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Summary

In order to investigate the corrosion fatigue life and behavior of a
high-speed steel (SKH-9) coated titanium nitride (TiN) by physical vapour
deposition (PVD) method, the test of rotary bending corrosion fatigue was
carried out in the air and 3% NaCl solution, respectively.

The results obtained are summarized as follows ;

1) A fatigue life of TiN coating steel in the air is largely increased as
compared with that of ‘the substrate because the hard thin film restricts of
dislocation movement in the near surface of the substrate.

2) Under the high stress level in 3% NaCl solution, corrosion fatigue life
of TiN coating steel is improved due to the effects of coating as compared
with the substrate. But, in the low stress level, corrosion fatigue life of TiN
coating steel is equivalent to that of steel without coating because the surface
is dissolved by the corrosion of coating layer.

3) The corrosion fatigue surface of TiN coating steel occurs in many
corrosion pits at the delamination part of coating layer, and the crack initiates
from the bottom of a corrosion pits.

4) The crack of corrosion fatigue of TiN coating steel propagates by the
growth and incorporation of the corrosion pits. The density and length of
crack are relatively higher in the low stress level than those of the high

stress level.
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sold HEEA wat JlA F2e Ase 2AE, 194, WA, WelEy S
o] AHgAd sl diE a7 £l AF dAA HAT FH A8 AARBAR)
dal ZFHoz FAS S i Bdolmz of 8TEE THEAF7] Y3ty
AaA Agel di3tyd L AFE 3 UeH, olF Ay EHA =AY
(substrate)2t= & EA4E& F+ EW NMA 7lgo] FE¢1 JO(XH, 199];
AR 5, 1995).

EW 7AYol 8832 (Chemical Vapor Deposition ; CVD)¥ 3 E2l%2
(Physical Vapor Deposition ; PVD)'] ¥ &A1Y o] lou d4 F+FS &
3 $o =Elde CVD 43 PVD ol thE WEnt dad AfHzm g
(Yoshinori &, 1993). ©] 3ol CVD {2 Z¥ 39| 333 HJEE XHde &
Z MAEo] < 1000°C olAe 1o JEE EAl(substrate) EHNA 318}
Uheg doylng 27 IS AT nEEF L AW FAY FFEBAMe
ZA At B JAA HA A Y X Az} 5o EAHH Ut =
g Aol BEFE FFA ddA 2EHE + Ae FHo| oI EF T,
1994), o] Wyo] AgHo 2 ALHHA E3xu ot
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3 FAHAAEY JEAQYA EHZ2op 2 PHEo] ZAY HPAA IS
Yo7 IHHEE e Wygelt. 53] PVD P& 500°C ol3te] vluF e
Lx3tdMz Ao 7tF3Eg AW TAH L& AL ¥e LD, g
F47%, A % uAFgE Fol de] AMEE IthOki, 1990). AAI2 PVD Y&
3t 242 F1E FAHLE d=doly 58, =8 Fo MY AR5E =
Hate] yrlrAE 3 PHA] FEAE AHEESHERA Yol S
oh.

£ AA 71&0] 714 Rotelel o4& WA, WmtE A, WAY S 43
o] $4% AEsg XA MW A2 A3t F&AE Bl ZHEA 74
2E 3T, 38 T BEEAQ AN 2 AREE EFHoz o FYd 4%
Pga £ AL Ast A= gow, FF VA FZE FAde g4l
71512 AH(Varacalle 5, 1991).

£, 714 FZRE FAe QAo E V2 §FE W HER BHIYA
2 AGE deotsiop & dart Ax, 53] M2y 3"RAY 4 ¥4I FY
A 714 228 FA ol & R Aty IHF 2 Fx FFE AdY
AHE B M2 ZFr FA4E 73 "8t AW, AgzAE TiC 4
TiNS B9 IYS I, 2137 £& @279 AFETH FHol 4AHNU
ou, Algte] ZRAL Zx EA BF A7e A9 o Fx AdA vy
371 A% AHE @73 F M2 B FAHL FUHo=z FES HdEsHz A
%< %oltHTashiyuki &, 1993; Kazuaki &, 1994). |8l gty 2= A2
BHATR Y Bopole o] M ARBAF WUE Fx B A¥E
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Fig. 12 A¥el A$d A 9 92 APH Yo A+§ vhehich
SKH-9 Alg¥e A deol= 110mmE 3oy, EFAZE 30mmola 373
< ¢ 1llmmo|t} o] AJYHL g ALE3td AW 7138 F EAL v
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ZAY dvig AIPEE He2® XAF F ootz WA ol EH™(Arc Ion
Plating)e] PVD¥oll olaf Z®atdch 28 2L Table 201 eI RAAYH
F4Y 05x10° Pa, ZHAIZ 608, vlolojx AY 250V, BF S5AE stch
3% BHL Fig. 19 Uepd ApdFoln 3®] FAE ¢ 3pmeolv, I8 F 44
& TiN §+9 $#54°]0.

SKH-9 EZ(substrate)st TiN 2B A 7144 H2A& Table 301 JehiU
o} Fig. 29} 3ol4 A% 54& i, ZA Y8 Fr= 9894 MPaoln A&
€ 1097°Ith. TiN ZEAS] ¥8 FTE 10087 MPaolm AA-&L 10890t}
A% 54& T3 d YiMe UTM(S5Y Zwickih) & AHS8gon A% &5

¥ 10mnvmine 2 3\t FEE vielaz "|H2 A A(Tukon 220, Wilson
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Fig. 1 The shape and dimension of test specimen (mm).

Table 1 Chemical compositions of substrate SKH-9 (wt. %).

C Si Mn P S Cr Mo w v Cu Ni
0.80 380 ] 450 | 550 | 1.60

~ 1=0.40 {040 |<0.03 |=£0.03 ~ ~ ~ ~ <0251 <025
0.90 450 | 550 | 6.70 | 2.20




Table 2 Coating condition.

Vacuum pressure 05%10° Pa
Coating time 60Min
Bias voltage 250V

Electric current 35A

Table 3 Mechanical properties of experimental. materials.

Tensile strength | Yield strength Strain at fracture Hy
op (MPa) oy (MPa) € (%)
Substrate
1079. 9.61 10. 278
SKH-9 079.65 96 097
Ti
ﬂ.\l 1096.22 988.52 10.89 358
coating
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Fig. 2 Tensile strength properties of substrate SKH-9.
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Fig. 3 Tensile strength properties of TiN coating specimen.



2. dHER % AHYY

Aete gEzAe F4 92 F=E A A3t ZA(SKH-9)$ TiN
aRA 9 F715% 3% NaCl +84 FolAN 74 M2 NPE 3o

74 92 4% FAE Fig. 49 vebd AAY 3 39 A2 24
ANz FEHO Atk £ A¥ol AHEH AZARIE §F 10 kg - mo) HA
29 A2AYNALEY Cololn RatAlol A@Mel 34 3ol 7HAA &
£2 A¥7ld AHEE A HASEE AA 0~1800 rpme] FS. o)A
Qdole] HALEAXN A3 2742 4 Yok ZEe HAALTE YA &2
Aol ozl FAo] Ho, HALEEE F71F YAME 900 mmels] ¥4 #7
FolMe 600 mme2 AT £ F3 Aol 100 ¢ 19 LI E Ae
FHEEZA FH3AT AE7Ie EAc 2, wWoid, heE, XY T2 T
4dol en #FY 2B FAFE AL Y £ UA=F Hol Utk

B4 92 AYe 87 20 4L F71FH 3% NaCl +890lt. 4714
3% NaCl +84& #4849 B840 ASTMTHY ATt F4FAo|
FARgHol Buso] gloB2(AM ¥, 1987) ol& FA8des AHYIHAT. ¥4
Fo ¢PAANE FA2s ¥ £22 olFoAN FAxE ¥4 ojad2 A%
son, e s2E %2 £2E AHES F49 Y& AA}UG. =
& Rz FRAolY] FehAHA FTE A 3% NaCl €48 #&
Z2HH £9olaYE AW RAZZ FIFHL A $22 VIS A

sttt 22ln $8YFL 52 2 3 AdF Y 13 B@/3{A
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Fig. 4 Experimental apparatus of corrosion fatigue test.
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TH B3 YL g, = 200, 300, 400 MPaollA AP P3Py, A2 PR
AlgHe ZAd BedE 259 A B4 g AAsn 4 W0An
FAY A Z o2 D fAEA 2t 2y gty Hn HESHT
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1. FAIE ZE (S-NME)

Fig. 5914+ SKH-9 242 Alzte] A EZA digt F715% 3% NaCl &
o FoAM &¥AWE 200~400 MPao] HAANAM L WA AN A FY
HE AEY A2 s £9#39] BAS-NAE)E vehdh

2% 2T F71Fe U2 BEE §Y £Y0A v 2d ZWA
o %7 RAY Axrt Atk 1y 1 H2 ZFEE Bi$dd o z}o)
€ Hold, ¥3 §¥o] AW 1 Ao|rt 2xn 3 Yo Fowd 1 zjole
A, IEA7 ZARY 3715 ¥R 9ol P4E e dud ¥u yuo
Aol o3 2A BH %9 A o]l A Hul, YL es ¥
t BRY 24gNYo]l F&H M2FF P ANJHEE F£7o] FPEdn
FHIEH(AE 5, 1990). A&JHoME FAINe A2 339 Fgd o3 =
Woll &4duYel 283t T4 Fovt SAHD2 3y Y £ g4 A
EE 3YHAJRY 2,

29 F71F% 3% NaCl €459 M2 Z=§ Hlastd 2d o, = 400
MPad] 33¥ oA H2 $7o] A9 vzt AFYHAMNE 3% NaCl &
AFo £l F71FY FBRY FH3] AsPh ol F&F ule go| F7)
FoAMe 44 BE Boln o, 3% NaCl #4FdAe ol B4 &3
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Stress amplitude ¢a (MPa)

600
Substrate
® in air
500- A in 3% NaCl
TiN coating
O in air
400+ & mO ® in 3% NaCl
3004 AR 0O
200+ ;| ® O
100+ 0—>
0 LR LR R LA T T rrrmm y rrryruar rrrrroam T TTTT
1.0E+03 1.0E+05 1.0E+07
1.0E+04 1.0E+06 1.0E+08

Numbers of cycle N

Fig. 5 S-N curve.
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5o} verss) gl

2R F715H 3% NaCl 959 72 49L& vaso B 5, = 400
MPas] 2& ol 3% NaCl 89%9) W2 $9o| E713uc 23 A8
A RetgYo| s & £2 2 HF AL AAW, 0, = 200 MPad] A
£ EAY 24 92 $93 Ao ol ol 3% NaCl §943¢) m=z 49
€ NgHe Edl 34 @A o5 $HE RANES} SAH] 4, GAol
s Zdol WAl HYHEe ALPA 200 MPadlHE B 2% Hut
ol A B4 B9l A8 W2 42 54 Fel o S4Hnz 7
44 T& AH} gastel B2 9ol FFs Ase

2As 299 3% NaCl 439 %4 m2 +9e 188 g, = 400
MPaslHe 2EAS A2 7o) RANG 2 Hol§ Holm o}, £58d
ol MasA 1 Aol ZAHY g, = 200 MPacl = ZA} T2 2ol
Ael goldth. n3YANE TR FHo) ZU WA 74 AT} BA B
% FU WA AAUT 2] WS ZRAS o] RANT 2], 4
AME Zde) BHRT 79 4% AN 24 gslol 8 Bt o Tl
B2 A % £9& vehl, 4389 24 BRAME == o8 2y
N2 2% R 59 g4 A=A G ol TIN 28 viAgAe] 24 w
2 S40) dstol(MB 5, 1990, WE 5, 1990) 2 uhe] BetH AP ol
87 Ae A#2 FE Aol AAHY Aot WAYT A% Fo) o8 B
4 Mz ZEs} AuMEcn 2usn Aed, B d7dMY Ao Ao
Feshe ANY 2939 €40 AN 29 ARE 97 Eo2 Yy
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2. FAL2RY Yy

AR BAE T4 ¥nHel o #FF dHE Fig. 691 Jerich
A B21FAA AR AA Fig. 6(a) 18 AHEE IYAY 2A9] BEHe
Bl ol FAEE AP & FIL M LAY + Uk ole $7 2]
of % FHepRoA pli dde] HA, 43t sgd o]& A& Yehd

T8 3% NaCl 894%9 2A< ZeA9 EA[ Fig. 6(b) 1€ vwsty By
2Ao A o] B4 E st AL B2 9E} on vi Fho| @AY
Agolth o] X4 HEY FEL #3¢Yo| 1 B4 U4E Yo =Y
Ao Bt ¥4 AEG $YHF it £ WY e 2 Fho| BEHA
o ols Z¥E Bl 74 @6 o ¥4 AA7 YAHo 24 HES @
A7) fioln, 2% £AY TING ZE7 S YA AYe] LAY
folstth. ¥ 8ol A5 A8E A I3YFo vy Y R o] @
Ao ol VFL2 A3 FRAAGE ARdg A Hol Tt 24 g3
ABF FAE TP ¥4 HEE YT olHF R4 MEF rYoz 3
o #dol tg WA o]go] FA, FFHo| B o] HAe= N g
ole ¥ Bus1 & TN HE di%e] 349 fAlsin

ARAet 2A 2 vdF dHE Fig. 79 Jehdok 71504 APE P
Fig. 7(a) ]& AHEWA I¥uto] BEd 27 Irute] s} YYo| 435
st MERAPF UE R g 4ol LA G FEL Holn Yt ¥
Fol BEE FEoA gho] BFHA g€ HoE nFo Hol W24 o ¥
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Substrate specimen TiN coating specimen

0z = 200 MPa

Oa 400 MPa

(a) in air

Fig. 6 Macro-photographs of specimen surfaces.
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Substrate specimen TiN coating specimen
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. l‘ l by ..
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200 MPa 0x = 200 MPa

0. = 400 MPa 0, = 400 MPa

(b) 3% NaCl

Fig. 6 Macro-photographs of specimen surfaces.
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<~ TiN

coating layer

< TiN

coating layer

o " %ed — substrate

(b) 3% NaCl

Fig. 7 Failure apparatus of TiN coating layer (o, = 300MPa).
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2ol E4fo] A71n FE w4 Aol HA & YFP 3% NaCl 44
dAAMel A3 Fig. 7(b) 1= 2B Fol HA% A2 339 F3H 4o o3 AUz
B4 28 Ao B3 o vhe] @ibo| WAEY o] IEute] &ARAN 7
dol HAEE el
YA ¥ 38 EAE Fig. 89 vehddh F71F( Fig. 8(a) 1€ AH
By odd FRdMe F4EE A e 7dde #3Y + glon, 3%
NaCl 84 F[ Fig. 8(b) M= HEE 7|Ho2 3o £ FIEL BEY
T Utk £ F31-3He et ZHe FE JHE Aolg Helm Jed Ag
oz Z44F Fddol 4ozt A1 g FAY £ Stk ol AET ute o
7% e FEEd J3 ASHAUS S debdll Aen, 3% NaCl 58
F Byo] 4 &R g5 24 faEo =R AF ¥ g &
37t AAHER, IRF B AEJ 4, 4%, A= o 7ol ¥
s

Me I¥

]

o o]g Aoz Azdrh

3% NaCl &4l 9 A2AY ¥ AeAe] B4 HES 2 dWE Fig. 9
o el 2% RY[ Fig. 9(a) 1€ A¥EE 33 54 gAHd g3 &8
< 4 HE7L HAYAUTE £ £ Utk ol 24 JEE Iy EHo] £y
Sl 3] IRl HEHo HE] WA A o] o]Foixa Ut HWES]
w9l Fig. 9(b) 1€ AvRd 38 @do] &4 HEF 7|HoE 39 $¥2
d £Hog Fdol o HARAT. olc ZW FWo| ¥4 FAo o) 2y
S3llso] Ao @3 e AFE YA} 2® W H4Y NEE JHe
2 st} ZAd £ {A Fhol b5 TAHAUSTE Jehdh
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(b) 3% NaCl

Fig. 8 Micro-photographs of surface crack on the TiN

coating specimens (0, = 300 MPa).
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(b) Crack at cross section

Fig. 9 Micro-photographs of pits and cracks (6, = 300 MPa).



Fig. 10& 2% Alg%9 3% NaCl £4q0lA ded ¥ 129 g AL
79 9% B3 32879 FAE vEd Aot #d YEe AHE 2UE 6
S%3ta Macro AHAE Hol g ¥ 5mm FHo2 g 10 Fdol A7
wPapst FHEE o] AA BA WY FEY 9 HIZ Jdehd Rolg. ol
o5 g 200 MPaolX #99 dWErt 3n ngYor A+E 3.

Fig. 11€ 3% NaCl 894dA stadd ¥ ¥ APHY Z4zpe] F3t 3-8l
et Fd dolgt 7P +& uehd Aotk A&E 0. = 200 MPad] 3%
1Llmm® @¥ dol7l ¥ 03mme Rel Atk EF 13 g, = 300 MPa%
400 MPa®) ¢+ 03mme} #¥ol ¥ Llmme Rol AT AEHAN 2 &
go] B AL AN 24y A9 Lo o3 ZEFol &L FEol L
A, 4%, A see] =esigry] WE ol
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Fig. 10 Relation between density of

crack and stress amplitude.
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Numbers of crack
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O 200MPa
2 300MPa

30, 400MPa
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Fig. 11 Relationship between numbers

and length of crack.



Fig. 12& HZAEF HAdd AL Fa Aoty F71FolM AgE A
Fig. 12(a) ]& A¥Ed I€A9 2A9] mude] FH S Heasin 14 ¥z
geddA wAsE dddEge] FIFR(HAERD)E HAY 5 g ol A
=3 upot o] IR Fo] HI o g3 HEE FEo] Ay #d 2 FLA
< HA o 2aAje] HGEIL mdke] flo] & Yehdg

3% NaCl &dolA 4¥g A Fig. 12(b) 18 4vuw I 3¢ 5
@ gEFoM Wiz w3 Pl &G A ErArt Holy @zl &
AL &+ Adh ole 4 H2 £ Z7]d APH FAY o7 FoA @A
§ TdEEol 4%, A dde =Edma2N A7 dgMes gy
Hlalo] 2gYog A2 Gyt an P& LAY [loh

H2APF 2HA9 i AAHER A 93 #E3t Fig. 134 Jehd
. F71¥[ Fig. 13(a) JdXe A4 37t debgtx, 3% NaCl 8943 Fig.
13(b) ]9} Hedeldt. £§ [ Fig. 13(c) I€ 3% NaCl +894%[ Fig. 13(b) ]9
gas 259 MRt F3 A, gddo] 54 @ o3 B4 L5
o FEHASFE RAF1 U
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Condition 0, Substrate specimen TiN cpatxng
specimen
200 MPa
in air
! 300 MPa
400 MPa

(a) in air

Fig. 12 Micro-photographs of fracture surface.



Condition Oa Substrate specimen TiN coating
200 MPa
0
3% NaCl 300 MPa
400 MPa

(b) 3% NaCl

Fig. 12 Micro-photographs of fracture surface.



3% NaCl

(c)

NaCl

(b) 3%

(a) in air

Fig. 13 Fractographs of TiN coating specimens (6, = 300 MPa).
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A£E7 SKH-99 ASEEHE(TINIE PVD o2 I®dtd 37153 3%
NaCl §9FoA 54 d2 AL P3tn §4 gz +93 gz 77 s
o ¥la AES A 93 gL FdE8E AU

1. 715X €A J2 ZFre ddd B Ao A4 98 24 ¥a
oW M99 Fo] THEA Hz, FIdLdHdoe He FHe AAdHYo]
F&E BAET gAY, O £ P4 ALE 3 o] F42 7
o},

2. 3% NaCl +84ZA TiN 2R 4 ¥ Fre B9 Gygo] Fe
LIHHANME 27 A 2ds) A v A MNARARE, 9] Gggo)
2 AZYQY Bi¥e Z®IY AERAAM 247 FASHER F-)o] o Axn
€ o

3. TiN 2R A} 3% NaCl +84Folre 28 THS 24 #79 o 9
d Zg3ol BE F wreld SAFA g B4 FEJ d4Ey, gL
F4 HEQ Aoz iE ATt

4, 3% NaCl #8945 TiN ZE A9 #4] vz FId& 74 HEZ 2E 4%,

Al YHER, O P39 2719 UEe 74 §739 dge] & A
M AU es g ug =,
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€ =¥S A8 A Axg FE WEAFA PAY AE ns5de 2
ol Qe FAE =, =F JARAF MUY AF3 2oz e =
AE FA YUF FdH 7Y 25d, 933 24Y, @94 a5y, 49F
¥ 2edAE A =PU.

oh&d upmAl 7l We 4% g F4A AFFY/IELY Ay A
e EEARAYY oY, 2T e dHEA FA=IUL =3,
ABl & AALAN B WE o FA 1RG Y, d&F H4d a8z
TR =0 YL EANA FA=PuUn,

222 o] =80l U7t WFUE BAH AFoE HAY FA 2 Yd}
A AL dAte nlg-g Asiy, ok 9¢, W4, FHrdY oYE, 2
B3 A2 Z7HE S GlEA FECA 7% Uk d4dn

BoR AF7A EAYHELR AR FHW ZuaA 2ry JHo nFsy
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