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2 e : & JETE AZEY vl2AYS FHA Y] A5t A o]2FY R oJEF 7S FEIFLh dh oFYH A 2HQ
27859 rlEo]&8E BEAE SSS, 316L SS, TINZEH 3165 SS9} vln Hrbetr] 9sle @48 UAFFEZENE o] &3l A|HER
Hed nlR 828 G Ni o]2%F8 ZFASA 3, ALoaZHY S ol&5o TN, ZiN, TICNZEE Ti(Grade 2)95He) nfr A& na3y
3, dLolLFY ¢ AFE ZHY EWS9 333 =4S SAES(scanning Auger electron spectroscopy)E o] 4-38le] B3Pt A4 ojFdw
SSS FHOZHE vlRo] 93l £&H Crd Ni o]2ae FHA A e AHALZEY vlidly a4 248 a8y AdFaabde
Ay 3227 oA APHE iRl LEANYANA oA 100 KeVE Aiole YUY FHZ2 2093 Wolx A AALAAUL. AsE
FZEHE Ti AREY wZAYPE 2A FHHJD, 2 vieELL 2R F9 338 2Ad get A 2el7t weh 2YFA 3me ZBAEE F
TiICN 299 Eetgel 713 2 UnlE §43& B304 2L 3524 oA disk(Ti)-on-disk vlE AN 1 Z3E Z8HES vlx ZAZR
2¥ e 103 olgolA BF Tid] mimulel fA8A AAHUT B Agozne dojzxl 74 ¢34, 100 KeV FioleF9 9 F7 3m
9 A IVE BWEY AL AW FF59 o/l FEA Pol & 35S e JdSTE vpERE Y ARFVde AV deS Bk

Abstract : Nitrogen ion implantation and ion plating techniques were applied for improvement of the wear resistance of metallic implant
materials. In this work, the wear dissolution behaviour of a nitrogen ion implanted super stainless steel (5.5.5, 22Cr-20Ni-6Mo-0.25N) was
compared with those of S8, 316L SS and TiN coated 316L SS. The amounts of Cr and Ni ions worn-out from the specimens were
investigated using an electrothermal atomic absorption spectrometry. Furthermore, the Ti(Grade 2) disks were coated with TiN, ZrN and TiCN
by use of low temperature arc vapor deposition and the wear resistance of the coating layers was compared with that of titanium. The
chemical compositions of the nitrogen ion implanted and nitride coated layers were examined with a scanning auger electron spectroscopy. It
was observed that the metal jons released from the nitrogen ion implanted S.S.S surface were significantly reduced. From the results obtained,
it was shown that the nitrogen ion implanted zone obtained with 100 KeV ion energy was easily removed within 200,000 revolutions from a
wear dissolution testing under a similar load condition when applied to artificial hip joint. The remarkable improvement in wear resistance
were confirmed by the nitrides coated Ti materjals and the wear properties differ greatly according to the chemical composition of the coating
layers. For specimens with the same coating thickness of about 3um, TiCN coated Ti showed the highest wear resistance. However, after
removing the coating layers, the wear rates of all nitrides coated Ti reverted to their normal rates of below 10,000 revolutions from
Ti-disk-on-disk wear testing under the same load condition. From the results obtained, it is suggested that the insufficient depth of the 100
Ke\' N* ion implanted zone and of the nitrides coated layers of 3um are subject to restriction when used as frictional parts of load bearing
implants.

Key words : Ion implantation, Nitrides coating, Titanium, Wear resistance, Metallic ion release
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$EAI717) S8t T 2HWA 7
HH1-5]. @zHelEA 316L SS, ZEE-AFA L
ZIAA ZE7F g1 diAHes RAAYE AX FE A
HeFAE AHZZAANEA 8 AEHR d= WA
ojty. o] ¥FEL 1LY EY, 3% SA4d ot AA
el dgzyoa Apgstn o, o] LA Q1A 5
2l e mre osiM AMdHE YA, 27, ILE TF
2L BEX FHolese 223 e 89 £0=29 /4
3 %9 Azt FH wgt Aol delA, 7
s S doFd Wb opg} mj A FHepR
FAXNYS wiAA e Ylol Hr= ok
129 §&& g3 T2 A FHE e
A ZA F7193 ulEs}¥(wear debris)o] &

B oS S7HET11]. 53 B2 dAAze 73
P Wd < & FERY B0l
EE FHH 4RI F AFHARFA 4dFE
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MaAE F ety aAe F7] T =EHW
< AZE el kA E Abslte] AR F45EH
AzZ 3 Ay 22 @7 A& 7P 23X T
SHEAMEE gHA UdTH[14-16]. 2t FA AR
© o7 Helg 2 29 FE(TibAdV)E T4
v A go] okste A upARY LAZ= A}
Aty AGdRE7E E& EAF fo] & Ay
ASHE LANZRE AHEo] AsHoln. EHEHy
ZZA 3 o]Zuh-&(foreign body reaction)S Ao
Hl Tdgol FAHA Fv HoeE deld Y.
el vidte 2 7IAF Z=E ZE Hew &
A4E ¢FHE, vhEDY 22 FIFYa o)) &
EHo] AFRGEE dozivty Husw oH17].

olgIgt FEHARES BAHMES HAFY] sl ohf
g Agtg 2o AAAER FE&Ho| ik EFHY, A
ZIYHZrO)e} 22 AAEEA 45EY EE8F da
(pyrolitic carbon), ©3}&, AslE7 2 AANEEF At
227 JIFEAE e vhEE-g, JIFRE, 2UAHE, FFE
A Sl S&Ho gt ojHT AAEGAY A s A
4 &xd wg 2uAEFE AFSte] vlEAY F= =7
H BEE =oAY UIFHLE e EAT FETE
Folv A7t dal=lo] #rt. olHE vt BFEA vo]
2 AlgtgSo] AEHo dFHVE AAZ $EFHI Yot
Agtle] B3 SA0) oksled dF x| A|dl(load bearing
member) & A ZH(mastication)H & W AFZ ALY &
Aole AFHoz AEHT Uty 18x AAZEH A
gEs F FE UvEY LAE JAFAdET Ze vEdR
el g AHEER e ERuVE a9 2e viA#
o] BEggo] EAY A EEX AR o3 44 §
W sl (surface deterioration)7} AT 4 A1, o] F
WAL FAYA ] AlEHFo] Hol g 7p&st AL o
A4 g ddo] Hr7|= Fri18-21].

olgjgt EE ] HLFE-E FE3Y] A3t AAARY
BEAle 27EHE A48 EASIEA AMEe 2H 318
ZAMAA og FA g ntRAFES Foly] 93 HiT
A, BF TT 5H B AdYErIAN dg Agsta sl
£ ol2FYH(on implantation) == Atg=E7le
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2o FHAVEEC] HEHo] $22-27]. H nlole
Aete] dpehe] Azt o g ol FW(ion plating), &
& Z3#Y(physical vapor deposition), Egtzv} FEAMY
(plasma  spraying), &34  Z# % (chemical vapor
deposition)? 22 o7 WRIEC] F&HUL YAEEA
FRL YRR A oA FEAE vis] ARG
S QoA @@ B ntEAHFe) 2FHE AFZIY
Hx7A] So] gttt %3] TiN, ZrN#% %2 2shE
& Elebgol Hlste] WvpRda BAAF
=
=

o
o] Wi 3 &Fvy, Xz3ole}l TR 4kglEe H) st
o FAg FEUL A7t Eoldle] hdd AEE &
AZTHE olx QFdgy e =34 AF3AVdE F
£35131 A tH21,26].

o] & ol FH(ionplating)2 ZEF9 AFFo] uj
+ 53 32 F T FFERAE ojfFoZN Jo F
AbEo] TAELA] o} Lo FHFES AL 4 gl A
AARR HEo] e Y3 dHtH o R ol F I

=
AF4 =27 gL IS £E7|T 2AE AEsT 9
25l EetEadel oleEFHE ol§dtel TING =Y
@ ¥ &% Uuhed mag 23 TN 298 el
AR S5 3 P, BAGY 2o 29y @ we v
EEE moln, MESHANNNE &4 BebEd 2 3
o7} glo] FEH AHE AT BIHAUTH2LL
e oleFY sle Er EWAS 2=sEE] A
AAR, B3 AFBER Lo vtARAgE gFHoE
Z2YVY I} BuHA 4 ok B AFME 2
& oleFPE 2HAe2g 2 TN, ZN, TiCN o] 2 £
| gelpaA E9o 39d 247 sfREYS EHoo
of 7&gol AFBA 57 L MBRE AR AE
2 ) e TR st RS
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A4 ol2Fqdd zHdg2%, HEE W TiN,
ZrN  @®HE  A|HEL  Scanning Auger Electron
Spectroscopy(SAES, PHI-670, PHI, US.A)E o]&3lo] &
o] 7 Depth profile2 %8 #THZ 9 38834 xAuE A
stth. AME® SAESS A¥zxAe AFE  10%torm,
Electron beam energy 5KeV, Electron beam current
density  04pA/100x100m’2.2  EA39o9,  Ar
sputtering rate= A4 o]2FUW SSSEHEL oF 100A
/min, 4 ojex=g3 TihAe Z$E oF 200A/minZ
St4th SAESS] ~¥EHOZRE 2t U4 F35HH =4
S AEed A8 Y94E9 7 9RERE I
(transition) ¥ o] WA E Auger electronE 3 Auger 3%
UA = Table 14 gltt. o] &4 Auger S5NUXE 2
v 7 949 2#EHe] Peak heightZHE]  Atomic
concentration-g& A|4+Ete] HWF o 315 2AduHIE AL
A
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H 1. SAES depth profiingdll AF2E zt |IAE2] Auger transitionz} 2&olf L x|
Table 1. Auger transition and kinetic energy of each element used for SAES depth profiling

Auger Transition KW KW KW LW ! LMesV | LsWV LMM MNN

Kinetic Energy(eV) | ~270 | ~380 | ~510 | ~700 | ~527 | ~844 | ~418 | ~145
Y o] LE23 A3 F Helg ¥4 Je=gHFT st Aoz
he cle8Edd o]2=2H (low temperature arc vapor deposition system,
A He WA 10mm, 0] 5mme] 316L LTAVD)E o] &3t TiN, ZrN. TiCN HE =S A A A

S5(18Cr-10Ni-2.5Mo-0.03C-bal. Fe, ASTM F138), S.S.S(Super
stainless steel, 22Cr-20Ni-6Mo-0.25N-0.04C-bal.Fe)E 4t
Fog 7133 F o#E vy A (surgical implant)E 93
ASTM Ao wel 03m7t A Antgt &, BFeist 2 4
g AAISSETH2829]. d7E A&AE 316L SS, SSS, A

olezql®l  SSS(N/SSS) B TIN  =ER
S(TiIN/S.S.S)E vluwHr} stgch. wi=e] 23 o2&
S4%e vasy) sk FAFAL vhmAzre] Qo]
Hol 4% Fo|e§ES ALY + U=S EDTAZ
H7}skA] & HBSS(Hank’s Balanced Salt Solution)& A}
|3k

FAAo|2FYR7E SSSAIH HHH FAYFo T o
2o A 100KeV, AFEE 40A/cm’, AHEE 250°C o]
3, AN 308, ©)& ZAMEF 5x107ions/cm’®E  F 3}
At 316L SS B TiN ZEHPHL Ho) 49E uir
T AE A FY3 WRos AEH)

ARLE ZUARE Hile] =EHEE HEE 87 2
R Yol DFAA AFE nfEAFV Y 2ASATHZY
1. BEAE7E 2 3xAF AE 10mme vHEE=EF
o g @l (high molecular polyethylene, HMWPE)%-3 A]H
o 240 WA= Aok
A% ok 60Kgl Abge] @ tlz 4g A% dEBET
A A2HEE $UL Aol 8Kgez AT rpm2002
2 ZF A#ejc 10, 20, 40%F 3 §F mlEe] o3l &&
H F&olL 4& 4

£ & 824 vAFE] FHo|&E AV sl
o S (ppbdE) F7dL BN F2 AMEHI
gi2 JAFFEFZEXN 7] (Graphite Furnace Atomic
Absorption Spectrometer, GFAAS, GBS Scientific Equip.
PTY LTD, Model 902, Australia)E ©) &3z, dEsig
A FEE EH(pyrolitically coated graphite tube)s} ¢}
FEEE =Zol7] A ERF(platform)E AT
[30]. 2eidalael &7E F g 9420 YA, 289
FEE SAsReH, AR FF Ho vfz& Id(control
soiution, Junsei Chemical Co, Japan)ol] 3t Calibration&
AAEA o NER 7R AEE FA4ste] Hok
£ SAA" FA

o

T

Q)=
AR

TiN/Ti, ZrN/Ti, TiCN/Ti8) vl2= Aj g

g Age nusEddn S99 YYo=
& +EeHr(Grade 2, ASTM Fé7) 95K A& A%, 4]

ot

AR A sFe

ot 23 20 AbgEl ALolaZAAARe EALE HAF
3 TiN, ZrN, TiCN z:ele] A¥dzAe A3z 10°
IFHL% 300°CoAlA F3etger IRFAS 2 3m A=

2 3.

D. Motor
{ -—1
Count
weight
HMWPE bar
Specimen
eflon tank
gi o

ag 1. HzE ot AETe] 2A T
Fig. 1. Schematic diagram of manufactured wear tester

nRol 284y FA3 FAviel AL ke

TiN/Ti, ZtN/Ti, TiICN/Ti 4259 ARt alZEE H)
317 H8lA ZE I AZ rlRol28E dY¥I= e
gz Zgdgd ¥ d4l gHelg & Agstsod, AH
o) el Bty 53 &AT HFo] o|RANRE 13}
Aot EElE 29 3A4E 200pmOZ 500, 1000, 2000,
4000, 8000, 12000, 20000 &) A& A7) & z+ AW FAZ
A F(weight loss)& ARA L& ol &3t FA3IAT
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Fig. 2. Schematic diagram of a low temperature arc vapor
deposition system used for TiN and ZrN coating on titanium surface
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A o] 2390 SSS HHAM A4AE X3F F &
FHA-E 2 SAES spectra®t Depth profiles 19 3¢ Ut
el el ALo]& Depth profiled |25 o} SSS
EHojA 2AS= Sputtering @# o] Skewed Gaussian
X E YEoH, 100KeV o]29 x|, o] ZA
5x10"ions/cm’ 0.2 A ¢k 6004 2] Zo]oA o 20
at. %7t FYFU}. SSS T Fxrole FYPHE Ho
ol oF 15004 ©} it

T Kvv
-267ev)

KVV
~510 eV) N KvV Fe LV
-3826V) (700 ev)

Kinstic Energy (eV)

@)

tomic Concentration (%)

12.0 18.0 24.0
Sputter Time (min.)

(b)

38 3. B4 ol2FYE SSS mHo SAES spectralal®t depth profilesib)
Fig. 3. SAES spectrala) and depth profiles(b) of a nitrogen
ion implanted S.S.S surface layer

TiN/Ti¢} ZrN/Ti 82 SAES £ ZAHAE 18 49 5
o Yehlildh TiN Z®Fe ¢ Tig N xAu|7}
Sputtering time 90E-7}2 #5538 ZAWE Zx g3, 3
82 z4u7t oF 50 : 5008 AT ¢ AN ol 23
o8 TiN9 ZAFFRE 2 2AHAM 73 43E"
FCC(face centered cubic)72Z Zte Ao E <A gk
TiN ZE&3 Ti Aol 4tiel BEEXEE Skewed
Gaussian B3 & Ho F3 YY1 2 AW =& H=
A Rz ZA $iEel des B 4 Uik 29 4
dA B F %] TiIN/Tig SAES Spectra® Ti LMM

A FEE =]« A254E, AM2E, 2004

o

m}g
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Peakoll Al TiNZ3 Ti 2A) A}o}e] Ayger &%oiA] 7} oF
2eV zpo] g 13k}

ZrN/Tie) 79 TiN/Tiz} §A}3 Profiles Bz gl
ou FY% A"z oty TiNoj) ulste] Zr3t N 24
"o} Aoz A FAHIY FdAo] Holxle Aoz o}
Elutth o]2E=F9 544 @deE o2y A g8
ZiN# Ti AH A9 BRI T35 (mixing layer) S q)
g Jdlen A E Ti B4 Wiz 3ale] =iy
ZRHEH BAALele] HAE EAZE Qv Ao Alsd
o} ZrN/Ti E9HolA] HojZ SAES SpectraclA] & 5= ¢}
%ol ZrN-Ti A W(interface)o) } €& C KVV peaks)
Energy shift7} #9103, Zr MNN peak W3+ H |z}
REHANA Zr3t ZFsle A4k e vjgke 9@EQ B
o &3l W33lE Auger £EANUA L Mo Fu 9l
th2® 5). ZHPHEH e Co N KVV Peak(H 4=
Al drF o g yehts Peak)sl 2 AlWol i)
st 9l KVV PeakE 9 Energy shift= 7}z oF 5 eV, 2
eVEA I AW Ti & Zrd g@3E o= A58 4y
2 234 3leS A3 AT 14]. Zr MNN Peakel] A
T ZEEe] HAz THAM iRE daet AFsin
= Zr3} ZrN 28 HE] Zro] MNN PeakA}olo] oF 6eVel
%8¢ Energy shift® 2o} Fuh TiN# ZrN zE 57
g BAFAE ABrA =@dteu ZelE Sputtering time
< TiNg Z9 o 90, ZIN& 758 Ax AP on, o
zto]& TiN# ZrNe] Sputtering ratee] Xof 98t Hoz
AAZIT gurFow Iy Fo 9Ux, Axo} nfREr}
< WEYS5S Sputtering rate7} & Rog LA
ok oolElgd YWY THUENC 2sta] dojn AT
o A9E F A8 vlEAE Addr AT o
REE)

¥ 40 30 Hr

kil KT

O™ A4 TN o|2T2& TiZEMo| SAES spectra®t depth profiles.
Fig. 4. SAES spectra and depth profiles of TiN ijonplated Ti surface layer
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Fig. 5. SAES spectra and depth profiles of ZiN ionplated Ti surface layer
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E 2. Hank's balanced salt solutionodfl Al ZE3t HZEL HF 0DIRESZHYS o2 EFHXY
Table 2. Means and standard deviations (in parentheses) of Cr and Ni dissolution products released by wear process in Hank's

balanced salt solution (ng/ml)

T

Cr 0.4 (0.2)

9.2 (1.6) 9.8 (1.8)

316L SS Ni 11 (0.3) 2.1 (0.7) 113 (1.7)

S3.8 Cr nd 8.5 (2.8) 10.6 (1.2)

e Ni 3.5 (0.6 4.4 (1.5) 11.7 (3.4)

L Cr nd 1.1 (0.5) 10.4 (1.3)

N ion implanted S.S.5 Ni nd 56 (0.1) 3.5 (0.8)
. Cr nd nd nd

TiN coated 316L SS Ni nd nd 1 (1.2)

Table 2914 & 4 9l&eo] z7] 109 3 <vule] A$
TE AHA g9 &2 AY %i‘zh AL ol&Fd
¥ SSSzHEE rE&EFHE IABol22 20¢ I A &3
FA ol Ao 1 o] F %7%%] 7t 409 3
cul F 316L, 5559 A9 FAT A&k 10ng/mb)e] HE
AT 1F5E 8 B¢ AF FHo)2EEHFHANA
<ol Ao ¢3lH SSS7} 3161 SSHTF A A He
ZE% £EHUT 1 U2 E F 2} ong/ml oY H
Z 1} HIJL%W[%], ToEﬁﬁMl oA AR AHE b3
=8 EE Zo] Ex EAdEdT ulFA] HA i
T U AUXG&E}.

S.S.S7} 316L SSH T} Z7] 209 3] 717 28] AT &
2 Yoo nEEEF HoH 407 FoA ALY FY
g &g JETh é‘* 01&2%’351 S8S5.5w ZET vVt
Z & SSSo HlEte #AF] H %o YAol HAEHIL
o 409 3] 717 D}Ezi A %é:—% B o] 42 SSS
o FdHE Aie JdYPoE FSEHAE L3l Fe G,
Mo?] ﬂ%‘ﬂ%oi olEdle ke XdUd AE e 2
o ALZFES Ay WEU Aoz HYFHIu33]
x3 dave *Eﬂ"‘ﬂ*ﬂ M HAME FIES FAHF
wa} =49k AvEle dHUoLE FAFe RN uf -2
2l Aol e pHE Z7FA7A RAXYPL s F=
97} 9 Aoz Hmsoe] o3l

5858 Aol FAHE HHE FAE o)L= 100
KeVoa] ¢k 1500A 0] & o|l&FHdaTdE FYFE XUz
o At °*° F Jerz AFAEAA 2L viFFEY &
Aol A gEH= E A3} 7eE= AV v AlRE
. 205k 39 o]&FQHE SS8SFe] HHEE AlFLE b
F3A AFIAZE RS T AL 3T <k 50003 9
2502 713 6714d oo dAA 01%1%%}%01 v} 5.
g F s vk ~

TiN ZEE 316L SSE 40713 24d7A 3€o] HARAA
%ol 2E, YA EF AEHA gtk JdFuBde gEF
AR °l 7eg A4 A 2097 ALY £ Joyd X%
F& F 35 50003 7iEo g ALtstd oF 35009 3] Ax
7R ZEFo] wlREHZA] ool Hrl fﬂra}fﬂ HMWPE#} A
Ao rfug&EdgozE SAVE dof Ti B3 whEA] &
A3he vpe s AYS Saisle vl H 7} 4.

TiN, ZN, TiCN =¥ 8 EEw9 vf2 A

e TiN, ZrN, TiCN 283 el ntes4e
g A3E 28 6ol “eRATh mEAREE
TiCN/Ti, TiN/Ti, ZrN/Ti, & Ti &A% Jebgch 23
E 3" Helg 2WE WviRge Z"Fo 2H4Y,
zﬂrfi}Zi 7“*, A, 2EFe 295 53 PHT BA Q)
o &4 HEtEY A9 AW FEHge oA FA4H
GAE ASEEE EHFo] dE®H & FA virE=E &
A 2 wd AsE W9 Helgy AS 1 23 ¥
oto] 4" W7tz FARLZE A AT 2% A%
o] &A" ¥ dnl A5 I FARLFL A A
Aoz Zristglenm o FAZAH (ug/cyce)s JYERY
T URES ?E‘o}xl e Tig Y3 4 2o FA
o} ZrNe] 73-% SAES Spectrac]A] Hmsld %ol Zri N
o] zAH Aol7t Az ZAgne] Lol EoiH TIN
B} wpEA3le] @A oA vlehyith HMWPE-Metal A}
ol9] wtA#E @ Ti-TIN/TI Ee& Ti-ZtN/Tie] 2% ut
AT ®ob oF 3me] REAS 2R Fo] AAHE vF
B A5 ZrN layers 9F 4,0008], TiN layer= oF 6,0003)]
Ax o] Az &gy TiICN ZE @ EHegwe A9
ZxNoj wlsbe] oF 2w, TiNej| wlsied oF 13w ¥ wim
A& Ve

oleFdHe AU e olRES F&5IWA FYA
A PtEAYS Folun UL Aegs Fo
24 Wl HJE A FaRes =
S8 5 gk Willams 52 HE}
B4 (hip joint prosthesis) X)) A T &
XA vl &S AA ZFaAAT o8 F&v]7d
ate] giTH16]. o] 2FUHHE AR S8 FU
® o) 2EH AAAR FHAolAA dojuie 53HH w7t

Fe A, Foi o]AUA T oJLEEE
ATE Bt YSVES &8RO e} aFHE Y
A3 PolE AT £ U'E Wy ¢ AR Tde
O EEEE AV AT ol A HE A Tl #I 4
T7F AYPEol gk e o] y)ed HlojeAEtT] ¥
T E3 2Rske 2W¥E9T e Y e AV

-~
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I, 28% AFS 9 HFo] & 942 @ Z¥F

&3t ghoi24].

a2y AAANE Hsted Yo} o 71Ee ATFH
S 2& ol2FYdE WMARNEEY A U 24 it Fol
old o] A Y3 FHE o]2FY ZHe] Wl F
FHoz dHdle vlEAEd Ae YEFE HEse=
d A7 Qoh JFFEY AE AF F 200 o) &
Bl 93t ulEEA G wlERee] FEHE ZWH A
&g 7% oy FAEES MEsty]  Hshe
Dearnaley &2 o] &% (lon beam mixing)s 43
B8 wiaAE o83y HTH25] AMEHH FHEY
Adol F& AEE IV & F2 B & 84 o2
£ wj$ 7T o)A E FYANA ZEZH JAFSEY
A F AFZE Eg, 8oz TdAA gHL A
ALY A S A3, f4H s E8F
Bt BL FEARE AMESle & gFg v 9
Ahgsta Aot wEkA] ALo|2F Y9 A AT 4F
3 FHS S 4] AdME vl 2L o)y Xz F¢Y
dof By o]2F Yk g AA W F B omiE w7
YZo] wigk Mg A7k 2"tk

AAEEY dsEg IYUe 1 Ut a&HAS
S AegHol oy 1 xHZFe YulrAgo] A7
o] 35g AA ©A gL JEUE ASE FB S8
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Fig. 6. Variations of weight loss obtained by wear process for
the Ti, TIN and ZrN coated Ti specimens in Hank's balanced
salt solution
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