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Ornwaree Ratcharak 2011: Coating of Biopolymer with Poly(Trifluoroethyl Methacrylate) using
Rapid Expansion of Supercritical Solutions Process. Master of Science (Packaging Technology),
Major Field: Packaging Technology, Department of Packaging and Materials Technology. Thesis

Advisor: Ms. Amporn Sane, Ph.D. 88 pages.

The objective of this research was to improve moisture barrier property of a polymer blend
consisting of thermoplastic starch and poly(butylene adipate-co-terephthalate) (TPS/PBAT) with
poly(trifluoroethyl methacrylate) (PTFEMA) using rapid expansion of supercritical solutions process. This
work was composed of two main sections. First, the study focused on determination of coating capacity of
rapid expansion of supercritical solutions process and investigation of the effect of coating conditions on
PTFEMA particle sizes and morphology, as well as the PTFEMA-coated surface characteristics of TPS/PBAT
blend sheets. The second part involved the measurements of water and oil contact angle, water vapor and
oxygen permeabilities, as well as chemical, thermal, and mechanical properties. It was found that PTFEMA
particles obtained from the rapid expansion of supercritical solutions were spherical with a size range of ~20—
2,500 nm and the coating layer thickness was ~60—740 nm, depending on the PTFEMA concentration and

P_ ). Increasing the concentration of PTFEMA resulted in

pre’ ~ pre

pre-expansion temperature and pressure (T,
decreasing particle sizes while increasing the surface coverage of PTFEMA coating. However, increasing T,.
resulted in significantly increased the particle sizes and the particles were further apart from each other. In
addition, increasing P resulted in decreased particle sizes whereas increased the particle agglomeration in
network form. Coating layer thickness increased with increasing PTFEMA concentration, T and P .
Coating by rapid expansion of 1.0 wt% PTFEMA solution at Tpre and Ppre of 40°C and 331 bar, respectively,
provided the smoothest coating layer. Moreover, it was found that coating with PTFEMA using rapid
expansion of supercritical solutions process can improve hydrophobicity and moisture barrier property of
TPS/PBAT blend sheet, as shown by the increase of water contact angle and the decrease in water vapor

permeability, without affecting oxygen permeability as well as thermal and mechanical properties.

Student’s signature Thesis Advisor’s signature
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2001; Halfgen et al., 2001; Blasig et al., 2002; Sane and Thies, 2005; Reverchon and Adami,
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lan: McKeen (2006)

ﬁvhumﬁmiﬁﬂmmﬂ%’wgaaiﬁwaﬁmaiﬁmﬁummmmmiumis?fmmuﬁyw Tay
maasenlifeglugivesildn nazmandevinag Taslgee Tsnedmesimnmsane 1un
wilazianzlgee Isindaonsian (1H,1H,2H,2H-heptadecafluorodecyl acrylate) (Coulson et al.,
2000) WE’JSL‘]J?J{V\IQ@E’)I'E IAFAOATLAN (Poly(1H,1H,2H,2H-perfluorodecyl acrylate)) (Gupta and
Gleason, 2009) Ianedmesszniealasu (Styrene) aziandazilgoee Istinamwmasian
(2,2,3,4,4,4-hexafluoro-butyl methacrylate) (Wei et al., 2010) lavdonlaneawes (Diblock
copolymer) iszwa”lﬁ?uﬁmaﬂaz‘vxlqaaiiﬁ’;ﬁammﬂ?mw (Polystyrene-block-poly(2,2,3,

4,4, 4-hexafluorobutyl methacrylate) (Wei et al., 2010)

J a d
6. maﬂuwmaﬂnﬁmw

[ 1 A

% [ o o
Tuilagiiunssynuaiinnudnyaegaa1rinssue1nis iesainldlunmsudasdoya
A [ 9 " A W o A o 4 A A o A a =4
mnyas Iunnaafus uazdnilowaafusinnmadendeouiiowningaunsd
™ [ PPN a a [ I a (]
Tagia ldussydusindenldndaannnaradndunsizin ldongaamnssud Tasidon wu
WodeNau (Polyethylene, PE) Woa InsWau (Polypropylene, PP) tiazwaaonaumatsinian
4 < '
(Polyethylene terephthalate, PET) 15189910 0A 009159 81313 0A UMUMTFUFRIUYD
dy (24 a Y a < 9 9 Y 1 <3 a
AnuruazMyeangau aa tazenuisatlaniinaltennuioula sd1elsnaunaraan
o 1 1 [ v Aa A @ ogj 4 3
Usziandanan luawnsodesaais lavedina liinallymaunadon doiumeiumsan
o [ 1 o a P []
Hymaenandeldlimsiannedwesnaunsndosaa1on1a¥1nIm (Biodegradable
[V ™ 1% Y ] I
polymers) 910789 F231U (Bio-based materials) Taona 1 Jaqilszinniimiseondu 3 Uszion

o 1 o A Aa s o A S W Pd
NANMUUNAINIIA AD WOANBINANAINTINIA (Biomass) WOANDINFUATIZHIDINUOUD

= a s A a -4 @ ~ [ a3
WOTTITIU UATWOADINHAA IABAUNTE (Weber, 2000) AduaadlunIni 7 AN CHERY



23

A A a 9 o = 1 "o = A 9 = 1 [
wadaniwan ldniniaasigiulasdiulngdensdiauialumsdumumssuiuve i
uazauliasanadeenuofisuiunaraani ldangaamnssull Tasidon Taomnizod19as

Pz A S A a Y s A SR A 9 =<
mos lunaaAnaassinaa ldanamssnieanisaianuamnsalumsdumumsdu

k4 v
WWH‘U@Q?’I’NN‘AHHLLﬁ%ﬁﬂﬂWm!fﬁﬁlLiﬂﬁT

3 =
AT
o = [ d =) a a S J
ANAVINTINID AAUATIEUIINUDUBINDIBTITIU WAAIINYAUNTY
|
[ [ 1 | |
a o 14 = & a a a a =
W@ﬁll“]ﬂﬂﬂ1i"liﬂ T'ﬂmu llellllu - NOALLANANLDYA - Waallamaﬂmmaﬂﬂumw
(Polysaccharides) (Proteins) (Lipids) (Polylactic acid) (Poly(hydroxyalkanoates))
J = a2 J Y A A
- @MSY¥ (Starch) - 1A%U (Casein) - inawelsa - idulomaglagnnuunaiise
- maqiaa (Cellulose) - @&V (Zein) (Triglyceride) (Bacterial cellulose)

- 1 (Gum) - DUMA94 (Soya)

laTaanu (Chitisan)/ - 178 (Whey)

In@u (Chitin) - NQIAY (Gluten)

ADAAUIU (Collagen)/

1981AY (Gelatin)

MNN 7 TA9¥I151U (Bio-based materials)

31: Weber (2000)

% a s . < a s A &£ A
!W@iiuWﬁWﬁﬁﬂﬁ@nﬁ“ﬁ (Thermoplastlc starch, TPS) LﬂuWﬂﬁlNﬂﬁ“ﬁuﬂﬁuQﬂﬁ’]N’]ﬁﬂ

[} a 4 4 [ a
ﬂﬂﬂﬁaTﬂqﬁlﬂT\i%ﬂﬂWW ﬁ”liJWﬁﬂWa@ulﬁlﬂ']ﬂﬁﬂ'lﬁclf (Starch) W?@‘V\Ia'nﬁ (Flour) Tﬂflf]']ﬁﬂﬂ'lﬁmllw

a J .. 1 = ad Ia
e lyeyos (Plasticizers) 15U NAKEDIDA (Glycerol) onaulnanoa (Ethylene glycol) 4931

. oy 3 9 ' o Y 9 A o k4

Nnoa (Sorbitol) Lias U1 L‘]Jmm 533Jﬂ°].|ﬂ']51ﬁﬂ'ﬂll56u LIURDU LASAITUAU QIYNTSUIUNIT
3 o ) .
1ONFNFFU (Extrusion)

[ A 1 54 9

PRy P { ™ o
Wansiluomsazaulwsadisnnuannluisiuas Sy 5y Tudilznds 417

9

11 Twe 67 $ludu) Tasilszneudieas Tulamsa Tasau lufiu wazindsusaneg §msy



24

4 a 9 o 4 ] [ A [ A A 1
aassran laanmsiiansnrmunszuumsadaieusnauilszneudugeen liivasus
1 o a o' 1 (Y d I 4 a Y
auveans 1 lamsa TaetilSuaTlsaudnimsomndy 0.5 wlesisud wazlilTuna vy

c'v 1 I 4 o 4 a a
dn1 1.0 wesisua Taena il Tuanavesamsyisznoudieueilad (Amylose) taguoil 1
a a 3| a d A 1
IWNAY (Amylopectin) Ingued laafunedwes sudunisznouaieng Ina (D-glucose)
nangmieFouaniud1eWuszng InFaAn (Glucosidic linkage) ¥ila
A 1 a a I a sa A A 9 ] A [

01, 4 (Mu 8) druueil TamnduwiluneamesFinanlsznoualertieveing Indiyondo
AuMeuszng Inganwiia o1, 4 wagiiuszng Inganatia O-1, 6 (MU 9) Tagdasiau

a a a [ Y] a o vAa J 1
voaueil laauazuel Tamaauazuanaanu lawsiiave il Ml auidvesaassudas

FUALANVUANAINU

v 9} A
2N 8 Tassasumauniiveuei lae (Amylose)

307 Tester et al. (2004)

i 9 Tassadramaniiveaei TalnnAy (Amylopectin)

307 Tester et al. (2004)



25

7. wealnauezAmn-la-matsHinuan
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1. IngAY

1.1 wod lasvlgooTsieNiammiaiian (Polytrifluoroethyl methacrylate, PTFEMA) ik
ﬁlmﬁﬂimaqamﬁ'm%qﬁmﬁﬂ (Weight-average molecular weight, M,,) 111111 36,500 NSU$1D
Twa uazﬁ%ﬁm'iﬂizmﬂﬁwmfimﬁﬂimaqa (Polydispersity index, PDI) 111111 1.46 (P6634-
MATRIF, Polymer source Inc., Canada)

12 mivoulaeenled (Carbon dioxide, CO,) (High purity grade>99.98%, Chattakorn
Lab Center Co., Ltd., Thailand)

1.3 uﬂ\i"fljnﬁgﬁ (Erawan brand, Cho Heng Rice Vermicelli Factory Co., Ltd., Thailand)

1.4 uilathumdien (Erawan brand, Cho Heng Rice Vermicelli Factory Co., Ltd.,
Thailand)

1.5 NAl¥eIon (Glycerol) /N3ARATIYNTIN (United Kingdom)

1.6 WoalNauezAnn-la-metsnuan (Poly(butylene adipate-co-terephthalate),
PBAT) 103 Ecoflex® F BX 7011 (BASF Corporation, United States of America)

1.7 unaiFeunaolsa (Calcium chloride, CaCl,) I3 ANATIEN (Merck KGaA, Germany)
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A A d
2. m‘smuauazqﬂﬂsm
A A Aq v = N . A
2.1 !ﬂiﬂﬁﬂﬂﬂﬂlGHGLUﬂTiﬁﬂHTWﬂﬂﬂiﬁﬂJW\lﬁ (Phase behavior) m@ﬂﬁ”lﬁﬁgfnfw\lﬂa“lﬁi

a a J J a % I <
V‘I@Jﬂﬂiﬁlﬂﬂalﬂﬂ'lﬂiLa'ﬂsluﬂwﬁ‘]Jﬂuulﬂ@'ﬂﬂvlﬁ]fﬂlﬁﬁ@')ﬂf]@l,!,agﬂigﬂﬁuﬂ"lﬁsllEJ']EJG]'J@EJ'NTN]LTJ

YOI ﬁazawmﬁa?ﬂm] (Rapid expansion of supercritical solutions, RESS)

Y.

Vent

Pump Nozzle

CO, cylinder

View cell

Coating chamber

Y@v Stirrer

CCD camera

Borescope

a A A Agq v = A A
MNn 11 Lﬂi@ﬂu@%i%iuﬂTiﬁﬂHTWﬂﬁﬂﬁiﬂ!ﬂﬁlla$ﬂ15lﬂaaﬂ

2.2 ndpsganssminidnasoutudeniaviiallanoladu (Field-emission scanning
electron microscope, FE-SEM) (Hitachi, S4700, Japan)

23 niosyfSesnaudrlesudunlsusamlnInsalml (Fourier transform infrared
spectroscope, FT-IR) (Bruker, Tensor 27, Germany)

2.4 m%mmauﬁmmwﬁumumm@aﬂéﬁmu (Oxygen permeation analyzer) (Illinois,
8501, United States of America)

25 seanAReUSATINIFHILYY 01 (Water vapor permeation analyzer) (Mocon,
Permatran-w 398, United States of America)

2.6 Lﬂ%im‘l/mﬁ ’EJ’UlpJﬁ’ WA (Contact angle measuring instrument) (Dataphysics

Instruments GmbH, OCA20, Germany)
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2.7 Lﬂém‘ﬂﬂﬁfJ‘UﬂTiﬁmEJﬁ’mNﬂ’Jm%@u (Thermogravimetric analyzer, TGA)
(Mettler Toledo, TGA/DSC1 STARe, Switzerland)

2.8 Lﬂ?ﬂﬂ“l/lﬂﬁ puauTANIIANLToU (Differential scanning calorimeter, DSC) (Mettler
Toledo, DSC1 STARe, Switzerland)

2.9 13eenaaeUaNATINa 1L THUAUT IR (Universal testing machine) (Instron,
5900, United States of America)

2.10 ﬂﬁg{’ﬂﬂﬂaﬂi 3 ﬁ‘lj!,!,'i 19200 (Atomic force microscope, AFM) (Asylum Research,
MFP-3D-BIO, United States of America)

211 inFessasannvangguiaangryu I lufiemedorduasiluanguuiula
quYs al (Fully intermeshing co-rotating twin screw extruder) (Labtech engineering, LTE-20-40,
Thailand) Faiidurnuguinarsvesangiiiiy 20 Gadmas nazdasdruvesnnuenaoduy
HILgUOINA1YBIANg (L/D) 1IN 40:1

2.12 m%‘mﬁmﬁ@ (Pelletizer) (Labtech engineering, LZ-120, Thailand)

2.13 ‘ﬁiJ (Pump) (Wason marlow 323U pump, England)

2.14 é’auau%’au (Hot air oven) (Binder, FD 53, United States of America)

2.15 “ﬁqu Y1INA (Vacuum pump) (KNF Neuberger GmbH, D-79112, Germany)

2.16 1AFIAMDS (Desicator)

2.17 m?m"i@mm*ﬁm (Digital micrometer) (Mitutoyo absolute, ID-C112BS, Japan)

2.18 1AT0FMIMIANANEY 4 @114 (Sartorius, CP 224S, Germany)
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2.1 MIIATENLHUNOANDIHANTEHININDS JunaaandaswiazwoatInauoa
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2.1.1 MIATIUTANDS IUNAFTANTATY (Thermoplastic starch, TPS)
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