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Abstract:SurracemodiflcalionorPolyeLhyleneterephthalalc(PET)usingtwoLypcsorat-
mosphericpressurep一asmajet,silenldischargeaJldglow typedischarge､wasinvcstlgalcd.
ThewaLCrCOntaCtangleorPETsurraccwasimproved byplasmaLreaLmentsuslngLhcsilent
dischargeandglowtype dischargeplasmaJCLXPSresultsshowed山attheratiooroxy一
gen-contaInLngPOlargroupinPETincreasesandilisconsislcnlwiththecontactaJlglemcas-
urcmenl.ComparingthetypesorplasTllalreatmenL山ercismuchoxygen-containing旦rOuPin

theglow【ypcdischarge.
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I.1nlrodut:Hotl

VariouslechnologleShavebeenusedForimprovlngOr-
ganic malcrials surface chat.aClerislics.Atmospheric
plasmaLrcalmenlisveryuscrulmethodLomodifyahy-
drophobicorganicmtlLel･ialsu･raCeLOhydroph川csurTacc

TorimprovlngWCttabHtyandadhesionpropcrlieswithout

changingbulkpTOPCnies.HydrophilicitycontTOlisim-
portant Tor adhesion properties improvemenl ai
metalFOrgarLicinlerfhceandnanostructurerormationon

subslraleS.ALmOSPhericprcssuleglowplasmais山cmost

promlsmgLCChnologyorthesurfaceEreatmenlororganic

matcrl.alsbecauseoFthepropertiesofefTTectiveradical

generationanddamage-lesspropcniesduetothelow
electronlempcralure.

rnlhispaper.weshowtworyPCSOFatmosphericpres-
sureplasmajet(APPJ)generator,whichisexcitedbya
frequency()00kHz)AC powersupply.Potythy)en
lerCPhthaLalc(PET)surfacearcmodirledusingthetwo
typesorAPPJinordertoimprovethehydrophiLicLlyor
lhcsurfhcc.

2.ExpcrinlentalSetup
He)主umgas､山hapurltyOr99.9999% isusedinLhe
c･YpcrinlCnt.andthegasnowrateismeasuredbyapurge
nowmeter.Thegasnowl剖CWasCOnlTOllcdbyarcgula-
tor.Theapp一ied､･oILagCaJldcurTenlweremoni10redbya
djgiLaloscilloscope (TektronixTDS3054B) through a
highvoltageprobe(TektronLx P6015A)and Rogo"ski
coiltPea130nCT2877),rcspcctiヽely.A photo一mulliplier
ttJbc(HamamatsulP28)arc used lo measurethelight
emiLtCdFromthedischarge.

TwotypesOFAPPJgcncra10rareShowninFig.I.and

Fig.2.AnAPPJtubeconsislゝ0.raglasstube(innerdi-

ametcr¢=1.85mlll).lndCutapeaspoweredclcclrOde

l andCuplatcasagroundcLcclrodc･TheCutapeisplaced
atlhcpositionor5mmFromLhcedgeortlleglasstube.
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ThreeAPPJlobesareplacedinparaHelinFrontofLheCu
plateasshownh1Fig.1(Type1).medistancebehveen

theCuplaleand山eCutapcwas8-13mm.lnthecaseoF

Type1,specimen(PET)wasplacedontheCuplateand

exposedLoplasmadllrecLly[L,2].lYpc2consistsortwo

Cuelectrode
G一asstubeX1

Fig.I.SchematicillustrationorlheTypel

Fig.2.Schcmalicillus打alionorLheType2
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grassh♭es(O=1.85,3.5mm)andCutapeaspowercdandgroundelectrode.EdgeortheouterglassTubeiswrappedw仙 Culapc.TheinnerglasstubeislhserLedinthelargeroneaJldfixedinit.Theinnerlubcelectrodeandouteroneareconncclcdtothegroundandpowersupply.respectively･lieLiuJTlgasWasintroducedit]totJleinnerttlbc.lnthecaseorTypc2.specimeTIWasPlacednearthe
gasouLLelandcxposcd10Plasmaindjrcctly[3].
SLructureorthedischargewasobserved using JCCD
camera(HAMAMATU PHOTONICS M 7971101).The
Waterconlaclang)ewasmeasuredu5ir唱 adigiLaII-1icro-
scope(KeyenceVllX-一oo).TTleChemicalsけucLu∫CWas
observed by 山e X-ray photoeLectron spectroscopy
(PH1-5600).

3.Results

3･)Voltageanddischar官CcurrentWa､,erOrm
Adigitalcameraphotogr叩hofar)APPJinType1and
Type2arcshowninFig.3.VoltageanddischargecurTCnt
Waveromsduringthesurfacetreatmentareshownin
Fig･4landFig･5･ThebreakdownvollagcVppis2･8kV.l･7
kVinTypeIandType2,respeclivcly.AsTorthedis-
chargecurrentwavepattern,aslngleelectriccurrcnlpulse
appearsinonecycleorthcsinusoidalwaveinType1,il
seemsLobeglowdischarge.fntheother,spikes-Shaped
dischargecurrentpulscisobservedinType2,iLsccmsto
besilentdischarge.TheemissionorlighLOrTypelgen-
eratorwasstrongerthanType2.

Fig･3･PicturesoradischargeofaplasmaJCtin

Typel()cn)andType2(right).

Fig.6.and7showatypicalwa､･eformandtheseriesor

lCCDimageorTypelandType2.respcclively.These

imagesrepresentanintegrallOnOrthelightemittedfrom

thedischargefor5nsfromtherimewhenLhccamerais

openedbythegatlngPulse.TheJCCDopenLngtlmefor

eachframeisindicatedbythenumberenclosedWitha

circ一eunderlhctraceOrthedischargecurrent.JnType1,

thedischargeisrad)'aHyhomogeneousandcoversthe

surraccofthespecimen.lnType2.rcJativclysmall

"p一asmabuHcLS"areobscrvcd,Theplasmabullclisemit-

1cdrJ◆omthepowercdclcctrodclogroundelecl∫odc.The

plasmabulletandthecorrcspondin旦rlSlngedgeorcurrent

pulseappearsimultaneously.
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Fig.4.WaverormSOr､011ageandcurTenlin
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Fig.5.Wa､･erorTnSOrVOttagCandthecuJTCnlin

Typc2.
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Fig.7.Wavcrormandfhmingpholog柑Phsin

Type2.

3･ZWatercorltnclangleon純ep)asmatreatedPET

Figure8sho､vslhcphotographorwaterdropandthe

contactangle.Figure9Showsthechangeorthestatic

waterconLaClangleorthePETsurface､､ithlime.The

plasmatrealme山"asdoneTorlenrninules.Theobsena-

1ionl､ⅦsdoneimmediaLelyaftertheplastnatrcalmenland

afterI.2dayaRertheproceゝslng.111eCOnlaClang一eob-

servedisrouTLdtochangefrom62.61.Foranuntrealed
sampks.lothcminimunlValucsor37.6 and40.7aRer
the10secondsLrcalmenLuSlngType1andType2,re-
speclivcly.

htheplasmaprocessingOrPOlymerrI_lms,oneorthe
mostprob一ems､vasloachic､ea一ong-Iastlngtrealmenl
eETecl.Thechangeorcontactang)cWi山sl0ragelimein

Fig･8.PhotographorcontaclangleoFunLrCated

(len)andplasmatrcatcd(right).

ambientairaRerlhcp)asmatreatmentlVaSmOnitoredror

twodaysIForboth treatments.contactangleva)ucsare

sccnLoincreaseoveraperiodorLhcrirslortwodays,and

lhc change slo vヽly lo reachthevaluesor42･4Dand

42.9 rorthe Typc )andType2LrcaLnlentS,reSPeClivcJy.
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Fig･9.Post-exposurechaJlgeOrthestaticwater
contaclang)e"iLhstoragetimeinambientair

33XPS

Thepcrcentagcorcachchemica一componentObtainedby

CIshigh-rcsolulionspectra,andthedetaHcddataare
shovminTable.2.TheCIshigh-resoJulionXPSspectra or
untrealedandlrcaledPETbyType1andType2are
showninFigI0-12.TheunLTCaledPETconlaiTtS Ben-
∠enco)eringroups(284.57eV), C-OHandor C-
0-C gTOuPゝ (286.3leV)and C-0andノor- Ct
00 号r?ups(2名8･51eVH41･Besidesthesethreepeaks in
theonglnalPET.anew peaksaL290.53eV CO O N

appcaJbintheXPSspectJW-OrlrealcdPET.TheBerLZene
olenncomponcnldccrcasesslgniTIcanllyancrplasma
trealmenL,andalthesamelinlC,most0rthe oxy-
gen-conlainlngPOJargroupsuchasC=0,-C O Itand
COOllincreasein111eSuTlaceorLrealedPET.Thissur-
raceo･tygen-tonLalmnggroupCausestheimproved hy-
drophilicitッorplasmatreatedPET【5.6.7].Com pan'ng
Type1andTJPC2.thereismuchoxygen-contaLTung
groupinType1.Becausethereiゝno､isiblevaTictyof
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Fig.JO.ヌPSCIsspectraorunlTealedPET.
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Fig.H.XPSCIsspectraorPETtreatedby

TypcI.
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Fig.12.XPSCJsspecITaOrPETn･eatedby

Type2.

e]cmentsby汀psmeasurement,thecxpcrimentalresults

ofcontactangleshowninTable.IcanbeexplainedsolhaL

thecontactanglcdimerencewasinducedmostlybythe

difrcrcnceoFtheratiooroxygencontalmnggroup.The

differencesinsurfacemodificationbcrweenTypeland

Type2arerelatedrotheirdischargeproperlics.Because

moreaclivcspeciescaninteractWiththesurfaceinthe

caseorTypeHreaLrnenlwithincrcaslngtreatmenttime
【8J.

4.Conclusion

WalerCOnlaClangleorPETsurfacewasimprovedby

p一asmatreatmentusLngType lalldType2atmospheric

plasmajeLTheXPSresultsshowed111atTheratioofoxy-

gen-contalnlngPOlargrouplnPETincrcascsandiLis

consistentwiththecontactar)glemeasurcmcnl.Compar-
ingTypeIandType2,thereismuchoxygen-conL-aiming

groupinTypeL.
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