379 2.609 2.940
8 2066 | 2.095 | 2385 | 2590 | 2914
9 2.074 2.091 2.395 2.595 2.939
10 2.116 2.073 2.387 2.603 2.935
11 2110 | 2115 | 2387 | 2.603 | 2935
12 2136 | 2101 | 2372 | 2585 | 2934
13 2129 | 2074 | 2390 | 2592 | 2931
14 2.073 2.069 2.393 2.610 2.936
15 2067 | 2077 | 2399 | 2591 | 2917
16 2071 | 2097 | 2368 | 2.607 | 2937
17 2.085 2127 2.393 2.595 2.917
18 2.097 | 2088 | 2397 | 2.603 | 2932
19 2.095 2.079 2.378 2.589 2912
20 2078 | 2075 | 2377 | 2586 | 2.940
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=

ANUUUMUUGI NYUNN 230°C (91D)

Q

s ANNISITOVVRIANS (FOURDUIN)

AN

120 140 160 180 200

21 2076 | 2.128 | 2383 | 2589 | 2913
22 2.091 2.099 2.399 2.602 2.920
23 2078 | 2.121 | 2398 | 2587 | 2916
24 2.112 2.076 2.397 2.606 2.919
25 2.096 2.109 2.384 2.613 2915
26 2062 | 2.100 | 2376 | 2.605 | 2919
27 2.128 2.133 2.372 2.603 2.922
28 2121 | 2130 | 2382 | 2596 | 2926
29 2.058 2.105 2.374 2.605 2.923
30 2115 | 2.090 | 2370 | 2.601 | 2.926

wag | 2002 | 2100 | 2384 | 2599 | 2927
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Mathematical Model of for Optimum Condition in Extrusion of Low-Density
Polyethylene

1137 wigindana uaz fmsms nuarfiys
Nirut Jaruraksakul and Patrapon Kamonpet

Field of Energy Engineering, Department of Mechanical Engineering, Faculty of
Engineering, Chiang Mai University, Chiang Mai, 50300, Thailand.
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Abstract: The finite different mathematical model was constructed to find the optimum
aperating condition by considering the least specific energy consumption used for extruding
Low-density polyethylene (LDPE) using single-screw extruder. The results were compared
to the experimental results. It was found that the results from the model show the same trend
as those from the experiment, with the error of around 0.1% for the case of the process with
low melt temperature and high screw speed and 50% for the opposite case.

Introduction: Extrusion process is one of the most common methods of processing plastics.
Basically, as shown in Fig. 1, the extruder composes of a screw which rotates inside a heated
barrel. When the screw is drove by the motor, the plastic pellets in the hopper fall on to the
area between the screw flights and then are melted by the conduction from the heater and
shear due to the movement of the screw flight along the barrel inner wall. At the end of the
extruder, the plastic melt passes through a die and form the shape of the die opening which
can be of any forms such as rod, film, pipe, or profile. In addition, by using appropriate die
with the compressed air, the blown film process which is used to produce plastic bag or the
blow molding process which is used to malke plastic bottles can be arranged. In general, the
plastic pellets used are in the polyolefin family such as low density polyethylene and high
density polyethylene. Normally, to run the process, the operator often set the condition
according to that written down by the previous operator or by using their own experience,
which sometimes is not the optimum set of operating condition whether in the term of output
rate or energy usage. Consequently, if the specific set of conditions which use the least
energy to produce the acceptable required parts without any trial and error in the shop floor
were known, an enormous amount of energy can be saved which can greatly reduce the
operating cost for the factory. Thus the objective of this report is to construct a mathematical
model that can predict such a condition.

Methodology: The methodology can be divided into two parts as the finite differential
modeling and the experiment. For the finite differential modeling, the following equations
were used:

o of & & o8 o, o o
— — — ] —— 2 e AL ) et 1) ~ T B = 4
= ey(ﬂ Byj (1) 3 0 (2) 53 [T] 3 ] (3)  p.CV.Y o K, = ny 4
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The boundary conditions that were used are as followed:

Vy=0=0, V.(y=H==V,, Vy=0=\_, V{y=H =Y, Ty=0=T,, Ty=H =T,

The detail of the finite differential model is as shown in Fig. 2. The equations (1) and (3) can
be rewritten as shown in equations (7) and (8)

@ __1[ L UL D L W T I i L PP P 11.,.-..,*!....-.] %)

& 2 Ay’ Ay

Az 2 A’ Ar |
Then the output rate and mechanical energy consumption at each operation can be calculated
by equations (9) and (10)

P, —P ;
By fey .[n,.*.mv,.-..,.-(11.-..?.,.. 1 My '1,'.+.,.~V..-‘.,.—(m_m,ﬂ-TLﬂ,.._.)vx.q.~l-n,.,,.:v,_.,.] (8)

H
j WAz(V, t, +V T, Yy

a= pmwij-‘!,dv (%) E=2 7
0 J-dy
0

For the experimental part, the extrusion data were recorded at the die temperature of 150-
190°C, changing [0°C at each trial, and the extrusion speed of 100-180 rpm, changing 20
rpm at a time.

(10)

Result, Discussion, and Conclusion: First, the viscosity curves as shown in Fig.3 were
fitted to find all of the constants used in eq. (4). Then it was put into the finite different
model to calculate the velocity and then output rate of the plastics. From Table 1, it can be
seen that the results of the output rate from the model agree very well with those from the
experiment, with the error of less than [%. This ensures that the velocity profile obtained
from the model is very close to the real profile. Then the specific mechanical energy (SME)
used in the system obtained from the model and from the results were compared next. Fig.4
shows the specific mechanical energy consumption (SME) obtained from the model, solid
legends, and from the experiments, clear legends. It was found that the SME values from the
model and the experiment for low melt temperature and high screw speed conditions are in
very good agreement, with the error around 0.1 %. However, for high melt temperature and
high screw speed conditions, the error was as high as 50%. This shows that at high melt
temperatures, there are other factors affecting the SME of the extrusion process. These
factors are needed further investigation to make the correction for the model used.
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Nomenclature:

T Shear Stress ¥ Shear rate

P, Melt density n melt viscosity

Cs Melt specific heat k,  Melt heat conduction

a, ko constant for eq. 4 H Screw channel depth

E Energy consumption SME Specific mechanical energy consumption
To Reference temperature Ty Barrel temperature

T Melt temperature Vi Barrel velocity

Vsz  Plastic bed velocity W Screw width

Keyword: Extrusion specific energy consumption, Finite different method

Table 1. Percent Error of the Output Rate Obtained from the Model and the

Experiment at Different Screw Speed and Melt Temperature

Melt Temp Percent Error at Different Screw Speed
100 rpm 120 rpm 140 rpm 160 rpm 180 rpm
150 0.149 0.343 0.476 0.108 0.155
160 8.580 7.011 6.184 0.549 0.068
170 0.551 0.650 0.557 0.412 0.015
180 1.126 0.204 0.053 0.181 0.917
190 0.061 0.279 0.201 0.769 0.232
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Fig 1. Extrusion Process Fig. 2 Finite differential node
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Fig. 3 Viscosity curve of LDPE Fig.4 SME from the model and experiment
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