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Effect of thermal oxidation on the wear behavior for CP-Ti
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ABSTRACT

Commercially puretitanium (CP-Ti) TA2 sampleswerethermally oxidized at
various temperatures and duration. The wear behaviors and the surface
hardness of the samplesbefore and after thermal oxidation wereinvestigated.
The worn surface morphology was observed by means of SEM
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examinations. The results showed that thermal oxidation could significantly
increase the surface hardness and enhance the wear resistance of TA2. It
wasfound that 700°C and 240 min were the optimum parameter of thermal

oxidation. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Titaniumisthefourth most abundant Sructuremeta
intheword, and titanium and titaniumaloyshave been
widely used in aerospace, marine, chemical and bio-
medical industriesdueto their high strength-to-weight
ratio, excdlent corrosion resi stanceand biocompatibility!
3. However, titanium alloys are characterized by poor
tribological properties, including high and unstablefric-
tion coefficients, severeadhesivewear and frettingwesr,
these propertiesrestrict their usein wear-rel ated appli-
cdtions, wherecontacting motion of counterpartsismain-
tained. Thispaper amsto modify itswear res stance by
thermal oxidationand eva uated thedry diding wear per-
formancein comparisonwiththeas-received maerids.

EXPERIMENTAL

Commercially puretitanium TA2 in the form of

forged and annealed bar of 90-mm-diameter was cho-
sen asthe experimental material, the sampleswith a
31.7mm outer diameter, a16mminner diameter, 10mm
in thickness, and they were prepared by cutting from
theas-received TA2 bar, followed by grinding using
150-grit, 400-grit Al,O, paper and manual grinding
using 1~5# metall ographi ¢ papers, then polished and
ultrasonically cleanedin de-ionized water and acetone,
dried using astream of cold compressed air. Thermal
oxidation of the Ti samples was carried out at
500° C~750°C in a conventional muffle furnace un-
der air atmosphere for 30min~960min, followed by
coolinginthefurnaceg*d,

The configuration of pin-on-wheel was used to
evaluate thewear behavior of untreated and oxidized
samples. Untreated samplesweretested in as polished
condition. Thetestswere carried out on aWear Test
Machine Type MMW-1A under ambient condition
(20£2°C and 50%RH), During the test, a 4.8 mm di-
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ameter 1045 stedl pinrotated at aspeed of 30rpm on
the surface of the sampleswhed for thetesting time of
180 min. Thetest load was15N. Thefriction coeffi-
cient was continuously recorded on the test, and the
weight of the sampleswere measured beforeand after
wear tested by abalance accurateto 0.1mg for cal cu-
lating theweight loss. And thecharacteristic features of
theworn surfaceswererevealed after the entirewear
test by aJSM6360LA type scanning electron micro-
scope (SEM).

RESULTSAND DISCUSSION

Surfacehardness

Thesurfacehardnessprofileof the TA2 samplesther-
mally oxidized a 650°C for various time was shown in
Figure 1. It can be seen that the hardness of theinitial
samplewas 160HV. Thesurface hardnessof thethermd
oxidation decreaseswith theincrease of loads. There
wasan oxidefilmformed onthesamplesurfacewitha
certanthickness. Whentheoxidefilmwasthin, andthe
|load forcewas great enough, theindenter of the hard-
nesstester will penetratethe oxidefilm to get the sub-
drate. From Fgurel, it canbeclearly seenthat withthe
extenson of thermally oxidetime, thesurfacehardness
of thesampl estreeted at the sametemperatureincreased
gradually. Thesurface hardness of thesamplethermaly
oxidized at 650°C for 600min was 66 1HV

Wear behavior
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Figure 2 wasthefriction coefficient curvesof the
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Figurel: Thesurfacehardness-load profileof theasreceived
and thespecimenstreated at 650°C for various time
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samplesas-received and thermally oxidized at various
temperaturesfor 210min. It could be seenthat thefric-
tion coefficient of as-received samplewashigh and un-
gable, whichfluctuated greetly duringthediding cycles,
it wasabout 0.5. Onthe other hand, thefriction coeffi-
cient of thesamplesoxidized at al temperatureswas
reduced and became much smoother, among which,
thesampleoxidized at 700°C was the most stable one,
anditwas0.4.
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Figure 2 : Friction coefficient curves of the samples as-
received and ther mally oxidized at varioustemper atur esfor
210min

Figure 3 was the weight loss of the samples as-
received and thermally oxidized at varioustemperatures
for 210min after wear test. Theweight loss of theas-
received samplewas 12.74 mg. whereas, the weight
loss of the samples oxidized at all temperatures de-
creased obvioudly. It could be seen that theweight loss
of thesamplesoxidized at 700°C decreased least, and
it was0.02 mg. From Figure2 and Figure 3, it could
get that 700°C was the optimum temperature for ther-
mal oxidation.

Figure4 wasthefriction coefficient curvesof the
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Figure3: Theweight loss of the samples as-received and
thermally oxidized at varioustemper aturesfor 210min after

wear test

samplesof asrecaived and thermaly oxidized at 700°C
for different time. Thefriction coefficient of thesamples
oxidized at 700°C for different time was reduced and
became much smoother, the samples oxidized for
480min werethemost stable, and it was about 0.3.

0.9 [ 960min| .
06 AT A A AR AA LN i

N N .
0.3 S T T S R SR SR I

0.9 -| 600min |

06 i A\ A
0.3 kool A e T LV WVIPYNOVEV W PP RPYLVEWNE
. (EV —
T . 1 .

0.9 f 480min .

06 |
03 —MAAMW’"““M’ "’"‘ﬂﬂﬂh J‘Y ,wah,ﬁw‘ryu\m‘mmv 6\v‘.""‘\l\-"'~wv—:

1 4
0.9 -I 3b0 |n|

06 ' w 1'»"?\)"" 'n"w”'fv“ W"M M Mv\r ]N"*ii

0. 3

[ T
o i
0.3 | .
09 F 210m|n M

gg % .fxl fm\m)w L i ‘“-MM'""“MWN "'v“ I uw"\.ww“v'm“.f‘""l;j
09 H 30m|n
06 p %‘ﬁﬂ w"‘fh‘“\"“* .WWWWUL“';“W(J' ““‘”"h‘“‘*‘w ’\' 'i"f

0.3

09 As recelved
0.6 J‘ \N\“}h"“‘“ﬁh .\JL}A ”#"‘UUU‘\‘LJ}MJ‘F "f” o |1’ ’rw "MWJ]

0.3 ‘h\' W

Friction coefficient

1 1 1

1500 2000
Time (s)

Figure 4 : Friction coefficient curves of the samples as-
received and ther mally oxidized at 700°C for different time
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Figure5 wastheweight loss of the samplescorre-
sponding to Figure 4 after undergoing wear test by
60min. Asseenin Figure5, theun-treated samplelost
themost weight, about 12.74mg, and theweight loss
of thermally oxidized sampleswass gnificantly reduced.
The samplethermaly oxidized by 240minlost theleast
wel ght, about 0.02mg. From the perspectiveof thewear
resi stance, 240minwasthe optimum timefor thermal
oxidation.
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Figure5: Theweight lossof thesamplesat 700°C for different
duration
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Wor n surfacemor phology

Figure 6 wasthe worn surfacemorphol ogy of the
un-treated TA 2 sampleunder different magnification.
It can be seen that puretitanium showsobvioudy ad-
hesion weear features. Theworn surface showed some
deep furrows and scratches, smultaneoudly, thetrace
of adhesionwasfound. Therefore, un-trested TA2 can
not work under rubbing condition.

Generally, therewasathin oxidefilm existing on
the surface of thetitanium, but becausethe oxidefilm
whichformedinair wasthin and brittle, under thecon-
dition of testing, thisoxidationwould not obvioudy im-
provethewear res stance of TA2. When contacted with
other meta, under middleor highload, theoxidefilm
waseas |y sca ed; resulting in thetitanium contact with
other metd directly, producing plastic deformation and
leading the samplesloseitsefficacy.

Figure7was SEM imagesof theworn surfacemor-
phology of TA2 samplesthermally oxidized at 700!
for 960min after wear test. It showed that, under the
sameexperiment condition, the surface of thetherma
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Figure6: SEM imageof wor n surfaceof theas-received samplesunder different magnification (a)x30 (b) x300 (c) x1000 (d)
x3000

oxidized samplejust existed narrow polishingscratch,  observedin (@), (b). Accordingto thefriction coeffi-
without deep furrow, the phenomenon of adhesonwas  cient and weight | oss, therma oxidationwouldimprove
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thewear resistance of TA2. Thereason may beasfol-
lows: A compact oxidefilm wasformed after thermal
oxidation, leading to the improvement of hardness.
Hardnesswasthe most important e ement of the metal
material wear resistance. High hardnesswould reduce
the deformation of the metal surface under load, and
deduce the chance of the crack caused by deforma-
tion, and then improve the wear resistance. The phe-
nomenon of adhes on was becausethesurface of TA2
was composed of TiO, which was harder than that of
the 1045 sted pin, and the abrasive dust of 1045 stedl
pin adhered onthe sample’s surface.

CONCLUSIONS

1) Thesurfacemicrohardnessof thesamplesincreased
ggnificantly after therma oxidation.

2) Thewear resistance of the samplesincreased Sig-
nificantly after therma oxidation and thefriction co-
efficient of thetreated samples decreased corre-
sponding.

3) Fromtheperspectiveof thewear resistance, 700°C
and 240minwerethe optimum parametersof ther-
mal oxidation. Under these parameters, theweight
losswas|owest and the wear trace was shallow-
est.
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