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Research Title: Property improvement of polypropylene film modified with ethylene methyl
acrylate copolymer and zeolite for packaging application
Researcher: Mrs. Suparat Rukchonlatee

Faculty: Science Department: Chemistry

ABSTRACT

This research focused on the improvement of water vapor permeability property of
polypropylene (PP) film with ethylene methyl acrylate copolymer (EMA) and zeolite A as filler
for packaging application of fresh produces. The PP/EMA ratios studied were 100/0, 90/10,
80/20, 70/30, 60/40, 55/45 and 50/50 and the zeolite A content was 20% by wejght. The
compounds were prepared using an infernal mixer and the films were fabricated using a
compression molding machine. Then, all films were investigated using Fourier-transform infrared
spectroscopy (FTIR), differential scanning calorimetry (DSC), thermal gravimetric analysis
(TGA), scanning electron microscope (SEM), universal testing machine (UTM), contact angle
measurement and water vapor permeability (WVP) analyzer. From the effect of PB/EMA ratio, it
was found that an increase in EMA contents resulted in good distribution but poor dispersion of
EMA phase in PP continuous phase. This was due to low compatibility between these two phases.
Therefore, crystallization of PP in the blends was not affected by the presence of EMA.
Additionally, tensile strength and Young’s modulus of PP/EMA blends were decreased with
EMA loading because of high amoerphous and so flexible structure of EMA. However, the WVP
of PP/EMA blend films was increased with EMA because EMA was a polar amorphous structure
and this related with decreasing contact angle of the blends. In the PP/EMA blend film with
zeolite A 20%wt ( PPSOMAS50Z20), it was found that-most of zeolite A particles were well
dispersed and distributed in EMA phase and therefore they did not disturb crystallization of PP.
As results, tensile strength, Young’s modulus and % elongation at break of PP50MAS0Z20 film
were as good as those of PP5S0MASO0 blend film. In addition, the WVP of PP/EMA blend filins

was increased when filling 20% zeolite A.

Keywords : Water vapor permeation, Zeolite A, Polypropylene film, Ethylene methyl acrylate

copolymer (EMA)
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= “T;'E]ﬁ@ﬂ (Synonyms) : Polypropylene, Polipropene 25 [USAN], Propylene
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v a |
- ga3 1A598519M19031 (Chemical Structure)
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fotn = = 2 d
24 L@’ﬂﬁﬂ!ﬂlﬂﬁ@zﬂ‘imﬂiﬂﬂ@mu@i
v o

doyaia llveuefiduniaozasanlnwedme’ (EMA)

- gas luana : CH,,0,
Ll
wnluena ; 114.1424 g/mol

-
- g3 laseain

MNN 2.4 Tn5ea519083 EMA [19]

anyazn liues EMA
I a 2a 2 = 1 %’
- Wi WEF duiy hiazaiei
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- AIAINDNIUWIE 110D 0.942-0.945

- uORAATIAVEY 1H1 83 MPa
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A1ANLT T RS B 9ART1N AL 11 MPa

AT IR B 3AVIA AL 11 MPa

k1 2 M 1w
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msiszganliau
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Wany 9 ey 13
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a J a o = o
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3.1 a5ny

1. WOR INSWAU (Polypropylene, PP) (A3A 1125NA 9101587 Ine Indedau s1da
2, ALY ﬂ%mﬁiﬂ‘lf‘lﬂﬁmag (Ethylene methyl acrylate copolymer, EMA)
® a o o @
1n5A Elvaloy ® AC 1224 910158 goeni (Uszma'lne) s1na
= -4 . o a oo P=w=N a 4 o w
3. %l lade (Zeolite A) nsamsem andyn AAuniinead (szmelng) $1da
4. Tulaswuman Liquid N,) nnusinawd Wsemelne) $1na @mvw)
5. 18N1U8a (Ethanol) 113ANMIAT

ar ar

6. loful (Xylene) IN3AN3M 210USENDAINS (Uszimelne) $17a

19199 3.1 guiALNesEn1suee PP

quLR PP i
A%1In15 1A (Melt flow Index, 230°C /2.16 Kg) 11.2 /10 min
WoRAaALIA98 (Flexural Modulus) 1517 MPa

13199 3.2 audAUIIlsEmIunl EMA

GEBIL] EMA N
wajunuiAS e W lanedued MA /24.0 Yowt
A3 1Ma (190°C /2.16 kg) 2.0 g/10 min

AMUUUILUY (Density ) 0.944 g/em’
IANADNIH AT (Melting point) 91 °C
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M15197 3.3 aNTAL1915ENTU09 Zeolite A

aula Zeolite A WU
[ =
ANy GEGIG -
=
a 417 -
3|
anuidlupan 99 %
ANUAUIUY (Bulk density ) 366 g/L
N EGITERLIOGT 2-5 1AL < 10 (90% ) wm
AT 4-5 Mohs

3.2 1n3psilef¥lumanaaea

1. Lﬂ%i}s‘l NeU5EUUUA (Internal mixer, ‘gfu MX500-D751.90; Chareon Tut Co., Ltd.)

2 mé‘%m%ugmmué'ﬂ (Compression molding machine, ?"L! LP 20; Lab tech engineering
Co., Ltd.)

3 iﬂ‘%ﬂﬂﬁﬂwmﬁaﬂ (Plastic grinder, ?I U Bosco A600; Bosco Engineering Co., Ltd.)

4, Lﬂ%l"t)\i‘wﬂﬁ puslunlssa \'i'FT (Universal testing machine, UTM g'u JSM-5410LV;
LLOYD Instrument Co., Ltd.)

5. ﬂgﬂﬁﬂﬂ‘lﬂﬁiﬁif&gﬂﬂiﬂmm‘ud’@&ﬂﬂﬂ (Scanning electron microscope, SEM ';;'14
EVO"MA10; Carl Zeiss Co., Ltd.)

6. Lﬂ%ﬂﬁ‘l@!13ﬂ%ﬂi?uﬁﬂﬂguauﬂ‘iﬁﬂ’dlﬂﬂi‘ﬂ’diﬂﬂ (Fourier transform infrared
spectroscopy, FTIR, ‘g 1 FTIR; Becthai specttum Gx; PerkinElmer Co., Ltd.)

7 Lﬂ‘%‘ﬂ& Differential scanning calorimeter (DSC, §'u DSC7; PerkinElmer Co., Ltd.)

8. INSDINAROLMITUHILYD 1811 (Water vapor permeation analyzer, 51 7002;
Ilinois Instrument Co., Ltd.)

9. &ﬂ%ﬁ]{mﬂﬁ E]‘]_Il“lllfﬁl Hel (Contact angle system, ‘g'r 1 OCA20; Dataphysics Co., Ltd.)

10. Lﬂ%ﬂdﬁﬂﬁu (Air compressor g'u BEBICON 400; Hitachi Co., Ltd.)

11. n3eedeazidun

12. lulasfimef

13. Ay

14. ovaniou

15. nszvenldlulasou
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16. USAUNIATONULAT
17. 81990091 l9siiA (Ultrasonic cleaner, 34 136H; Densply neytech Co., Ltd.)
18. uwulawiinaaones

19. 1A UsunvIIA 50 aaans

3.3 TUABUNISNAGDY
3.3.1 MstAsENgAsHOANID WA

= o 4 = o 1 ] 7]
ﬂ’]SL@%UMWﬂﬁLNﬂﬁWﬁﬂq@‘lﬁtﬁ@F’fﬂ'kl'lﬂﬁ"t]@x’iﬂﬂﬁ'lﬁ?‘i—!ﬁﬁﬂ Tﬂﬁl‘lfl'lﬂ']i HEUAY

P
$137494% 3.4

4 =y 4 g % @
M3190 3.4 WodwesHENgAsNarua Iagtimiln

. JSuwmans (% Tasiwiin)
gash qas ,
PP EMA

1 PP100MAO 100 -
2 PPIOMAI10 90 10
3. PP8OMA20 80 20
4 PP70MA30 70 30
5 PP60MA40 60 40
6 PP55MA45 55 45
7 PP50MA50 50 50

3.3.1.1 MaMBauneanesNaNgAs PR/EMA
FITIUNTUUDL PP 1Ay EMA 197 lda1udad1uaiuaisian 3.4 wen

¥ = a = ¢ L a Z o g =y 2
L“ﬁﬂiﬁ’mﬂﬂ’liWﬁﬂﬂl&ﬂ]@\iwamuﬂ‘iﬂﬂ 2 YU %‘Iﬂuu‘ﬂ’lﬂﬁﬁﬁ’ﬂﬁ’lﬂiﬂ%ﬂﬁN’dml‘]}‘ll‘ljﬂ Taoas

e

anIzvedAsaNall
- smnwessau 300 g
- gungu 220°C
- AMUGIOY 60 rpm

- anlumswey 20 min
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%’J o = St 9 o -:gf o = A = a g
anwiwedwesn lduualfdurudnaziBen awsouneamos

) o 3 a d @ 1
wandmiumsiugildudisitnadaneld

3.3.1.2 MIASLNNOANBIHANGAS PP/EMA/Zeolite A
msaSounedimeinaugas PPEMA/Zeolite A vl Taen1siwdounoed

g ' W | J ¥ @ )
weswauszn31e PPEMA 17 1ddadnuiiu sosso uaz1Tid T ladie 20% Taeimiin ninin
° 9/ d‘i o ?; A 1 = a @
MmMskruAmIonauuuula Tasaidn 112y uns o UFURIINUNITHANASTD 3.3.1.1

L . = sy v vy &£ a = A o a 2 0w E
nnuudmedwesh ldnualdduuanazidea iomssunsdweswandmiumstug

ay o Qs ]
Wdude S naoane'lyl

3.4 matasaudlan

3.4.1 maessudande snisnadn
o ~ 1 = ° &' g = ar Y]
MDA INAUNAIUMIUA YINTUUFUAumaliamsnada lasnaon 2 seu
" ey o ] ﬁ' o = ] Y 1 e o A 5
Aeay 1 uru (ipeanmsnasanndave ausa ldududdunuwasnunainays)
Taoan1zvenTodnadn A34

s :.J t:'l a=‘§ ‘=¥ 1 o AaA o
AINADANTIN 1 IWBTUHNUNTA UYL 2 mm LaslsnsouTansvul 2 mm

Tumsaruguanuvunfaiaue

- gungilumsnaon 220°C

- gamigilumsndedu 14-18°C
- anuanlumsnasa 2400 psi
- nanlumsguuaiiiud 7 min

- nalumsgquueduei 10 min
- nalumsnada 7 min

- nalumsvasidiy 7 min

ar ::r 4 4 o 1 g oo
manaoaaTaN 2 evh 1iuruyu 2 mm Eufduniinnumu 40-60 pm

- guugiilumsnada 220°C
= 1 a
- guvgilumsvasiEy 14-18°C

- anuaulunisnaga 2400 psi
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- nalunsguusdiiud 5 min
- nalumsguwedwed 8 min
- nanlumsnada 5 min
- nalumsvdedu 5 min

3.5 msasgeunyilaniuvesildudamaiingBainsuarlessdunsusa anlolnsa

Tndl
dududuRFoy uvhmansedeunyiadsu TasldmaiayFoinauanedy
sulsusaanInsalnd (FTIR) Tae14 Transmission mode Gl,wﬁmmmé’u 400 cm” §4 4000
em” IS IUIMHISATIEIUANIT T 19 Absorbance TR C=0 Stretching i 1739

cm’ AUNA Absorbance U89 C-H Rocking 1 997

= = a = =
3.6 NMIHIPURHUNTIHADNIVIAINGD qmﬁgumiﬂnwnmmsiﬁmmwaﬂ

MIN13ATNABUYUT NN ITHaOURAIHAD (T,) gangiinisanwan (T.) uazi/Suia
= d’l < = o 3‘1 3’; =) = 1 g ar
WONA28IA3 04 DSC 1nari1n13TAIIZHNINNA 2 ATINUUYN TSI 50-220°C A88AT
o 9 g ' = 3 v w1
M3 laanuiou Ay 10°C aaui luwssorna u lasmy (N,) 1imiind10819 5-10
a a w - Pai g/ 1 d o i 3 £
Jadnsu ddeyanlduimial T, , T, uavilodiudanuilusinues PP A1NN1ATTIU

ASTM E794 [26] 11911 Heat of fusion (AH,) infmuannlesiudanuilunanainsam'd

NNAUNTAL
A\2D
Aunlansa
AH, /g = - 3.1

UHUNAITADES

- AH, x 100 100

d o I~ =
Woduaanudlupan = X (3.2)

o %J @ = oA 1T a
A H; (% Tagminvedanedwasniiegs)
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, 3 )
do AH, fio wasnuanudeulumsvaounin

o 4 3 1
AH? Ao waanuamdoulumsnasundnues PP Alianuilun@n 100% fia

1

207 J/g waz vea EMA (ldehves PE) NiAwnify 293 /g [27]

3.7 maamnedfinadieladeluildy

o = s A g =y o y 2 o 3
mmsniSunadle ladeniiegludlay Teeldinsos TGA Feimuaaniigh

o
NATIUAII
o = ¥
minveslaunld 7-10 mg
s 9/ v 3
8a31M5 ManuTou 20°C /min
gUNYi 30-550°C

- maldusseme N, 30-450°C

- mwldussenmel Air zero - 450-550°C

3.8 MIanHITagIUINeN
3.8.1 M3NIZDIMIUDT EMA
iunuAduatesandaldfiania 1x3 em® ud2i111uau Tnswumandy
nm 1 9l Fnsualuvssfitusdy mm%uﬂuwiuﬂﬁm‘i’m&hm@ﬂumﬁgﬂ%m{jﬁ

s

= o = s as 1 % =Y = L1
fidrvhazanelw@uiles 25 Tadaas luedansleflamunugaungil 40°C uazvduily
& A @ B 2 & 3/ 3/ = =
nall ‘D’?IE\N INBENA EMA 990310 UI1U [28] mﬂuuu1u1®u1u@enauﬁaumqmﬁgw
=1 & g A 9 o @, e dy A o [ a 4
40°C Lﬂunm 12 “]J"Jili\‘l mﬂuumaa‘ummnmmumu1wu‘n¢mmmﬂﬂmmmmmzﬂmi

o Y ) o o '
NIEILAIVDY EMA ﬂQﬂﬂﬁﬂﬁ@ﬁﬂiﬁﬁuamﬂﬁl‘iﬂukmUﬁ@\‘!ﬂ‘i'lﬂ (SEM)

Y] = d
3.8.2 MINIZAEAIVBIY 10 lanie

=2 ar =1 '3 1 = w 1 o 1 ¢ w 1

Anynmsnszaedivesd Te ladme lutruidudloss TashuruAdudogiaun
o = o ] = & o e
dgaldauing 1x3 em? udnih Wus TuTasmumaniunal 1 $21ue ¥oduauluvasizuay
4 E’_, =1 o o 9/ o Ag :; ) e = d a = 4
1 T AR UAeMaIn LdnhuRdare 1dvnmsamszinsnszaedivess e laa

da o T
18 FI8NdBIANI SAUBANATOUHUUTDINTIA (SEM)



29

= U
3.9 MsfnEENTAMImanIn
3.9.1 ANNHIVRSTIAN
o = R | a s &
Tannunwivesilauyngasfiiugl Tl luTasfimes anua 19 99 uds

dnmaunae

1 © o o o '3
209 3.1 umdsdmsuiaanuninussiay

3.9.2 auliAmMISuLsans
NIINARDUN TS T ULT IR oML a3 aRe 6 1A (Tensile strength at
break) A138UALN15A8A 91 9AYIA (% Elongation at break) LLazA189UDAAT (Young’s
modulus) ATMNIATFTH ASTM D282 [29] Taeldias sanadeusmnilseasd 19an1izluns

s
NATDUAL

- Trianad (Lode cell) 100N
- A2 TSRS (Test speed) 100 mm/min

3
- 5383 TUMIIUTUY (Gauge length) 25 mm
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<+ 2 B rn . L
1 ¥
3 [3
A i
i i
i +
i ¥
) 3 - s
: 3 15
¥ 4 ]
: H
P e 3
i Limge H
T Fength '
¥ 3

1 o 5
AN 3.2 SNYAUTFUNUAE

1 o i 1w o
AININUTISIA B AR, A30azNITAITA & AVIA uasAIGIDg AT

£
annsamuln 1dnnaunsdese 1

AanuLdas IR a 9019 (Tensile strength at break) = F 0 /A (3.3)

Adesazn1snda ol 90919 (% Elongation at break = (L‘“—"EE:”;M 3.4

L

AUIAY (Stress)

3.9

AYINIARN (Young’s modulus) - (Sthi)

4 a &

Mo F = USIANEATUNY B JANIR
3 ~ 9w Qy at ] 2
A = WUNHHINAVDIFUIIUATIDY (mm )
1 1 oo & @ o 2 @ 13
| — = SZUENNTENINH W UFUUNRITIMIATUNUAIDEI Bl AR
1 1 Qs qy i qy
1, = 538EM95eHITUTUINADURIFUIIY (Gauge length)

(1101 25 mm

HINgLYia MIegaamUINNANUATEA 0.5 AL 0.9%

3.10 MmanaaeumIFuH1lah

%

1 1 - o = ) T = A o
dearedanageufgudmalulad lavzuaz Taqunena (MTEC) ioiin1sm
Qal d.' T ~ é = L T > d' = £ d.r
3 JonduruailausiunielUendunitisnefiunvesidunwaadn luszeznai

o 9/ = o 1 o 2 = =) dy v e &
ﬂ"[ﬁuﬂl!,ﬁgﬂTﬂiﬂﬁﬂ]ﬂ%ﬂﬂﬂ?ﬂﬂﬁuﬂmﬂu g/m’".day naangu 38°C ﬂ'J'llJ"]fTJﬁﬂJWﬂﬁcluﬂTi



a s an - g A =2 ¥ e
UATIEH 90% Iﬂﬂ?‘ﬁ Transfer time method Iﬂﬂi"mﬂim%ﬂﬁ@ﬂm?ﬁuN'm"ll‘él\ill'ﬂu‘l AATUITU

Wanl#Tiua 6x6 cm’® AIWINATFIH ASTM F 1249 [30]

3.11 MINARDUYNTUNE
F
g

o a o act @ (= o
inedwesnaunimsiugidisisnsnasa lasldufunania 40x40%6 mm’

o

9/ A 7] g
wazlgan1izlumToanasanall

- gamgillumsnada 220°C

- gamgilumsvdeody 14-18°C
- anuaulumsnaen 2400 psi
- nmluptsguudRuw 7 min

- nmlunsquueiues 7 min

- panluniinaga 15 min
- palumsnasitu 15 min

Qs

g . o & e = A da ~ =
«nmuummi@1%mmgﬁ@mﬁanmnmwuﬁm AVINUYBIY U “lﬁffﬂimm

4 1 o 9/ 4 1 v ! g o =]
noaul 2 pL ihnmaduiinamududmdienad 1y 1 1nf Jayufiveeninsituiatag

#181A599 Contact angle system 1UNIATFIU ASTM D3946 [31]
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WansIveuazmMIonisiana

aw & o a way ' ¥ s a ad ot
i 3deit lavhmsdSudyeauiansduru lorvesidunea Tnsiau (PP) Arewmiau
a = a o o v a 4 [ o
winesasoa lanedwes (EMA) Tavdd o ladiedlumsdufiv ieamussyiusioaoignis
s w a @ 1 a
NUTNHIHANGATANIIMINEAT TAANY10AS 1dIUNTUNOBIUBINEY PP/EMA LAZRnyIHa

=1 o %’ ) @ 1 g
voan1sand Ie'lade 20% Tasiimiin laenanisnaassuaasdaae 1

4.1 MIANYINAVBISATITIUNOEINDS PP/EMA
Pay,

s 1 =y ld'.d 1 A ] 43 or
MsAnYINavasshs1aduwednies PPEMA Rlldedufimunsiiugyllasmanada

Tasnauguilduldfinnumuunfedszuial 40-60 pm udadansadi 4.1

M3197 4.1 gAsNOFNINEY PP/EMA LaZANImInildy

Sartaauaeanoamadnan Tashmain AT A
qn3

PP EMA (pm)
PP100MAO 100 0 60 + 3
PPOOMA10 90 10 5543
PPSOMA20 80 20 5042
PP70MA30 70 30 4543
PP60MA40 60 40 45+ 3
PP55MA45 55 45 40 +3
PP50MAS50 50 50 40 £2

4.1.1 m3aswaesvwileanFuliildy PrEMA
msasaeaeuTuamyadduluildu PPEMA S suriunszuaumsnan
waztiugddusiuuds vhlavldnaila FIR :1na i 4.1 uans FIR Spectra VOINANGAS
A19 9 uag EMA Tag FTIR Spectrum 4047183 PP (PP100MAD) Wu1ts1ngfinfid1dnyde
C-H Stretching 11939 2900-3000 cm” C-H Bending 14%24 1300-1400 cm™ 11 C-H Rocking

= 12 g A A < 1 = i A e
71997 em’ Gy ufiniuaaioAYseneuvee PP a1 FTIR Spectra Yaslaugases q fifins
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a | § qoA : 4
(#i3 EMA WuNU31g WA C=0 Stretching 7l 1739 em™ iiand 1 HFadlusadsznovans EMA

o 1 13 i j
uagiadsnanfianuduvesmsganiuuiniusulfinaues EMA fgeu

0619 15AA T unAiLd1 AR C-H Stretching 910 FTIR Spectra Yo aNgATALS

3 A o w 1A v . a d X A o Ay 9
QU uUAATIAR 1URINUAA C=0 Stretching Y01 EMA Niilmguiliiosandduii1dein

4 o 3 {
nIzuIuMsTUgINANunugaih ldesAlszneuifieguin Ae C-H 1u PP uaz EMA uaz

& T 2 = d o
c=0 Tu EMA Ianuduvesiings Fmaiminiugifldanldinsassildanuduvesdia

z ' o ¥t . a & - & a o )
NI BInAaY Llﬂﬁ]$'ﬂ’]1ﬁ1"lﬂ C=0 Stl‘etchlng‘luw'ﬁﬂJWﬂﬁtﬂ@ﬁﬂﬁﬂﬁﬂ?ﬁ““\fﬂﬂﬂﬁ\?ﬂ'aﬂ

T o : 1 [ S 1 1 v r o 1w oA
L‘HHL?]EI’Jﬂu %Qﬁl%ﬁ\?f»\lﬁHlﬁﬁﬁﬁﬂmﬁﬂ‘t"mﬂ@u‘{ﬁﬁﬂ'm Llazﬁ’\iF~IT;Wlﬂﬂ’J']lJLLiJ‘LHJﬂUﬂ’]‘i‘I’T’]ﬂ'!WD’H

4 = .
A13UBUA (Carbonyl index, CI)

1739
C=0 stretching

EMA
PPSOMAS) 5 \. _j\
! 1
PPSSMA4S OV | N
U
[F]
=
&
=
"c' | PPAOMALD ¢ g0 b ) AN
E
<
PP70MA30 J P

LL
o\

A~ AR

\

J

m 1300-1400 997
C-H Bending -H Rockin;
e
Nt ' i
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