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Abstract:Specimenstreatedindifferentwayswereexposedto0.01mol/LLiOHaqueoussolutionat350℃, 16.8MPainautoclave.

SpectroscopyEllipsometry(S-E) wasappliedtoinvestigatethetetragonalZrO2 (t-ZrO2 ) inoxidefilm.Itwasfoundthatthe580℃/

C.R/500℃ specimencorrodedfor42daysand190dayshavemoret-ZrO2thanothertwospecimens.Itissuggestedthatthet-ZrO2 was

amainfactortoaffectthecorrosionresistanceandthecorrosionresistancewasimprovedbytheformationoft-ZrO2.
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1　Introduction

Zr-basedalloyhavebeenusedasfuelcladding
materialsforitsgoodirradiationstabilityandcorrosion
resistance.Thispapermainlyinvestigatedthecorrosion
resistancequantitativelyforZr-Sn-Nballoysaffectedby
theappearanceoft-ZrO2 indifferentspecimenviadif-
ferentheattreatment.

2　Experimentalprocedures

2.1　Specimens
Zr-1.0Nb-1.0Sn-0.3Fealloysweretreatedby

580℃ for3hand820℃ for1hand1 000℃ for0.5
h, thelastcold-rollingreductionwasapproximately
50%, andfinallyannealedat500 ℃ for30h.
2.2　Corrosiontest

Corrosiontestwasconductedin0.01mol/LLiOH
aqueoussolutionat350℃underapressureof16.8MPa
afterthefinalheattreatments.

Thecorrosionresistanceoftherectangularspeci-
menswasevaluatedbymeasuretheirweightgainperu-
nitsurfaceareaandcalculated.
2.3　Ellipsometertest

Theellipsometricmeasurementswerecarriedout
inairatroomtemperaturewithS-Ewhichadoptedvari-
ablephotonenergybetween0.75 ～ 3.5 eV.Inour
measurements, therefractionindexnisdeterminedin
theformofIsandIc, Themodelwasdividetheoxide

filmtoroughsurfacelayerL1 andoxidelayerL2, the
sumofthethicknessofthetwolayersisthethicknessof
theoxidefilm, IsandIcwasmeasured, thentherela-
tionbetweenelectron

energyandrefractiveindexwasfitted.Thefitting
modelisnotsuitablefortheoxidefilm, whenthevalue
ofdeviationismorethan6, andthefeasiblevaluein
thisstepisbetween0.2 ～ 3.Proportionalchangefort-
ZrO2 andm-ZrO2 intheoxidefilmwasqualitativelyin-
vestigatedbyrefractiveindexchange.

Fig.1　WeightgainagainstexposedtimeofZr-Sn-Nb
specimenstestedin0.01mol/LLiOHsolutionat350℃

①收稿日期:2007-01-10

基金项目:国家自然科学基金资助项目 ( 50571056);上海市自然科学基金资助项目 ( 04ZR14057);上海市重点学

科建设资助项目 (T0101)

作者简介:耿迅 ( 1982年生 ), 男, 研究生;通讯联系人:刘文庆;E-mail:wqliu@staff.shu.edu.cn



　增刊 耿　迅等: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

3　Resultsanddiscussion

S-Ewasperformedonthespecimensthathadbeen
corrodedfor42 daysand190 daysrespectively.Itwas
foundthattheoxidefilmhadamicrostructureconsisting
ofm-ZrO2 andt-ZrO2, itwasreportedtherefractionin-
dexesofthetetragonalandthem-ZrO2 bulksare2.16

and2.24 respectively
[ 3]

, sotheincreaseinthemeas-
urednvalueatthesamephotonenergyimpliesthevol-
umefractionofthem-ZrO2 increased.Proportional
changefort-ZrO2 andm-ZrO2 intheoxidefilmwas
qualitativelyinvestigatedbyrefractiveindexchange.

Comparethedifferentspecimenwhichhadcorro-
dedfor42 days, theresultshowsinfigure2, (solid
lineforspecimen1, anddotlineforspecimen2, dash
lineforspecimen3).Infigure1, allthespecimens
corrodedfor42 days, boththeweightgainandrefrac-
tiveindexchangearenotdistinguished, andnoimpuri-
tycontainsintheoxidefilm, itimpliesthecontentoft-
ZrO2 intheoxidefilmforeachspecimenareapproxi-
matelythesame.Whentheentrancephotonenergy
reaches0.75, therefractiveindexes(n) arebetween
2.04and2.11, whichisclosetonoft-ZrO2.There-
fractiveindexesdecreasedto1.7 withtheincreasingof
photonenergyto3.5 eV.Thespecimen1 hasmoret-
ZrO2 thanothertwospecimens。

Fig.2　Indexofrefractionnofoxidefilmasafunction

ofphotonenergyfor42 dayscorrode

Figure3 istheindexofrefractionnofoxidefilm
asafunctionofphotonenergyfor190dayscorrode, the
solid, dot, dashlinerepresenttothespecimen1, 2, 3

respectively.Therefractiveindexesforthethreespeci-
mensarebetween2.1 to2.3, whicharehigherthanit
ofthespecimenscorrodedfor42 days.Itisconsider
thattransitionhappenedinthespecimencorrodedfor
190days, Thecompositionsofoxidefilmaredifferent
betweenthepre-transitionandpost-transitionregions.

Fig.3　Indexofrefractionnofoxidefilmasafunction

ofphotonenergyfor190dayscorrode

InZhouBangxinsstudy
[ 1, 4]

, thet-ZrO2 isanunstable
phaseandthephasetransformationwouldhappenafter
thecorrodetransition.Thecontentoft-ZrO2 decreasing
inthepost-transitionregion, andthesmallcontentof
FeOandNbOprecipitatedinoxidefilmmaketheindex
ofrefractionnincreased.Onthemeanwhile, withthe
sameentrancephotonenergy, specimen1 hasthemini-
mumnandspecimen3 hasthemaximaln.Sothe
specimen1 hasthehighestt-ZrO2 content, specimen3

hasthelowestcontent.
Thespecimen1 hasmoret-ZrO2 thanothertwo

specimensinthisstudy, andithasthebestcorrosion
resistance.Thevalueofnincreasedwiththedecrea-
singoft-ZrO2 content, andthecorrosionresistance
wereimprovedwiththedecreasingoftherefractivein-
dexes(n).Itshowsthatthet-ZrO2 inoxidefilmcan
improvethecorrosionresistanceofZralloy.

4　Conclusions

( 1) Thevolumefractionofthet-ZrO2 inoxide

filmisincreasedalongwiththesequenceof580 ℃,
820℃ and1000 ℃ whencorrosionfor190 days.

( 2) Thespecimen1 hasmoret-ZrO2 thanother
twospecimens, thecorrosionresistancewasimproved
withtheformationoft-ZrO2.

( 3) S-Ewasaneffectivemethodforinvestigate
thecontentofthet-ZrO2 intheoxidefilmandthecor-
rosionresistanceofN36zirconiumalloy.
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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。
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中图分类号:TQ317

(上接第 205页 )

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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