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Research Title: Improvement of mechanical and water vapor permeability properties of LDPE
films with EVA, EVOH and zeolite A
Researcher: Mrs. Suparat Rukchonlatee

Faculty: Science Department: Chemistry

ABSTRACT

This research studied on improvement of mechanical and water vapor permeability
(WVP) of low density polyethylene (LDPE) films by mixing with ethylene vinyl acetate
copolymer (EVA), ethylene vinyl alcohol copolymer (EVOH) and zeolite A for a longer shelf-life
packaging of fresh produces. The LDPE/EVA/EVOH compounds were mixed for the blend ratios
of 80/20/0, 80/15/5, 80/10/10, 80/5/15 and 80/0/20 and the zeolite A filler at a 20%wt loading
was employed. All compounds were prepared using an internal mixer and the films were shaped
using a compression molding process. The results revealed that EVA and/or EVOH could be well
dispersed in all films. The crystallinity was increased when EVOH loading was increased. The
LDPE/EVA/EVOH films with higher EVOH loading shows similar tensile strength at yield and
tensile strength at break but greater Young’s modulus, as compared with LDPE films. This was
due to semi-crystalline structure of EVOH induced by intefnal hydrogen bonding. WVP of all
LDPE/EVA/EVOH films were in the same range. The film with high 'crystallinity has higher
polarity but that with high amorphous has lower polarity. Hence WVP is governed by
morphology and polarity of the film. Additionally, WVP of the LDPE/EVA/EVOH was markedly
increased when 20%wt of zeolite A was added. This is due to high polarity and porosity of the

incorporated zeolites.

Keywords : Mechanical Properties, Water Vapor Permeability, LDPE Film, Zeolite A
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e g ULNR é”ms:m'smu'lﬂ (mg.CO,/kg.hr)
Aga LELE

uptiila Barnley seeding 23 10 16
alamla Fuerte 20 35 155
AR Gros michel 20 20 60
U Mission 20 22 40
12N Kent 20 15 22
W Alberta 20 25 35
ff'l?% Bartlett 20 8 23
NI OINA Grand rapids 18 8 20
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M3190 2.4 sas e laveana liluasiiay s2ian Non-climacteric [11]

8n31M15411019 (mg.CO,/kg.hr)
wa'lal WU 1 qmﬂgﬁ (°C) Non-climacteric
AADANDINTUALALTN
GE Vi 5061 20 15
UEUN Eureka 20 5
’ﬁi.l Valencia 21 13
duilzsa Caynne 15 21
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2.2.1 danimsaurivved et [11]

A 1Y A o a 4 o o 1w - 1 H
ﬂ']ﬁ!ﬁBﬂ')ﬂﬂ'ﬂﬂzu‘]u‘]wﬂﬂlﬂu‘ﬂi5Qﬂmcn'inﬂﬂ']ﬂﬂﬁ'lﬂ"l'iqfllﬂ'luvlﬂu‘l (Water

a o

o o ¥
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ﬂmcnua::ﬂigw1migtymum1wwawawnmm ')ﬂ'ﬂ'l]‘.i‘a’?ﬂﬂquﬂ{lﬂﬂﬂuulﬂu’lvlﬂﬂiJ%‘Ii']EJﬂﬂ

4 "

Tymnsgydoanuiuvesndadual uainifadynimeaiilumsus uazlumenduniy
[ [ ol 9/ %’ ] 3 o = - ar d 9 =y n;
aquiTysusinven I o ldineziadynindasusiuduns iz gydonnudu s
& y "
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M3 2.5 Aonsnsauriuves lehludunaradnsiianieg [12, 13]

R - mdasntsFuivesloh
yHAYDINAAAN . \J
(g.mm/m".day 1 40°C, 90%RH)
WoaloNaumisnIaa (PET) 0.80-1.60
wod hhilanaelsd (PVO) 1.20
WORONAUFTAN NN UMY (HDPE) 0.15
woRleRALFTiAn UMM (LDPE) 0.40
woansonay (PP) 0.27
wodd ldsu (PS) 1.20
wiau liiaezdina lanedmes (EVA), VA 12% 4.50
wiaulilaueanssod Innednes (EVOH), 2.40/0.80
ofiau 32/44 mole%

2.2.2 605 IMSTUENUVDIMA [11]
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2 o a & 2 o o 3 a a0
co/m’.atm.day MANsEANTMIBUHILYEIMS O, uazMe CO, TuTauNMaANTHAA1A

HAAIRINTT19N 2.6

:i T W a £ -~ ] o = o o' s
M31an 2.6 MaulszansnisFuruvesmMandauLazasueu laoon lad ludy

NAEANFUANII [12]

"o a £ =< 1 ' a £ = 1
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) a o a o L4 a
BUAVDIWDITAN NIYoDNYAU . ﬂ']"lfﬂ]'i‘]]ﬂuvlﬂﬂﬂﬂ‘l"lfﬂ
(cm".mm/mz.atm.day) (cmj.mm/mz.atm.day)
PET ablad, D 4.7-1.9
PVC 2/0-7.9 7.9-19.7
LDPE 247.0 959.0
PP 68.5 208.0
PS 101.0 527.0
EVA, VA 12% 180.0 1,100.0
EVOH, oM 32/44 mole% 1.02/0.03 0.01/0.08
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91NU3501MAUNA (Modified atmosphere) ¥uxn 18 uanlssziiasyiamsinanaunialng
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2.2.4 HaunlamSuidhuussgawm (15]
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@ d o [ s a & = a I'd
TavlutTagiuiins I9Aduiluussydusinnmenasiia seriiavesnoames
P o ifj [ o 9/ ai i o aia Y =Y "
minlgyunumsih ) lsaunang du fdeslsivaresia wu
- Fduwediofidu (Polyethylene, PE) ifhuilduiivonlvifa co, uwazim o, iu'ld

a i o = o a A 1 '
s Yosdumsiiathlerinelu Tasia lufionldiflduwaradnifinnunuiegizning
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= o =)

o a =, = y [y
25-65 lunsou Wdunedefidundnin LDPE tenininsveisdimuuuunieedns lauin
o o { o
ansoviauninnuang 18 uazensodada1d
4 a = o L3 a A: ] 9 = v g
-Aduwedlafiananlsa  Wawsliaticunsotauazna ldynitemis Mauaz lew
' ) 91 - wada 1 a a "oy o
annsorioenldie Janiananii LDPE fvul¥lunudnyarvesruiauilanivue
' ' o (Y P ' 1 ' 3/
limangunmsiuilugaussyaaat wesnin luawnsovugununhld
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2.3 WealLNAUYHANNUHMMUUAL (LDPE)
2.3.1 dnyaenalyl

= A ~ " ° =1 a #Aqw o o
WoRleRANYIANNNMUININA (LDPE) iunaaanilsinnluavussgdua

ad o =1 [ < a 3 o ay o o A ¥ o 3
wagiiyoa iy Sonar quaur dnvzldiige Wawna Wavda vaaur wazdhvoa Wuau

A A o Y ' =1 a v 4 ) g 4 a a
ieanndadldd nuaensnunzauaznsinuia wisumiansalsnnuieuyenaaila

=Y v 1 f g ¥
wiin'lda Tassadsueswodnauszanniotlosnuanuyuldaneaunis wenvinil LDPE

aunsolasyiomadudiuldie uatideids fo ansetassld luiuaurdae [17]

CHy—CHy— CHy— CHy—CHy—CH3
— CH— CHy— CHy— CH—CH;— CH—CHy— CHy—

CHz— CHy— CHa—CH;— CH3

M 2.3 Tasear31aves LDPE [18]



19

2.3.2 audnlaeialy (18]
- Flumoed Tuwaadn
- ANUNWIUNIE  0.9-9.925
- anuilukdn 50-70%
- gUUQIVADIINAT 98.0-120.0°C
o -
- ANULVITIAY 4.1-16.0 MPa
- AmdaneRan 0.10-0.26 GPa
S A
- M3AIYA o 9ANIA 90-800%

angiifisauunnnuiou 38.0-49.0°C

1
Fla)

- finnmmuiniuuazyavasimam idofeudumedofianyiianmmuiniugs
- fimelnadafia fis Melt flow index 8111934 0.1-10.9g/10min

- AU TINTZUND (Impact strength) ANDAUATS

- i 14070 LDPE sgfinnnusiuand (High gloss) taziinauiuFhe (Low haze)

- Whunuan Wihaeudisd (Good dielectric property)

9 '
o o

= 9
- gamIni AN
: y
- YossumsFuriuveladuay el

= [ y o
- Ianlasany ﬁ'll.lﬁﬂ1‘l$ﬂﬁf)']ﬂ'lillﬂ$ﬂ’l

2.3.3 matszgnald
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v ]

s 2 a ! w
- WAuna (Shrink film) uazauda (Stretch film) Adoamsanumilorgs i 195a
a 94 a ' v a Y A g v '
FuMmnNaFoauuumuseasudui (Pallet) onmsvuauiluniiolng
a EY) T VoA oy @ 2 ad o 9
2.0ufaduuy Tdun mvuy veuaundsInIsanyMeUIUNHMANTo
o l v a ) a ¥ A ] oA '
NuIavesasay 1wy aon ldwaradan luldwaradn sruvaniealadlunsasou wu
9 i
AzNI1 Q1 ¥ BN
¥ 9 ' ' o 3 1 H A
3.ty 18un n1shiivaea1eg 1wu vIaiunie vIAuIeea
g ﬂ' U ﬂl. o + "
vaauay uazithweynszilesuaznaes
1 = - ' 9 N - =Y o 1
4 unrundeunSaunulszny 1Aun Ao uUURINAY UUUKY
a o d ' 9 —4 o o a =] 1
pzgiifiouwood 19U ¥oIUITIOMITURIYsTIANUEHTIR AUl oSS wAneeu
P & 9 way) ") P @ o '
YULVUIAYY FIADINITULATBINUANNIULASMTBUHIUYDIN YA
- = [T | - 4 ] a 9
saupaeuiilane 1dun mawdouataeuNYseaen 19U AZINTINITUR

) a o = i a v
FUINNVO ﬂ%ﬂ%J'I TIDINTUIULUA ﬂaammmmﬁﬂuwmu YU uaLla ﬁ1ﬂi‘ﬂiﬂ'w1’]

o'l

2.4 phanhilaezimalaneanies (EVA) [19]
2.4.1 dnpaiziialy
wiauliiaezdmalanednes (Ethylene vinyl acetate copolymers, EVA) S
moes lunaradnlunguwedlomilu lasimavinlfazoinedwes lsissu (polymerization)

moldanudugessndruefianIuTuwes (Ethylene monomer) fues latiaozdima Tuluy

[ "

“q 9 o

é - L 1 -, =
lllﬂ‘g(Vinyl acetate monomer-VAM) FIPUUYUUASANUAUN ‘Ifﬁ'lﬂ’ﬂ"llﬂﬁﬂiﬁﬂ{]ﬂi&ﬂﬂﬁ

]
o o =

4 o = 1 =Y % ..
woi lsFuvousiaudufoy a1sneeyyasaseitdonldfe Azo-bis-isobutyronitrile,

. . a aa o A o - a
Organic peroxides 11a% Persulphates tonawdluiionaniszuin 75-90% uaz lafiaozina

o 1 o a o a ' a - ' a
Wlumylandu hldiAaanutangulasaamsfanan (Crystallinity) nundiifsinueiau

wa o

1 o LY a I
PINNI 75% 21 14 Ianedmesniiauiinuda
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—(CHy-CHa)n— (CHZ'?H)n
OGCH,
O

2NN 2.4 TAsaa513v99 EVA [19]

2.4.2 antinna 1y

o 4 a o o ] o £ 1
- Wumes Tuwaa@n Uanvazilusalasudayu
- BANNUDNTUNIE (Specific gravity) YTz 0.926-0.950

a . a o
- aunsoazae @ lumsazaies 1311An (Aromatic) aznansiua lalasmivou
(Chlorinated hydrocarbon) ‘ﬁqmﬂqﬁqa
- A9 (Brittle point) NEMNATAININ -70°C
- QWéﬂuiﬁT’J (softening point) ﬂdizﬂ‘i‘ld 60-80°C
' 5 1 = o

- A1 T, Aaue -20°C (woaleluwedwns) uis 20°C

" o oW
- AANULUINA (Hardness) Shore D 1101 90-95

1 =1 1w
- MANNUALT IR (Tensile strenght) 191171 2.9-19.6 MPa
- AIN15AI0A o YAYIA (Elongation at break) MM 500-700%
- HianuldeofAngungiig
- SanvmmsolumsatSeia18a Taeluriunszuaumsdan lud

1 9/ = 3

- nuApanIzMs 1 nsvedie nazilengms lenuga
- NULEY UV & (UV, ultraviolet resistance)
- ansa v d lddhouazaioay

3 .
- Yuzi1dawe

- fianutanguunz1dase1da Tao lidesldwanad laae s

2.4.3 m3dszgnaldau

[
o o

{ g o 1 o =] G
EVA #ilihwinluanauazyaseudld ainldiu Wax additive Tusnundou
gw 9 o & a a o ..
nszay wonanidalniluesiaaa tazwaad 1o (Plasticizer)
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s 9

oo @ Y = @ a
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o

1 PP Hgamginldsuamuzadroudidinigungiidesihldeg luanzadons Tuvue

U

C1%

A EVOH Tigamgiinldsuaniuzadroudiganinguugiitesildegluaniuzadionds
P <] 1
EVOH 93444031 PP v
wa W o S a Vet
Ayvaz H. uazawmz [34] ldAnwiauiAvesussyamai lunmsinuinymnsenlii
¥ o ¥ ) ' =
aun Tasmsldnnuaunazanuiowdt lyslunszuiuns (PATP) 1 600 MPa uaz
A W " o dey o
110°C @4617067199n 155903 1U D33 9AMUNWAN Nylo EVOH/EVA, Nylon/EVA 110¥ MetPET
a o a a1
(Metalized Polyethylene terephthalate)/PE IﬂU'J!.ﬂﬂx‘H%, ™19 B-carotene sm:qauvﬁﬂmm
voaunsen lu 12 dla1 fgaungil 25uag 37°C wuduileldnudud lsouaz 1¥any
1 5 o Yoy o a -
founoulunszuiunsiiugy v 1ddan NylowEVOH/EVA uag Nylo/EVA inai)aguuiag
o -~ ] 1 d 9 ' o S W = ' (14
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i g v dead 4 o = o &
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[ - Aa A 9 > A a a
dunqguInfuaz e B-carotene Mo Uasiosnn  TuynsNWdy MePET/PE 1fin
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msilasunlaviie Ianuauuazanuiourdn lyo lunszuaumsyugdidimensinisdy
1 @ = A ' Yt = A
HIuue M1 O, INNINAU dna i ez a1 p-carotene voATONTAUNINITOUAL 1Y
TN TANY
a o - £ 1 H ¢ A e
9371 Anaafignd uazauzldl 1dfnansFukiuledveslduineiouein
= o $ = a oo 3 3 o
LDPE/EVOH nfssufisuniuilayein LDPE/EVA uaziinisiaudlelade 20% Tasmin
HANINANDINYIIHAY LDPE/EVOH  1manmmdansing o gansinuazaidauegaagendy
Wau LDPE/EVA  1ileawin EVOH iy leasendacsafianusy lelasiouvh 14l
Tassafefiuds ansoiananld lusazi EvA 1uidu LDPE/ EVA ugasnuilu

o

d‘d 1 LY =) = |} g
pdugIu Way LDPE/EVOH uaz LDPEEVA Afinydansulndifveduiininisduniiuleh

Y A4 4

IndifssnutiosnininansuvstuserNedugIuInouazanuiag WomySum EVOH
o ' v o kY] =1 | 0 ' P o
luddy LDPE/EVOH aiwedaauud lumuiy diua1n1sasta o gavialiaiaang
' d P & X o A X ' ' ' H
ag13lsnay msidunuiuvesianTaoly Evorn mindu lildselinsduriulen
X 1 ™ ' = ] H4 A a A o
gevuedFanu mnsdurdlohawsoiy 18 TaomsidudTe lasdie

919U ITONEIUL [3-4] ienfSoufieuday LDPE AuWay LDPE/EVA uazidy

1 =) LYoy ' %’ = J e &
LDPE/EVOH W‘U'ﬂﬂi{ﬂ LDPE/EVA nfmwm1sﬂ'§umu"lﬂmmmﬁnmwmna“luﬁmmm



32

a a I'4 =] wa < ' H 3 o 4
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3.1 manu

1. WORNAUYTANIUNU LU 105A LD190SF 910138 Inuwedienay s1na

a a =) a o - a a
2, mﬂ%u"l'maﬂzmmﬂﬂwamum (EVA) n"l’maaxmmﬂ (VA) 27.5% tn3@

UL00728CC 91A13HN Exxon Mobile Chemical 911@

= d g 9y a e Aa ) A o o
3. %10 lanto (Zeolite A) NIANIA 1INUIIN WAARTADAT (Uszne Ing) $1na

4. TuTasiouman (Liquid N,)

6. 1MUDA (Methanol) (NTANITAT

7. Tmumanaon lalasiaunnian (Potassium hydrogen phthalate, KHP)

o o
5. 1NMUDD (Absolute ethanol) INTAAATIZH

8. Tnunadeo lanson 1A (Potassium hydroxide, KOH)

9. Hueawmau (Phenolphthalein) W41 0.1 M

10. 1s3u (Xylene)

1nsglalag ﬂmu (Tetrahydrofuran, THF)

@15197 3.1 auiiau9dszn1sves LDPE*

Qay

U

auy LD1905F
Awtims lvia (Melt flow rate, 190°C/2.16 kg) 5 g/10min
AMUNUIUY (Density) 0919 g/em’
ANVUVILITI 9ANIN (Tensile strength at yield) TD:9.81* MPa
Msnatia Y9979 (Tensile elongation at break) MD:400*, TD:700* %
YANADNINAT (Melting point) 108 °C

a ; [
AUMUT 40 pm MD : NATBUAIUUUAATIINS,

v a w Y a
*OYANNUTHNANAR

TD : ﬂﬂﬁﬂﬂﬂ'llllLN'J‘ll’JNLﬂ%ﬂﬁ NI
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M990 3.2 AUlALI9YIEMTUDI EVA*

auiia UL00728CC MUY
Tiiaezdneg (Vinyl acetate, VA) 27.5 wit%
a¥iing lva (Melt flow rate, 190°C/2.16 kg) 7 2/10min
ANUNUUUY (Density) 0.951 g/em’
M3Ata 9A%1A (Tensile elongation at break) 100 %

9/ a oo Y a
*YDYAVINUTHNRHAA

M3197 3.3 aU1TAV191)53M5U09 Zeolite A*

auaia Zeolite A WU
AN WITIDYA -
Gl Y17 -

o - )

% ANURIUKAN 99% -
ANUAUIMUY (Bulk density) 366 g/em3
YUIADYNARAY 2-5 1Az < 10 (90%) um
AL 4-5 Mohs

EY a v Y a
*ﬂﬂ%ﬂﬂ1ﬂUi‘HﬂQNaﬂ

3.2 n3eaiilefllumInaaes

1 m‘%mwamzuuﬂﬂ (Internal Mixer, ?“Ll MX500-D75L90 ; Chareon Tut Co.,Ltd.)

2. sﬂ%qgugﬂuuué”ﬂ (Compression molding, ;"u MGLP-20AT ; Mach Group (1992)
Co.,Ltd.)

3. m‘s"mmwmﬁ @n (Plastic grinder, ; U Bosco A600 ; Bosco Engineering Co.,Ltd.)

4, Lﬂ%m‘ﬂﬂ’ﬂ puaunlsza Qﬁ (Universal testing machine, UTM ;'u LR 5K ; LLOYD
Instrument Co.,Ltd.)

5. ﬂﬁmqam3ﬁ1f315ﬂmﬂuuuudmnﬂﬂ (Scanning electron microscope, SEM ;'u

JSM-5410LV ; JEOL Co.,Ltd.)
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6. Lﬂ‘%ﬂﬂﬂﬁ ginsmaresudurusamninalndl (Fourier transform infrared
spectroscopy, FT-IR. ;"Ll NICOLET 6700 ; Becthai Bangkok Equipment & Chemical Co.,Ltd.)

7. Lﬂ‘%m Differential scanning calorimeter (DSC, §"LI DSC 204 F1 Phoenix® ASC ;
NETZSCH Co.,Ltd.)

8. m“s"mmﬁﬂums%uﬁmuaﬂa& (Water vapor permeation analyzer, é'u Inc 7002 ;
[linois Instrument Co.,Ltd.)

9. m’%"mmﬁawuﬁ’uﬁﬁ (Contact angle system, ;'u OCA20 ; Dataphysics Co.,Ltd.)

10. 1wi3atua (1 BEBICON 400 ; Hitachi Co..Ltd.)

11. Ay

12. AgHiia

13. dovaniou

14. 1309 s0zdn

15, lulnsiimo’

16. nizvenldlulasoy

17. W3 faafinsoauda

18, wiulasiianoenms

19. i wguIdnuden (Heating mantle)

20. m’%mﬂumu (Stirrer)

21, UNIMANAIUAT (Magnetic bar)

22. dganiu

£ ¢

23, nTgUonuUINau

24. ¥oUANT5 (Spatula)

25. ﬂﬂutﬂulmﬂ‘g (Condenser)

26. t108719

27. 30N

28. 1A1309N3DITYYINA

29. N3LALATOUVDT 2

30. NSEAHANNH
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a L4 .
31 1AR eI (Desiccator)

32, 1939908057 1A

3.3 THADHMINADDY
3.3.1 MsFUAT12% EVOH 910 EVA
= = v Y
a.mamisumsazmenas v nmasenlalasounnion (KHP) 1Wuty
035M
2 ' = ° ¥
1. 4913 KHP ldludnmnesuuia 100 mi $1191 7.1480 g 9101 UNNIAZA0A0N
& y 1w a” 4 a o
Aoy 1FunaudIavIuAsazauioaeIny
¥ ]
2. mlavaadadSuiasuuia 100 ml udrd5udSuesdavuinauaunslaven
P5ums
v, mamssumsacaalmmadenlaasenlan (KOH) Wudy 1.8 M
1. %9835 KOH 9113% 15.1200 g
o ~ ' 5 ™ '
2. AU0NIUDAIUIY 150 ml aelubanesvuia 250 m 9101wl KOH laasly
P=1 o v 9 o & " 1 P & (Y] =1 .ﬂ’ = [
Tuiinineditiionueany wieunaluniuetedaiiioavunizna lamsazauiudioReiny
Yy A 3
a. m3lnmsamianudutunuiveuvesmisazoie KOH lagliasazaw
KHP iflumsazaesnasgy
1. 19999a15aza10 KOH 91040 v.1Hu 0.36 M e l¥lunislnnsa Tautlila
1582210 KOH 1474 20 ml lduaiadFuiasvuia 100 mb udfuilSuiasdavenivea
audIvaUonlSuag
2. nlamsazaronasgiu KHP $112% 25 ml asluvangilsuy 250 ml
=1 o = o
3. vuamisazatwiueannau 91uu 2-3 Hua

o 2 -

4.1 1 Inmsaduemsazate KOH Negluiiusm aunsziadagagd Avmsazaty
wasuninlalufididudyuyseu
] 3 ¥ \ ¥
5. aatiufinSuasvesmsazats KOH 114 udwhandnass maunae

6. MuUIUANUITUTUNIUUIUYBITTAaTA KOH
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1. MmNzt EVOH anmslelaslada EVA
1. azmoianaa@n EVA $119u 30 g 1u Xylene 300 ml v luvaadunanviia
500 mi Tng1dfungil 100°C sunspitimsazaneit lidhuiledoaru
2. 1densazate KoH fiws un 18 Tasnauaulisuau Tuaves Ko Indifvady va

v
@

¥ '
el IiHe S KOH annnan)szanm 20% laeif5ias
) q"u ¢ A o = w o [ é’ aan 2 [ o o
3. Aansginsalmoimsivand ldimunszidosluvinl§aser 2-3 Funewir T
msinangiuna 3 1l
4. ymianazneu EVOH lummuea laswmueasyludinnesvuia 1 das Asen
y ¥ 4 ' 3
nua EVOH a4 11l wiounaluniuediesanis,

vy

5 2 b =) Fy ar £ o a 3’/ Y -

5. S’PN'VI\?T] 1 ﬂuiu(ﬂﬂﬂﬂ']u IWDITIHUNINIDTAILDDN INUU mm:ﬂaun‘lﬂmﬂ
Y ¥ A o Y 3 A1 Y £ g
niuea Llﬁ?ﬂiﬂﬁﬂlﬂlﬂiﬂﬁﬂﬁﬂiqmm1ﬂ1ﬂ' mﬂﬁmmzﬂaumwmmuﬂ“1ﬂ11£]‘nmﬂu
GRS

6. hmznau Tlenludevauiauiiguugil soec a3 42Tus

3.3.2 M3A3oNgAINOANDSHEN
=] a o A = a1 o o ' @
N13IBUND AT HANgATINOANE1TT8A19 - TABYIIMIHANAINBAT I IUAY
— & Y ¥ ' Y qu
A13199 3.4 FadWRay LDPE, EVA tlaz EVOH 1 1daums1e lumswanuaazasaly
a o T 4 L) 2’, 0 1 4
WSuanedwaswans 1w 300 g woune Inaunu vianwihwunlalunioswauszuuila

1Y 1 Vv
(Internal mixer) Tagaaan1IZu0 A 0IA 31

- quuginlglunisway 160°C
- AuEaTel (Screw speed) 60 rpm
- lFlunmseau 30 min

° a PP 2 2 ¥yd ay ¥ . 4 4 a
vwedweindunisnauuda asne Iigungaungiives sinduih luadludiaazides

A = = o o [ w 3 o J
inomssuweamoswaudmiumsoavugiiavde i
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" ¥ v
M3131 3.4 woAeIHANGAsNINUA Taurmin

Wsnuas (%)
qa3 qas
LDPE EVA EVOH
1 L100 100 - -
2 L8OEA20 80 20 -
3 LBOEA1SEOS 80 15 5
4 L8OEA10EO10 80 10 10
5 L8OEASEOIS 80 5 15
6 L8OEO20 80 = 20

) a d ada d
3.3.3 maesangaINeaINe SHaNNNF 10 lanie
o y ' -g P = =1 <
wsou Taeid Te lasie lalowie ldnudungamgil 120°C Wua 24 53Tua
o o =Y o =1 ¥ a
udnhuHeuny LDPE, EVA tlaz EVOH IS unadTe Tadie it 20% Tanhwidn Tunts
- 1 a q 4 ¥
na 19T swausay 300 g Tasvhudianedwedlaas lilwasewauszuvila Tavas
-ﬂ. o 5§
AN1IZVOUNT 04 91D 3.3.2
5 a gd y &2 ya A a g ¥ . g4 o
e dwesnHiumswauids asna 13 igungumgiiies smndui hluadluda

=t A ] a o ° o o X d 9
agoya memuuwaammwﬁnmﬂsumsamugﬂﬁauma'lﬂ

a = o et o Y ar
M3190 3.5 gasnedweswauniidlelaaw (Taniimiin)

WSS nodnos (%) Wnudloladie
q9s
LDPE EVA EVOH (%)
L8OEA20Z20 64 16 - 20
L8OEA10EO10Z20 64 8 8 20
L80EO20Z20 64 A 16 20
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= ard v as s
334 mamsenHanaIBIENI0n

o = { 4 " J { =]
medweinaugasivaudl lleuie lanuyuiigungil so°c W 24

& y 2 ? : -
2 Tue imiuaiugUilan Taoasanizveunseanadasail ienduguanunin1vid so-60

s ¥ @ a 4 ' ¥ Y 1a o 3
pm IﬂUﬂNu1ﬂuﬂWﬂﬁlﬂJﬂ§NﬂnﬁlulkﬂﬂzﬂiQﬂﬁzﬂTm lg lFuanunlsenuvuia 20x20x1 em

gaunfiilunisnaga 200°C
Anuaulumsnaoa 1800 psi
v " a o .
A TUMIQUUNHU 5 min
nanlumsguwedmed 5 min
o Y .
nanlumsnagaiou 5 min
= o d
gungilumsnadmon 15°C
o 0
narlunmisnadawu 5 min

3.3.5 anurve R

Fannumuvesitaunsiainaaiui Taelflulasiimed Uszuta 50 ya uda

WILIHIAURAY

3.3.6 mydnnzsilandemaiiayiSuinnuaresudwrhisamninalnd

3.3.6.1 mInsvaeunyianiuves EVOH fildenmslalaslada Eva

o a o 1 o a a '
1Ke EVOH Ndunsizilduiastsaeunyiendu Tavldimaiayises

nsaresudursusaanInsa1nd) (FT-IR) UV Attenuated Total Reflectance (ATR)

0 v
Tusr9aunaY 370 cm’' D4.4000 cm' 9INUUAIUINNIDATITIUIEN I Absorbance VOINA

C=0 Stretching #1 1714 cm”' /U Absorbance Y947 C-H Rocking 91 720 cm”' LAz 8A3189u

5211719 Absorbance Y941 O-H Stretching #1 3400 cm ' Absorbance Y03 C-H Rocking i

720em” 1WON1LS1IYUVOIMY C=0 Stretching 11AZNY O-H Stretching Tu@I0819 AWdIA
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i d as ajd a 1 = d
3.3.6.2 msnsasunylenFuvesilandedia uazalelane
° a [ a o ot o 1Y j H
uTWﬂﬂLNﬂ'ﬁNﬂ'ﬂijﬂﬂlﬁzWﬂﬂlﬂﬂiq%51’11]“]1181ﬁ¢1lﬂu’!ﬂﬂ‘uu3ﬂﬂ']i]‘duﬂﬂu
Y o w ' an ' L a . ' "
334 lla':lu'W]'J?JU'NWvlﬂiﬂﬁﬁ?ﬂﬁﬂUHEﬁQﬂﬂIuﬂﬁmﬂﬂuﬂ FT-IR U ATR “lu‘v’nm'uﬂﬁu

2 -l
370 cm 9494000 cmy

3.3.7 mydmnesifSinadleladelugasnedmeinan

-

o e ¢ ' = o Y - a
mmsnfSuudle ladefilioglugasweweswan Arunsmngungiiga

v
Taoliasn15aail

L] -

- < @ a a
L hagdiianuudienumdoa s (Fumnace) [Huna 2 92 Tus Ngaingil 600 °C

L)

v
@ = a e

o ¥y & v d a o & - o a ¥ o
?T?IQﬂ'lﬂuu'ﬂ\‘li'ﬁlﬂﬂﬂ?‘l’l‘gmﬁﬂunﬁﬂ%ﬂuljﬂ'] 6 ‘]I'JT?.N u‘]ﬂg“ﬁkﬂﬁﬂ”’]uﬂ'likﬂ']“ﬁ')il’l‘ﬁq

o

¥ & d P NGO ¥ @ @ 2 o AN Y9 Yo g
umuniﬂummwmﬂuuuﬁmnmmmaumﬂﬂuu‘ﬂﬂm IﬂUHWﬁuﬂﬂqﬂiﬂﬂWHuﬂlﬂu
g %) - o

HIMUNVDING WL

2. thagdidafidumsimmdaunldgasiedieTaoldifue 2 lu 3 vesnnuge

[l
o

¥ ' ¥ : " f “I‘J - P g i "
agdida vimivuFaiminlaonsesFinadsuadwmimndsunsvatuiinalaniming
Yo 5] H W a a |1
I8 ldmmuaithnininvesngidaneuis
o B o il L o ) Y] - r's <& v g
3. hagFdafiiiAzedeimunmsdaudauriAssazinuaeanogeaaunssna limu

a a b 3 ! 3 v o 3 ] ¥ @
waalungmida snmiuiinsnaassiaude 1 a1 lagimind ld s muaduihmin

_ W

vosngmilandum Tavdiunvesdle ladielugasnedmesnay awnsomuanldnn

[

2
gAIAsil

¥
o s -

4 tﬂ'. o @ g o = a
mwuﬂmswmﬁ@ = WINUNVDIAZHUANDIAT - UTHUNVDING LD

¥ H H a s 1 g @ aoa
HIMUNTITNIHUA = UIHUNVOIAFFUANDUINT - UWITHUNVDINGHIVD

¥
o

nlofiFuduesdleladio = Uminasimae x 100

¥ v
HUIHUNTITNINUA

3.3.8 MsMIgumgiinsHaeumaINan gamgimsanwan uazifSinamdn

o A Wl =< wa ¥ | A o ¢
AR UAI0U19 LN IFNITANIIAIUTOU Iﬂﬂi‘lﬂﬂiﬂﬁ DSC mumuﬂﬁau

=

Uszam 5-10 mg hwnldanuieu dawdasinislinimdon 10°C /min angumgiives
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gungiines hdoyasinns i Idummgumgiivesnisnaeumaingn (T,) quuginig

annan (T,) taglofifudanuiunanauuinsgiu ASTM E794 [35]

Heat of fusion, AH, (J/g) = wasnuanudeulumsvasumainin Mdwmia T, ) (m))

H o o/ 1
HINUNTTAI0819 (mg)

anwidluwdn (%) = AH,x 100

AH®,

dll = o i < o o 1
e AH, Ao wasnuanudeulumsnasumanan (MAWMUIT,)
@ | o
Ane, fio wasnuaudeulunswasuwdnyes PE fllanmiluwnin 100% i

AN 293 I/g [36]

3.3.9 MsAnuFugIuIng
[¥) = d
3.3.9.1 M3NTEILAIVLIT 0 lanio
TruAaudetiandalituug 1x3 em’ udrui ldusluluInsmumad
o = 5 o -4 ad o o 1 o 2 1 J P @
Wual 30 i ninduinguaulusaenyuauduiuey HFUAUELNUNNAAAYIIY

TinAsudlenesdt udnirtluminsamizinisnsgneaivessle lasiodlonios SEM

3.3.9.2 MIN3z0WAIVEI EVA Uaz/vise EVOH
o 1 oA d L] o o o [
vuruidudegada e 1x3 em’ udnih luylululasmuman
o = ¥ o 2 42 o o 1 ¥ o & o o ' @ o
dhunar 30w miwinduau lusaeiFuauduiuey udnhauaundnl)ueludavh
azawhusiglunaeananes 15 ml wevin: ladanadionsesdans latiniigungil 60°C
Wunar 3492 Tus Taw
- o W 3 @ o A LY qy
- nstNaY LDPE/EVA 19 Xylene Wludaviazate ifoana EVA 8909103191
- N3N dy LDPE/EVOH 19 THF Waudy Xylene 1usainaau THF/Xylene

1 L% (-7} [-] Q o 4 L% l:\y
My 90710 Tav/3uas iWudwhazawdmsy EVOH Wieanael EVOH 89n91nauauy
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- n3aiAdYy LDPE/EVA/EVOH 19 THF Wamil Xylene @A EVOH 80nnouid?
v
19 Xylene Hudnhazatw ana EVA eonnnduau awdiny
I S S - -
nntnhaunuignada lleuludevanfeuiiguugi 60°c uian 48
& A &’ P o/ 2 9y o ¥ o a o @
¥ lue indeuiiuiinindavnvesiunudionesm udnillainszinsnszanudives

EVA 1182/150 EVOH #201A583 SEM

3.3.10 MINATOVANTAN IFVNTING
o & A i [~ = &
NSNATDUNTFUUTIAUNDN AMANULVILTIAY B AATIN (Tensile strength at
@ 1 o = 3 " < A
yield) AIANUUVILTIAL Y JAVIA (Tensile strength at break) M1T7DYATNITAIYA D YAATIN
1 =2 L") [
(% Elongation at yield) f1500a2n15A38A 0 §AY1A (%Elongation at break) 11ZA10AAN

(Young’s modulus) f1U3IAIFIH ASTM D882 [37] TauldinTesnaasvemnilszasn 19

d' el ‘g
anzNNAaaUAL
- Tnaaad (Load cell) 100 N
=3 = .
- A5 1uNI5A9 (Test speed) 100 mn/min
v
- JTULVDINTVVFUIIU (Gauge length) 25 mm

< : 80 mm | v
1 (]
1 1
1 1
) | T
1 1
1 1
| | 1¢
| : 15 mm
1 ] l
1 I
1 1
i L)
1 I
' Gauge :
l‘ .I
i i
i length i
' 25mm |

[l ¥
ﬂ1°ﬂﬁ 3.1 anHULVRIYUITUAIDYN

' o 1 o
AANUUTINTIAT W 9AATIN, AIANVITINTIAL U 9AIA, F0UAZNITAILA B 1A
Y @2 A ' W a o v " dv
3710, TDUALNITANUA W JAVIALASAITINDADT ’ﬁ'lﬂ?iﬂﬂ'lu']mllﬂ'iﬂﬂﬂllﬂﬁﬂﬂ‘lﬂu

AN NULT9ITIA 81 9ANTIN (Tensile strength at yield) = F, .../ A

at yield
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ANV UITIAT B 9AY1A (Tensile strength at break) = F_, /A

¥ouaymsfstn m 9AA3IN (% Elongation at yield) = (1,4~ 1y) * 100

]

0

A¥puazn15AILA & 9AU1A (% Elongation at break) (1, e 1) % 100

ly

fhﬁ'waaﬁ'ﬁ (Young’s modulus) = AMUIAY (Stress)

AUIATYA (Strain)

& o a &
WO F = UIIRUAFUNIN 3 JANIIN
_ 8 a4 &
F e = UITAATUIU B QAR
J = Y ow Y @ ! 3
A = WUNTHINAUDIFUITUAIOUIN (mm”)
i 1 @ @ g o =¥ s 1
WUl = 32UEM193E NI TUFUNUNATTINTAITUIINADBE1 U 9AATIN

' J o e ny o o J a 1
lalhrcnk = 5$U$HN‘ix‘ﬂ"ﬂ!ﬂ'J‘UU“]ﬂN'm‘ifiﬁ\‘lﬂ'lﬂ'l'iﬁ\‘l‘]mQ’IHFI’J?JU"N s ﬂﬂ“d'lﬂ
1 1 -3 L% A" 1 :
= FTULHINIENINNINUFUNUABUAIFUIIY (Gauge length)
{10 25 mm

WINuve MIweRaaMUINNINAININTUENAY (7 1 uaz 3% M3Adn)

3.3.11 msnaaeumsaueylo

1 v 1 4 o s i = o
daaqednaceunguimalulatTanzuaziogunand (MTEC)  ¥iimsm

¥ A

] a a d & w ol & T & e o a
Bualerhidudwaindauduniia llfdaduniirontssiunvesidumaradn Tu
iz h edd o - " 2
szoznafinuanazateldaniigineiiviandiu gm’day Nguwngi 38°C Ay
o @ o

Funnt lunsdinizy 90% 1au33 Transfer time method 1Au141A5 0INATDUATHFUHIUVDA

' ¥ ™
Tori1 AaFuaudauliTivnIa 6x6 cm’ MUNIATIIN ASTM F1249 [38]

3.3.12 MINAaRUYNTUNE

o = o j s "y
medwenauuiinsiugldeitmsnadaniude 3.3.4 Taolduifiuvuia
2

=1 o o Qs
40%40x6 mm’ 1¥arlums anudeuuaznanlunmsiguda 10 N MMsAa¥uIIUAILY

d'l = J = :i’ — s 9 g [ o 2 1
VINUNWINATDUUIIWUWHHIVDIWUNNIAAAUIN 1‘151]?1]‘1?151’!5?]1“ 2 pL MMIUUNNAIYY
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o W ¥ 9 9 dll

1 s { g k-] o =
wrmitonawuly 1w FayuineainszinuAIITAAI01AT049 Contact angle system

AUNINTIIU ASTM D5946 [39]



unn 4

wamsIdanazmsenisiena

¥
Y

- { o & o AHa a a
awmwﬁtﬂumsm EVA ltﬁ:/ﬂ%ﬂ EVOH Fl U Ny H'lkﬁliﬂl]ﬁﬁ{i]ﬂﬂﬂmﬂgﬂﬁﬂ
A o wa a Qs = ' g d Y
LDPE/EVA/EVOH tiodsuiljsauimidenanazauianisduriivvesloln uaziinis 149
1Y

¢ A = P P e = v %’ Y o
To lasmeniinnuilvigueivmniansduiivveslesh 1vunilan Tasnanmsnaaoiudas

¥
aane lJil

4.1 M3FUAZH EVOH tazmsiaizidafiina
msdunsted EVOH minmlgnseins lalas lada EVA naasatauns
KOH/EtOH
(CH, - CH,), - (CH, - CH), ——A‘_’ (CH,— CH,), = (CH,~ CH);+ CH,COOK"
(l)cocH‘ l)H
nsfuaandedidud laniminvesnylriiausanseed (voH) lu EvoH  #i1d
nnnislalaslada Eva fsutalafiansdima (VA) i 27.5%
Tao walwanaved VA =86 g/mol
170 lUaNaves VOH = 44 g/mol
EVA 100 g 3 VA 1IN 27.5 g tazlitenau mini 72.5g
VA275g AU VA = 275g.- = 0.3197.mol
86 g/ mol
Mnaums uu1uaves VA = s1uauluaved VOH = 0.3197 mol
22141 1MINUBY VOH = 0.3197 mol x 44 g/mol = 14.0668 g

g d = . B = -
wminves EVOH #ldvinmslalaslagaauysal = iminvowsniau + miinves VOH

72.5 g + 14.0668 g

Il

86.5668 g

° s o Y o ¥
mmmmmmw11‘1Jﬂsmmﬁﬂuumun*um VOH 114 EVOH 1ﬂi]1ﬂ



v
nosidud laeumiinues VOH = 1n1inyes VOH
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¥
° a

x 100

¥
11%1nv09 EVOH

x 100

I

14.0668
86.5668

16.2%

Il

MIMMUATOED EA A EVA NHASuna VA mn 27.5%

EO fio EVOH Nif5uae VOH MmNy 16.2%

) a ' = a o
1.14m';imsuuﬂﬁmmwammé{mmw'm LDPE/EVA/EVOH lLﬁSiJﬂ'l'i!.@]ﬁJ"]fIﬂnlf’mlﬂ

¥ o 1 4 ' o ﬂl.
20% Tatimiin tiaue laeldonystomouaniumnugasaieg AIN15199 4.1

1 ¥
M13197 4.1 BNYIYOUNUTATLATTATHAUNINUA

X 9n351921Y03 LDPE/EVA/EVOH Zeolite A
AU | ONBIYALNUYAT a »
(Iaeiiwiin) (% TavimiungasHaw)

1 L100 100/0/0 -

2 LSOEA20 80/20/0 .

3 L8OEA1SEOS 80/15/5 y

4 L8OEAIQEO10 80/10/10 -

5 L8OEASEOQ1S 80/5/15 -

6 L8OEO20 80/0/20 -

9 L80EA20Z20 80/20/0 20

8 | LSOEAI0EO10Z20 80/10/10 20

9 L8OEQ20Z20 80/0/20 20
HUWIHA

gasi 1,2, 3,4, 5 u02 6 QHAVBIBAT18IU LDPE/EVA/EVOH

v v
qa3h 7, 8 uaz 9 guavesns 153 Te ladie 20% Tastimin
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4.2 M3ANMINAYEIGAT1EIU EVA/EVOH luildy LDPE/EVA/EVOH
1 das
4.2.1 mInsnaeunyanyu
4.2.1.1 m3nsIvaeunyaniuves EVOH
msasdeunyanduves EVOH  Aldnind§isoimslalaslage

EVA §20m3An1190 FT-IR 1100190 4.1 (2) Tao EVA a¢iinajianduves C=0 Stretching

1714 cm’
0.5 S -
0.4
bt
2 03
-]
-
2 02 —
]
R
0.1 —
O | T
0 500 1000 - 1500 2000 2500 3000 3500 4000
Wavenumber (cm™)
(a) EVA
O-H Stretching
) () SN & : b Mlalibny i 4 A
34f0
0.15 NN—
@
=
=
f_: 0.1 €-H-Rocking P —
2
R M l-/\“,
N g———p——p——y T I ] | |
0 500 1000 1500 2000 2500 3000 3500 4000
Wavenumber(cm'!)

(b) EVOH

4 ' o a o ' 4
MR 4.1 M3A5A0UNYTINTUV0 7108197819509 FT-IR
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SN 4.1 Aunsasammarimiveda ) Falduaaamsi
aguoanylansu C=0 1u EVA  11n9a51@71A1N159ANA1UaS (Absorbance) VBIHY C=O
Stretching A 1714 cm” ABAMMIQANEULAIUBINY C-H Rocking 71 720 cm” uagfuamma
fwiileasonda (OHD FalFuansnsfoguoanyiaradu o-H u Evol Idnndaidaumm

M15QANAULAIUDINY O-H Stretching 7 3400 cm’ ABAINIIQANAULTIVBINY C-H Rocking

N720cm’ LANIAIAINITINN 4.2

M319N 4.2 Marimsueiiauas lansonBaves EVA Liae EVOH

. 153 VA 1331 VOH NN L R
A20614 mariasvelia | Maril leasonda
Tu EVA (%wt) | 14 EVOH (%wt)

EVA 27.5% - 3.39 0

EVOH = 16.2% 0 0.58

EVA ldgndunsied iy Evon nadims o lelas lada ldeuysel uandld
& g ald & N i A A ASANR = " w o ' ' T
110 EVOH duilumisnaniumniisasiiaiiuetaminugud naasnmyg VA Tanaou

i{huny vou ldnua

4.2.1.2 M3nsIvapunaniuvesian LDPE/EVA/EVOH
' d o d = o '

1INMIATIABUHYWINTUYDINAL LDPE/EVA/EVOH Tasiaandiauia

Wangns LEOEA20, L8OEO20 Lz LSOEA10EO10 iagudumsiioguansniliznoudisy Tu
Wouwodwesway wuhanlaniuilduaasdaaamy C-H Stretching Y041y CH, Tusig

-1 ' . ' a2 4 s

2960-2850 cm ' wazHij C-H Bending Y84 CH, 14%23 1470-1350 cm” Guiluesnilsznovves
£ ] ]

LDPE, EVA uag EVOH wonanidanualnniuiuaasdyaismy C=0 Stretching
Uszanas 1714 em” Fuihuosdilszneuves EVA oz w O-H Stretching 1133181 3400 em”

& 4 o w Y o U 4 a o A A =
%Qlﬂuﬂﬂﬂﬂiﬁﬂﬂﬂﬂ]ﬂﬂ EVOH muamwuy uﬁﬂﬂmﬂu'nﬂau‘wamuﬂswﬁnmmEm"lﬁ'uﬂn

au

o o a =) " & 1 4
ﬂaﬂmuumwaama%{muﬂmm ﬂ'mﬁll}ﬂﬂﬂ'li uan%muiugms L8OEO20 ‘WU'JHﬁBNﬁH EVOH

w1l reiinailandunnsdiunlaounlas 9104y O-H Stretching ¥o3 EVOH  Tiliflumy
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= J lﬁl - 1 = =)
C=0 Stretching HA¥UNY32118 1700 em™ uaaanIasead 19909 EVOH o1uinamsiiy

= o

J ¥
anmN1InNNTou [40] MinnszuUMIKaNIazMIvugl luauitel

[ DPE C-H Stretching C-H Bending
=0 St i
EVA C=0 Stretching

v_

il

EVOH O-IhStrctching

e ——

LBOEATOEO10

[LROEA2()
L8OEO20 ! ~ V’/_/u

T

=/

1 T e T

4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumber (cm)

NN 4.2 FT-IR ailnns1veealday LDPE, EVA, EVOH uagWdu LDPE/EVA/EVOH
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4.2.2 AMuMMIvesHan LDPE/EVA/EVOH
1AM IARINHUIEINAY  LDPE/EVA/EVOH Wulaunuunaeogluyie
52-63 pm

ﬂ]iNﬁ 4.3 mmwuwaﬁﬁn LDPE/EVA/EVOH

gasg mmwmm%ﬂ (um)
L100 55+1
L8OEA20 57£3
L8OEA15EOS5 60+3
L8OEAI0EO10 56+4
L8OEASEOI1S5 56+3
L80EO20 56 £4

=] o o ard s 1
4.2.3 ﬂ“liﬂﬂﬂ’lﬂﬁ‘llQﬂ'.l‘ll]i‘l%i;‘l]tﬂﬂﬂﬂilﬂ?lﬂﬂ]ﬁ

(b) L100 wasana Iasly Xylene (c)L100 nasana lavld THF/Xylene

H l&’ =1 1 ar 1 s s
MNN 4.3 NN SEM Y¥0INUAINUANYNUeIal LDPE nouuazuasana

(MAVEY 3500 1N1)
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~ d =Y o o Ag ' v @ s
1NN 4.3 Nawgas L100 wundanvaziludawiomiu ouanauaznal
afadudvaza1 Xylene 1Az THF/ Xylene Linana19nu uaasnaniazatwluaniizn

14 lsansoazais LDPE 18

4.2.4 MIANYINIINIZIBAIVEI EVA 1az/vise EVOH 11!?1531 LDPE/EVA/EVOH

(a) A208197a1 LEOEA20 NOUANA (b) $29819W A L8OEO20 Nouania

(d) LROEA1SEOS5 ¥adidana

HAIANS . o
(e) L8OEAIOEO10 113l () LSOEASEOIS maaana
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(g) L8OEO20 #addna

AN 4.4 1IN SEM Y uAINLANnvaeilay LDPE/EVA/EVOH M8aT1aIua1ee

(3w 3500 1) NINMIANAINN AV EVA 1az/m3e EVOH 0o

- @ ) o
VINAINN44 ANYINITASTEZII0AIVUDI EVA haz/v3e EVOH ludau
A i 1 ' 21( + o L] " o
LDPE/EVA/EVOH %9A51323UA199 TasuaINUNAAYIIIU0INI0819WaN LSOEA20 uag
1 a =] -] ' o P '
L8OEO20 NOUANA 9N UIIN10819NaY LOEA20 t1ag LEOEO20 NINN 4.4 (a) uaz (b) 1y
" ' = ‘3 = ' ' ar a ' - Y as A
¥OI19NAUU Tuusaﬂmszmwagmﬂmzmmmmgmﬂﬂmuﬂﬂwmu MIANALNDANIT
Qs as - - o o Y a ' 1 ~
NSEBAIVDIINNIANTEIY AD EVA  1102/1190 EVOH luday MmIvmareaanuaasly
:i & o r:{ - o A L 1 1
NNN 4.4 (¢), (d), (e), () 1L (2) FIUINUNAGNINNIAUDI EVA 1ag/159 EVOH 8y WUMN
=) a/ LV - = L= o rg‘ é.! -3
NAYATUNITNIZIIWAIVOI EVA 11a2/M370 EVOH ATEAUNLI mm%mﬁluﬂszmumwugﬂ
o s = 4 '3 ar U s [~ = 1 o - a o
Adunvunasa 15 aNvouNduA VLN IMIA 19T onTIMTauEIN NI IiRAIHaY

a ] A‘l’ o 1 ar =]
Lﬂﬂﬂﬁﬂﬂﬂ‘uﬂ3\3ﬂﬁ13ﬂlﬂﬂluaﬂﬁﬂ HAaZWU LDPE nU EVA LLﬂX/‘H%ﬂ EVOH 1114 Immissible

v
Ha

¥ o v
blend (luwainannu'ld) ms1z EVA uag/mie EVOH Unadaundivanaz luivs aunlull

2 . - o q 9 A o Ay 1a ¥ g ya
VU049 EVA Uaz/Mis EVOH M7 EVA uag//vse EVOH nN329108311 LDPE # il laa

4.2.5 MInageuaNianIn Nu3euvesflay LDPE/EVA/EVOH

=) 4 EYEN Y 9 - ' o s o
INNITNUATIZTHAVTANIIANUIBUAIVIATDI DSC WUNNAUNWDAILDTHAY
LDPE/EVA/EVOH iiguuaiinmsuaoumainan (T,)  4az@uuinisinanan (T)  ved

¥ ¥ '

LDPE fim lunana1anu Taowu T_ 499 LDPE uag EVOH 133l 910910 398NH1UNT [4] Wa

= 1 =Y - P=1 [~ =1 -
DSC 15191 44 WU LDPE § T, # 112.5°C uazinuilunan 32%, EVA i T, i 58°C

= =] = 1 =t = =) = = v
uazdnNUIUKGN 20% @3u EVOH § T, #1 111.7°C naglanuiluwan 30% usna DSC Tu
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av Ay d a o 1 4 ' a

il liwy T, w03 EVA Tuyngasvesiauwedmoinay uadasd EVA ieaglunoa
d ' a = 9 =1 a ¢  w d

wesWau LDPE/EVA/EVOH limwnsanananld uaasnnuilunofwesodugiuluilay
= o o =]

Tunsaifdugas L100 /1 L80EA20 Tanwilundnanas sz LDPE Ay EVA iy

Y 4 4 1 T a 1 L
Immissible blend 341 91N IToR N [3] Tunumsinawdniauves LDPE 11 EVA Tay

' lﬂ'. = lé i v -3 s
maduumse EVA #1905 VA 27.5% §1 %VA fireutiege hldmsazaudiny

3¥1319 LDPE waz EVA  lidin  lunsdifaugas L100 A1 L8OEO20 wudildugas

=

=1 o3y ' ' S a A‘ 3‘;
L80E020 ianuiluninganiifaugas L100 uaaawaniinaiuu9Inkanyens LDPE
P -3 [] a & = Y 9 =1 I'd
1oy EVOH (1109910 EVOH iiwy laasendaasamnsomnanuse lalasnuld lunsailay
= o A A s X ' 3| 2 o
WOAIWDIWEY LDPE/EVA/EVOH Wudniodil5uia EVOH 10Uy mnnuilunanil
4 X 4 ) =
uu Ty 11199910 EVOH aunsamanan 18

= 4l o & - Y Ye
M919N 4.4 T, T, nazilossuan nuiunanvoinetued 4]

m?

15720619 T °8) 0Fd) AnuEunan (%)
LDPE 112.5 94.6 32%
EVA 58.0 48.0 20%
EVOH 117 92.8 \ 30%

= ¢ d o = As) e ¢ '
M3N 4.5 T, T wagnlod duaanuiiunanvosnednes luildugasaie

qns WoaweimiaNan | T_(C) | T.(°C) AnuTuNEn (%)

L100 113.1 94.9 34%
LDPE
L8OEA20 111.3 95.5 25%
L80EA1SEOS 110.3 96.4 24%
L80EA10EO10 110.6 96.4 33%
LDPE 18 EVOH

L8OEASEOI15 110.6 96.3 37%
L80EO20 113.2 95.3 42%
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4.2.6 MInaaeUaTATINaYesHaN LDPE/EVA/EVOH
MInMsnareENRInavearlay danwi 4.5 ienfouisflaugas 1100,
" o o
L8OEA20 1oz L8OEO20 WUIMWANGAT LSOEA20 HAINI3A0A 24 9AN3IN uagn1snsta o
RAYIALINNTIHANGAS LSOEO20 1189010 EVA  Hamiandwenn anudangurilvina
= 9 & @ o o &L A o ¥

maidogil1die uazuonaini EVA dwaainnuiueduginulu L80EA20 detudildun
- o Y
WA DSC A3 LSOEA20 afiainnuudaussda o 9ans1n, Amudansids o 9aua uazmdy

v o v o ' '
weRdaAINTIHANYAT L100 1Az LSOEO20 duilaugns L8OEO20 WUAMMUAINSIAL o
90310 uazaNuniseds o gavia G indiResdugas L100 uamdaegdagand

= a y & a W ¥
1193910 EVOH 1 VOH Tulassadedsansananiuse lalasiould uazgas L8OEO20
a =2 wyyd ' o q ¥ Yy o X o
aunsonanan ldnaludiuyes LDPE uaz EVOH milWlazsainaiinnuudaunnniu day

- ¥ A ' ¥ < & 2 A A

ozl ldvindiu dawaliainisAale @ 9ARIIN HAEN13AIDA B JAVIAAAAY LAzID

&
R ouifouildugas LSOEAISEOS, L8OEAI0EOL0 uag LEOEASEOTS duiunmisldfsunu

— # ar = g ar '

EVA uaz EVOH fuanaanulasaiuquiiumlawedmes 20% Taotimnin wuiinaw
< =2 ] = 1o & A y & X ' =
U913 9A9 B 9ARTIN, ANBLTILSIAI 2 9AIA tagaganogaa iy ARNIY AN

- < A 4 2 X A ]
U 2 9ARTIN LAZNITAI0A A 9AVIAAAAANBYTNIA EVOH 1NV 111899100151 EVOH

° Yoy & A 3 3 o = 9 FY)
m”lm?vlaunmmummamﬂﬂ'n EVA MumasuigviNag

10

6 (I
4 I
2 e
0 T T T

1

Tensile strength at yield (MPa)

L100 LSOEA20 LSOEA1SEOS L80OEAIOEO10 L8OEASEOILS L80EO20

Sample

(a) ANULTIUTIAY T JAATIN
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% Elongation at yield

EEEEE]

L100 L8OEA20 L8OEAISEOS LS80UEALIOEOQI0 LB8OEASEOILS L80EO20

Sample

(b) M3IAILA W JANTIN

Young's modulus (MPa)

i

T T I I T T

L100 L80EA20 LB80EAISEOS LS80OEAIQOEOI0 L80EASEOLS  L8OEO20

Sample

(c) davoqad
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10

3 if

6

2

0 T T T T T

L100 L80EA20 LS8OEA1SEOS LS0EAIQOEO10 LS8OEASEOLS L80EO20

Tensile strength at break (MPa)
IS

Sample

(d) AMUT LTI 2 394

200

150

100

% Elongation at break

50

L100 L80EAZ20 L80OEA15EOS LSOEAIOEO10 L8ODEASEOQILS L80EO20

Sample

(e) N13AITA B JAVIA

r U

MANN 4.5 AIANMIF U3 IA0INaN LDPE/EVA/EVOH NoA31a3UA189

[ [V ) d
4.2.7 MmIanaaeu InyudNNaveInaaNe WA LDPE/EVA/EVOH
4 4%

wiesnlumsnaasslumuisniannuiivived LDPE/EVA/EVOH 1d lasnsa

P o o = Y ar o W & o o =
auiudsihmsdiaanuiiianedonlaomsiayududa Fuilumsiannuansalumsilon

:! a -ay J { o @ o %’ 1 =1

(Wettability) v0auAI¥UIL Fununlyududanuinioond uaasninnuamsaly
= Ei! = et " ny d‘n:l U s ar o o o g ng ﬂi
mM3toninur 1danNFuaunlaududauIn KamInaaeuIAYNTUATURNINUUALTN

s lg, \J { 1 1 Qs s
AAVINIVDITUIUFATANN waaalumsten 4.6 WU EVA waz EVOH ﬁﬂ‘li{ijﬁuﬂﬁﬁﬂu
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¥

J Ay 1 Y 4 P o3 & o o -
91 LDPE 7 i 1fiean1n EVA uaz EVOH fianuiluvai liyeud luanaveaihdail

2

=g}

i TR dudathiuty Tao EVOH fianududatiosin EVA 1iies9in EVOH
mmrﬂuﬁhqaﬂ'h EVA 512 EVOH Yuilnylensendaseannsaiaiuse lalasiould
iienfvuifiongas LSOEA20 i LSOEO20 FanadeagasifSunusasdiuTanodmes
Wi WuMFuOATMIHe EVOH ﬂzﬁfiugnﬁ’nﬁ'ﬁﬁaﬂﬂﬁﬁmmﬁﬁmmﬁn EVA uag
ol suiivugainode Han LDPEEVAEVOH wudniioduna EVOH ity

o o/

P E) = 3 Y ' o a 3y
nwﬁmmﬂunaﬁm IN31¥ EVOH Mﬂ’J’lilL‘]Ju‘\I'JQQﬂT\ EVA auaiasugv1eau

y " @ w a o '
ﬂ‘lﬁNﬁ 4.6 MYVAUHTUDINDAUNDIHTUFATAN

A0 YUTUAT (93971)
LDPE 99.04 0.2
EVA 87.8 4.1
EVOH 79.7 £3.8

L.80EA20 95.2 + 1.4
L8OEA1SEOS 93.5+0.8
L8OEA10EQ10 91.2£3.6
L8OEASEO15 88.6.+2.6

L8OE020 88.5+3.3

4.2.8 msnageumsvurivlerve sWan LDPE/EVA/EVOH
e o = A 4 o
1INAINN46 N151Sumieuanvaiuisalunissuriulovvesflay
LDPE/EVA/EVOH #18a351d7u EVA/EVOH @139 1f3uiniiouilay L100 iU LEOEA20 Wy
3 =l = 1 %.' - [} o A o
Wau L8OEA20 finnuannsalumsauriuloinganaflay L100 1iesninWay LSOEA20
- o3 o o ' A = v o3
finnuiueduguludldunnndi gas L100 Heswinwa DSC Tumisiean 4.5 mnnuidu
= = g = = = P
wanlugas LsoEA20 Hanuilundn 25% wazgas L100 anuniluwdn 34% luvaziins
o o a P o o %’ ° 1 '
Fayuduit 131N 4.6 gas LSOEA20 Hianpududmiding uaasliiiuinilay L8OEA20
o way 3 o ad = i H ] =
wordvauian nuiluedugiunazanuiivaves EVA Tunisauriler wonSeuimey
@ 1 = ) g d' l
Waw L100 7 L8OEO20 wuwlay L8oE020 Hianwaunsalunisdurleshiigeniifldy
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