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Abstract

This work has concerned a feasibility study on a development of an encapsulating material for solar
cell by using ethylene-octene copolymer (EOC) as a replacement of ethylene vinylacetate
copolymer (EVA) which has been widely used nowaday. This is because the EVA has some
disadvantages including a poor resistance to heat and ultraviolet radiation. This research work can
be divided into 2 parts. The fisrt part aims to investigate an optimum condition for producing
ethylene-octene copolymer film from a twin screw extruder connected to the film casting process.
The second part is a study on various properties of the ethylene-octene copolymer film in relation to
solar cell applications, including light transmittance, gel content, mechanical property, and water

absorption and heat resistance.

From the result, it was found that ethylene-octene copolymer (Engage 8407) with the melt index
value of 30 dg/min (Engage 8407) is a suitable material for producing the film. The optimum
temperature from the feed zone to the melt zone, the metering zone and the die zone of the extruder
range from 85 to 95, 105 °C and 115 °C, respectively. Water absorption value of the film was
0.085% whereas the tensile modulus value was 7.38 MPa. Retention of the tensile strength after the
UV radiation was above the minimum requiement of the specification. However, the light
transmittance value and the gel content of the material were 89.39 + 0.25% and 77%, respectively.

These values are sligthly lower than those of the specification and have yet to be improved. Finally,



an interfacial adhesion between the EOC film and the glass substrate measured by the peel test was
very poor as compared to the adhesion between the EVA and the glass substrate. Again, this

property is needed to be improved before usage.

Keywords: Ethylene-Octene Copolymer ( EOC ) / Encapsulating Material / Solar Cell
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o 1 ] a o o Aaaa % a a 4
Avduru oyyaddsz luason lua (nitrodixe radical) g1 §souoYYad ATz YD INDALDS

9 ]
=} a

fuRaduesisznovleasendamiiiu 8mes (hydroxylamine ether) Mntiutiiooyyadaszves
wodwes Tuanaduunsisunilfaserduleasensaaiiiu Simes (Ui 2.6) 12411414
Tuananedmes iiadusuazenyadassluTaseon lud (nitro oxide radical) lnal ﬁ'wm@ﬁymi
1¥msauaesietiululFinanfivadndosaansailfinanss s §asoduaumndwald

Ugnsendiadosnwm
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_— H,_, J— -
O0—C 5 (CHZ)8 CH2 (0]

L1 L)

‘ "HALS" ‘

4
%

i 2.6 TuneoumsAalnTeIvesEIAIANINNIaLEAY [9]

Y a aan a U a a . .
24.2 mimu‘n1um5mﬂﬂgnimaanmmwsmunmgu (secondary antioxidants)

)

d' 9 1 Y a Aaan a [ A = d' 1 =
L“L!’E]\‘liﬂﬂfﬂi1%ﬁ15%38@]1uﬂ1uﬂ1ilﬂﬂﬂ§]ﬂi‘c’ﬂf]’E]ﬂ"’]ﬂﬂ“]i‘hlﬂi3Lﬂﬂﬂuﬂaﬂi@!@huﬂﬂﬁ1’3ﬂ\1

9 9 ] [ a A 9 1 d o 3 =K 9 a a 1 a

VNAU Ulll?ﬂﬂJﬁﬂ‘]ﬁjfNﬂ‘L!ﬂﬁlﬂﬂﬂﬁlﬁﬂuﬁﬂWWllﬂ@EJNﬁlI“]J”im PNUU IWADUAUTITIAULAITUA
A a A a Aa A a 1 a da' =1 9 ~ o 4 4
auaﬂﬂmamwmamﬂﬁzﬁmmw E‘TTiLG]iJ!L@N“D’uﬂui]mJﬁuTﬂﬂWa18ﬁ13ﬂ3$ﬂ@ﬂlﬂﬂiﬂ@ﬂ1%ﬂ
A a dy [ 1 o 4 P [ = d‘dy 9 1 a =4 4
mnavuluszuy mamwmmi‘ﬂmwnJaiaaﬂ"lcmﬂﬂmmﬂuﬂu llﬂll,ﬂ maaumaﬂaa"lﬂm

(organic phosphites) ltaze155enovda Tnld (aliphatic sulfides)

2.4.2.1 msilszneuvlealnea

J a o < a A o o o a
aslszneuea’lid [(RO),P] Hemiunldifluasiumumaiiaeendasudimsunardan
Y A 1 = A Y @ a I A Y a a o ..
Tagenn linesed1udsInseldsauiumsguasiiueame INAaMsaTugnsiv (synergistic

o o o o s s Yo {
effect) ’ﬁﬂ’ii“ﬂﬂﬁ‘ﬂN11!%0\1@'151/]']@18&1]@5’E'J?Jﬂhl"’]fﬂﬁ'nﬂimlﬁﬂﬂhl@ﬂ{lﬁuﬂ'ﬁﬁ 2.7
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ROOR + (RO),> —— ROR +(RO),P = O 2.7
nnlgasony ldamsdsznouveaanatiu - Felluwanduainliloyyadase  wavensdli

[ 1 a Aaaa ] o Y a A ~ 1 9 Y
ﬂﬁﬁhlﬁﬂﬂﬂWiLﬂﬂﬂj‘]ﬂiUW“If’JEJ‘VnGlWWfJﬂLll'é]ﬁllﬂ'ﬂlllﬁﬂﬂiLlﬂ%ﬂuﬁﬂﬂﬁWﬂJiﬂuqﬂﬂ

a a o d
2.4.2.2 msisznevezavhindalva
a a o Ia d'dy J a a
arsezavhanda lndienldlunilaun laassalnle laTnsiiTetun (dilauryl thio dipropionate,
9 [ A a dya FIR [ a =) A o Y a
DLTDP uaadlasaasiaaagdi 2.7 o) assiaiideylsiunvassuassluoaivorilning
9 1 a [ dd? o [ a 4 A A Y A A z a
ANMUATUMUADNTOONHATUATY SIS UNeaWes U riansvive ladienTelvaumnu la
9 a S A 2 . . . .
aslyasyiialam@sTalnle laTnsfiTotun (distearyl thio dipropionate, DSTDP, aAd
o { o a a [ 4 y o
Taseardeagdi 2.74) Taonalnmsiauvesasdsznnezavhanda lrlatinaasladeaunis

2.8 182 2.9
I I
C H OCCH CH SCH CH COC H
12 25 2 2 2 2 12 25
n. laaosalnTo lalnsh Towun
i I
C H OCCH CH SCH CH CcOoC H
18 37 S R S’

18 37
v. lam@esalnle lalnsdiTowumn

51 2.7 Tassadwesansdsznoutszinnezdvhandalvls

]

ROCH +RSR ROH + RSR 2.8
o
|

ROOR  + RSR ROR +RSR 2.9

A < 1 ) aaa @ o
VINAUMIN 2.8 uaz 2.9 wziu 1811 ROOH  azdiilgnserdu RsR hld Idensisznon

y ¢ s ¢ { o & '
davonlaa (sulfoxide) aze15sznouoansgod Wiootnos luiiga avu 391

a

4 4 A 19 ¥ A o
msilszneunlosoon leavawnaeegliinamsuananilueyyaddss
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b))
e

=h.
.

2.5 IHIYNUNYIVO

E4
H.Schmidhuber, K.Krannich [15] Wainszuaumsyuglwed lhilaiinfaoa (PVB) T
o a 9 A Y @ 3 Y 4 a J ax Y
NITUIUNIINIATNIUN IﬂEJﬂ'J"IlI5’t’)ufql:\iLW'E]Gl‘ﬁlﬂu?ﬁﬂﬁ@?!ﬂl“ﬁaallﬁﬂﬂ'lﬂﬁ‘(’J!Wluﬂ'll’t‘)llﬂ Tﬂ‘(’J

=

492/ ldy 9 a a I A =)
ﬂﬁzmumimugmmu"lwuu%z%naﬂummm PVB aaad91nad 150 UIN 1Hasingd 54 1IN

.

Y v Y
wonINUU PVB  N1doinnszurumawaauuu i azlaniialudunisdeariunaan
1ndiReanudIe tazidon ludursinmsnuasiadsansi i Toma taznMssanziunizani

< < 9 3 [V ] Y o = = Y
LLUNELTN ?JEJNhlsﬂmiJ mﬂﬂmm PVB L‘]Ju?ﬁﬂﬁ@ﬂi\lL‘ﬂfaaﬂﬁﬂﬂﬂﬂlﬂlﬁﬂiuﬂ’]um@ﬂﬂ’]ﬁ‘ﬂu

& 4 ¥ A & =< v o s a o o q ¥
ﬂ’J’lll"]f‘LlT]G]'l‘Vl1114uWWiﬂﬂ’J'l‘JJ“]fuﬁTﬁﬂiﬂ“]ﬂJWWu!ﬂlThlﬂEJQﬂWu(luGUE]\HLNQL‘ﬂfﬁaﬁﬂ‘ﬂ@]ﬂ LLﬁ%‘I/HGI,W

a a d a 7
1Jﬁ3’ﬁ‘VI‘TJﬂ1‘1/‘!61]6\1!,‘31161@&!,’(?{\‘]011/]@]86]@]?1\111@9{

o = A a 1 ==t ~ Y o ] Y
P Klemchuk [16] ttagaaiz MMsAn¥IMsI@onanintas asauuaaueden lailuiaarony
7 @ a J a an A 2 o Y a
1aa 11 TNgaveINaINULaI01NAd TasmsNaNeaduIINMIAONANNYDID 0T IFIAANS
A a2 v A a A A d‘dy ] A @ "9 J o A
naeud duruinnaluiing Taelunil hinums@evanimvesTang luiaaredurad iladen
a Aaaa a @ UlSI = Yo 1 dy [ [ 1 Y 0'11 1q Y a
waamsiialnseeengaduld Ao msleiagaiviiunaivesiagraruesaa lulvieendiou

=® [} 9 a 1 a d‘
FUAIY uag lsasauuad lulsunanmunzay

. YR =2 = Y =y
K.Agroui [17] ttagAtue hlﬂﬁﬂielWﬂ\uﬁﬂEJSﬂ”IW‘VINﬂ’NiJi@u"UﬂQ@’JL@ 11U fast cure LA slow cure

v

aq Y

@ v 9 s Y A A . . . 1 A o Y
ﬂ”lmﬂumﬂmnmmaa AIYATOIUD Thermogravimetric Analysis (TGA) WUMQUNUHY 'I/I‘Vlﬂﬁ
FUNAMIQaAOIIMINUDDD UDY slow cure D 85 BIAIKAITET  TaBzINITgyide
Y H v Y H
NN 0.1255% Tuvaedde un fast cure FUGYANIMINIQUNYN 75 09A T
Y

o @ [ & dy Y 1A = = 1 ]
Wntnaailu 0.04045% Gmfnzﬂwmummm iU fast cure fuzmmmmaammmﬂu&mwm

gangims l¥nuveusaduaeing
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UNN 3 MIAVHHNUIATINIMIANE DY

3.1 a5

g Y o A g o ~ ~ D, A Yo oy
'fnﬁl;ﬂllVI1%1uﬂ’]5ﬂ1!uuq']uullﬁﬂ\iﬂﬂf”nﬁqqci/l 3.1 Iﬂﬂﬂ\lq@ﬁIﬂﬁ\iﬁ§1\1ﬂ1\3lﬂﬂllﬁﬂ\1llﬂﬂﬂgﬂ‘ﬂ 3.1

M99 3.1 T1eMsvesmsaltazyiaa1snlsluauInsamsmsanyIde

Fomst Fomand anbazns 19
Engage 8100, 8407 Ethylene — octene copolymer wedmes s uaIauily
(44% by weight of octene content ) el @ﬁaﬁ’mcﬁaﬁ

Tinuvin 770 Bis (2,2,6,6-tetramethyl-4-piperidinyl) sebacate  ©13 AUMUMSI Lﬁﬂﬂﬁﬁ?ﬂi
poNTIATULLIUgUYI

Irgafos168 2,4-bis(1,1-dimethylethyl)phosphite ATAUMUMILD ﬂﬂf] n3en
PRNTIAT UL UNAYI

Luperox 101 2,5-Bis(tert-butyldioxy)-2,5-dimethylhexane Curing agent

(liquid form, 100% pure)

A AAq Y a a s s A o = 3 o
A1 1N 3.1 Llﬁﬂﬁi"lﬂﬂ'lﬁﬁWiLﬂiJ‘I/]Gl“D'GlL!ﬂﬁLﬂiﬂuWﬂﬁLN@ﬁﬂ@NﬂWﬂﬂlWSUWul‘]_]‘lluzﬂ!ﬂu?lﬁ

] Y S X = 1 3 = Y] as S Y Aa o Y
nayulsan “]Nﬁﬁ!ﬂuﬂﬂﬂﬁ1’JL‘IJ°L!QGIi!,ﬂEJ%ﬂ‘U‘UfNEJ3L®ﬂﬂuﬂ1ﬂﬂﬂ1“ﬁwaﬂ3ﬁﬂﬁﬂﬂm

&
o)

A oA
waeeindn 1 luniamsa [11]
. { g &

Tudguvosas curing agent AlFluntiiuezilu 2,5-Bis(tert-butyldioxy)-2,5-dimethyhekane
A FY A Y] 1 = 1 Yy o A Y
(¥9N19M35A1 Luperox101) tHosnnarsaenaninnula wazezdwalvvaun ldtanulea uay
iamsdesimuasgurngdmsumsi 1l ldou luvaeians curing agent siadu 15U DCP

Y A 2 Aaa Y A [ ~ ~ o w 1 [ U 1 9
w1 IaInT¥Ia lnamesnu (8 M Laz 6 WINMNAIAY) UAaza1sAINavzaINa 11

ad A [} 1 [ 09: = nm 9 o a Y d'dy
Waudianuguannat aedude bildinnnnsanldlunil



_['CH CH_]_[_CH CH_]_
2 2 Jdn 2‘ m
CH
6 13

Ethylene Octene Copolymer

QOC(CH YCO—¢

Bis(2,2,6,6-tetramethyl-4-piperidinyl)sebacate (Tinuvin770)

| 2

Tris(mono-nonylphenyl)phosphate (Irgafos 168)

15

CH CH
| B B |
CH3 C|3 O O |C CH2 CH2 C|3 O O |C CH3
CH CH CH CH
3 3 3 3

2,5-Bis(tert-butyldioxy)-2,5-dimethylhexane (liquid form, 100% pure) (Luperox 101)

d‘ 9 = a 4 Y a aaa a o
Eﬂ‘ﬂ 3.1 Iaseasuniivoaneawes ’LTTW]WHﬂWHﬂWi!ﬂﬂﬂ%’]ﬂifﬂ@ﬂﬂ‘ﬂﬂﬂ“vu

Y

1A curing agent N1 lumMsautiuIasamsmsAny1Itedl
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o [ d‘ A 1 d' 9 o a aov Y v d'
AN ITULATOINDANG nllumsaniuauive ﬁ"liﬂiﬂﬁiq‘ﬂhlﬂﬂﬂ@nﬁﬁ‘ﬂ 3.2

d‘ A A @ saq Y = Ay
13190 3.2 Lﬂifl\?ﬂﬂllﬁgaﬂ‘Hﬂ!%ﬂlfJ\?Qﬂﬂimﬂi%GlU\ﬂuIﬂiﬂﬂWiﬂﬁ'ﬁﬂ‘]&ﬂ?ﬁ]ﬂ

A A 9 ao
IN399NATUN 1% 1u1uIve

VIHNAZIY

ANHAULVDAUATOI

m%"‘mﬂuwammuuﬁq Lab Tech Engineering mmﬁﬂumﬁju 2352A1
(Dry spinnner)
In3easAsALLANg] Haake Polylab Rheomex 159U AFIgA 200 UIFY
(Twin screw extruder) (CTW 100P) Multi standard die
idurugudnana 3 wu.
Standard Screws,
Counter rotating
L/Lo=31.3 W¥./ 20 Y.
m?mé’wﬁugﬂ Lab Tech Engineering ANUAUGIA 25 AU QNI
(Compression moulding) qaga 350 IR S AT
AL Hanser gaum)N1unsiinu 30 aam
(Oven) FaIFeE — 300 LraIToe
193 DANAADULIT I Monsanto oA 1,100 V.
(Universal Testing Machine) Tensometer 2000 anus2lunsa Q@Qjclu"]}’N

FTHIN 0.5 — 1000 UU./UN

11509 UV-Visible

spectrophotometer

Shimadzu-3100

190 — 2100 W1 1ULUAT

1504 Oscillating Disk

(Rheometer ( ODR ))

GOTECH

srozmMIvyuLn
0.5—103fM

1193314 ASTM D2084 - 01
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a dq! ar d an = a d
3.3 ﬂ1§NiT3J!!f;l$ﬂ1‘§NﬂWll1r!§1J‘V‘|a3J!f’)ﬁﬁﬂﬂﬂﬂﬂﬂiﬂ‘l"lf’]ﬁm{’)‘i

o a a o % a 1 a 1 [ ] [ ~
1. MWLE)ﬁauﬂ@ﬂﬁuIﬂWﬂaliJﬂiiﬂNﬁhﬂﬂﬁ?ﬁlﬁmm\‘i“vuﬂﬂ%‘l‘] AUTATIUAINTITINN 3.3

Taasuimswanansiniianeg lunsealunaunuuus (dry spinner)

d' = a 1 d' 9 = aov
M3190 3.3 Temsvesansaluazlsinadiumaun 11 IasansmMsAnEIIY

GREIGEY U512 (phr)
Ethylene octene copolymer ( Enagae 8100 130 8407 ) 100
Tinuvin 770 0.1
Irgafos168 0.2
Luperox 101 1.5

o 4 v A 1 . { <

2. wesnau liliduniesdasauunangg ( twin screw extruder ) 1021W159501 60 rpm

:ﬂy 9 Yo a a 1 A [ a
Tagluiiosdulddmunguiigiveausnma1ee (Zones) 1UIAT08ATA 91NV
Hou (feed) UsMHADY (Melt zone) U5IUINEZN1900N (Metering zone) HAZUTIIDL
313090 (Die zone) WNNU 115 DIAUFAITYE, 125 0IAUTAITOA, 135 DA TAITHA
= o [ 2 d' 3 dy = a 1

wag 145 paruwaled  awa1ay (auaaslugli 3.2) Mamsaengamgiluea
aanannsannmslssumeunugungilunmsvasy (Tm) veaeFauseniy

a = 1 " W
TanedwosFIUAUNITY 60 orUsaLTod [12]

TS TS-D
TS1 TS2 3

=h.

3 3.2

anglauusnua1en Meluniedasauuudangy

2O

P4 9

a J A v K . ] Aa T3
3. Wﬂﬁlil@iﬁa@llﬂhlﬂﬁi’]@ﬂiﬂiﬂﬂﬁ'ﬂlugﬂ (die) WHIUGNNANIavlgU

& A A P ' o 2 A g < a e Agvs '
4. ’l]']ﬂﬂil‘l/\lﬁll‘l/‘li’]ﬁlll@ﬁ§]$W1ullﬂﬂﬂgﬂﬂﬁ\1lwaﬂ3utﬂﬂ Iﬂﬂﬂ?'ﬁJWU"ﬁlf’NT\laN%UlﬂﬂJUi’]g
‘:2} 1

§jJ

< o Z o o
ﬂ'J']?JﬁU"Iﬂ]f’JQ?JTI'N@@ﬂL‘]JHﬁWﬂﬂJ UBNINUUANUHUIVOINANTID1992 VLD

ji|

N1
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S A

< Qy 2 9 g ad Y d'dy a o as
ﬂ'J'liJl,i’J@,ﬂﬂﬁﬂﬂlﬂ\ilﬂiﬂﬂﬂﬁﬂlﬂﬂ?\lﬁﬂﬂ?ﬁl °lu‘v1um1mfimﬁumWama‘ﬁauaaﬂwuﬂ f

e

D.

Aa 9 < ay d‘ 9 g A d
nnnszuIuMsHan lagldnnusilunmsnyuvesgnnasveunisaiiunuiaugnn

v A 1

% 1w [ [ a A a o
Wil aounIny 14 rpm Uaz 20 mpm MUSWULAUNIAY 0.5 Taawas suildy

wiauveniiulaneawesn lavzii luklgnseimsison Toaszwaraluana ( curing )

wazih lnaaevauiaaiuaie ae'll

3.4 Mm3M§d3en curing

o A d a P 9 v A 1 ~ o [ o Aaana .
1!TI/\"@I1]WE]a!11’(’)5°I/Ihlﬂfﬂ']ﬂﬂi3‘]_]'Juﬂ']i’l’)ﬂiﬂiJ"Iﬁ1ﬂH'Jﬁ'l“l/l!‘Hiﬂgﬁilfﬂﬁﬁ‘ﬂﬂ"ﬁﬂWﬂJ;]ﬂﬁﬂ'l curing

a

(optimum cure time, t 90)1@181%Lﬂ§m oscillating disk rheometer ( ODR ) 1 U GOTECH ﬁqmwgu
%] 09.:’ o o o { 4 [ Y 4
160 ovsmaaiFea vasvniuiaun 1a liidinTedaiugil ( compression moulding [ Lab
. . A Y a aaa . A a =~ 9y o
Tech Engineering ] ) 1o 1#1na1lA581 curing Ngaivinl 160 osawaimed Tagldnarlunism
4

aaa 1w J { o o A d { 4 v g BZR
U501 curing wrnmnum t,, 13018 Mnvwhildui ldannieedaiugllunadevauiia

Auaae) sie 'l

wAa Y =
3.5 MINAADUANUANIUNITNHILIIAY
o A d an = a 4 o v @
ildueFauesaiiulanedwesuiimsdallugdaumavinamuuiaggiu JIS K7113(type2)
e ldimsnaseuaniAa1un1sNULTIAIAIBIATEY Universal Testing Machine [ Monsanto
9 < = Aa a 1 ~ 9
Tensometer 2000 ] Iaglaaus2lunsaa 500 Haamasaoun uazly load cell ¥u1A 50
a [ 3 = o o wva 9 =4 9 1 [ dy
Alansy Ui IMIA IaaNTAfIUMITNULT I Tae lFaunisane Al
Y

1 I @ 1 1 AA o
3.5.1 AININUITIAIGIA (Ultimate Tensile Strength ) 1ITUAT1@IUTZNI1UTIAT AFUNUTY

Y o & A 9o A g % i
”l@qqqﬂﬂuwuﬂwummimu ﬂ1u’)mhlﬂiﬂﬁlﬁﬂﬂ1i1/] 3.1

F
(e) = max (3.1)
A
e O = AIMINUABLITIA (HIAUADAITUNAT)
= A Y o Qy a o
F o = usddagaganlnnuauau (iédw)
v v v
A = WunnihdavoaFuanulug IV AN (M1T1IUAT)
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J @ . I "9 o $ o
3.5.2 AIM38AAI & 99919 ( Elongation at break ) 1T um13ooazueIn158aad a1 9auadafiiuim

Td0naumsn 3.2

E = _ AL x 100 (32)
LO
1 A (%
E = NIRRT (% )
d‘Qy A o a A
AL = ANNININFUINUIANT (WaaNNT)
Y v 3
L = mmfmmaqGvuq1ugﬁawué]’uﬁlumqmm&mﬂ% (Vaauag)

[ 4 @ I J 1 % & @ 1 J
353 ﬂﬂﬁih@.ﬁﬁ( Young’s modulus ) nJummmuﬂﬁwm’ma Gd]f\'iL‘]JllfJﬁﬂﬁ’JH‘i%‘l’i’N\‘iﬂ’ﬂiJ

Aunuansoaluguldeugiluuudaiadn ( Elastic deformation ) Aaaunish 3.3

_ (0]
M100 = 100 (3.3)

100

Y H
A TugaauoIrFuNUNTZezMIvaal 100 % (HIAUABAITININAT )

My =
Y 2 A A o A o 1
G, = ANMANVBIFUNUNTZEZMTIAAD 100 % (UIAUADAITIUNAT )
Y v ¥ v Y
fo4 = AUIASEATOITUNUNTZIZNMTIAGD 100 % FaluNHuA A 1

100

3.6 Msnaaauiml3ananaa ( Gel content)

dyd 1 Aa 9 a s a Aaaa A 1
msnaasstiumsnaaeumalsuuiesazneamesiinalnseinisden Teasening
Tuanafeunuaiui liinalgnsewazawnsoazaieldludriiazats Taslunsnaasegii

=~ [ Ja o Aad = a o a [ @ o =~
mMssnangdueiauseniiulanedawes ludsuia 1 a5y ludakiazareladu ( Xylene)

v
=

a = I o qgj = Iy 1 A A A (v J
Ngauny 110 23R Ly a Wuan 12 "]ﬂhﬁ NNUUIILINFUNUTIUNTIA0INNTINAN

1 4 E4
penana1sazaly i lliiniseungungil 110 oeruwaiFod aunszNaianToFuaIull

Y
) %

& q9 o S = o A S J e A, :
HIMUNANN (1%L’Jﬁ1@ﬂﬂi$iﬂm 10 GIS’JIIN) mﬂuumuwmm‘lﬂﬁmumumwammmmm

1J5umMsnamanuaunsn 3.4
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A a \YY
Isnumsmana (%) = ' X100 (3.4)
W')
g’ @ Qy (Y| =1 [ 4 Y 9 1
W, = NHUAFUNUHAEIUMITIHANTLaeULHILAD (NSY)
3’ Y] Qy Q' 9 d'dyo YA 1w [y
W, = hmipvesrunueewsudy untimvualaliaunu 1 n5y)

v

3.7 ﬂ]ﬁ‘ﬂﬂﬁﬂﬂﬁﬂﬁ@ﬂﬁ] ( Water absorption )

o "o o an =} a 4 (Y Yy a o
Hurudlauesausennulanediwesuiaaliuvuia 50 AT WNLEEUALUAT LLﬁS‘uTUl‘]JE’J‘LI

a =

' L 4 < o o = o 4 d  w oy
Tannuiu NYUWYN 50 DI UHALFYT Wurnai 24 %2 Tue amiudai lFaiminudaves

U

' v 1 Y
=) v

4 9 A a o ] ) 1 :j ~ a ~ o3|
FUAU Iﬂﬂiﬂ)’tﬂiﬂﬂ%\i‘ﬂuﬂﬁuﬂm 3 AU U mﬂuum"lﬂu%m NYUNHY 20 A UYALBY T 119

]
a o

~ @ ~ T 3 Y @ gz Y y A o Aa ] ' o
139120 UIN ‘Viﬁ\Ti]'lﬂ‘lflll,‘]flﬁi"llll,a?hlﬂ%ﬂu’l‘ﬁuﬂ Iﬂﬁ]iﬂfmﬁ@ﬂﬂﬁ‘ﬂﬂ'ﬂﬁu&lﬂ 3 ANUUN T%ﬂamﬁ
4

Y H Y
wihmsduiheguuiaFuaueenlasldnszanses mminshimssuamiliuusooas

Y 1
YBINIPAFUHINNANNITN 3.5

wv_.-W

Y
' o ds
MMIANT (%) = 2 X 100 (3.5)
’ Wdr
y
g’ Cd o |g’ U
W = HIMUNHAWFUI (NTY)
v £
= e Hiendae I (nFY)

dry

3.8 MSNATOUAINSTOINIMUEAS ( Light transmittance )

o A o ag =1 a o’d’ ] 4?1 Y o 1 [ ]
u'lWﬁiJLi’]‘ﬁﬁu@’t’]ﬂ‘i/]LIIﬂ‘W'f]'miJ?JTl/]N'luﬂ'lﬁ"Uug1]L!,ﬁ'lll‘]J‘Vl']ﬂ']i'i/]@ﬁ'ﬁ]ﬂﬂ'lﬂ'lﬂ'lﬁﬁﬂiw'lullﬁﬂ
( light transmittance ) Tagl41nT09 UV-Visible spectrophotometer [Shimadzu-3100] Tag1iimsia

] 4 ] { <3 1
Tuaraanuennduveauaalugranaiue iy (visible) Ao 139 381 — 780 U1 THINAT AW

V1M1 ASTM E891-87 [13]

£ A Y o w A v A 9):& [ o 1 Y
9114 19NV navee TUsunsuMInaaouvsuaIoian 1¥Fiaunsodauaziuaal 1a lu
[ ] z [ 3 d‘dyd ] I ] 9 [ A 1
uaazEai L w1 lunivwensnageudy 3 ¥rudenleny As UV 1ue9 190 -
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L
I Eng age polyolefin elastomer

A Pradust of DuPont Dow Elastomears

Product Grade Chart

Product Information

February 2004

0.2

05 :? 8180
£
E ENR 72
g ENR 7277 8100
5 ! 8107 LENR 7467
° (o] ENR 7256 ENR 8556
o
;o
%EP‘ -
£ =
£
3 [ota0 |

15

EE ENR 813
: o
|
0815 080 0,880 0470 0.860
Density, g/fcm?2 ke
[ Kare Elastormaric > [ ethylene oetana
. Ethylens Butars

Engage® polyolefin elastomers and ENE* developmen-
tal products offer customers new options for replacing
or modifying materials across a broad spectrum of
processes. The next generation ethylene butena copaly-
mers are an excellent complement to the existing
ethylene octene grades and together offer exceptional
performance and a unique balance of properties when
usad “neat”™ or in blends and compounds.

Designed to improve impact parformance, melt
strength, or overall processability. these innovative
elastomers are available in a wide range of grades o

meet the most demanding processing and performance
needs. They are compatible with most olefinic materi-
als and offer unique capabilities that can enhance your
product and vour bottom line. Applications include:
automotive TPCy, plastics modification; TPEs; wire and
cable; consumer goods: foams; footwear; NVH: and
axtrusion of injection molded goods.

* Mote: EME designates a developmental grade. When using developmen-
ial producis, customers are reminded thai: quality specificalions may not
be fully determined: hazards may not be fully known: and DuPont Do
reserves the dght to change specifications andior discortinue production
af the product ar any time.
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Product Grade'

Density, a/cm®
ASTM D-782

Typical Properties part1

0.862

0.865

Ethylene Butene Grades

ENR ENR 7270
7380 ENR 7271

0.87 0.88

0885

D.9m

42

Melt Index, dg/min
ASTIMD-1238
190°C, 2.16 kg

1.2

<05 na

< (.5

Mooney Viscosity
ASTI D-1646
MLT+4at121°C

48 28

16

Total Crystallinity
[:,EE

12

23

Maolecular Weight
Distribution,
Rheology Ratio?

Durometer Hardness,
Shore A
ASTM D-2240

56

57

Ef 73

79

aa

D5C Melting Peak, °C
Rate 10°C/min

42

48 62

73

K]

Glass Transition
Temperature, °C
D5C Inflection Point

56

57

45

-35

Flexural Modulus, MPa
ASTM D-740
2% Secant

7.4

12

135 241

212

679

Llltimate Tensile
Strength, MPa
ASTM D-638
508 mm/min

26

23

10.6 15

1.1

"Uktimate elongation for all grades exceeds 600%.

Thiz grade is tale dusted, properties are meazured before the addition of talc.

3Engage™ 8400 is available inthe European region. Engage® 8407 is available in the Americas and Azia Pacific.

4L-Lowe, M-Medium and H-High are DuPont Dow Elastomers measures.

SDuPont Dow Method



Typical Properties part2

Ethylene Octene Grades
8130 8150/ 8100/ ENR 200/ 8400/

Product Grade' faqz g180 8137 BI5FF  BUOP 8556 807 8407  B4%Z
Density, gfcm? 0857 0883 0864  0.863 0.87 0.87 087 0.a7 0.875
ASTM D-792

Melt Index, dg/min 1 0.5 13 05 1 2 ] a0 3
ASTM D-1228

190°C, 216 kg

Mooney Viscosity 26 a5 <h 35 23 16 & <h 11
ASTM D-1636

ML1 +4at121°C

Total Cryztallinity 13 16 13 16 18 19 19 21 20
%"

Malecular Weight L L L L L {1 L L L

Distribution,
Rheology Ratio?

Durometer Hardness, &0 66 60 i 75 [ 12 15 17
Shore A

ASTM D-2240

DSC Melting Peak, °C 33 19 50 55 &0 55 G0 B0 67
Rate 10°C/min

Glazs Transition 51 -5 -ha b6 b —hh —h =57 -3

Temperature, °C
DSC Inflection Point

Flexural Modulus, MPa 35 8.3 6.9 11.8 136 1 121 12.1 166
ASTM D-790
2% Secant

Lltimate Tensile 2.1 8.8 2 1049 10.3 1.2 64 33 9.8
Strength, MPa
ASTM D-638
508 mm/min

"Ultimate elongation for all grades exceeds 600%.

*This grade is tale dusted; properties are measured before the addition of talc.

*Engage™ 8400 is available in the European region. Engage™ 8407 is available inthe Americas and Asia Pacific.
*L-Low, M-Medium and H-High are DuPont Dow Elastomers measures.

EDuPont Dow Mathod



Typical Properties part3

44

Product Grade'

n

Ethylene Octene Grades

M0 8480 8450

8402

&840 8445

Density, a/cm®
ASTM D-782

0.88

0.885

0.885

0.897 0802 0902

0.902

0.908

091

Melt Index, dg/min
ASTM D-1238
190°C, 2.16 kg

18

0

16 1 3

a0

35

Mooney Viscosity
ASTM D-1646
ML1+4at121°C

< B

<

<h

18

Total Crystallinity
%5

24

25

i) 3 it

EL)

u

n

Maolecular Weight
Distribution,
Rheology Ratio

Durometer Hardness,
Shore &
ASTM D-2240

81

46

45

a2 9 94

94

96

D30 Melting Peak, °C
Rate 10°C/min

12

73

18

93

103

103

Glass Transhion
Temperature, “C
DEC Inflection Point

51

—44

Flexural Modulus, MPa
ASTM D-T40
2% Secant

PAR

351

25.8

50.2 781 T26

69.9

104

nna

Ultimate Tensile
Strength, MPa
ASTM D-638
508 mm/min

6.5

218

64

.5 25.8 248

129

2849

2

"Ultimate elongation for all grades exceeds 600%.
*This grade is talc dusted; properties are measured before the addition of talc.
#Engage™ 8400 iz available in the European region. Engage® 8407 is available in the Americas and Aszia Pacific.
*L-Low, M-Medium and H-High are DuPont Dow Elastomers measures.

fDuPont Dow Method
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Innovative Solutions for Your Processes and Applications

Enhances Performance in Applications

Soft and Hard TPO Compounds

+ Excellent physical properties including elasticity,
toughness and low temperature ductility

+ Excellent impact resistance, balance of properties
and long term performance

Wire and Cable

+ Enhances physical properties when combined with
fillers or crosslinked

General Purpose

+ Improves look and feel of saft and hard goods

+ Lighter weight, more flexible parts

+ Improves resiliency for foam applications

+ Excellent filler acceptance for masterbatch
applications

+ Improved processing grades

Extrusion Grades

+ Tough vet flexible

+ Faster extrusion rates for more parts production
per cycle

+ Improved melt strength grades available

Injection Molding

+ Better impact resistance properties and performance

+ Excellent thermal stability, UV resistance and heat
reasistance

Excellent Processability

Wersatility for use in thermoplastic and thermoset
applications

Can be used as a “neat” polymer or as a value-
enhancing ingredient in compound formulations

Mew broad molecular weight materials for improved
processing

Compatible with most olefins

Pellet form for easy handling, mixing, forming and
processing on plastic or rubber equipment

Recvelable for in-process scrap re-use advantages
and for environmental responsibility

Standard Packaging Availability

Ethylena Butene Grades ENRTMEE ENR 7356 ENRTIM ENR T2TT* ENR 7280 ENR 7M™ ENR 18
M kg Begs ¥ ¥ ¥ ¥ ¥
1200 b Octagonal Boxes ¥ ¥ ¥ ¥ ¥

US Railears (180,000 ki ¥ ¥ ¥

ENR
Ethylens Dctane Grades BE 3100 BG* 3130 B127* 2150 EIGT* Q160 AX0 2UT* 40 BAN 8402 BAOT* 2411 BMD B4AS Q450 B4S2 2430 ES40 9SSR M2

US 30 kg Bags ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
US 1200 |bDctagonal Boxes ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
U Railoars {160,000 1bi ¥ X X ¥

Europe 20 kg Bags ¥ ¥ F 4 ¥ ¥ ¥ ¥ ¥

Europa 600 kg Boxes ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

*Talo dustad
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