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Dynamic mechanical thermal analysis (DMA)

The technique of DMA was used to determine the glass transition
temperature of polymers via their state of molecular motion in polymers. This
technique relies on impressing a smail sinusoidally varying stress (usually as a
function of the sine wave) on to the material under test and transducing the strain
while the temperature was rise. Tt;e results indicated the sinusoidal stress-strain

relationship, the phase angle between the stress wave and the strain wave is called
3.

The phase angle (8) is a measure of the viscous response of the material to
the dynamic strain. In the case of an ideal elastic solid, it follow from Hook's law
that the stress is always in phase with the strain, i.e. 8 = 0. In contrast, the stress of
an ideal viscous fluid is always 900 out of phase with the strain, i.e. 8 = n/ 2. At
temperature below Tg, polymeric material behave more as Hookean solids at small
deformation, but at higher temperature their behavior is distinctly viscoelastic. Over
the test temperature range of -150°C to SOOC, 8 will have a temperature dependence
value between 0 (totally elastic) and 90" (totally viscous). For polymeric material,
the maxima in tan 8 occurs at-Tg when the impressed frequency matches the
frequency of = molecular relaxation through thermally activated processes.
Relaxations. in the amorphous phase are labeled with the Greek alphabet (at, B, ¥)

with decreasing temperature.
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Clarity of film testing

The light was transmitted through the sample and measured the D value.

Thereafter, calculated the transmittance of film from the equation as follow

log1l /T = D
(1£10°) *100

T

where : T = transmittance of film (%) D = Density of film
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Maelt flow index of the blend

The melt flow index of the blend from the mixing materials with different

melt flow index can be calculate from the equation as follow

MFIblend =10 oM

where : MFIblend = Melt flow index of the blend
MFI1 = Melt flow index of component 1
MFI12 = Melt flow index of component 2
w1 = Weight fraction of component 1
w2 = Weight fraction of component 2

Density of the blend

The density of blending can be calculated from the follow equation.

V blend = WI1*V1 + W2*V2

1/Dblend = W1*(1/D1) + W2*(1/D2)
where Vblend = Volume of the blend

Wi = Weight fraction of MLLDPE

W2 = Weight fraction of HDPE

D1 " = Density of MLLDPE

D2 = Density of HDPE

Dblend = Density of the biend
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Mechanical progerties of HDPE/LLDPE fitin at 25 micron thickness

Table Al : Tensile strength of HDPE/LLDPE film at 25 micron thickness

Tensile strength of HDPE/MLLDPE film (kg/em )

Tensile strength of HDPE/Z-NLLDPE film (kg]cm!)

LLDPE content

(% by weight) 1 2 3 4 5 X | o [ 2 3 4 5 X a
0 MD 580 540 570 570 540 s60 | 19 | 580 540 570 570 540 560 19

™ 390 360 340 350 380 360 2] 3% 360 30 350 380 360 21
5 MD 570 520 540 560 560 550 20 NA NA NA NA NA NA NA
™ 390 is0 320 30 360 350 26 NA NA NA NA NA NA NA

10 MD 550 520 570 540 560 550 19 500 460 496 510 480 490 19

TD 290 340 310 310 340 320 22 310 290 310 270 330 300 23
15 MD 490 520 510 490 480 500 16 NA NA NA ‘NA NA NA NA
TD 270 260 240 260 310 270 26 NA NA NA NA NA NA NA

20 MD 540 510 500 540 530 520 18 470 490 450 450 500 470 23

™ 360 300 340 340 310 330 _ 24 280 290 240 3i0 240 270 31

25 MD 500 470 460 480 470 480 15 430 430 390 400 410 410 18

TD 260 320 280 310 280 290 24 290 220 230 260 260 250 28

30 MD 460 430 450 410 450 440 ?0 380 430 400 390 410 400 19

TD 260 330 280 300 280 290 26 260 270 230 230 240 250 18

40 MD 450 90 | 420 450 450 430 27 380 430 400 3710 380 390 24

™ 230 25¢ 210 270 230 240 23 170 240 190 200 180 200 27

(4



Table A2 : Elongation at break of HDPE/LLDPE film at 25 micron thickness.

LLDPE countent Elongation of HDPE/MLLDPE Rlm (%) Elongation of HDPE/Z-NLLDPE film (%)

(% by weight) 1 2 3 4 5 X <] I 2 3 4 5 X a
0 MD 300 260 250 250 290 270 23 300 260 250 250 290 270 23

D 430 400 390 410 3%0 400 17 430 400 390 410 390 400 17

5 MD 260 280 290 300 260 280 18 NA NA NA NA NA NA NA

TD 460 390 450 420 410 430 29 NA NA NA NA NA NA NA

10 MD 280 300 260 250 280 270 19 240 310 250 270 250 260 28

TD 450 420 400 410 460 430 26 440 390 %0 420 450 420 28

15 MD 310 260 290 280 320 290 24 NA NA NA NA NA NA NA

TD 470 450 420 420 460 440 23 NA NA NA NA NA NA NA

20 MD 310 250 270 260 280 280 19 230 290 300 270 770 210 77

™D 460 420 450 430 460 440 18 430 370 390 410 420 400 24

25 MD 300 260 260 280 310 280 23 320 260 280 260 210 280 25

TD 490 420 450 470 440 450 27 450 400 390 410 380 400 27

30 MD 290 290 270 300 310 290 15 300 260 290 250 210 270 2

TD 440 460 420 450 410 440 21 400 440 430 450 440 430 19

40 MD 310 340 290 350 320 320 24 310 320 280 260 270 290 26

TD 470 420 470 460 480 460 23 410 400 450 420 460 430 26

€L



Table A3 : Impact strength of HDPE/LLDPE film al 25 micron thickness

LLDPE conlent

Impact suength of HDPEMLLDPE filin (kg cim/cn)

Linpact strength of HDPE/Z-NLLDPE film (kg cunfom)

(% by weight) 1 2 3 4 5 X ] I 2 3 4 5 X ]
0 4200 | 3600 | 3800 | 3900 | 4i00 | 3920 239 4200 | 3600 | 3800 | 3900 | 4100 | 3920 239
5 4100 | 3800 | 3900 | 3500 | 3900 | 3800 219 NA NA NA NA NA NA NA
10 39000 | 3800 | 3900 | 3600 | 3200 | 3N 295 3600 | 300 | 3500 | 3500 | 3200 | 3400 152
15 3000 | 3200 3500 | 3700 | 3300 | 3300 270 NA NA NA NA NA NA NA
20 3300 | 3000 { 2900 | 2700 | 3200 | 3000 239 | 2000 | 3400 | 3100 | 2800 | 2900 3000 239
25 3300 | 2700 § 3400 | 2700 | 3200 | 3100 336 3300 | 2800 | 2900 | 2900 | 2700 | 2900 228
30 2800 | 3100 | 2600 | 2900 | 2800 | 2800 182 2400 | 2700 | 2800 | 2400 | 2900 | 2600 230
40 2700 | 3100 | 2800 | 2800 | 3300 | 2900 251 2700 | 2700 | 2600 | 2400 { 2600 | 2600 122

¥L



Tahle Ad : Heat seal strength of IIDPEALDPE [l a1 25 micron  (hickness

tleat seal sirength of HDPE/Z-NLLDPE lilm (kg)

LLDPE content Seal Tieat seal strength of HDPEMLLUPE fikn (kg)
(% by weight) tempersture ( C) 0 z ;) 4 s X o 1 2 3 4 5 X a
) 130 063 | 065 | 064 | 072 | 060 | 065 | 004 . . . . . - -
140 078 | 079 | o711 | 080 | 074 | 076 | 004 . . . . . - .
150 08y | oss | or4 | 079 | 077 | oo | oo 2 - . - . - .
[ 130 ocs | 065 | 070 ] 075 | 0o | 062 | 006 | NA | HA | NA | BA | NA | NA T NA
140 065 | 071 | 074 | oss | 074 J o oot | NA | NA ] NA | NA | NA | NA | NA
150 082 | o690 | 077 | 079 | 067 | 075 | 006 | NaA | NA | NA | NA | NA | NA | HNA
10 130 069 | 070 | 067 | 077 | o718 | 072 { 005 | 073 { 065 | 073 | 064 | 070 | 0T0 | 004
140 o84 ) os9 | 081 | osa | 099 | 085 | 0oa | 075 | 076 | 082 | 020 | 077 | 078 |03
150 086 | 092 | 097 | 085 | 020 | 090 | 005 | 082 | 077 | 087 | 074 | 020 | aso 005
15 120 oso | 018 | 075 | 023 | 070 | 075 [ 00a | Na | NA | NA | NA | NA | NA | NA
140 090 | 007 | 082 ) 090 | otz | 085 | coa | NA ] NA | NA | NA | NA | NA | Na
150 103 | 096 | 100 | 098 | 091 | 098 | 005 | NA | NA | NA | NA | NA | NA | NA
20 170 o84 | 090 | 039 | o83 | 078 | o35 | oos | 085 | 070 | 079 | 038 | 077 | 077 | 005
140 w16 | w33 L oss | vz | 102 | 1io | 007 [ 096 | ose | 092 { 082 | 089 | 050 | 005
150 095 | 093 } 0os | o872 | oss | 091 | oos | oss | 097 | ova | 089 | 095 | 052 | 00s
25 130 093 | 097 | o9a | 105 | 090 | 096 | ooe | o8s | 098 | 100 | 092 | 089 § 092 | 006
140 109 | 1aa | 192 ) 1o | o9e | 109 | oos | 099 | 108 | 09s | 110 | 107 | 104 | 006
150 101 | 097 [ 096 | 105 | 096 | 099 | 004 | 089 | o284 | 099 | 0o | 088 | 090 J 006
20 170 102 | oos | 090 | 092 | o9 | 094 | aos | 099 | 089 | 091 | 087 | 097 | 093 jo0s
140 o3 | 079 | oss | os2 | oeo | 084 | 006 | 0#0 | 0m | 079 | 090 | 087 | 085 ] 005
150 (U A 06?1 004 0.6R 0.74 M 0n.os .84 0.7 N80 a9 0.72 0.78 0.0%
40 120 ity 107 0.9 )12 97 1.08 0006 aa? 1.0l 0492 0.95 1.03 098 0.04
140 ng2 nys ng2 0,50 0RO RO 0s n.8s n7G N 0846 o014 080 0.05
150 iy n7a nsg 0.59 0.69 n.6% s .77 .69 (1} 1 0.78 0.67 o4 0.0%
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Table AS : Stiffness of HDPE/LLDPE sheet

LLDPE conlent

Stiffiess of 1IDPEMLLDPE shect (kg]cm:)

Stiflwess of HOPE/Z-NLLDPE sheet (kefeni )

(% by weight) 1 2 3 4 5 X a 1 2 3 4 5 X a
0 8700 | 8300 } 8400 | 8600 | 8500 | 8500 | 158 | 870 | 8300 | 8400 | 8600 [ 8500 | 8500 | 158

5 3400 | 8000 | 8100 | 8100 | 8300 | 8200 | 164 | NA | NA | NA | NA | NA | NA | NA

10 3600 | 8400 | 8100 | 8400 | 8300 | 8400 | 182 | 8600 | 8400 | 8300 | 8200 | 8400 { 8400 | 148

15 8500 | 8100 | 8300 | 8200 | 7900 | 8200 | 224 | NA | NA { NA [ NA-f NA | NA | NA

20 7900 | 7600 | 7500 | 7700 | 7700 | 7700 | 148 | 7700 ( 8200 | 8200 | 8300 | 7400 | 2000 | 391

25 7400 | 7200 | 7500 | 7300 | 7500 | 7400 | 130 | 7700 | 7700 { 7600 | 7500 | 7400 | 7600 | 130

30 6900 | 7200 | 7200 | 7300 | 7100 | 7300 | 152 { 7200 { 7500 | 7000 | 7600 | 7400 | 7300 | 241

40 6800 | 6700 | 6400 | 6500 | 6500 | 6600 { 164 | G700 | 7400 | G900 | 7200 | 7300 | 7i00 | 292

100 2400 | 2500 | 2300 { 2500 | 2000 { 2300 | 207 | 3600 | 3200 | 2900 | 3400 | 3300 } 3300 | 259

9L



Sample characterization

Table A6 : DSC test of HDPE/ALLDPE blend

LLDPE content

HDPEJW.LDPE biend

HDPE/Z-NLLDPE biend

(% by weight) | Melt temperature (C) | % crystallinity | Melt temperature (C) | % crystallinity
0 126.0 68.5 128 68.5
s 127.7 56.0- NA NA
10 127.1 54.7 NA NA
15 1265 55.1 NA NA
20 126.5 55.6 NA NA
25 126.0 52.6 126.7 49.8
30 126.0 50.3 NA NA
40 125.6 50.4 NA NA
100 121.7 NA 123.7 NA




Mechanical properties of HDPE/MLLDPE film at 15 micron thickness

Table A7 : Tensile strength of HDPE/MLLDPE film at 13 micron thickness

MLLDPE content Tensile strength of HDPE/MLLDPE film (kg/em )

(% by weight) -1 2 3 4 h] X [+
10 MD | 520 | 490 | 510 | 530 | sso | s20 | 22

TD | 330 | 270 | 310 | 280 | 280 | 290 | 25

20 MD | 430 | 460 | 420 | 420 | 470 | 440 | 23

TD | 220 | 280 | 270 | 290 | 210 | 250 | 36

30 MD | 460 | 450 | 470 | 420 | 410 | 440 | 26

TD | 260 | 240 | 240 | 210 | 260 | 240 | 20

Table AB : Elongetion at break of HDPE/MLLDPE film at 15 micron thickness

MLLDPE content Elongation at break of HDPE/MLLDPE fim (%)

(% by weight) 1 2 3 4 5 X o
10 MD 240 260 250 250 210 240 19

TD 50 360 390 400 350 370 23

20 MD 270 300 290 240 320 280 30

TD | 340 | 3%0 | 370 | 340 | 410 | 370 31

30 MD 290 300 270 330 350 310 32

™D 370 370 410 390 360 380 20

Table A9 : Impact strength of HDPE/MLLDPE film at 15 micron thickness

MLLDPE content Impact strength of HDPE/MLLDPE film (kg cm/cm)
(% by weight) 1 2 3 4 5 X a
10 3700 | 3100 | 3500 | 2900 | 3300 | 3300 316
20 2700 | 2600 | 3300 | 2500 | 3000 | 2800 327
30 2600 § 2200 | 2600 | 2100 | 2700 | 2400 | 270
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