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Abstract:Anitrogen-dopedtitaniafilmwaspreparedbycathodicvacuumarcmethodwithion-beamassistanceinamixedoxygen/ni-

trogengasatmosphere.Theeffectoftheionbeamcurrentonthestructural, opticalpropertiesandphotocatalyticactivityofnitrogen-

dopedtitaniafilmwasstudied.Theas-depositedfilmsweresubjectedtoannealingwiththeatmosphericenvironment, andthechangeof

filmpropertiesafterannealingwasinvestigated.Thestructuresofallas-depositedfilmswereamorphous.Intheannealingprocess, the

ion-beam-assistednitrogen-dopedtitaniafilmshadaphasetransitionfromamorphoustoanatasepolycrystallinewithastrongTiO2 ana-

tase( 101) peakatatemperatureof500℃.Whentheion-beamassistancewasapplied, thedepositednitrogen-dopedtitaniafilmswere

foundtothespectrumresponseofnitrogen-dopedtitaniafilmdepositedwithionbeamassistedextendedtothevisibleregion, photocata-

lyticactivityofnitrogen-dopedtitaniafilmdecreaseswithionbeamcurrentincreasefrom80 to160mA.
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1　Introduction

Titaniathinfilmiswell-knownforitsoutstanding
optical, electricalandchemicalproperties.Photocata-
lyticTiO2 filmisaverypromisingmaterialforthere-

movaloforganicpollutantsinwaterandair
[ 1-2]

.Ana-
taseTiO2 hasalargebandgapof3.12eVthatrequires
powerfulUVlighttoinitiatethephotocatalyticreac-
tions;Therefore, extensiveeffortshavebeenmadein
thedevelopmentofTiO2 photocatalyststhatcaneffi-

cientlyutilizesolarorindoorlight
[ 3-4]

.Manymodifica-
tionmethodssuchasmetaliondoping, compositesemi-
conductorsandmetallayermodificationhavebeenused
toextendthelightabsorptionofthecatalysttothevisi-
blelightregion, buthavelittleeffect

[ 5-8]
.Inrecent

years, Asahi
[ 9]
preparednitrogen-dopedTiO2 andre-

portedthatitcanworkasaphotocatalystundervisible
light, whilehavingasimilarphotocatalyticactivityto
pureTiO2 underUVlight.Therefore, manytechniques
hadbeenusedtopreparethevisible-lightactivefilms,
suchassol-gelmethod

[ 10]
, ion-implantation

[ 11]
, pulsed

laserdeposition
[ 12]

, etc.Inthispaper, TiO2-xNxfilms
werepreparedbycathodicvacuumarcwithion-beam

assistanceusingtitaniumtargetunderanO2 /N2mixture
asthereactivegas, theinfluenceoftheionbeamcur-
rentonmicrostructures, surfacemor-phology, optical
propertiesandphoto-catalyticbehaviorsofTiO2-x Nx
filmswereinvestigated.

2　Experimental

TiO2-xNxfilmsweredepositedbycathodicvacu-

umarcwithionbeamassistance.ATicathodewitha
purityof99.99%operatedatanarccurrentof75Awas
usedtoobtaintheplasma, thebasepressurewas<560
Pa.Amixtureofoxygenandnitrogenwithpurityof
99.99% wasintroducedintotheplasmastream, and
forTiO2-xNxfilms, ionbeamcurrentwerecontrolled,
theworkingionbeamcurrentwasincreasedfrom80 to
160mA.Thefilmsweregrownonn-Si( 100) andglass
substratestheworkingionbeamcurrentwas80mA,
120mAand160mA.Thefilmsareassignedtofilm1#,
2#and3#, espectively.

ThecrystallinestructureofTiO2-xNxfilmswas
measuredusingaY-2000 X-raydiffractometer(XRD)
withaCuKasource.TheUV-visibleopticaltransmis-
sionspectraofTiO2-xNxfilmsonfusedglasssubstrate
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weremeasuredatroomtemperatureinairusingaShi-
madzuUV-2550 spectrophoto-meterintherangefrom
300to800 nm.ThesurfacemorphologyofTiO2-xNx
filmshasbeenobservedbyatomicforcemicroscopy
(AFM) usingautoprobecpresearch.
Ineachexperiment, aTiO2-xNxfilmwassettled

onthebottomofa50 mlbeaker, whichcontained20

mlaqueousacidfuchsinwithaconcentrationof10mg/
L.A150 W Xelampwassuspended11cmabovethe
TiO2-xNxfilms.Acidfuchsinconcentrationduringirra-
diationwasmeasuredusingaShimadzuUV-2550spec-
trophotometer.Thephoto-catalyticactivitywasdeter-
minedbythedegradationrateofaqueousacidfuchsin
onTiO2-xNxfilmsbyvisiblelightirradiation.

3　Resultsanddiscussion

3.1　X-raydiffractionmeasurements
XRDmeasurementswerecarriedouttostudythe

crystallinepropertiesofthepreparedTiO2-xNxfilmsat
theannealingtemperatureof500℃for1hinanatmos-
phericenvironment.Fig.1 showsXRDpatternsofthe
filmsasdifferenceionbeamcurrentinnitrogenoxygen
mixturegas.Theas-depositedfilmsareamorphous.
TiO2-xNx thinfilmsattheannealingtemperatureof
500℃, thecrystallinestructureappearssomepeaks
correspondingtotheanatasestructureshowastrong
peakofanataseA( 101) , andthedepositsexhibita
preferentialorientationalongthe( 101) planes.

Fig.1　XRDpatternsofTiO2-xNxfilmsat

differenceionbeamcurrent

3.2　SurfacemorphologyobservedbyAFM
ThesurfacemorphologyofTiO2-xNxfilms

depositedonsiliconwaferswereobservedbyAFM.The
surfacemorphologypictureofTiO2-xNx film ation
beamcurrent80mAisshowninFig.2.Thefilmsshow
smallgrossvoids.Sampleiscomposedofgrains25 ～
80 nm size.ThevaluesofthesurfaceroughnessR
(rootmeansquare) was2.114 nmwithina0.5μm×
0.5μmscan.

Fig.2　SurfacemorphologiesbyAFMof
theTiO2-xNxfilms

3.3　Opticalproperties
Fig.3showstheUV-Visabsorptionspectraofthe

TiO2-xNxthinfilmspreparedbyionbeamassisted.In
visibleregion, theaveragetransmittanceofTiO2-xNx
filmbyionbeamassistedishigherthan70%.Which

demonstratesthatthereislittleenergylosscausedby
filmabsorptioninthisrange, theresultrevealsthatthe
spectrumresponseofTiO2 -xNxfilmdepositedwithion
beamassistedshiftedtothevisibleregion.

Fig.3　TransmittancespectraoftheTiO
2-x
N
x

filmdepositedbyionbeamassisted
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3.4　Photocatalyticactivity
Thephotocatalyticactivityofthenitrogen-doped

titaniafilmspreparedatdifferentionbeamhasbeen
testedbythephotodegradationofAcidfuchsin.For
comparisontherelativeamountofAFsolutiondegraded
byTiO2-xNxfilmsafteranilluminationperiodof30min
areillustratedinFig.4.Fromthesefigures, thefilm#1
exhibitsthebestphotocatalyticactivitywiththerate-
constant(k) about0.0128min

-1
at80 mA, assuming

first-orderreactionkinetics, Film#3, displaystheleast
photocatalyticactivitywiththerate-constant(k) about
0.0103min

-1
at160 mAundervisiblelightillumina-

tion.Itisrevealedthatthephotocatalyticactivityof
TiO2-xNxfilmdecreaseswithionbeamcurrentincrease
from80 to160 mA.

Fig.4　Photocatalyticdegradationrates
fortheTiO

2-x
N
x
filmpreparedatdifferent

ionbeamcurrent

Itmightbeexplainedbyassistedionbeamsource
duringdeposition.ItseemsthatsomeoftheNionsand
electronsfromtheHallionsourcemightplayarolein
increasingthedepositionrate, themomentumtransfer
ofNion-beambombardmentonthegrowingthinfilms
mayresultinabsorbingmorelightirradiation, moree-

lectron-holepairscanbegeneratedinTiO2-xNxfilms,
TiO2-xNxfilmdepositedwithionbeamassistedshifted
tothevisibleregion, andconsequentlygivesrisetothe
enhancementofthephotocatalyticactivity.

4　Conclusions

Inthispaper, theinfluenceofdifferentionbeam

parameterswasinvestigatedonpropertyofTiO2-xNx
thinfilmspreparedbycathodicvacuumarc.Thecrys-
tallinestructureoftheas-depositedTiO2-xNxfilmatthe
annealingtemperatureof500℃ wasexaminedtobeof
anatasestructurewitha( 101) preferentialorientation.
ThevaluesofthesurfaceroughnessR ( rootmean
square) was2.114nmwithina0.5μm×0.5μmscan.

Whentheion-beamassistancewasapplied, thedeposi-

tednitrogen-dopedtitaniafilmswerefoundtothespec-
trumresponseofnitrogen-dopedtitaniafilmdeposited
withionbeamassistedextendedtothevisibleregion,
photocatalyticactivityofnitrogen-dopedtitaniafilmde-
creaseswithionbeam currentincreasefrom 80 to
160mA.
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椭圆偏振法研究四方氧化锆对 Zr-Sn-Nb合金氧化膜耐腐蚀性能的影响
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摘　要:将经过不同热处理的 Zr-Sn-Nb合金样品放在 350℃、 16.8mol/LPa、 0.01mol/LLiOH溶液的高压釜中进行腐蚀。

用椭圆偏振法研究氧化膜中的四方氧化锆, 发现经过 580℃/冷轧 /500℃处理的样品在腐蚀 42天和 190天后氧化膜中的四方

氧化锆比其它样品的多。四方氧化锆是影响合金耐腐蚀性能的一个主要因素, 四方氧化锆的形成有利于提高合金的耐腐蚀

性能。

关键词:锆合金;氧化膜;耐腐蚀性;椭圆偏振法

中图分类号:TQ317
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离子束辅助对真空电弧沉积掺氮二氧化钛薄膜特性的影响
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摘　要:在氮氧混合气体中, 通过离子束辅助, 采用真空电弧沉积了氮掺杂的 TiO
2
薄膜样品, 研究了离子束流对掺氮二

氧化钛薄膜的结构 、 光学性质和光催化性能的影响。实验结果表明:离子束辅助沉积的薄膜为非晶态结构, 薄膜经 500℃

热处理后向锐钛矿转变, 且锐钛矿的 ( 101) 面的峰最强。通过 UV分析发现离子束辅助沉积的掺氮二氧化钛薄膜的吸收峰

发生红移, 其光催化活性随着离子束流的增大而减小。

关键词:离子束辅助沉积;二氧化钛薄膜;氮掺杂;光催化
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