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Abstract

This study is on low-cost flexible materials useful for battery industry in Thailand to
evaluate a packaging design for future research improvement. Properties of laminated polymer materials
uses for a cell packaging of lithium polymer battery were studies. Dimethyl carbonate, diethyl carbonate,
ethyl methyl carbonate, ethylene carbonate and propylene carbonate have been investigated as a solvent
in lithium battery. The effects of non-carbonate solvent and additives that are present in lithium-ion,
lithium-polymer, gel polymer and siloxane electrolyte need to be studies. Thus, laminated polymer used
in cell packaging was also development. In the present study, plastic films that are oriented
polypropylene (OPP), linear low density polyethylene (LLDPE) and polyethylene terephthalate (PET)
and its laminated were used. Then, plastics film was laminated with aluminum foil (Al) using film
calendaring process i.e PET-AI-LLDPE film and PET-AI-OPP film. Structural and morphology
characterization of films were characterized using attenuated total reflection Fourier transform infrared
spectroscopy (ATR-FTIR) and scanning electron microscopy (SEM). The effect of plastics film of each
multilayer laminated polymer on mechanical properties was investigated. It was found that a tensile
strength, modulus and elongation at break of PET-AI-LLDPE was 3.3 KPa , 12.6 KPa, 1,024% while that
of PET-AI-OPP was 3.3 KPa, 41.5 KPa, 853% , respectively. Gas and water permeable properties of

laminated films were improved compared to the neat plastics.

Keywords: Lithium Polymer Battery, Cell Packaging, Laminated Film, Permeable properties
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Abstract

This article describes a development of lithium polymer
battery cell packaging from laminated polymer materials. This report is
on low-cost flexible battery packaging useful for battery industry in
Thailand and a test protocols to evaluate a packaging design for future

research improvement. At present, only carbonate solvent such as

dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate, ethylene
carbonate and propylene carbonate have been investigated. The effects
of non-carbonate solvent and additives that are present in lithium-ion,
lithium-polymer, gel polymer and siloxane electrolyte need to be
studies. Thus, laminated polymer used in cell packaging was also
development. A novel and low cost flexible packaging in pouch cell
battery is usually used for electrical vehicles (EVs) and hybrid electrical
vehicles (HEVs). Oganoclay nanocomposite is being investigated as a
sealant layer with improved barrier properties. Oxygen and carbon
dioxide barrier properties of these organoclay nanocomposite film show
improvement more than 30%. However, the research on types of
surfactant helps for clay dispersion and improvement of moisture still
not found in the present.

Lithium Polymer,

Keywords: Polymer Battery, Cell Packaging,

Laminated Polymer
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Abstract

Properties of laminated polymer materials uses for a cell packaging of lithium polymer battery
were studies. This study is on low-cost flexible materials useful for battery industry in Thailand to
evaluate a packaging design for future research improvement. Dimethyl carbonate, diethyl carbonate,
ethyl methyl carbonate, ethylene carbonate and propylene carbonate have been investigated as a solvent
in lithium battery. The effects of non-carbonate solvent and additives that are present in lithium-ion,
lithium-polymer, gel polymer and siloxane electrolyte need to be studies. Thus, laminated polymer used
in cell packaging was also development. In the present study, plastic films that are oriented
polypropylene (OPP), linear low density polyethylene (LLDPE), nylon (PA), polyethylene terephthalate
(PET) and its laminated were used. Then, plastics film was laminated with aluminum foil (Al) using film
calendaring process.  Structural and morphology characterization of films were characterized using
attenuated total reflection Fourier transform infrared spectroscopy (ATR-FTIR) and scanning electron
microscopy (SEM). The effect of plastics film of each multilayer laminated polymer on mechanical
properties was investigated. It was found that a tensile strength, modulus and elongation at break of PET-
Al-LLDPE was 3.3 KPa , 12.6 KPa, 1,024% while that of PET-AI-OPP was 3.3 KPa, 41.5 KPa, 853% ,
respectively. Gas and water permeable properties of laminated films were improved compared to the neat
plastics.

Keywords: Lithium Polymer Battery, Cell Packaging, Laminated Film, Permeable properties
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Date ' Time - User ' Sample... Sample Information  Batch Reference
6/8/2012 | 40415 | MME | True | OPP-1 | OPP-1
6/8/2012 | 4:08:56 ... | MME True OPP-2 OPP-2
~ 6/8/2012 | 4:13:10 ... MME True OPP-3 OPP-3 i
6/8/2012 5 4:18:04 ... | MME True OPP-4 OPP-4
6/8/2012 ; 4:21:45 ... | MME True | OPP-5 OPP-5
Sample Reference Width ' Initial Grip Separation @ Speed - Preload Force
1 | 25.000 ... | 50.000 mm 500.00 ... | 1.0000 N
2 25.000 ... | 50.000 mm 500.00... | 1.0000N
3 25.000 ... | 50.000 mm 500.00... | 1.0000N
4 25.000 ... | 50.000 mm | 500.00... | 1.0000 N
5 25.000 ... | 50.000 mm | 500.00 ... 1.0000 N

Corrected Gauge Length  Maximum Load  Extension at Maximum Load

D o BWw N -

s WN -

50.573 mm 100.37 N 122.00 mm
50.563 mm 94,596 N 119.06 mm 5
50.749 mm 96.196 N 109.23 mm
50.652 mm 103.32 N 144.00 mm
50.563 mm 96.733 N | 13062 mm |
Strength at Maximum Load  Percentage Strain at Maximum Load ' Break - Stiffness
4014.8 N/im 241.24 True 52294 ...
3783.8 N/m 23547 True 47188 ...
3847.9 N/m | 21523 True 5114.2 ..
4132.9 N/m 284.29 True 39526 ...
3869.3 N/m 258.34 True 63009 ...
Elastic Modulus Load at Yield = Extension at Yield  Strength at Yieild Percentage Strain at Yield
~ 10579.0 N/'m 100.37 N 122.00 mm ; 4014.8 N/m 241.24
~ 9543.8 N/m 94 596 N 119.06 mm | 3783.8 N/m 235.47
10382.0 N/m 96.196 N 109.23 mm ‘ 3847.9 N/m 215.23 [
8008.2 N/m 103.32N 144.00 mm j 4132.9 N/m 284.29
12744.0 N/m | 96.733 N 130.62 mm { 3869.3 N/m 258.34 |
Load at Offset Yield = Extension at Offset Yield Strength at Offset Yield
 33.891N 8.4611 mm 1355.6 N/m
31.926 N 8.5252 mm 1277.0 N/m
33684 N 8.1401 mm 1347.4 N/'m
32.205N 9.1580 mm 1288.2 N/m
27.948 N 6.5596 mm 1117.9 N/m
Percentage Strain at Offset Yield Load at Break  Extension at Break Strength at Break Percentage St
16.730 100.37 N 122.00 mm 4014.8 N/m 241.24
16.861 94.596 N 119.06 mm 3783.8 N/m 235.47
16.040 96.196 N 109.23 mm 3847.9 N/m 215.23
18.080 103.32 N 144.00 mm 4132.9 N/m 284.29
12.973 96.733 N 130.62 mm 3869.3 N/m 258.34
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Date f

- Time ' User ' Sample... Sample Information  Batch Reference
1 6/6/2012 | 2:12:34 ... | MME True PET-AL-LL-1.1 PET-AL-LL-1.1 L
2 6612012 | 2:18:42 ... | MME True PET-AL-LL-1.2 PET-AL-LL-1.2
(3 60612012 | 2:22:43 .. | MME True PET-AL-LL-1.3 PET-AL-LL-1.3 p-Al~tl -2
4 60612012 | 2:33:04... | MME True PET-AL-LL-1.4 PET-AL-LL-1.4
5 6/6/2012 | 2:42:36... | MME True PET-AL-LL-1.5 PET-AL-LL-1.5
(® 6612012 | 2:5058.. | MME | True PET-AL-LL-16 PET-ALLL-16  |P-AL"L-" 0
(i | True
Sample Reference | Width Initial Grip Separation | Speed  Preload Force
1 11 25.000 ... | 50.000 mm 500.00... | 1.0000 N
2 1.2 25.000 ... | 50.000 mm 500.00... | 1.0000 N
3 13 25.000 ... | 50.000 mm 500.00 ... | 1.0000N
4 14 25.000... | 50.000 mm 500.00 ... | 1.0000 N
5 15 25.000 ... | 50.000 mm 500.00... | 1.0000N
6 16 25.000 ... | 50.000 mm 500.00 .. | 1.0000 N
i
Corrected Gauge Length  Maximum Load | Extension at Maximum Load
1 50.489 mm 84785 N 53.000 mm
2 50.490 mm 89.830 N 68.108 mm
3 50351 mm 89.772 N 72.935 mm
4 50508 mm 74.396 N 36.197 mm
5 50.324mm 77.105N 51.096 mm
6 50390 mm 74004 N 37.003 mm
7
Strength at Maximum Load  Percentage Strain at Maximum Load Break - Stiffness
1 33814 N/m 104.97 True 6365.9 ...
2 3593.2N/m 134.90 True 6582.9 ..
'3 3590.9 N/m 144.85 True 63085 ...
4 29758N/m 71.666 True 60726 ...
5 30842 N/m 101.53 True 6396.0 ..
6 29602 N/m 73.434 True 5935.0 ..
i
Youna's Mrv!.%d?\us i | ; X | . .
Elas%c ulus Load atYield Extension at Yield  Strength at Yield Percentage Strain at Yield
1 12856.0 N/'m 84.785 N 53.000 mm 33914 N/m 104.97
2 13295.0Nim 89.830 N 68.108 mm 35932 N/m 134.90
3 12706.0 N/m 89.772 N 72.935 mm 3590.9 N/m 144.85
4 12269.0 Nim 74,396 N 36.197 mm 2975.8 N/m 71.666
5 128750 N/im 77.105 N 51.096 mm 3084.2 N/m 101.53
6 11963.0 N/m 74004 N 37.003 mm 2960.2 N/m 73.434
7 9v= 126441 e = 32 bb

by )
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' Extension at Offset Yield

Load at Offset Yield | Strength at Offset Yield
62.860 N 12.834 mm 2514.4 N/im
 61.171N 12.447 mm 2446.9 N/m
60.196 N 12.315 mm 2407.8 N/m
539.195 N 12.466 mm 2367.8 N/m
53.885 N 10.401 mm 2155.4 N/m
57.428 N 11.648 mm 2297.1 Nim
Percentage Strain at Offset Yield Load at Break  Extension at Break | Strength at Break
25420 84.785 N 53.000 mm 33914 N/m
24653 89.830 N 68.108 mm 3593.2 N/m
24.458 44 093 N 545.96 mm 1763.7 N/m
24682 7.8980 N 95.616 mm 315.92 N/m
20.668 76.919 N 51.275 mm 3076.8 N/m
23.116 42.056 N 486.31 mm 1682.2 N/'m
E‘\(Wgéion W\_" b“@\& . .
Percen Strain at Break Load at Lower Yield  Extension at Lower Yield
104.97
134.90
1084.3 20.599 N 90.764 mm
189.31 23.796 N 47.236 mm
101.89
965.10 18.949 N 43.969 mm
\ 0 »
Strength at Lower Yield  Percentage Strain at Lower Yield
~ 823.98 N/m 180.26
~ 951.84 N/m 93.521
757.97 Nim 87.259
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ﬁz‘:’ Time  User - Sample... Sample Information  Batch Reference &
lerpr2012 | 11:48:3.. | MME True | AL8 AL-8
6/26/2012 | 11:54:3... | MME True AL-11 AL-11
6/26/2012 | 11:56:2... | MME True AL-12 AL-12 *
6/26/2012 | 12:00:4.. | MME | True AL-14 AL-14
Sample Reference | Width | Initial Grip Separation  Speed | Preload Force
8 25.000 ... | 50.000 mm 500.00 ... | 1.0000 N ’
11 25.000 ... | 50.000 mm 500.00 ... | 1.0000 N
12 25.000 ... | 50.000 mm 500.00 ... | 1.0000 N
14 25.000 ... | 50.000 mm | 500.00... | 1.0000 N
Corrected Gauge Length ' Maximum Load ' Extension at Maximum Load
50.795 mm 108.34 N 65.212 mm
50.363 mm 11021 N 70.428 mm
50.340 mm 98.311N 56.894 mm ;
50.340 mm 103.63 N 65.467 mm |
Strength at Maximum Load  Percentage Strain at Maximum Load  Break - Stiffness
4333.4 Nim 128.38 True 715044 ...
4408.4 N/m 139.84 True 6387.0 ...
3932.4 N/m 113.02 True 6563.0 ...
4145.3 N/m 130.05 True 6926.2 ...
Elastic Modulus Load atYield Extension at Yield @ Strength at Yield Percentage Strain at Yield
14528.0 N/m 108.34 N 65.212 mm 4333.4 Nim 128.38
12867.0 N/m 11021 N 70.428 mm 4408.4 N/m 139.84
13215.0 N/m 98.311 N 56.894 mm 3932.4 N/m 113.02
13947.0 N/m 10363 N 65.467 mm 41453 N/m 130.05
Load at Lower Yield ' Extension at Lower Yield Strength at Lower Yield
i
|
Percentage Strain at Lower Yield  Load at Offset Yield = Extension at Offset Yield
64.178 N 11.612 mm
62.764 N 12.186 mm
59.267 N 12.100 mm
60.156 N 11.425 mm
Strength at Offset Yield Percentage Strain at Offset Yield Load at Break Extension at Break
~ 2567.1 N/m 22.860 108.34 N 65.212 mm
2510.6 N/m 24.196 11021 N 70.428 mm
2370.7 N/m 24.037 98.311 N 56.894 mm
2406.2 N/m 22696 10363 N 65.467 mm



Strength at Break | Percentage Strain at Break

|
8 43334 N/m 128.38

11" 4408.4 N/'m 139.84 I
1" 139 = e |
12 3932.4 N/m 113.02 |

14 aSINm  raes ]
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Date ' Time User ' Sample... Sample Information ' Batch Reference
 6/6/2012 | 2:58:42 ... | MME True | NYLON -1 NYLON 1
6/6/2012 | 3:12:58 ... | MME True NYLON - 1.1 NYLON 1.1
6/6/2012 | 3:22:55 ... | MME True NYLON -2 NYLON 2
~ 6/6/2012 | 3:29:47 ... | MME True NYLON -3 NYLON 3
~ 6/6/2012 | 3:36:11... | MME True NYLON - 4 NYLON 4
6/6/2012 | 3:41:35... | MME True NYLON -5 NYLON &
Sample Reference = Width . Initial Grip Separation  Speed . Preload Force
1 25.000... | 125.00 mm 12.500... | 1.0000 N
1.1 25.000 ... | 125.00 mm 12.500... | 1.0000 N
2 25.000 ... | 100.00 mm 50.000... | 1.0000N
3 25.000... | 100.00 mm 50.000... | 1.0000N
4 25.000 ... | 100.00 mm 50.000... | 1.0000 N
5 25.000 ... | 100.00 mm 50.000... | 1.0000N
Corrected Gauge Length Maximum Load  Extension at Maximum Load
125.82 mm 51.498 N 58.388 mm
125.33 mm 53.243 N 65.199 mm
~ 100.31 mm 75.658 N 100.93 mm
100.61 mm 64479 N 72.033 mm
100.34 mm 56.006 N 59.849 mm
100.35 mm 49.082 N 39.312 mm
Strength at Maximum Load  Percentage Strain at Maximum Load  Break | Stiffness
2059.9 N/m 46.406 True 2664.8 ...
2129.7 N/m 52.020 True 3101.1 ...
~ 3026.3 N/m 100.62 True 3881.5 ...
- 2579.2 N/'m 71.597 True 2523.5 ...
2240.2 N/m 59.648 True 29194 .
1963.3 N/m 39.174 True 35779 ...
Elastic Modulus  Load at Yield Extension at Yield  Strength at Yield  Percentage Strain at Yield
~ 13411.0 N/'m 21621 N 12.582 mm 864.84 N/m 9.9997
15547.0 N/m 27612N 19.365 mm 1104.5 N/m 15.451
15574.0 N/m 16.148 N 8.2651 mm 645.94 N/m 8.2397
10156.0 N/m 22 945N 12.764 mm 917.81 N/m 12.686
11717.0 N/m 14.750 N 6.1087 mm 590.00 N/m 6.0882
14362.0 N/m 49.082 N 39.312 mm 1963.3 N/m 39.174
Load at Lower Yield  Extension at Lower Yield  Strength at Lower Yield
20.722 N 12.582 mm 828.89 N/m
26.719N 19.366 mm 1068.8 N/m
- 15.268 N 8.5110 mm 610.70 N/'m
22 428 N 13.132 mm 897.14 N/m
- 13.734N 6.4679 mm 549.35 N/m




o oslwN s o olaleins

oo b W N

Percentage Strain at Lower Yield

' Load at Offset Yield  Extension at Offset Yield

- 10.000 _ 23412N 14.790 mm
-~ 15.452 20.551 N 12.647 mm

8.4849 15.866 N 8.9065 mm

13.052 24719N 14.678 mm

6.4461 21.877N 12.046 mm

21.927 N 11.139 mm

Strength at Offset Yield Percentage Strain at Offset Yield ' Load at Break Extension at Break
- 936.47 N/'m 11.755 51.498 N 58.388 mm

822.02 N/m 10.091 53.243 N 65.199 mm

634.66 N/'m 8.8792 75.547 N 101.59 mm

988.76 N/m 14.589 64479 N 72.033 mm
~ 875.08 N/im 12.006 56.006 N 59.849 mm
~ 877.08 N/m 11.099 48.856 N 39.355 mm

Strength at Break Percentage Strain at Break

2059.9 N/m 46.406

2129.7 N/m 52.020

3021.9 N/m 101.27

2579.2 N/m 71.597

2240.2 N/'m 59.648

1954.3 N/m 39.216
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Date Time ’User Sample... Sample Information Batch Refererg)ce |
(%) 5/3172012  11:02:1.. MME  True PET+ALU+LL-1 | PET+ALU A1 P-AL--7)
5/31/2012 | 11:09:0.. |MME True | PET+ALU+LL2 | PET+ALU®T2 = R OPP
3 5/312012 | 11:13:11...  MME True  PET+ALUSLL21 | PET+ALU +LL-2.1
(3 53172012 11:235. MME  True | PET+ALUSLL22 | PET+ALU+LL22 | P-AhLicg
5 5312012 11:300.. MME  Tue  PET+ALUsLL23  PET+ALU+LL23 P
5312012 | 11:390.. MME  True | PET+ALU+LL-24  PET+ALU+LL-2.4 ro
5/31/2012 | 11:45:2.. MME  True | PET+ALU*LL25 | PET+ALU+LL-25
Sample Reference Width Initial Grip Separation Speed Preload Force
1 1 25.000... | 50.000 mm 500.00 ... | 1.0000 N
2 | 25.000...  50.000 mm ~ 500.00...  1.0000 N
2.1 | 25.000... | 50.000 mm | 500.00... 1.0000N
22 | 25.000... | 50.000 mm 500.00 ...  1.0000 N
23 25.000... | 50.000 mm | 500.00...  1.0000 N
24 | 25.000...  50.000 mm | 500.00... | 1.0000 N |
25 | 25.000...  50.000 mm | 500.00... | 1.0000 N
Corrected Gauge Length  Maximum Load Extension at Maximum Load
50.375 mm 85.830 N 64.467 mm
50.231 mm | 5.0863N 19.565 mm
50.339 mm 40.320 N | 13.639 mm
50.293 mm 83.148 N | 35.094 mm
50.160 mm | 44632N 16.211 mm
50.162 mm 49.843N | 16.625 mm
50242 mm | 89.850 N | 67.002 mm
Strength at Maximum Load Percentage Strain at Maximum Load Break Stiffness
34332 N/im 127.97 | Tue | 9587.8..
203.45 N/im | 38.950 True | 382690..
1612.8 Nim | 27.004  True 5681.7 ...
3325.9 Nim 69.781 True 10202.0 ..
1785.3 Nim | 32.318 True 35352.0 ...
1993.7 N/m 33.143 True 12803.0 ... |
3594.0 Nim 13336 True | 177130.. |
Elastic Modulus Load at Yield  Extension at Yield Strength at Yield  Percentage Strain at Yield
19319.0 N/m _73620N 13.979 mm | 29448 Nim | 27.751 |
76892.0 N/m | 5.0863 N 19.565 mm ' 203.45 N/m 38.950
11440.0 N/m | 40.320N 13.639 mm_ | 1612.8 N/im 27.094
20523.0 N/m 83148 N 35.094 mm | 33259 N/m | 69.781 |
70930.0 N/m 44832 N | 16.211 mm | 1785.3 N/m 32.318
25690.0 N/m | 49.843N 16.625 mm (19937N/im | 33143 |
35598.0 N/m 89.850 N | 67.002 mm | 3594.0 Nim 13336




MO)U'I-&OOI\J-—&

~N O OAs W N -

Load at Lower Yield

24, 4351\7"

Extension at Lower Yield Strength at Lower Yield

Percentage Strain at Lower Yield Load at Offset Yield

Strength at Offset Yield
2716.5 N/m

_ e7913N

40397 N

Percentage Strain at Offset Yield

o '?32053mm

| 22772mm - 2835 7Nm

Extension at Offset Yield
J 8.3353 mm |

]

[ 2.5947 mm H:
x 11.778 mm |

| 80299mm

| 42930mm

Load at Break  Extension at Break
| 45822 N 486.87 mm

18307N/m 5188 26918 N *::E Edgum;'wW"f’“}
1567.8N/m - 2337 | 20005N |39 804mm
26030Nim 15986 f  43748N T 37224 mm ]
10335Nm eas03 | 14035N 42635 mm
1097.7Nm 82203 - | 21.983N ﬂ 3§.§4§ mm |
16119Nm 8546 - | 89, 850N 67, 02mm |
Strength at Break Percentage Strain at Break
18329N/M 96650 ]
107.67 Nim  ea720 j
80380NM - 79072 |
7499Nm  7a0ta
S61.38N/m - sage8 ¥
87933Nm 76838 @0 |
%940Nm 1%
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| Time ‘ User - Sample... - Sample Information ' Batch Reference

| |
SRR T e _
MME | True CPP-3 CPP-3
423.. | MME 7}@3 CPP-7 2 PR ot Bore
| MME | Te | cPP8 __|cPPs o
‘Width | Initial Grip Separation 'Speed | Preload Force |
25.000... | 50.000 mm | 500.00... | 1.0000 N z‘
S : |
i 532%@;@2@‘_‘“&_; 50999% 1.0000 N |
7 | 25.000 ... | 50.000 mm
e f 25.000 ... | 50.000 mm
Corrected Gauge Length  Maximum Load Extension at Maximum Load
51.042mm 34.600 N 446.29 ;
B o ‘F 600N mm e P j
50,657 mm 37.355N | 509.62 mm |
D Er il Q7 X Ol 531.54 mm 3
50.727 mm | 27.338 N 9.8940 mm #
b . RIS S AN
Strength at Maximum Load Percentage Strain at Maximum Load  Break  Stiffness
1384.0 N/m | 21 1087438 00 | Tree | 37899.. Hg|
14942 Nim | 10060 (Tre 60850 |
1463.1 N/m 1 1051.1 | True | 57890
“‘M*M\“\\Eﬁ*“ e
1003 S&nﬁﬁﬁ‘%hheéo_g\“\_ [T 38717..

Elastic Modulus ' Load at Yield | Extension at Yield Strength at Yield Percentage Strain at Yield

_ 7737.9Nim | 20.753N | 10.547 mm | 1190.1 Nim | 20.663 |
123300 Nim 2721TN | 1 110911 Nm g
_M7110Nm | 25810N _ Do . aue E
7856.0 Nim | 27.338 N B | 1093.5 N/m 19.505 ]
Load at Lower Yield Extens:on at Lower Yield | Strength at Lower Yield |
 18819N | 85.184 mm | 752.77 Nim
o Tammee 67Z§W*“\:f
wea [14545mm  ag0 46 wm ud
16.007N | 68.031 'ETH\ iaa,. . ihaws
Percentage Strain at Lower Yield Load at Offset Yield  Extension at Offset Yield
e SHCIRG 28966N | 92568mm e
el TRl eT e L S T 2 i (o
28.761 24.483N | 6.6259 mm =
LB i BT e e
Strength at Offset Yield | Percentage Strain at Offset Yiel 'Load atBreak | Extension at Break ;
11586 N/m | 18.136 34.600 N | 446.29 mm \}
_99%72Nm 12.836 clohsmiilhnih 735N | 50962mm o

_ 979.33N/m | 13.102 e ek R JMOTAN. . p | o Semh et
10565 N/m | 16.886 e f 20374N I 378.60 mm



Strength at Break Percentage Strain at Break :
; 23 ~ 1384.0 N/m sﬁ 36 |

S e R SO RS

T R
3 14942 N/m | 1006.0
7 _14631Nm  [10511

8 814.95N/m | 74635
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Time
10 57 3

; ate
/25/201 2

?6/25/2012

12 130

Sample Reference

Corrected Gauge Length

125 20 mm

12 01: 37..

Sample...
| T@L

1

F T‘i‘i‘%
| Tree

Width

125 00 mm

Maximum Load

lmt:a! Grip Separation
- 212,-9@9;
507000 mm |

“50 0.000 mm

Sample Information
LLDPE -1

LLDPE—3
LLDPE~4

LLDPE-5

Speed

Batch Reference
| LLDPE-1

| LLDPE-2 ﬁv
z LLDVPE-3 Jor
| LLDPE4 _::f

Preload Force
1 0000 N

50.614 mm L., IR - R e
L T I ET7 T —
50.764 mm  e8s0N _s%080mm
50-*817!9!“ o | 61.289N L — ]

Strength at Maximum Load

14947Nm

27568Nm
_24516Nm
18136 N/m

Elastic Modulus

20307.0 N/im 7 |

7374 7 me

6724 5 N/m

Load at Yield

 453a0n 4

Extension at Yield

Percentage Strain at Maximum Load

e o U e

Strength at Yield

Break Stiffness

I Te

©

Percentage Strain at Yield

ﬁ
(37.366N 16?08 mm *4571115&.7 Nm  Ta22ea 1
aass2n L 2tt9mm gy LT T M ]
43007 N | 30.705mm [ 17203Nm | 60.387 .
450N 29 055mm [ 18023Nm &m0 ]

6905Nm | 4

Load at Offset Yield

RCE T
AGSTEN
76N

Extension at Offset Yield

I

] 41779 mm
T 13, 555756} """"" 7
| 13.335mm -
¥ 13.290 mm - B

Strength at Offset Yield




0)01-&(,0!\)—&

O)cn-hcul\)-x

DB W N

Percentage Strain at Offset Yield

82154 -
26691 meel iirne s
%227 -
26223 _ 1

Strength at Lower Yield

1515, 57Nm
1464 9 N/m R
15412 Nim 2 -

sea2

Load at Break

35 937 N
38 845 N

| 760 )60 mm

Extension at Break

714 68 mm

503 77 mn

73 .003 énm -
| 10692 mm

Percentage Strain at Lower Yield

i

|

,,,,,,,,, — ——
1

{

Ls S — ]

——

Strength at Break

| 124 51 N/m

| 14375N/m

| 15538Nm
[ 1095aNm

it T FRITRGTT
BRI _ m— Y _
1498.3 | 37.893N | 87.263 mm |
i ) —p PN 8728 N
]




Strength (N/m)

Tensile Setup B |
25,0 mm w

|
s ! n

|
| LLDPE-5

Offset Yield || j

ower Yield |

Greatest Slope

Preload

500

Break




Strength (N/m)

| 50.0 mm

EN

LLDPE-4

2000~ |

~ Offset Yield

1000

000

Greatest Slope

4
\
e |

-
500

Percentage Strain

1000

1500




PerkinElmer Spectrum Version 10.03.06
20 @nemu 2557 17:29

Analyst Administrator
Date 20 fsnmn 2557 1729

(.35 723.42cm-1

0304

0.25 41.92cm -

1241329864 41cm-1
1713.55cm-1

0.204
=L

0.154

0.104

.05

2967.85cm-1
_H_\_'_,_,_fh\-\_/-_\_\_\_\_'_
-0.014 . . . T
4000 3500 3000 2500 2000
cm-1
|Samp|e MName Descripton Quality Checks
‘ PET Sample 004 By Administrator Date ws, wnunina 23 2555 The Quality Checks do not report any warnings far the
sample.




Analyst
Date

0.571
0.55]

0.501
0.45
0.40-
0.251
0.301

< go5]
0.201
0.151
0.101

0.05
-0.00

Administrator
20 fsnan 2557 17:30

2818.47cm-1

28 g8 . 48cm-1

ot A M ¥ W

-0.02

PerkinElmer Spectrum Version 10.03.06
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The Quality Checks do not report any warnings for the
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