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ABSTRACT

Electrolessnickel-boronbinarycoatingswereobtainedwithvariousbathcompositionstoinvestigate
theeffectofbathparametersontribologicalandmechanicalbehavioursofthecoating.Characterisation
ofthecoatingforsurfacemorphologyandphasestructureisdoneusingscanningelectronmicroscopy
(SEM) and x-ray diffraction (XRD), respectively, whereas tribological behaviour of coatings is
evaluatedonapin-on-disctribo-tester.Elasticmodulusandsurfacehardnessofcoatingshavebeen
obtainedusingnano-indentation technique,while thescratchbehaviourof thecoatingshasbeen
determinedusingmicro-scratchtest.Corrosionresistanceofcoatingsisalsodetermined.Itisobserved
thatsurfaceroughnessofthecoatingsincreasedwithincreaseinsodiumborohydrideconcentration
butdecreasedslightlywithincreaseinnickelchlorideconcentration.Frictionandwearcharacteristics
arefoundtoincreasewithsurfaceroughnesswhichoccursduetoincreasedboroncontent.Surface
hardnessandscratchhardnessarealsoseentovarywithcoatingbathparameters.
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1. INTRodUCTIoN

TheelectrolesscoatingdevelopedbyBrennerandRiddellin1946(BrennerandRiddell1946)isa
platingprocessinabsenceofelectricity.Electrolesscoatinghasbecomepopulargraduallysincethe
timeofinventionforitsexcellentproperties.Electrolessnickel-phosphorouscoatingiswellknown
foritsmechanicalpropertiesandnickel-boroncoatingispopularforitstribologicalproperties.The
useofelectrolesscoatingscanbefoundinindustrieslikeautomobile,chemical,oil,gasandaerospace
fortheirexcellentmechanical,physicalandtribologicalbehaviours.Chemicallydepositednickel-
boroncoatingswereanalysedbasedondepositionrate,platingthickness,surfacemorphologyand
surfacetextureetc.(Aniketal.2008;Kantaetal.2009;Kantaetal.2010;Hamidetal.2010;Bonin
etal.2019;Mohantyetal.2019;Sukackieneetal.2020).Coatingcharacteristicsdependon the
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composition,temperatureandpHofthecoatingbath(Aniketal.2008;Boninetal.2018;Boninetal.
2019;Sukackieneetal.2020,Boninetal.2020).Thebehaviourofthecoatingscanfurtherbemodified
throughannealing(Bekishetal.2010;Paletal.2011;Taha-Tijerinaetal.2019).Heattreatmentof
as-depositedcoatingmodifiesitssurfacemorphologyandphasestructure.Theamorphousphaseof
as-depositedcoatingsturnscrystallineuponannealing(Hamidetal.2010,Taha-Tijerinaetal.2019).
Boroncontentinthecoatingalsodependsonsodiumborohydrideconcentrationaswellascoating
bathtemperature(Baskaranetal.2006;Hamidetal.2010;Sukackieneetal.2020).Theas-deposited
coatingwithlowboroncontent(ofabout4%)possesscrystallinephasestructurewhichbecomesa
combinationofamorphousandcrystallinestructurewiththeriseinboroncontentinthecoatings
(Baskaranetal.2006,VenkatakrishnanandKarthik2019).Thebehaviourofcoatingsalsodependson
concentrationofboron.Thesurfacemorphologyandphasestructurefoundtovarywiththecoating’s
chemicalcompositionwhichleadstoachangeincoatingsbehaviours(Paletal.2011;Venkatakrishnan
andKarthik2019;Sukackieneetal.2020).Chemicallydepositednickel-boroncoatingswith8%boron
contentusuallyexhibitnano-crystallinestructurewhichbecomesacombinationofamorphousand
crystallinestructureastheBcontentlieswithintherangeof10-15%.Thischangesintoamorphous
structureuponincreasingtheBconcentrationupto20%(Bekishetal.2010).Therefore,phasestructure
ofchemicallydepositednickel-boroncoatingisadependentfunctionofboronconcentration(Baskaran
etal.2006,VenkatakrishnanandKarthik2019).Itisobservedthatthecoatingswithnano-crystalline
structureexhibithigherresistanceagainstcorrosioncomparedtoamorphousstructure(Bekishetal.
2010).Surfacehardnessandwearbehaviourimprovedduetochemicalplatingofnickel-boronover
puremagnesiumandAZ91Dalloywhilefrictioncoefficientremainedalmostsimilartobasemetal
(Correaetal.2013).Hence,surfacehardnessaswellaswearresistanceofas-platedcoatingsincrease
withboronconcentration(Bekishatel.2010)andthisimprovementinhardnessispossibleforthe
homogeneousdistributionofboronandamorphousstructure.Thesamecanbe improvedfurther
withheattreatment(Balarajuetal.2016;Mohantyetal.2019)andisattributedwiththeevolutionof
variousboridephaseslikeNi2B,Ni3Bduringthermaltreatment(Krishnavenietal.2005;Aniketal.
2008;Kantaetal.2009;Hamidetal.2010;Vitryetal.2012;Yildizetal.2017).Ontheotherhand,
corrosionresistancebecomesworseuponannealing(RiddleandBailer2005;Aniketal.2008).Heat
treatednickel-boroncoatingsshowreducedfrictionvaluebesideswearraterelativetoas-deposited
coatings (Krishnaveni et al. 2005). Tribological behaviour of coatings also depends on working
environmenttemperature(Mukhopadhyayetal.2018).Tribologicalandmechanicalbehavioursare
alsoseentovarywiththechangeinmicrostructure(PalandJayaram2018).Amorphousstructure
ofcoatingshowsimprovedadhesionstrengthtoaluminiumsubstratewhichresultsinanincreasein
surfacehardnessaswellasfrictionandwearbehaviour(Delaunoisetal.2002;Hamidetal.2010;
Vitryetal.2011).Surfacehardnessoftheas-depositedcoatingsdoesnotchangemuchwiththeboron
contentupto6%butthesameimprovesduetoincreaseinboronconcentrationupto9%(Vitryand
Bonin2017).Nano-hardnessandelasticmodulusofcoatingsareestimatedusingloading-unloading
curveobtainedfromnano-indentationbasedmodel(Musiletal.2002;WeiandLin2005)which
showsgoodagreement for lower indentationdepthwith thedataobtainedfrom“Korsunskyand
Kings”model(Domínguez-Ríosetal.2012).SurfacehardnessandYoung’smodulusofchemically
depositednickel-boroncoatingincreasedafterannealingattemperaturesbetween300°Cto450°C.
Similarly,mechanicalpropertiesarefoundtoincreasewithannealingdurationandthisincreasecan
beattributedtothedissipationofhardboridephaseslikeNi2B,Ni3Betcduringannealing(Vitryet
al.2011;Domínguez-Ríosetal.2012).Similarly,hardnessandelasticmoduluscanalsobeimproved
byincorporationofhardnano-particleslikeZrO2,Al2O3resultingingrainrefinement(Radwanetal.
2015).Additionofnano-particlesalsoincreasedthecorrosionbehaviourofnano-compositecoatings
astheactiveareadecreasedwiththeaugmentationofnano-particlesintonano-compositecoatings
(Radwanetal.2015).Surfacehardness,corrosionresistanceaswellaswearbehaviourofas-platedas
wellasthermaltreatednano-compositecoatingsimprovewithreinforcementofhardnano-particles
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