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ADCHARAPORN BOONMA : INFLUENCE OF GASEOUS PLASMA ON
THE MODIFICATION OF SURFACE PHENOMENA FOR POLYLACTIC
ACID FILM. THESIS ADVISOR : ASST. PROF. WEERASAK

LERTSIRIYOTHIN, Ph.D., 46 PP.

PLASMA TREATMENT/SURFACE PHENOMENA/POLYLACTIC ACID

The surface modification of film polylactic acid using low pressure plasma with
ammonia, mix ammonia and argon, mix nitrogen and argon, and argon gas at the most
suitable conditions, 100 mTorr, 75 watts with treatment time of 10 mins was found to
affect the reduction of contact angle or increase the hydrophilic of the film after
plasma modification. It was found that 5 days after plasma treatment, the contact
angle was increased immediately. After that in days 6 to days 30 the contact angle
increasing slowly due to its hydrophobic properties was recovered. Moreover, the
rates of oxygen permeability have a significantly changed while the vapor remained
unchanged. By the use of X-ray photoelectron spectroscopy (XPS), C/N ratio
evidently showed chemical structure change for all of the treatment containing
ammonia or nitrogen. The results indicated nitrogen bonding onto the surface of
polylactic acid film. Furthermore the results from atomic force microscope (AFM)
showed the roughness surface after plasma surface modifications and scanning

electron microscopy (SEM) showed homogeneous surface morphology.
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T, = Melting point temperature, (°C)

XPS = X-ray photoelectron spectrometer
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2.6  Mauonluily (ammonia, NH, )
. S !
uou Tuiie (ammonia, NH,) ifluaistszneuaiindsznouaiesia luTnasauuaz
A [ A A A g 4] a [ U (%
leTasion gasniiae NH, awaaslugd 2.3 7 TP sowTuiledlumanbuazianiouidg

VNFHA UNAURUIRNIZAD

A

W
HW

107° }'1

g1 2.3 Taseaien Tudle

AN WU (2555)

] 1 o ] {
Tuanavoswen Tudle liuuusiw uAvzlidnyuzgnoailung @i (tetrahedron)
A A 1A a = 2 g 9 a = 1 o
vIelzenNNszlagIuaumasy Sulludeauufgiuveangug VSEPR jilsneluanadnvae
- v 3 o L] ¥ o & ¥
Hlaesamazlanvazdulalna (dipole) wazyhliiiuiluan dniuwen Tudiedsazarsluii
[V Aa a J A . o Y
laaun ezaowlulasmululuanavziividnasous laaRed (lone electron pair) ttazii1v
A~ fLg 1 ¢ A g A g o
won TumieNgnsdlwualuaisazaigi (aqueous solution) Milunsansedunaruivainise
o @ 1 ¥ a g
veiusznulelasidionleoou (H,0) Yaatass Tuanavesih (1,0) nduaadlulszguin
yoauoy Tuiion lopon (NH,)#egils19dnanseaniiuen Tudisvzimavou Tuiion losouas
Y
Yuegn pH Y93 A150za1d
AaanAve el

a3 luan NH,

U q

9
o Y]

wmiinTuana 17.03 n3u/Tua

dnvaizia Y (Appearance)  iHufa liiiF ndunuin
ANUAUWUY 6813 NTW/ANT

msaza1eluh 54 n$/100 fladans

ANADNINAD -78.27 DA UAITHE (195.42 DIAUADIU)

A1A0A -33.49 0 UBAITOT (240.74 DIAUAATIN)


http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A3%E0%B8%87%E0%B8%AA%E0%B8%B5%E0%B9%88%E0%B8%AB%E0%B8%99%E0%B9%89%E0%B8%B2
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%B5%E0%B8%A3%E0%B8%B0%E0%B8%A1%E0%B8%B4%E0%B8%94%E0%B8%90%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A1_(%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5)&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=VSEPR&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%94%E0%B9%82%E0%B8%9E%E0%B8%A5&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%82%E0%B8%B1%E0%B9%89%E0%B8%A7&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3_(%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5)
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3_(%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5)
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B8%95%E0%B8%A3%E0%B8%AD%E0%B8%99%E0%B8%84%E0%B8%B9%E0%B9%88%E0%B9%82%E0%B8%94%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9A%E0%B8%AA_(%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5)
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B8%99%E0%B9%89%E0%B8%B3
http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%9B%E0%B9%87%E0%B8%99%E0%B8%81%E0%B8%A3%E0%B8%94&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AE%E0%B9%82%E0%B8%94%E0%B8%A3%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1%E0%B9%84%E0%B8%AD%E0%B8%AD%E0%B8%AD%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/wiki/PH
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B9%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%AB%E0%B8%99%E0%B8%B1%E0%B8%81%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B2%E0%B9%81%E0%B8%99%E0%B9%88%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3_(%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5)
http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B7%E0%B8%AD%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%9F%E0%B8%A5%E0%B9%8C:Ammonia_lone_electron_pair.svg�
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2.7 NMYDIINOU (Argon, Ar)
271 auliamemenInued01inou
» 4 2 Y = 3 A = A 1 A =
Mae13neu (Ar) WHumsnes Husigitiozaouden lifid Tulinau lill

2 o =

a 1 a3 a o A 9 14 ~ dyd 9 =)
TV Lla$u13JL1JUWHﬂUﬂQLL'Jﬂﬁ@1J DITNDUNNUUUYNTDIUSVDUNAWLASNIY  HINUAIY

[

] 9 1 o [ 1A [l
MWUMLY (gas density) 11101 1.784 NFUABAAT Nl STP AR (boiling point) DY
184.35 24AUAAIY LAz NUHNINGA (critical temperature) JANADNINAAUNIAY -308.8 DIA

o
Wusulad
A = d
272 auiaAmMuUniveI1nou
4 = ~ ~ 19 A o = 4 3 4
p15neulinnuanes Iaeh hidesliwusemanll e13neuawininazaieyilla

1nn Tulasu (N,) 89 25 i Taedszana nazamnsnazatela lueendau

2.8 wWaauanAnMdAA (poly lactic acid, PLA)
a a a <3 a { A o
nwoaLanAnLe®A (poly lactic acid , PLA) WuUna1a@@Aninanannssuiumsuiniiey
° 3 s o ' D) v o v @ Y = 3 ' s A
snnuilatiuesndseaeundn wu 910 Tna naziudilzvas dludu Fudluuvasasveun

9 o A A g di’ Y I A 1A o
llﬂﬁ]’]ﬂjﬂﬂﬂﬂcﬂﬁi'l\‘]"llucnﬂllﬂuklﬂ (renewable resource) ﬂﬁ'lfllﬂuqn']\ua@ﬂiﬁmﬂu’ln’l‘ﬂﬂllrﬂu

a d AN
nagannu191nl Iasaew
a a a I a 14 a
NOAUANANLBTA (poly lactic acid , PLA) Wunedmesuuuduase waalaanms
1 I o 1 o . ~
gosutlalmiluiinea HAZUIFIUNIZUIUMININ  (fermentation)  laglduuaiize
. . A ] v % 9 a I a
Lactobacillus  brevis  tWogos Tuanaviialngvesuduaziaa lawandailunsauandn
. . 2 & 4 ES ° 1 A A
(lactic acid, C,H,0,) @uilunousmosd (monomer) MNUUMININIUNTZUIUNITNIUALND
o 4 a Jd o [ .
Fuasiey  wedmes swunld 2 ATTUINMIAD ATTUINMIAILLUY (polycondensation)
a a [ 4 1 [
HaznszuIUMslaig (ring-opening polymerization) HARS NN [AAAATTUIUMTUINITEN I
a a a 4 A a a 4
NOAUANANIDTA (polylactic acid) (1B nFUAUAMI IFnTAuanAn Taensaau ldnedues

9 ]
11!6111!@]@1!?1@15)18 AIUNTZLIUMTNAOI WLNANTITINAIVBINTALAAAN 2 Tmaqa ué”;mﬂ

]
=1

< y % o 4 o 7
dhuensilsznounuuiehiizeuanIng (actide) udninumumanlng mdunsziilu
[ 3 a oA J a g J a o R
aelgenlddunedwesiizenin weduanInd (polylactide) Dugindasmsin a0
nIgUIUMIRAaNuAna NN UuAYzd Inssadauazquainiaaeg mileununnilszns asgl

N24
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O

O

A 9 = a a a
g‘lJ‘VI 2.4 Taseasumunivesnoatanantosa (PLA)

29  auaulAveInaaLanANIBTA (polylactic acid, PLA)

Y
WoALAAANUBEA (poly lactic acid , PLA) Hanyuz ld uazlinnuuiiigs lasiued

A Pillin, Monterlay, and Grohens (2006)
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o a T Aq Y =~ a A o Y Y = @ a e/:i’
nuesaNLaan 1y uazuﬂmﬁummaﬂaﬂﬁmﬁam"lﬂ“lmm"lﬂwummﬂuwaamaiwugm

o A d I'4 a v & 2 ay g~ 9 v Yo
ﬂ?qﬂﬂLﬂULﬂﬂﬁiﬂwa'lﬁﬂﬂ aTannnuUNau L!agiﬁﬂﬂﬂulﬂﬂ UANUATUNUADUINULAS

o o a o ¢ 7 2 '
lusiuge Maoon®au (oxygen, 0,) Maasuou laponloa (carbondioxide, CO,) Az HLINS

iulaa TnnuaamuaAsnsnIzunn (impact strength) #1 MNAMAVIAAI 9 YBINOALANAN

a d‘ 1 dyd Y~ o o a a a d’ a d‘ 9 [
LL’E’J“]!WVIﬂﬁTJlITL!%\‘]UlﬂllﬂTiﬂW‘I’iuﬂﬂmﬁNU@lﬂlfNWmeLﬁﬂﬁﬂLL@%ﬂﬂWﬁmW@ﬂﬁﬂ1 aataadly

A
ATTNN 2.1

oA

M3 2.1 AUANIAVOINDAUAAANIDEHA (poly lactic acid, PLA)

qulia NatureWork PLA Biomer L9000
ANUHUWUY 1.24 1.25

T, (C°) 56.7-57.9 n/a

T, (C°) 140-152 n/a

HDT (C°) 40-45 (amorphous) n/a

135(crystalline)

Tensile strength (MPA) 53 70
Elonggation (%) 6 24
Flexular Modulus (Mpa) 350-450 3600

117 : UTHN Nature Works PLA
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2.10  MSIANNUAIRIAZNAINURD
MITANFINUAI (surface energy) Ianusuilanndmsugaamnssumsszynd 1y

warmnlumsdSudssnanmiag  Fandsnuinznodesnunaauiana1eegnueide

[

Y
¥ printability bondability adhesion wazaNuasatlen (wettability) YOINUAITA

q

{ 1 a 9 1 { 1 Y 1A
TuranaiegneluiiveuraivggnasalonsssznIesaenan luanaieglng o

Y
v v A

9 U ' 3‘; d‘ (% a a . (4 a v
AUANVDIVDUHA WM UUNTURFNUNUAD ANUAIA? (surface tension) MIONAIUAD A

waaelugan 2.5

E2Y)

Vapor

Ysy

Ysi

Solid

v W

gﬂ‘ﬁ 2.5 4w PHAVDINEAY (Vandencasteele and Reniers, 2010)

a I [ 1 { o a 1
ﬂ?TNﬁQW?ﬂJ@QﬂI@Q!Wﬂ? ('Y) L']Ju@@]i"lﬁ']uellﬂﬂuiﬂﬁﬂi%ﬂflﬂ@nmﬂ'ﬂlﬂﬂ“ﬂﬂﬂlﬁﬂ?ﬁ@

1 Y
v W

Y
wmammanmmmmmmmﬁgmmﬂizﬁw LLE‘]$ﬂ’313~1813@9})’0\1@]\1ﬂ1ﬂﬂﬂl!§\1$}}3EJ ANUU

o A a SA A o A Y SR a 1 & [
WONUNIDATS (free surface energy) ﬂﬂ@ﬂTumﬂizﬂTIﬂﬂlliﬂﬂ@?utﬁﬂ@ﬂW’J@]ﬂ‘ﬁuﬂ‘ﬁuﬁlﬂ

4 H
A A

4 H H
WUNUBINUAIVDIVDUHAIN U UAITN
[ L% A d’Q ds! 1 9 [ % Li' Aa o g
YUFURT (contact angle, O ) An yuMaTuszHNUdUFUAANUAINDEAT o 99
v W % 1 o o A v v o . ' <
dura FaAudURalrdUNUEAULSY  adhesion  HFITIUINVBUNAI-VBILAL  LAZUTY
! { o %’ 1 g‘; 1 1
cohesion H345ZNINVDAUKHAI-VOUNAT NNTZIVUHEAL HazlinAdua 0 D9 180 091 D191
v o 9 1 o A tg a [ ~ ¥ Y 19 1 v W
yuduAmiesnd1 90 o UnAeNUHIveTAgUzitlani 1Ae1n (unwettable) HARIA LU
1 &’ a lglll = A A g
WINNIT 90 BIANAUHIUUITTAVaNIAR]aNIN
ANUFUHUT SEnINYUANAAAUAINAIAY  9zegiAuANRATEHINLITIAIAD

S
[

1 a 1 @ a J 3 o
narwa  lAun  ANNAIRITENINYEIMAINIMA  (Y,,) ANNAIHITENINURTINY
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a 1 < W [ v
YOUKHAT (Yg) HAZANUAIAITENINVDIAINUDIMNA (Vg,) ANUFUWUT Young-Laplace

equation A9EUNIN 13 (Vandencasteele and Reniers, 2010)

Yov - Vs = Y,,C0s0 (2.13)

v W

0 foAanuduna
a ' S o
Yoy ADANUAIAITZHINVOWIINVOINA
a 1 3 o
Vo ADATINAINITZNINVOWTINVUDIUNA?

Yov AOANUAIAITENINVDUHAINVDINIA

211 uENDAvYaINUAD

v ' Ed
2111 audidanureuiil  (hydrophilicity) wuede  ddaniouNzaaduii

U

Y
IS A A b4

Y v J dyd 9 a d ° A [ a
ﬁ"liﬂﬁgﬂﬂll‘ﬂ"lx‘lmllsllﬂﬁwuN?ﬂﬂ%iﬁ?ﬁﬂlﬁﬂ]ﬂlﬂﬂﬂ tazasanvein NAOUDYVUNT

'
Y o =

v ao’ 4 o ' (4 a
voeidan la Jaanlautiannuweuti (hydrophilicity) mﬁmwawmmqmazﬁmmmmia

d' 9 @ v 90’
mzﬁinwuﬁzulﬂmmuﬂum

v ' 901
2.11.2  andannulaiseniii (hydrophobicity) 11804 TaqlimIaouauoIA LU

[

9 v o %,‘ A L2 ' 3 o 3 Y A [~ Y A ]
ANVINNUITAAUUUBDUUN ﬁﬂ‘ﬂllﬁ'll“]J@]Ulll“lffJ‘U“Lﬂi]Zﬁnﬂ‘ii‘l@@c}f‘ﬂuﬂ,mw&dmﬂu’t]flﬂi’t]hlu

a Y ' ?

Y d' =) U d' S W { 1
gadume  uazvemihiimzuuRvigaliuu itz lidnsuznay  dagh luweuihaziin
o 1 d' u % ?JI
naanuEIa uag lutianuansanvzaiaiuse lalasnunuih
Aoy o o AR A [ [ dy a [ a 4
FPNUIVIIUIUNLINANEINeINUMIAAL AN URHIVRIdANDAND S TAanTs
L = [] o g a
Uszgnd lgwatauuna TuTad 19U Ferreira et al. (2009) lagnuinsdszgndwaramuuiiuia
Y94 Poly (L-lactic acid) (PLLA) 482 Poly (hydroxybutyrate-co-hydroxyvalerate) (PHBV) Tag
a o { 1 [ Y [
Témaauveseendwuunaz luTasnuilszgnauu PLLA 1ag PHBV fian1za19 Al sza
@ ~ v [ 9 ~ 4
AU 50 1Az 100 T0A ANUAUVBINIHN 20, 60 Haz 80 1hama waznarlumsiszyna
d' a = = [ d‘ = ara 4 1
WaIauIN 100 tag 600 3N TesAnwianyazmsnlasumlasmaniinasl@ndanayy
FUAH (contact angle, 9), scanning electron microscopy (SEM), atomic force microscopy (AFM)
1 o a
Az X-ray photoelectron spectroscopy (XPS) tagwuIMsdssgnanarauiosndauuay

v W

<3| v ¥ v [ a Yo
Vluimmmﬂummﬁﬂwm PLLA 8¢ PHBV ﬁaﬂ‘hlmzmx‘iﬁmgm’mmmﬂmuﬁmwauaz
Y [

ﬂ'ﬂll’l"ffJT]JﬂJfJ\iWHN’JL“]JaEJuLL‘]JﬁQ]lﬂ $INI PLLA 1ag PHBV 3¢UAUTNUAANTNUUVINNNIN

1
UU
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a 4] { 4 4 o { a
Wan et al. (2003) laAnwiavesmanlylumsdszgnanarauuionausiuia
a a . A v & o w 4
YINDA 1oa uanan (Poly-L-lactic) Nannzanuaums maslii taznarlumsilszynd
' o A a ) 7 o P
WaEu WUNMIAALUINUAIYEY PLLA alemsdssgnanarduiveansiey Tudioaana
9 =\ ua %’ A dg’/ ' Yy A A
1% PLLA NaaeaiiasoutinyieUaiuinnms emasiiaou
. =2 J A 1
Chaiwong et al. (2010) Anwwansiszgnanaramveusnsziglelinniine
[ E A ] a a a A v W
auantanny luvevinazaaauliAd uMITURIUYINEALARANIDEA WUNANTURE
A A zg Y 2 1 a Aa A A 4 o
wlaumvauuaasliiun - wednandnuadankiunslszgnanarduivessaoan
I A [} %’ 1 ] =S ] 3o} ?Lll 1 [] [ aa
yzilgoolsatauauia liyourh  aausmimsguriuveslodniuarhivanaraneada
d‘ = (% a a a d‘ [} o d‘ 4 1
WonfFeuisunuweauananuedai lidszgnanataun  iilesninmsiszgnanaraunlu
Y Y
daaRonuaNLAAUANYDINEALAnANLDFA UBNINHEY lAdNEIgUELTANIINIEAIN
o o . N = 9 29
waamiﬂizqﬂ@wmﬁmi% atomic force microscopy AN IATIETTNNINANAIY attenuated
total reflectance Fourier transform infrared 8¢ x-ray photoelectron spectroscopy WUNII& 14
Y] = 9 a a a é 1 9 a a Aa A
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4.5.2 Wa31N scanning electron microscopy (SEM)
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