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Properties of Smart Vapor Self-Releasing Composite Films to Microwave
Packaging

Wooseok SongT, Hojun ShinT, and Jongchul Seo*

Department of Packaging & Logistics, Yonsei University, 1 Yonseidae-gil, Wonju, Kangwon-do, 26493, South Korea

Abstract The demands for Home Meal Replacement (HMR) products are continuously increasing owing to the con-
venience of instant food and online food delivery. Ready-to-heat (RTH) products have received massive attention in the
HMR industry because these products can be easily warmed using a microwave oven. However, the conventional micro-
wave packaging should be opened before microwave heating to prevent bursting or food loss owing to the steam-pressure
build-up inside the package. Open packaging might lead to non-uniform food heating and cross-contamination. Therefore,
packaging materials that are able to release steam without opening are of interest to the HMR industry. In this study, poly-
lactic acid(PLA)/polyethylene glycol(PEG)/nanoclay composite films were manufactured using an extrusion method as
packaging materials with a smart steam-releasing function. The introduction of PEG to the PLA imparted a steam self-
releasing feature to the composite films owing to the morphology change of composite films during microwave heating.
Further, PEG increased the ductility of PLA, which in turn prevented bursting caused due to the steam-pressure build-up.
The uniform dispersion of nanoclay obtained by a twin-screw extrusion led to stronger mechanical properties. Therefore,
the smart composite films developed here can be applied as microwave packaging materials with a self-releasing function.
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ZHe AvtE 2AE Jdske Zlo] F8 AR Holsl
AR APl frasElar e AAERIA A8 A= F
= polypropylene(PP), polyethylene(PE), polyethylene
terephthalate(PET) 522 Az® FE Fej¢} PP, cry-
stallized-PET, high density polyethylene (HDPE) TS =
Alxd Ede] FHE i AR7Int EEkigo] AR
AT e, HE AR ORE AR Sty
FHLA FA7E F& olfrE WoEwA 2HAEE g
Aol el B2 WS 2 =k of2fd wAlo
o 2 AAIME AR EekiEe 318
Fekngo® At B2 =S 71EoliL 9o, 1
% polylactic acid(PLA) gt A7} 2hdrs] 18)xa
Atk PLA= 78 71A1A 54, 94 54, AEsiAd, A
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Al AR, 7 To= At 340 wEEo 3l
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Polyethylene glycol(PEGy= A2 a2l o]
AL zhar Qa1 PLASH 9% EsdoE dE AZ A
IS AT S8l F=2 AREEE TAlol e, BEd
PEGE= 438} 34 (PCM, Phase Change Material)Z4],
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1. 28 N&

PLA (Ingeo Biopolymer 2003D; density: 124 g/em®, Nature
Works LCC, Minnetonka, USA)E 438}t &3k PEG
flake (MW 35000 g/mol, Sigma-Aldrich Korea Ltd., Yongin,
Korea)®} nanoclay (Montmorillonite clay based, octadecy-
lamine 15-35 wt.%, aminopropyltriethoxysilane 0.5-5 wt.%,
surface modified, Sigma-Aldrich Korea Ltd., Yongin, Korea)

g Fohste] AbgsgTt,

2. 28 NZ%Y

Pure PLA, PEG, nanoclay53rg&2] #43k £4Hs 9
a A4 el o]F%E7] (BA-19, L/D=40:19, Bautech
Co., Uijeongbu, Korea)s ©]-&3l] #|2}sl5ic). S35
28] PLA/PEG wt%= 65/35% 43131, PLA/PEG
thH] nanoclay?] ¥]&-2 5%, 10%Z A2t Nanoclay
o] wjEg 2o PEGY] T 2 #AT AR S8l 12kE
tAEElA], 2212 55 Adehe T 9l HEEEE
AT 12 HES 4E7] FYTAAM B 2k
2 60, 65, 65, 65, 65, 65 70°CE A3 PEG-
nanoclay FFAEHIXIE AT 2 F, 60°ColA] 244
Zb o) 71x¥ PLASH mEEEHIX|E H]&o] BtEo] 23t
HEot] BES Ao, 22 &7 74
dr EETY &EE 150, 150, 155, 155, 155, 155,
155°CE AAslth. 28 &9 e uxd A =
A AlelA] (547-401, Mitutoyo Co., Kawasaki-shi, Japan)
£ ol&3at] FHa 53] o) SAHSAL, 80+ 5um=E 2
3lATh B Aol AMEE pure PLAS E3tEEo] A=
Wyl ZAH]E Table 19 At

3.4 34
31. BBLEY 9N Y
Aol A3 pure PLA 2 PLA-PEG/Clay 5%

BEe) 94 B4 2B A5] BB 8§ L, §
& A2y, YARskE, ¥44s)t dgds SA6el
459 &8 9 2Ast 2Ev AAFA EFADSC,
Differential Scanning Calorimetry, TA Instrument Q10,
TA Instruments Inc., New Castle, USA)S ©]|-&3}o] £2

Table 1. Compositions and sample code of PLA-PEG/Clay
composite films

Composition (wt.%)

Sample

PLA PEG Clay
Pure PLA 100 0 0
PLA-PEG/Clay 5% 65 35 5
PLA-PEG/Clay 10% 65 35 10
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St 54 2% H9E 50004 200°C, 52 2==
10°C/min=. FAF Al 2o 2eE =] 9l A4 715 8t
oA FePsct.

32 SEEY NN EY

B Aol #A|%3F pure PLA 2 PLA-PEG/Clay &
dEEO 7AA AEE A5 S8l e A=t
Ad-5-E ASTM D638l W} vHEsA1E7|(UTM, Universal
Testing Machine, QM100T_C, Qmesys Co., Ltd., Uiwang,
Korea)S o]-&a}o] 2438130, 20kge] =43} 50 mm/
min PFHEE st

33. EYEES TN FEot

B Apoa A%3F pure PLA 2 PLA-PEG/Clay =3t
259 7 FH=e 7t F3% Al@7] (GTR, Gas
Transmission Rate, BT-1 Gas transmission rate tester, Toyo
Seiki Seisaku-sho, Co., Ltd., Tokyo, Japan)S ©]-&3}¢]
A8tk RE IE-2 40, 50, 55, 60, 65 1|3 70°C
o] oA AAnE o] &3 7A FHEE SHsAT

34, SYRLUEY MARQIA] 2o B}

2 Ao A A|%3 pure PLA 2 PLA-PEG/Clay £t
&9 AAHIA 28 Al 57 APEE 7FsAS A

7] Sl AAHRIAl 2o A& HrkE dgsislen &
g3} A7 -] 7hset AR 1A (Microwave oven,
MAS-II Plus, Sineo Co., China)E ©|-&3sfo] =3It
Tk A A R 2%0] W= G- (Thermocouple,
K type, 0602 5792, Testo Co., Ltd., Seoul, Korea)<}t
do]e ZA(Data logger, Testo 176 T4, Testo Co., Ltd.,
Seoul, Korea)s &3l S35ttt W o] W= &
]2t Zelg FE (polyurethane plastic tube)e} 14
B FAUZH A (Wireless pressure  sensor, PS-3203,
Pasco scientific Inc, Roseville, USAYS AlMgslo] =43}
R, L AR AnfEEY ERFAE ddsle] 7|15}
gom, AFo RALE= Fig 1o Yelith & 5mLE ¥
£ £7](154 mm x 113 mm x 60 mm, 370 mL, Komex Corp.,
Seoul, Korea)?] Aol FE(2.5cm x 2.5 cm)g F2Hsl
tlojE] A} FAYHAME AR & 78 AxQl
Ze] ¥l 700 WoE A4 & 2 27+ sk
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Fig. 1. Schematic of steam releasing test using the microwave oven.

4 A= Fig. 20 YERRAL, Table 29= DSCollA
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AL (AH,) #& AFElste] Ykt Pure PLAS] 7
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Fig. 2. DSC curves of pure PLA and PLA-PEG/Clay composite
films.
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Table 2. Thermal properties of PEG, pure PLA and PLA-PEG/Clay composite films measured by DSC

Sample To (O AH, (Vg® T, (CF  AH, (/g Ty (2 AH,, (V/g)'
PEG 35000 63.8+0.2 1579+13 - - - -
Pure PLA - - 123.2 £ 0.5 14.8 + 0.3 148.8 £ 0.2 154 + 0.1
PLA-PEG/Clay 5% 642 £ 0.1 50.2 £ 0.3 84.1£0.2 109 £ 0.5 152.5+ 0.9 19.0 £ 3.2
PLA-PEG/Clay 10% 64.8 £0.2 50.1 £ 1.2 83.2 £ 0.1 9.5+0.1 153.0 £ 0.4 203 +0.2
*The melting temperature relating to PEG
"The enthalpy for the fusion relating to PEG
“The cold-crystalline temperature relating to PLA
The enthalpy for the cold-crystalline phase of PLA
°The melting temperature relating to PLA
The enthalpy for the fusion relating to PLA
PKSHEA T,o% AH,7F 2% 37K A2 B 4 gl
Park 'V w2H, o= PLAS] @ﬂ:@hﬂ 71819 ES
—— Pure PLA

UERN ™ nanoclay’} A ZE gste] Uw =7]9
nanoclay”} PLAS] ZAA3I=2 93 A ax= F=3
Zolgt RSt B3, nanoclay’} PLA WlEZ 2 Ujo]
BAEEA A obgajo] dkabEl Ao 7]o18hH920),

o]83t DSC A= 3] PLASF PEGAlold] 73t 3}8t
A gsAgoe] dASS o ¢ lor, E3 PEGoﬂ o8t
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Fig. 3. Stress-strain curves of pure PLA and PLA-PEG/Clay
composite films.

9} modulus’} YE BEE How ALEET}RD),

olFgt AFAE B & AolA A PLA-PEG/Clay
B35 PEGE] 7HaA] S92 218 PLAS QA=
e A9k, A4S IAF LM, nanoclay?] =4

=
7" =S} modulusE Y- 3EE = 9SS 3

B o
Ql',
i& U

LFJ

J
e

3. Pure PLA%} &
;(-]]15] EI)‘]—D‘J

ZEEY N ot BN
S AARIRIA 877 27
g317] 9siME PEGY] -85S AUbHA T4 Yo

Table 3. Mechanical properties of pure PLA and PLA-PEG/Clay composite films

Material Tensile strength (MPa) Modulus (MPa) Strain at break (%)
Pure PLA 46.7+4.2 21019+ 11.7 24+0.1
PLA-PEG/Clay 5% 20.2+2.1 1078.0 £ 101.0 5.0£2.1
PLA-PEG/Clay 10% 28.5+£2.6 1248.3 £176.8 48+1.6
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Fig. 4. GTR test results of pure PLA and PLA-PEG/Clay com-
posite films.
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and PLA-PEG/Clay composite films.
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