nsfutlpnuaniFimdinasesanadulnansin iAo afsfuedUA N385 RUNNHN

U ANAY gl

4 1
gt g untlareenns AN A NUAN RIS QN T AINITHANEA TNMATTTUTG
a a = '8 = a a a o =
arrataeassmalulatl  Aiedmlanansinalulat
AIYAFAINIINANART AWNAINTRINUNINENAE
Tnnadnm 2549

s

AUANTVBIANIAINTUNNINNAE



MECHANICAL PROPERTIES IMPROVEMENT OF EPDM BY GAMMA IRRADIATION

INDUCED PARTIAL CROSSLINKING

Mr.Kumsin Tungrungrote

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Master of Engineering Program in Nuclear Technology
Department of Nuclear Technology
Faculty of Engineering
Chulalongkorn University
Academic Year 2006

Copyright of Chulalongkorn University



WadeIneniinug nslfunlpqumuidadinavesdfaisu Taomai ldina

ATeAAIR LA INAIIMIRIT IR INUL

L4
Tau wwdudu Aafalsnd
- oy o o .
T l.l']lﬁflﬂ'!lﬂﬂ.iu.tﬂll
J ay -
erwenlinm 39IMAATINTG yoIn3a A gUdun

auzimniaumand Qnaingsiuminede eyl hivinotinusatuiidludiu

& w
wilaveamaAnmmangasigamiudn

W"’“’E"""f# ANUARULIMINTTUANAAT

(FNTA319130 AT AN A uOAT)

AMEATTUMIABUINUITINUT

] P

- ol
NN | 1 72 3\ 1 Y £ 8 TLi L]

(38INARIINIG WITAT TUMIVII)

=
e e D030 AN
(39amMan3 197130 ¥0In3A A3 gUAUA)

+ [
il

B e I
NI VW50 | st

(383MAAT 19130 A3 IA Uy¥amana)

N e e R B R Fh e T A nIsuNTI

(H¥20man319130 p330NT ANIYIUA)



fudu degalsnd : nsfulgsqumuiAiFinavesdfnidylasmah iiansendsd
UAIUNAINMIRIWTITUNYYL. (MECHANICAL PROPERTIES IMPROVEMENT OF
EPDM BY GAMMA IRRADIATION INDUCED PARTIAL CROSSLINKING)
0.3 snania ASqudud, 67 mh.

YRR

- -f -y [

misdseiiunsinimaiianseadsinadauves iagdiAuRTUTavesladuian

] [ [ a, & i a = <4 [T -
Aafiu 2 szAv Taoslianisquouidsyadioiven Bnylianisesiinuounandonmain Ta

a - 1 s b F ] - -
mIRwesafununein lauend-60 msniedsiiimlSinuidneg YuRvanesemsiianseaded
L
VEMNIY Aie 1,2, 3, 4 unz 5 Alaingd Tassziinsfinufesssumnaved Ay quoula
. 4 - - J L sy L J
iFana AouLazHAININIAT enez 18¥ouand1s uasquiuAvesBRABuIRRZINTA
Bl i J J it -y L d - - : -y
UTnasiinaeg iy namiddemundamuanuiveandiuaddndoe Suwa Tdunuia
ﬁl J L 1 e L b o L3 el oy Bl .l
wariudy TudnwaizitilifuTaonssiulfunassd Tao BRady siladiilfnaladugaesd
oy - ] o ol . ] Yy [ Cr ] [ | il
USinansafigandiwiiafiil ladudindr wan1idsons lnavesingdfAabunudidsiinig Tvavesd
: A g v 4

ET ﬁuuﬂﬁuﬁﬁnnq'ﬂ:ﬁ'mmumﬂﬂmﬁﬂnwﬂﬁaﬁwﬁﬂﬁﬂ11uti‘]uﬁﬂ:=1lnﬂumf]unm
limanteuds Tuanaoniumulsuwidununi 145 uaznisinviqumnifiFinavesd

' & P 4 ' o 4
fay nuhdRAID e riia Funansaseadafunadauinh I @ e uns idsiiiuann

4 4 ' - - o o

uTasemziguautiiadonaainzidiu ldatadanu uazfinnubavesiogdimdumuiu

: J ‘ - - ﬂ [ ] : ol o A .-i J
nafliisannnmsifanseadsmismizdiidusduguniniuifda ldszoziviniu aw

Usinafidunuunin 145y

- - - - o A am o 7;1'!-,. n'I:"..j'l.“- ¥y
MAIN  Handoima lulab DUBYOUNA.......C i s

i
. = 4 4 AL
omwIn  sandoimaTulad muﬂniamm{mﬂ?nm...%..?fﬁ?ﬂ.{

Unsfinun 2549



##4670243321 : MAJOR NUCLEAR TECHNOLOGY

KEY WORD: EPDM / PARTIAL CROSSLINKING / GAMMA IRRADIATION / MECHANICAL

IMPROVEMENT
KUMSIN TUNGRUNGROTE: MECHANICAL PROPERTIES IMPROVEMENT OF EPDM
BY GAMMA IRRADIATION INDUCED PARTIAL CROSSLINKING. THESIS ADVISOR:
ASSOC. PROF.CHYAGRIT SIRI-UPATHUM, 67 pp.

A study of partial crosslinking of EPDM with two different diene contents was conducted. One of
EPDM grade was rubber like another one was plastic like. EPDMs were irradiated by gamma ray in
vacuum at different doses just enough to imduce partial crosslinking in the polymer chain. Gamma
irradiation doses were 1, 2, 3, 4 and 5 kGy. It was found that gel forming at the doses studied gave
gradually higher gel content with respect to gamma irradiation doses. EPDM with high diene content gave
higher gel content than that of lower diene content. Melt flow index tend was found to be lower with
higher radiation doses. Tensile property of EPDMs was improved with radiation doses. It was found
however that increasing of radiation doses resulted in increasing of elongation especially plastic grade of
EPDM. It was speculated that partial crosslinking of the EPDM was formed only of amorphous region

and thus enhanced elongation property.

; ‘/_. J
Department Nuclear Technology Student’s signature.... Py

Field of study = Nuclear Technology Advisor's signature. .. ‘i LT""["‘ ‘L ?"‘"UVJE
Academic year 2006
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2.1.2.6 %ﬁmﬂwﬁma"licﬁ (Method of Polymerization)
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L4 “IJ;Q] N3N Charge Transfer

A+ B EEE— A+ B
ADE1IYU
HCJr + NC _—> He + Ne+
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MIAUAAIENITINANTDAAIAILIN INAUANTAVOINOANDIATY UAINUTIUTININYY
9 =2 [ ; %% 9 v a A
ANUAIUMUNTIAN Tugaaguuunumuniuanuieutlas v Tumendudumininanmsidon
9 = v 9
aangaz Iinamsauiasaing
Wesedunuannnurass utiagnianilaosesnuuauiiduasnsonudiaqued
4 9 1 @ v A 9 A 1 aaa ] a
woesvz Idmsmemudsnunnssdonanisavy asea1snies hasgaser sunan 154
d! d' d' o Y a aan a9 Y Y an a2 Y A
aoa Feennsanvzmienilmnalgnsouail 1aae i) navinduasnseuniild 3 uuudie
4 . 1 a A A A v v W 9
2.2.2.1 Crosslinking %10 lsweamwesdiunies ansonazivaanuldes
o Y a A 1 I 1 9
awnsaim ldinamsyeudeiug 1wum 1d
: 1 a J 3 o @ AY Yo v A o Y
2.2.2.2 Degradation 1 Isnoamesuunaugnnasun lasunnsadui v
[ <} A g’ 9] a v
Tafna Aawnsafivzaniiiniin luanavosnoansos 1a
. = J o A A a A 1w
2.2.2.3 Grafting #1034 13 Tu13®3 (monomer) AI9UNANTDNANIIFOUADNY
] [ a 4 { 1 Aaaa o a [ Q'
Tgnanvoanedmeinianuled hlulgnser imldinamsaensiuanesn
1 d‘ ) (Y] =S 1 1% ) [ A 1 d! 1 =
madagdnalunizuIuns ¥l lausia Ao A1 G-value  $9921IUONDY
a aaa di o v A d' =y dg’ a o a 9
anwawnsalumsinalgasendoinniesed Tunszuiumsiifatulunedwesszinag 14
Y ] Ed
nanmsinaren lewaznansaananyed 14 Inogiui1eznen 1 G-value 4y lagandum
& ' LY 1 A g A = < Y1 A
eegusuaIed ity B0 11ne15190 2.2 aziu 1adne G (X) Aeaudisnlu

manaaseaasduNInnMaNNanIolumMsdoudatsued s G (S)
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[11]

263 noumayonTeaTuana

crystalline regions

507 2.3 maenTos Tuana (———) o Indediau "

4 4 & s
awngumavonleslana e madenlouilunuy insmaail (Charlesby) Tall
- 4 P, 4 _ A
auuagIuveIM¥on lugTuana Ao n1udew Tedu1Y “tetra functional” M3tron Tea Tuiana
manyugua Insead e NurUILIUIeIN seu Ted Tuana (cross linking density, q) Ao

v 1 . £ - A
aaa1uuIU 1N TUNBS NINNAN AN UN51 03 18

q=q,XD (1

9
= @ 1 v

) J dl a d' 1 a v A
Tag ¢, fedaduveswIM N TumeINaNAMamIyeu lodiodTnmused

A a @ A 1) :’ 9
D fAelsunussdnoruleimin

g, ausauaaslugluosmaidenTese 100 eV (G (cross linking)) §1n AedmauTuTuwes

A A A [ Yo o A A A o = 4 %
“VILﬂﬂﬂTiLGD'E)ﬁJIﬁlﬂﬁﬁﬁmﬂhlﬂiﬂiﬂﬁﬂ'iNTm 1 kGy 1ag n, Ao U INaWDS 1 NSU

n
WF V1 ()
1’10
N = G (Cross Linked Unit) X 6.24 X 10'° (3)

4 a o a 1w o @ 8
WorSumsed 1 Alansd minugadunasau 6.24 X 10" ev/g ay
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6.02%10>
n,=———— @

MO

A =) 091 Y 4
Tagf M, Avmtin Tuanaved Ty Tumes

9
v v o JY

9 = Y
ANUUITNANVUTUNUTUVNNAU mmimmﬂu”lmﬂu

M, X G (crosslinked Unit)

q, = ; (5)
0.96X10
Amuald O=gXX, (6)
A 0 JIE A A o A .
e O = fiwauvesrisiinannyen lesdetiminluanamas  (crosslink

Coefficient)

4 1 1 (Y o 1 1 @ 4 I~ a a
iedr O Tawmiiy 1 il ar,, Sandhlndetiud saiugaswnalaseaiiame
Y
4

Tagt5unasadigaiiisendn “The gelling dose (D) * 39 lARIdUILS

O=gq, XX, XD

MnHeves D, 9214

1:qo><XW><Dge wag D =— @)

1 gel

[ o g [
NnANNFURUTRON1E 1a
.
0.96 X10

G (crosslinked ~ unit) =———— (®)
Dgel X MW

A A a ] A A 1 A ' A
We 1 maweuleanannnileyeulo 2 vuleuag G X) AoA1UINTFON Tog

Tmaqa (G-value of crosslinking)

0.48X10
GX)=— )
Dgel X MW
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264  nogRMidanaululana

: 1 :
v o v Y a o [
Lﬁi’]ﬁ%}"ﬁﬂiﬁ/\lﬂ’ﬂhE‘Tll‘Wi!‘ﬁigTi’JN — ﬂiJ‘]JSlI"Imi\iﬁﬁulﬁji‘U (absorbed dose,
M

n

[ 4

Y o < Y £
D)%Vlﬂmmauwumﬂmaumq SFAULTANNINANNIT

1 1 G(S)XD
= + (10)
M, Mg, 100XN,
e A A 9 o
lag M, fodmin lwagamassuaulugdimau
A 2 v A A A 1 3 ad o 1 o
Ao Usnasidnganauiiiuiluaanaseulanneniy
N Ao tavez i las (Avogadro’s number)

265  noumamagen leaazmaaanau luana lunaudenu

A =S F A [ [] dy a
ﬂ”lil“]fi’]lliflﬂuazﬂ"li‘lJ"IWIJ?N’GT'IEJIWEILEJE]ﬂﬂ Tunsalvosaleantiauisana

. 3 ; . . .
mseu Teaazmsaanou lanieunu @unsa (10) wxnfasugihil

1 1 G()—G(X)|XD
— 1+ [6®-6X)]

(1)

M, M 100X N

\ Ww.0

B dy ) [ Y A A A a dgl @ = 4 v A
C]NﬁﬁJﬂ"li‘lell”Iz’dﬂJﬁ"l‘Hi‘iJﬂ"li‘lslfﬂ‘ﬁ‘]ﬂﬂﬁﬂﬂlﬂﬂﬁlluﬂUIWﬁLﬂJE’Jiﬂ”IEJiQﬁ

] A a ' s d" dyw Y [ £ a . [ dy
Tugenisenn pre-gel wanINHAUMIHIRAeAUaNMTIdUe 1o Aall (Kilb) a1

1 1 G(S)—4G(X)|XD
+[ (S) x)]

(12)

M, M, 100X N,
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d! 9 [] a d‘l
FIR0IDGUUANNAFIUNN
d’ [ 3 1
- maveuToaazmsdanou Tuanadunuugu
Y v
- MG (S) naz G (X) vuiulsunasianldsy

@ oy o a < @ a
- ﬂTﬁﬂ3$ﬂ18ﬁ’lﬂlﬂ\‘]u1ﬁuﬂjulaﬂaliué]’u!ﬂullﬂﬂﬂTﬁﬂﬁZ%Wﬂ@]')!!fUUﬂﬂ@l

9 d‘ Aaa A v Y] = 4 [ I 1 A
ﬂ”Iﬂ"lilflf’f)lleNll'EJ‘V]TJ'WﬁEJ1ﬂﬂ7]"|ﬂ1ﬁ@]ﬂ°ﬂﬂu1%mf]a Inawesezusseantily 2 ¥39 o

o

1 = 1 Y A Y A A T @ I A 1 £ 1 v o
A1 D WUINNIN Dgel m“lﬂmaQamJmnmswamaﬂmﬂumiama cm“lmxawiumm
E

1 A 1 A A ' [ T . 9 1 A ~ 1
asny muﬂmzmﬂu 13801 dAFIULA (gel fraction) Tunasstuaiunazaieisondn

daaulea (sol fraction)

[l 4
5 lur19NEon31 “Post-gel” 11UA1 G (s) Az G (X) 1 ADAARBINUANNTUDY

6]5”Iia’l,ﬂ o ﬁuaxﬁuma‘f (Charlesby-Pinner Equation)

44 0@ | 10XN,

S+s (13)

2G(X)  G(X)XM XD

Tag s Aodaarulua

A g ~ Y A A o & a dg’
qun1s (13) aﬂgﬂuﬁumiwhﬂ‘ﬁmﬂmswauTamazmmwauimaqa mmﬂmuiu
= Y = J A 2 09.1} a 1 & A o
nmmmﬂumaﬂwamm TﬂﬂmmfauTamazmmﬂmuuummmuqu FAUNITINTSIYA

J o 2 9 ~ 7 o A
"Uf]\‘llﬂ“l’i'uﬂjll!,ﬁf!ﬁLi1Iﬁu‘llENIWﬁIJJ'E]5!'1J‘L!ﬂ']§'ﬂ5$%"lﬂ@l')&tﬂﬂﬂﬂﬂ
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1 [ =S Jd A 1 A v aa a 9 9
$1319 2.2 MG (X) 1aznG (S) Vo4 INAWBTFUAA 9 memﬂiqumﬁgwmmﬂh

i~ [13]
qaamenioussermalulasiou

Tnawes G(X) GS) | GSIGX)
TnaeNau(Polyethylene) 3.0 0.88 0.299
TnduenTauanumuuAnGudu(Liner low 2.53 0.4 0.158
density Polyethylene)

TWETWSﬁau(Polypropylene) 0.6 0.11 0.183
8195350 1A(Natural Rubber) 1.1 0.22 0.367
Tnahilanae'l5@(Polyvinyl chloride) 2.15 - -
Tnaa'la3u(Polystyrene) 0.045 <0.018 <04
Inamnawsiaaan(Poly(methyl metacrylates)) - 1.22-3.5 -
Twahlﬂmﬁa"l%ai’]mﬂ!(Polydimethylsiloxane) 2.7 <0.54 <0.2
damledu-alesy  TaTnames(butadiene-styrene 2.8 0.39 0.139
copolymer, 77:23)

TWETWSﬁau’f)ﬂﬂ]l%ﬁ’(Polypropylene oxide) 0.15 0.22 0.1467
lluaﬂu-6(Polycaprolactum, Nylon-6) 0.33 0.23 0.697

H
v A = = a a

d a J ) a J 1
Lﬁ’éJW’EJﬁLlJﬂigﬂﬂWi\iﬁﬁ]%mm’ﬂﬂMﬂﬂ% ﬂﬂW’E]ﬁm’ﬂuli!c]i%ulmgﬂ'ﬁ@ﬂﬁiﬂ LAY

E4 Y
= 1 %

[ [ o (% a a 4 @ o W Y]
11150 TUMIA VA UDINBTIAILUANANNUUUBINUTHAYR IND AT HY ) AtladiAydd
& A = oA ~ ' £ = A
VUANILVONDINNNAINITD IUMTADVAUDINDTIT 138071 G-value HIIZUDNDINANTO
YTNAUNADVAUDIMIALMINIININNITAIBIIA 1AgNA1 G-value 3z HWNTIUIU AN
NADVAUDINDTIAADNAIIU 100eVILD
G (5) 710 G-value Yoamsia T luiana
G (x) 19 G-value YOININANTOAAIR
a I @ [ [ (] H Aa
wmina3andudaaduc ) /G &) toonm 1 uaadiiiTomanizasoaass lda

[ 1 v A A a oy v Y
HAgHINDNIITIU G (s) /G (x) ¥1nNI 1 Lm’ﬂﬂ’ﬂlﬂ@ﬂ1ﬁ1ﬂﬁ]3lﬂﬂgﬂaﬂu"lﬂuﬂimaf]ﬂ]lﬂﬂ
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0 Jd o a [12]
2.6.6  mimunimiinlulanaved Inawos

% 1 < 1 ) o A 1 ]
Tudiedradiaanuniiniimsnaasuzilszneudisas Tonianueag o fu
v

- "o z A o @ 1 Ay ¥ 9 [~ 1 A & =
i’am’muagmuummzizuumuﬂTuLaQamaqmamw"lmwﬁmizwﬂumma&1 WIS 2

Y
! o %

yila Ao AniminTuanamas1aes Ul (number average molecular weight, M) Laza1

gl v A = g; o . .
Wmiinie Turanamaes Iarimiin (Weight average molecular weight, M. )

Y Y
-4

- o Y 1 d o 09.1} [ 1 4
M =imminiaruavedtioda Inames/anuan luanaiaruavesdiod Inames

— ZNiMi — Zwl
ZNi ZNI

IR AsveIANIVed INaeS 151w (number average degree ofpolymerization,

X,) HAuniny

—_ 9 v

M = 31musiuraguveddadiu aetimin (weight fraction)nuiimiin luanavesasla

ik
W

k4
o %

Wi asueeanIvedInaes 131 (weight average degree of polymerization,

X,) Uauniny

MW
X, =
MO
o - A 1 - I 9 A A (Y 1 Mw I~
Taom ) M egfidnand M e idu i) Idmniiqaneiiusazin —= i
M

F4 v
ANFNINIZBAMINLININIIN Tana (Molecular weight dispersity)



U

d a o .. A a v
Jaqainsal mandinazdsmsauiivanuide

3.1 Maw3euMsyugl EPDM taznszuiumsaig e

[

3.1 Jaqgunsaluavansinil
3.1.1.1 Jaq EPDM e4alsznouladuaieiu 2 szdy vilausn dnvazilu
iHinAd1ewa1a@n NORDEL TP 4760P %afl 2 anwaiziijunvae1s NORDEL IP 5565 910

V35N Dow Chemical Company H318az108anuaniiandns 13 1uaisiei 3.1

M137199 3.1 QaauiAve 4389 EPDM NORDEL IP 4760P 18z NORDEL IP 5565

Typical Data Unit NORDEL IP NORDEL IP Test Method
4760P 5565

Property
MFI 21.6/kg/1900C g/10min 25.6 4.8 ASTM D1238
Density glem’ 0.87 0.86 ASTM D297
Tensile strength at yield | N/mm’ 1 0.5 ASTM D638
Tensile strength at break N/mm’ 4 0.2 ASTM D638
Ultimate elongation % 703 200 ASTM D638

3.1.1.2 1A399n859ainu11n 1n19af-60 Gammacell 220 Excel
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,44

2 A v o dF e & de o
3U7 3.1 19509183 9TUAIA TALIDEA-60 U Gammacell 220 Excel Ndiinaiui)suigy

d' ¥ A 4 3 ‘4
INDTUA / )
} 44

' - , QT = A Qy
3.1.1.3 qqwuﬂammnmﬂmﬂ;miwammaumum 8x12 M1 NUI

Q P

. ™ ¢
3.1.1.4 1T09KI ﬂq-@tywﬂwﬁi&;se—hold vacuum sealer, D2-280A, Brothe,

¥ 22
China. — =
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3.1.1.5 1n303vug) Tndwes i uisi (Compression molding) 11AUTHN
LABTECH ENGINEER Co., Ltd. 404 #teqilfiiamsnaaeuniana quimalulad Tanzuay

TAQUAUITIA

{ 4 7 I [
317 3.3 n509u31 Tndmesiiluuey (Compression molding)
4 g
3.1.1.6 1ATOIH

312 MIANIUNUINY
3.1.2.1 1 EPDM mivldgeqaziszuna 200 nulas EPDM  uaazinsnag
9
utield sianua 12 99 Tasiims laeamalugedromalulasou udrvimslalulasaueen
9 o a = = a ~
193 Teglganigannmd 10 3 uagnananiin 33U
o A v ] I a o oA
3.1.22 Miganussyuaazinsautisesmiugaas 3 gaanliuusean
o A a 4
MuuA A0 0, 1,2, 3,4 1Az 5 n lainsd
o 1 o v A 1 a [ 3
3.1.2.3 thugazge lUihimsaeiduaazdsmaniailunsme 3 a5
A o v A 3 o Ay Y o ' a v A
3.1.2.4 Weiimsneidiaini EPDM 7 laudazass lunaazlsumsad
9 9
4 3 59 MIAgIIAAIT I
Y
o 1 a @ IS T
3125 ¥ EPDM ludio 3.1.2.4 TundazdSuasad laugihduniuving

a

a Y A 4? = I g 1 . .
12x12 3 UUAILAT A281AT93 U1 Tnames1iuHY (Compression molding) & gl

U

= Y a 4 = 4 dy
190 oA uyassod lagldisana 2000 N lansu Aus1oaz0onAal



guingau 5 N
3 nd?' =
nasavu3ll 4 I
a3 =
vaelgy 5 U

] 1 k4
wwriu EPDM # laldgandeudanain e lunedeuluduaoude 1

3.2 ﬂﬁﬂﬂﬁi’)ﬂﬂ]ﬁllﬁﬁ‘lli’)\‘l EPDM
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3.2.1

[

Yaqainyal

3.2.1.1 1A399 MELT FLOW INDEXER Model 10 Davenport

(Lloyd Instrument) with displacement transducer viodl 5] 1AN153 Lo lag U dmalulad lane

HAZIAQUNIIIA

3 19 3.4 MELT FLOW INDEXER Model 10 Davenport (Lloyd Instrument) with displacement

transducer

322

3.2.12 1A503%9ANAZIDIAGY

32.1.3 oaeygiitioy

ATMIAUNUNUITY

9 v
3221 engamgiuazihminihmsnadeu nanlumsgulianuiou

{ o J 1 3 Y 9 ‘;y @ { a o
(preheat) A1NYzAA INAwesIAZATI Iumsnageuiaz 1imtinnai 21.6 A lansy a1



36

k2
! @ 4 1 [ a
Tumsquldaimdou 6 w1 narlumsda Indwesuaaznisues EPDM %iin NORDEL IP
5565 178160, 120 1Az 180 3111 a9u1i1Tdq EPDM %iia NORDEL IP 4760P 13815 3119
[ F4
IUIUNAA 3 ATINNMINATDL
4 Y
3222 USunszuennadeulieguuinlasldszaini
o A A Y 9 o k4 Aa
3223 Manudzeianiesde Tianuieununszuenguan lagungiin
Y 1o A T . = Y Y
Apans laiadauazunagngu (piston) a9 laugannudnuesnszuennaden Tianuiou
[ A o z 1 1o & 1
aelUsn 15 wH Fusuimsnaaey lumsnaaeuaseae lu liduiudesldanuiounsu
<3
annla
1 ) = S v A A 4 v oA
3.2.2.4 wwsgngueonii Inamesnnessdmson 1iszunm 5-8 nsuau
1 4 (% ] 4 g
adlunszuennagen Taeme1ung e (funnel) tonui1d Indwesilounse Ivasonuen
NsTUBNNATOU
[l Y
3225 19141909 (charging tool) nalviuwive lulvivesema vniuld
! 4 g' o Y 9 = = 4
unegngu uazduiininnaas il ldanuieu 6 il nisior Iwdwoeseonvinnizuen
Y
naaevdesiinelu 4 wiusamniu
v Y Y Y 9y A
3.2.2.6 #iaanna UM lianuiaunsunal l§in3ea(sample cut off tool)

%

= s ay 9 @ 1 A g = 4 Ao A A
Glﬂiwamﬂ‘iﬂqﬁa@ﬂﬂiﬂﬂﬂw'if)ilﬂ‘]Jﬂﬂ‘]JjJLiNWUIW’ﬁLM@i%$VLViﬂ’E]ﬂiJWﬂiJ!’JaWIﬂW‘iuﬂ oy

[ I

Y 4 o OBJ} ) s o g’ o
dygraudou aa Indmesnngdyanauaouaunsy 3 a5 1 Indmesn 18 Tddaimin d1Tn

g 9

= P = 9 o 12 oaj
al,ili’)i‘l/lulﬁa@’f)ﬂNHJW@\‘]’E)Wﬂ1ﬂﬂ’t’N‘Vl1ﬂ1§ﬂﬂaﬂﬂﬁwﬂﬂﬂix‘]

° { a 4 4 o
3227 ihdeyanldunflouasluneuiianes ilovrzduinlasldannis

9
v A
N
: @ = Jd 1 @ &£ ot
. 111N INANOTADMIAATHIASY . -
E’J@li"lﬂﬁll‘ﬁa = 2 . X 600 (NTN/1011N)
nalumsaaniensg

oy o J a A oy o '
3228 naihminla Indwesiiasoanliuua enihminungngy uay

@

1MA0ON NIANNAZ01ANTZUONNAT O

< A a
Melt Flow Index (MFI) Lﬂuﬂmmﬁqmmmmmiu ﬂﬁll‘ViﬂGUfNWQWﬁﬁﬂﬂﬁ@iJLﬁﬁ’J

1 9 [ Y
aguuginilIasldiminnansi (Quugluazihminnavesnanaanuaazriavzfivua

A

1
melt flow index taaIANYU 2/10min mmﬁ’aﬂqmﬂﬂn

QU

[14]

Tuwinsgiu ASTM DI1238

) i (kg))
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3.3 MInaaeuAMaNLATINaves EPDM
[ 4
33.1  Jagginsal
3.3.1.1 17304 Universal Testing Machine (Instron Model 55R4502) NUTHN
Instron Corp., Canton, Mass., U.S.A.¥84%pq1§ianinagouniana gudmaTulad lanzuay

AU

3 1 3.5 Universal Testing Machine (Instron Model 55R4502) NVTEN Instron Corp.

A Y = 73 Y I . . A
3.3.1.2 mﬁmmiwamailﬂugﬂﬂmuaa Die cutting machine
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g‘ﬂﬁ 3.6 Die cutting machine

33.1.3 lulasimes dmsuiaanunun

332 AFMIANHUOUINY
o A d? Y ) Y~ Qy o 4
33.2.1 11 EPDM filiumsaugiuad hmndailugunadenglduad lag
2 A A vy g [15]
Funagoumion laeziiluinaigiu ASTM D638
Y 1
3.3.2.2 JAANUHUIUGNN gauge length uYa Wi B URABMIAIAINTLN
Y il
3323 usunaaeumeridadulnuuy e liliiianmsdad luvmesing
nAdoL
= Q,, 9 @ < a a ~ < 2
3.3.2.4 AIFUNATOUAIBOATTI 500 Hadwns/ AN Menunailunsihane

Y

A A Y oo 2 Py wa Y 2 Y o =
WUWWUWGIQ(N/mm LU MPa) ﬁ]u‘lfu“l’lﬂﬁf]“]_l"lﬂﬂﬂﬂ!ﬁllUﬁﬁ’luﬂWU!LiQﬂQllﬂ?UuﬂﬂWﬁ

Tensile strength = F/A

1 Y
Tag F = 133090 lnusunaden (N)

=

dy 4 Y o nQy [ 1A 2
A= Wuvmmﬂmmwm/mmmmmzm"lmﬂ (mm")

100 X (L —L, )
Elongation at break = —————
LO
Y
Tag L= izﬂz%umﬁaugﬂﬁﬂﬁmmm (mm)

L= 5282N9UNNINATD1Y (mm)
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9 ]
Tugad (modulus) HUBDT ANUIATYA (stress) VOIFUNATOUIIDEADDN A1

o ] o = = A2 = A 1 A A
Iuﬂﬁﬁﬁ’]qﬂ TﬂfJﬂ’]ﬁ‘]JuV]ﬂllﬁQﬂﬂmmgﬂGBUWﬂﬁﬂﬂgﬂﬂﬂﬂﬂﬂﬂﬂ Iﬂﬂﬂ’]ﬂ?’]uﬂﬂ (elongation) N

I 9
100%, 300% LA 500% 1Ay

3.4 msnagevdaaIuaNuiluwaves EPDM

3.4.1

(%

Faqoinssinazasiadl

34.1.1 10509191 %0uU (Heating mantle)

3.4.1.2 ¥IAAUNAY (Round bottom flask) YUIA 2000 HadaAS
3.4.1.3 NOADUIALIYOT (Reflux condenser)

3.4.1.4 fvadueilnsaldnsy Reflux

34.1.5 é}ﬂll Hot air dryer

3.4.1.6 N@0J Sieve 100 mesh YU 1.5x1.5x1.5 AL,
3.4.1.7 Tnnesviia 250 Taaans

3.4.1.8 @weN

34.1.9 miazmaiwg%u Toluene AR-grade

3.4.1.10 Msacane lau Xylene AR-grade

A v ad v oo o ]
34.1.11 Lﬂiﬂﬂﬂfﬂﬁ]!aﬂiﬂﬁuﬂﬁ 5 AU
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YigRTUWIN

wmiInGs

galianuiau
whanedduiin

'1J1/| 3*7 %ﬂaﬁdﬂimmaaummumwmﬂuma
/ 1 . //J' ‘f
; ;
/ 7.;4’4" "'j.a

3.4.2 :mmsmmmm?%a_ .—j :

sl ;,, \J\-c

34. Zj %mmuﬂﬂam Sieve Wi’i)llﬂﬂﬂa'lﬂllﬁqyﬂuﬂﬂﬂ'l

\_.4

34.2,2 muwu EPDM 71mumsmasmuaﬁﬁnﬂu%maﬂqwmummmm
W iminlszna 1 1 n3uABNdna Sieve azifinm
3.4.2.3 11 EPDM 91090 3.1.2.4 U559 lunaed Sieve

3,424 waneniazals Ingdias lodu das1dan :1 USuas 700 daddas

Y
adluvianunay
Y

3.4.25 97 Sieve 10410 3.4.2:3 us3gasluvIadunan nieunsanas ga

[ ] = a Qy o
ginsainaaeudadiunnuiiuea Waadas uay Reflux 1913 24 2 Tuq

Y Y
3.4.2.6 11 Sieve 09nNVIARUNAY WSO Iudanudu dren13iin

a

. { < o d 4w
W leuludeu Hot air dryer Nguwgil 70 eeruzaiBod unan 3 91 Tug aunsziaimin

U

[] A Y =KX o ) 3’ @ 9y v K 1
"lmﬂaﬂuu,ﬂm L3N UTI I HTITHUNWIDUUUNNAN
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Y
3.4.2.7 NN U99 EPDM NoY Reflux HagHad Reflux M1A1UIYUH

@ 1 I
daaiuanuiluma
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Technical Information

NORDEL IP 4760P

Hydrocarbon Rubber

MANUHIN N

V030N

-

MORDEL™ [P 4760P Hydrocarbon Rubber is a semi-crystalline, ethylzne-propylene-dienes (EPDM) terpolymer. The
polymer’s unique bimedal ethylene distribution provides a balance of processing characteristics not seen in other semi-
crystaline EPDMs. NORDEL IP 4760F provides better low temperature performance and higher green strength compared to

a competitive control polymer.

Main s Semi-crystalline s Complies with
Characteristics e Medium diens LS. FDA 21 CFR 177.2600,
o Bimaodal ethylene distribution LIS, FDA 21 CFR 177.1520,m
e Balance of low temperature properties LS. FDA 21 CFR 175.105,2
and high green strength LS. FDA 21 CFR177.1210.
Consult the regulations for complete
details.
Applications ¢ Extruded profiles
s Hoses
Properties®
Typical Polymer Test Method Value
Maoaney Viscosity, ASTM D 1648
MLT + 4 125°C ]
Pdymer Composition, mass %
Ethylens ASTM D 3500 7.5
Propylene ASTM D 3900 215
Ethylidencnorbomene ASTM D G047 5.0
Malecular Weight Distribution Diow Mithed Medum
Product Dersity, glec ASTM D 257 0.87
Product Form Pellats

Storage and
Handling

(1) Can be used in contact with all foods except water in o emusions. high or low Fat, and low moisture fats and oil.

2 Adhesives only.

(3 These are typical propertizs only and are notto ke regarded as sales specifications.

The quality of EPDM products may be affected by exposure to artificial or natural light.
This praduct should be stored indoars in its original packaging and out of direct sunlight.
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Technical Information

NORDEL IP 5565

Hydrocarbon Rubber

62

>

MORDEL™ |P 5565 Hydrocarbon Rubber is an amorphows, high diene ethylene-propylene-diene terpolymer (EPOM) grade
designed for extruded applications requiring fast cure rates. Itis ideally suited for continuously cured dense and sponge
profiles. Molded applications will also benefit from the fast cure respanse, allowing shorter cycle times,

Main + Amorphous + Complies with
Characteristics « High disne LS. FDA 21 CFR 175.105.0
» High molecular weight Cansult the requlations for complete
« Fastcure details,
« Good low temperature properties
Applications « Extnuded profilesiweather strip
+ Sponge profiles
Properties®
Typical Polymer Test Method Value
Mooney Viscosity, ASTM D 1646
MLT + 4 125°C [55]
Polymer Compaosition, mass %
Ethylens ASTM D 3500 50
Propylane ASTM D 3900 42,5
Ethylidenenorbomens ASTM D G047 1.5
Molecular Weight Distribution Dot Methodd Medum
Product Dansity. gec ASTM D 287 0.86
Residual Transition Metal, ppm Dicaw Methed 10 mazimum
Ash Content, mass % ASTM D 5667 0.1 macimum
Total Volatiles, mass % Do Methed 0.4 maximum
Product Form 25 kg Bales
i1 Adhesives only.

Storage and
Handling

{2 These are typical properties only and are notto be regarded as sales specifications.

The quality of EPDM products may be affected by exposure to artificial or natural light.
This product should be stored indoors in'its original packaging and out of direct sunlight.



()]

3

MANUIN U

Compression Molding

0)e

(m) (O
&

[SEp—

(=== q
L-.f

BNG

&
P

4

Y
Compression Molding UM4LULAAIINLUUAIAN [D] H30UUUAAING YUY [U]

TaeldlaTasaadludanauss [C] TaeTisy [F] dudiseesy uamndluuiiuwmadnag

9 1 <3 oy a o % A 9
lgunanand [B] LaZMUIDINIWUN [L] ANuanInsolumsnadszana 10 du e ly

Y ) = 1 % a a a Jd A

ﬂﬂﬁ@ﬂiu‘ﬁﬂﬂﬂﬂa@ﬂ“ﬂﬂqﬂ IUDIUVUIANIT 100 U GluﬂﬁﬁUUUﬂTﬁWﬁﬂlﬁlNW']ﬂ!GHﬂ Tﬂﬂ‘VIiJ
1a J a 1 1< 1A 4 < {

VUIAUNNUN 15 x 15 !“ﬁu%!ﬂﬂﬁ’ﬂuﬁﬁﬂ?‘l 1 x 2 lAg W1ﬂ!ﬂHLL3JW3JW‘U°H']ﬂlaﬂﬁ’lifﬁﬂﬁﬂ3

£
a o 1

I~ Y2 gyo ' 9
@lﬂ@]\‘]i$ﬂﬂﬁaﬂlﬂuulﬂ «m%ﬂmmiwmﬂiuﬁmmam



MANHIN A

Universal testing Machine
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HNANUIN 3

Melt Flow Indexer
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