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Abstract:Theinhibitionandmechanismofcorrosionofcopperinseawaterwithandwithoutinhibitorshadbeeninvestigatedbyusing

weight-loss, electrochemicalpolarizationandsufaceanalysistechniqueSEMandXPS.Ithadbeenfoundthattherewassynergistic

effectbetweenBTAandsodiumcitrate.Theinhibitionefficiencywas96.0%, andcorrosionratewas0.00431mm/aintheproportion

of2 mg· L-1 BTAand20 mg· L-1sodiumcitrateinhibitor.Itwasamixtureinhibitor.TheSEMimagesshowthatthesurfaceofcop-

perwithoutinhibitorswhichwasheavilycorroded;butthesurfaceofcopperwithinhibitorsremainedshinyafterimmersedinseawater

after6 day.TheresultsoftheXPSspectrumofthesurfaceofcopperindicatedthatthecompoundinhibitorformedaCu ( Ⅰ ) -BTA

andCu (Ⅰ ) -complexfilmoncoppersurface.ThefilmwasinsolubleandwouldblocktheCudissolvingasCu+andCu2+ionsinsea

water.
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Benzotriazolehasbeenshowntobeagoodcorro-
sioninhibitorfordifferentmetallicsubstratesincluding
copperandcopperalloys

[ 1-6]
.Thisworkpresentsthe

resultsofastudyofthecorrosioninhibitionofcopperin
seawaterstatebymeansoftheadditionofBTAandso-
diumcitrateindifferentconcentrations.Thecorrosion/
inhibitionmechanismandkineticshavebeenevaluated
usingelectrochemicalandsurfaceanalysistechniques
(SEM, XPS).

1　Experimentalprocedures

1.1　Chemicalandmaterials
TheinhibitorsusedBTAandsodiumcitrateswere

chemicallypure.Seawaterwasusedasthetestsolu-
tionandtypicalanalysisofthiselectrolyteispH8.1,
Conductivity700 000 (μs/cm) , Cl

-
( 18.12 g/L).

1.2　Weightlossmethod
Weightlossofrectangularcopperspecimensof

size5cm×2.5cm ×0.2cmintriplicateimmersedin
500mLofseawaterwithandwithouttheinhibitorswas
determinedafter6daysat40℃.
1.3　Potentiodynamicpolarizationcurves

Thepolarizationcurveswererecordedbyusing
computercontrolledGamryZAHNERIM6/6eelectro-

chemicalsystem.Thetemperatureoftheelectrolytewas
maintainedat40℃.
1.4　Surfaceanalysis

Thespecimenswereexaminedfortheirstructural
andtopographicalfeaturesusingElectronspectroscopy
(SEM) foranalysisofsurface.Thecompoundsformed
onthecoppersurfacewereanalysisedbyX-rayphotoe-
lectronspectroscopy(XPS) after6 daysinseawater
withandwithouttheadditionofBTAandsodiumcir-
ate.

2　Resultsanddiscussion

2.1　Weightlossmeasurements
Theresultsofexperimentindicatedthattheinhibi-

tionefficiencyincreasedwithincreasingbenzotriazol
(BTA) concentration, buttheefficiencyisover90%
untiltheconcentrationofBTAis150mg· L

-1
.Ithad

beenfoundthattherewassynergisticeffectbetween
BTAandsodiumcitrate.Theinhibitionefficiencywas
96.0%, andcorrosionratewas0.004 31mm/ainthe
proportionof2mg·L

-1
BTAand20 mg·L

-1
sodium

citrateinhibitor, andthecostofcorrosioninhibitorfor
copperinseawaterisdecreasedgreatly(Fig.1, 2).
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Fig.1　Corosionrateandinhibitionefficiencyof

copperinseawaterwithandwithoutBTAat40℃

Fig.2　Corosionrateandinhibitionefficiencyofcopperin
seawaterwithandwithoutsodiumcitrateat40℃

2.2　Potentiodynamicpolarization

Fig.3 showsthattheEcorrwithBTA2 mg· L
-1

shiftedtocathodicpotentials, theinhibitorsactasca-
thodicinhibitors;thepolarizationcurvesinseawater
withBTAandsodiumcitratecompoundinhibitorsshift
topositiveandnegativevalues, theBTAandsodium
citratecompoundinhibitorwasamixtureinhibitor.

Fig.3　Polarizationcurvesfor1-blank;

2- 2mg· L-1BTA;

3-2mg· L-1BTA+20 mg· L-1 sodiumcirate

2.3　SEManalysis
Fig.4showstheSEMimagesofthesurfaceofcop-

perwithorwithoutinhibitors.Thesurfaceofcopper
withoutinhibitorswhichisheavilycorroded;butthe
SEMimageofthesurfaceofcopperwithinhibitors

showslittleornocorrosionproducts, andthesurface
remainshinyafterimmersedinseawaterafter6 day.

Fig.4　Scanningelectronmicrographsofthesurface
ofcopperimmersedinseawaterafter6 days:

(a) withoutinhibitor(b) with2 mg· L-1BTAand

20 mg· L-1 sodiumcitrateinhibitor

2.4　SurfaceanalysisofcopperbyXPS
Thecompoundsformedonthecoppersurfacewere

analysedbyX-rayphotoelectronspectroscopy( XPS)
forthetestsafter6 dayofcopperimmersioninseawa-
terwithBTAandsodiumcitrate.

Theresultsshowthattheinhibitivefilmformedon
thecoppersurfacecontainsCu(I) -BTAandCu(I) -
sodiumciratecomplex.Thefilm wasinsolubleand
wouldblocktheCudissolvingasCu

+
andCu

2+
ionsin

seawater.

3　Conclusions

( 1) TherewassynergisticeffectbetweenBTAand
sodiumcitrate.Theinhibitionefficiencywas96.0%,
andcorrosionratewas0.00431mm/aintheproportion
of2 mg· L

-1
BTAand20mg· L

-1
sodiumcitratein-

hibitor;andthecompoundinhibitorwasamixturein-
hibitor.

( 2) TheSEM imagesshowthatthesurfaceof
copperwithoutinhibitorswhichwasheavilycorroded;
butthesurfaceofcopperwithcompoundinhibitorsre-
mainedshinyafterimmersedinseawaterafter6 day.
TheresultsoftheXPSspectrumofthesurfaceofcopper
indicatedthatthecompoundinhibitorformedaCu
( Ⅰ ) -BTAandCu( Ⅰ ) -complexfilmoncopper
surface.ThefilmwasinsolubleandwouldblocktheCu
dissolvingasCu

+
andCu

2+
ionsinseawater.
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海水介质中环境友好型紫铜缓蚀剂的缓蚀性研究
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摘　要:采用失重法 、 极化曲线 、 电镜扫描和 XPS能谱分析等方法对苯并三氮唑 (BTA) 及其复合缓蚀剂对海水中紫铜

的缓蚀性能及缓蚀机理进行了研究。实验结果表明:单独使用 BTA浓度达到 150 mg· L-1时, 缓蚀率大于 90%;BTA与柠

檬酸钠复配后, 缓蚀率有了很大提高, 当 BTA浓度为 2 mg· L-1, 柠檬酸钠浓度为 20 mg· L-1时, 缓蚀率达到 96.0%, 腐

蚀速率为 0.01014mm/a, 缓蚀剂成本大大降低。极化曲线试验结果表明, BTA缓蚀剂在海水中为阴极型缓蚀剂, BTA与柠

檬酸钠复合缓蚀剂为混合型缓蚀剂。对添加了缓蚀剂的海水中的紫铜表面进行的扫描电镜测试及 XPS能谱分析的实验结果

表明:添加了 BTA和柠檬酸钠缓蚀剂的紫铜表面光滑, 基本没有腐蚀;且在试片表面形成了缓蚀剂各组分均参与成膜的非

水溶性保护层, 有效的抑制了紫铜在海水中的溶解腐蚀。
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