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Synopsis

This TI reports the results of pin-on-disk wear tests of five SilcoTek coatings:
SL1000,Dursan,Siltride,RD13andRD14,alongwithuncoatedcontrolsamples.
Resultsfromtwosetsoftestconditionswerereported,andsampleswereanalyzed
withprofilometry,SEMandEDS techniques toobtainwear track volumesand
coatingintegrityinformationafterwear.Thetestedcoatingswererankedinterms
ofwearperformancebasedontheanalysisresults.

Background

Pin-on-diskisawidelyusedtechniquetoevaluatetribologicalpropertiesofthin
protectivefilms.Themeasurement isusually carriedoutusinga tribometeras
depicted in Figure 1 below,with the samplemounted on a rotating stage and
a stationary pin pressed against the sample surface (the rotating disk) under
agiven load tocreateawear track.Themostcommonshapes for thepinare
spherical(ball)orcylindricalduetoeaseofalignment.Thevolumeofthewear
track(material lost) ismeasured tocalculate thewearrateof thefilmmaterial,
andunderidenticaltestconditions,canbeusedtocomparethewearresistance
ofdifferentfilms.

FiveSilcoTekcoatings (SL1000,Dursan,Siltride,RD13andRD14),alongwith
uncoated control samples were independently tested via pin-on-disk by the
Tribology/MaterialsProcessingLaboratoryatthePennsylvaniaStateUniversity.
Post-test sampleswereanalyzedusingprofilometryandSEM/EDS techniques
toquantify thewear trackvolumeandassesscoating integrity.Thetestresults
are reported in thisTI and the five coatings are ranked in termsof theirwear
performancebasedontheanalysisresults.



Data and Discussion

Electropolished316Lstainless-steelcoupons(2.25”Lx2.25”Wx0.03”D)wereusedassubstratesinthisstudy.
CouponswentthroughSilcoTek’sstandardsurfacepreparationandcoatingprocessesforeachindividualcoating
type.Uncoatedcontrolsamplesweresentthroughthestandardsurfacepreparationbutnotthecoatingprocess.
TestingwasconductedonaBrukerUMTTriboLab tribometerequippedwith thepin-on-diskmoduleat room
temperatureinambientair,andahardened440Cstainless-steelballwasusedasthepininthetest.Sample
weartrackswereanalyzedusingaKLATencorP16+profilometertomeasureweartrackcrosssectionalareas,
andaThermoFisherScientificApreoSEMequipmentequippedwithanEDSanalyzertoassesscoatingintegrity
afterwear.Wearratewascalculatedfromthemeasuredwearcross-sectionalarea.2Twodifferenttestconditions
wereusedforwearevaluationofthecoatingsandtheresultsarereportedbelow.

1.Testcondition1:1Nforceand15minutestestduration

Figure 1: A schematic diagram of a pin-on-disk test1

Table 1: Pin-on-disk test condition 1

Thetestparametersforcondition1areoutlinedinTable1.Threecouponsfromeachcoatingtypeaswellasthe
uncoatedcontrolweretestedundercondition1.Theaveragevalueofthethreesamplesforeachtestedsurface
isreportedinTable2below,alongwiththecorrespondingwearratecalculatedfromtheweartrackcrosssectional
area.2Figure2showstheweartrackcrosssectionalprofilecomparisonofthesixsurfaces.Dursan,Siltrideand
RD13showedmuchsmootherweartracksthantheotherthreesurfaces,indicatinglessmateriallosshencehigher
wearresistance.

Table 2: Average wear track cross sectional area and corresponding wear rate for each tested surface

TestParameters AllSamples
Load(N) 1.0

Testduration(min) 15

Speed(rpm) 80

Weartrackradius(mm) 3

#ofrevolutionsofthedisk 1200

Ballmaterial Hardened 440C stainless-steel

Balldiameter 12.7

Testconditions1Nand15minutes

Surface RD13 Siltride Dursan uncoated SL1000 RD14

Weartrack
cross section 

(um2)

42.819 44.411 66.587 113.132 154.107 241.136

Wearratex10-5 
(mm3/Nm)

3.568 3.701 5.549 9.428 12.842 20.095



Figure 2: Wear track cross sectional profile comparison of the six tested surfaces (1N and 15 minutes)

Thepost-wearsampleswerealsoanalyzedusingSEMandEDStechniquestoassesstheweartrackappearance
andcoatingintegrity.Figure3showstheSEMimagesofthesixsurfacesaftertest(greyimages;alltakenat500x
magnifications)andtheircorrespondingsiliconEDSmaps(bluemapsforthecoatedsamplesandgreenironmap
fortheuncoatedcontrol).AlackofblueintheEDSmapindicatescoatinglossasaresultofthepin-on-disktest.
Whiletheuncoatedcontrol,SL1000andRD14allshowedconsiderablemateriallossintheEDSmaps,Siltrideand
RD13showedminimalcoatinglossandDursanshowedanarrowweartrackwithasmallamountofcoatingloss.
TheseobservationsagreewellwiththeprofilometryresultsreportedinFigure2,confirmingthatSiltride,RD13and
Dursanarethethreetopperformersundertestcondition1.

Figure 3: Wear track of the six tested surfaces under SEM (grey images; all taken at 500x magnifications) and silicon EDS maps 
showing coating coverage after test (coated samples in blue silicon EDS maps and the uncoated control in green iron map)



Table 3: Pin-on-disk test condition 2

2.Testcondition2:2Nforceand20minutestestduration

Figure 4: Wear track cross sectional profile comparison of the four tested surfaces (2N and 20 minutes)

Thetestparametersforcondition2areoutlinedinTable3.Onlythethreetopperformersintest1andtheuncoated
controlweretestedundercondition2,andonesamplewastestedpersurfacetype.Theweartrackcrosssectional
areas and their correspondingwear rates are reported inTable 4 below. Figure 4 shows thewear track cross
sectionalprofilecomparisonofthefoursurfaces.Siltrideshowedsmootherweartrackprofileandoutperformedthe
otherthreesurfacesintermsofwearresistance.

Table 4: Average wear track cross sectional area and corresponding wear rate for each tested surface

Thepost-wearsampleswereagainanalyzedusingSEMandEDStechniquestoassesstheweartrackappearance
andcoating integrity.Figure5showstheSEMimagesof thefoursurfacesafter test(toprow;all takenat500x
magnifications)andtheircorrespondingEDSmaps(coatedsamplesinbluesiliconmapsandtheuncoatedcontrol
in teal ironmap).A lackofblue in theEDSmap indicatescoating lossdue to thepin-on-disk test.The results
correspondwellwith theprofilometryresultsreported inFigure4.Siltrideshowedsomecoating lossbutoverall
muchbetterintegritythanDursanandRD13undertestcondition2.

TestParameters Allsamples
Load(N) 2.0

Testduration(min) 20

Speed(rpm) 80

Weartrackradius(nm) 3

#ofrevolutionsofthedisk 1600

Ballmaterial Hardened 440C stainless steel

Balldiameter(mm) 12.7

TestConditions2Nand20minutes

Surface Siltride Uncoated Dursan RD13

Weartrackcross
section(um2)

67.860 182.374 214.759 288.597

Wearratex10-5 
(mm3/Nm)

2.121 5.699 6.711 9.019
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Summary

ThisTIreportsthepin-on-diskweartestresultsoffiveSilcoTekcoatings(SL1000,Dursan,Siltride,RD13andRD14),
alongwithuncoatedcontrolsamples.Thepin-on-disktestwascarriedoutat theTribology/MaterialsProcessing
Laboratoryat thePennsylvaniaStateUniversity,using twosetsofconditions.Post-testsampleswereanalyzed
usingprofilometryandSEM/EDStechniquestoquantifytheweartrackvolumeandassesscoatingintegrity.Based
ontheresultsfrombothtestconditions,thefivecoatingswererankedintermsoftheirwearperformanceasfollows:
Siltride > RD13 ≈Dursan>SL1000>RD14.Siltridewasfoundtobethemostwearresistantcoatingofthefive,
andthewearrateofSiltridewasabout40%oftheuncoatedstainless-steelsurfaceunderbothtestingconditions.
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Figure 5: Wear track of the four tested surfaces under SEM (top row; all taken at 500x magnifications) 
and EDS maps (bottom row) showing coating coverage after test (coated samples in blue silicon EDS 

maps and the uncoated control in teal iron map)


