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Corrosion Behavior of Ti/TiN Film Coated on AISI 304 Stainless Steel
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Effects of the Ti content and the presence of Ti underlayer on the corrosion behaviors of TiN
coated AISI 304 stainless steel have been studied. The stainless steel containing 0.1~1.0wt% Ti
were melted with a vacuum furnace and heat treated at 1050°C for lhr for solutionization. The
specimens were coated with Ti and TIN with thickness of 1a#m and 2am respectively by
electron-beam physical vapour deposition(EB-PVD) method. The microstructures and phase
analysis were conducted by using SEM and WDS.

The coated films showed fine columnar structure. The corrosion potential obtained from the
anodic polarization curves measured in H;SOj solution increased in proportion to the Ti content
of substrate and was much higher in the specimen coated with Ti underlayer compared to the
specimen without Ti underlayer.

The potential-time and the current-time curves which were obtained in 0.1M H,SO; + 0.1M
HCI solution showed that both the increase in Ti content and the presence of Ti underlayer
increased the potential and decreased the current density resulting in a dense passive film and a
suppress of pit formation respectively.

Keywords : corrosion behavior, Ti/TiN film coating, electron-beam physical vapor deposition,
columnar structure.
1. M & Ho] ZMFo] grf. 11 FolA REFYGog go
85 TiINZ §83 A=t =3 8%H4 4ol
S 2HYO|EA LR a8 WS

4AE AT ol WA AAABAze)
serzgel WaRE 2 HE7HEA7)e

2ol

Hxo o = N % Al Cr, Ti 59 F712& 3A4AA
2ES HIREY Z4F 449 AuA=E o ANE GAAANE ATSo| APE
453 9le e A7 ALRE AS 4 )
%3“94Jaj°; L::Loqu:a};}é ol9) j_i TiN ¥ete] 23728 HAsT YH4E
N e Aoz HA Utk =@ Tie

el 7tA AY

st AAREATARE 9 AgHT AT
EAjsh TN e Apelo] W& 4ol $
73l W
dl 1% Tis

SEAFA]

EEELAH



162 5433 2] A29¢ A3E 2000 69

E'7b -163Ve] BHB£02N A8BS P4V
A Aol ¢ B8l EWol FI4Y Ak =
A Yo sael At 819K TiO,) &
A3 o2 Qg Fude s TN uiube) A
A8 ol YHHe $FPNNE Rz B
gol k. AT WAl $58 F&HL 73
22 g g vty nfAR oz Qs
< SshA BEsA 27 @Rl B9 u
A& FAANFE A A4 F28) Y. Missiani
£ P& wa%s 304 2HAA2A TN,
Ti/TiN 2922 8A4AA vz, Bas 25 2H
227 TY/TING ZEE 297 ¥4 $48
W44E dehlol Ti $703 #9 oflgl 29
ZHo] ZRZ WMol 2 4L mAy &
Atk oleizto] B9 o] TEEe) RASA
of 2 4%8g uNAT BAHNAN Tighe) Wt
=< o TiN, TiI/TIN Z®20] Asela)Azte)
RAEA0 pAE P dsME A A7
ul ik,

webd & Aol M 304 AEQlElAge] @t
E N2 dAsn 7o RSHE 234907
3 Tig 01~10wt% ¥WAUE H7six  EB-
PVDY o2 TiN ©3utetsl Ti/TiN ch&wiete
AN F BUSAL ZAYOZN T Tig
go] BAAF oM 98L vsgch

o

B o o ofw kI dr ooff flr

bl
[ 2d
o

Wy
2.1 A|EZ=H| Y Zx2X

£ A7 Arg AHe 3lshA AL Table 1
I Zom AIS] 304 ZE|AY2Ag RO
32 o7lol Tig 01~1.0wt% 2 ¥z Arlsid
AFHFERAAN L8sty 280 FYdslo Y2 e
A F A 1100 CE 7193t Q74asig
o AzdE NH2 #33E 98 1050 CY Zex
Ar7k2 E917100A4 1AZHES £A3NE F 5
WHAT FHRAL BANY] BolsEE o
13mm2 disk ¥ Fdsdld 1pemo 2oy
B2E FAustden Zzh o g2 ol E
A oF 308 B 289 AXEYY

Table 1. Chemical composition of samples

Alloy C+ Ni Mn S C€C Ti P S Fe
1 1903 946 1.74 0.854 0.070 0.094 0032 0017

4 1909 921 173 0871 0.070 0.423 0.031 0.031
bal,
71900 924 176 1.010 0.070 0.710 0.030 0.030

9 1893 927 176 1.030 0.074 0.921 0.032 0.032
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Table 2. Samples and their coating treatment conditions
Sample Ti(wt%)

Conditien of Coating

SS1 0.09 Non-Coated

SS4 0.42 Non-Coated

SS7 0.71 Non-Coated

SS9 0.92 Non-Coated

TiN1 0.09 TiN Coating

TiN4 0.42 TiN Coating

TiN7 071 TiN Coating

TiN9 0.92 TiN Coating
TiTiN1  0.09 Ti/TiN doublelayer Coating
TiTiN4 0.42 Ti/TiN doublelayer Coating
TiTiN7 071 Ti/TiN doublelayer Coating
TiTiNS 0.92 Ti/TiN doublelayer Coating
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Fig. 2. X-ray diffraction pattems of TiN coated 304
stainless steels.
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Fig. 3. Potentiodynamic polarization curves for $S4, TiN1,
Ti/TiN1 and Ti/TiN4 coated samples in 0.1M H.SO«
solution at 25°C.
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Fig. 4. Potentiodynamic polarization curves for SS9, TiN7,

Ti/TIN7 and Ti/TIN® coated samples in 0.1M H>SO.
solution at 25°C.
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Fig. 5. Corrosion potential and current density of the TiN
coated 304 stainless steels as a function of Ti content in
0.1M H:SO: solution at 25°C.
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Table 3. ICP results of TIN coated samples after
corrosion test in 0.1M H.SO4 solution at 25°C

Element(ppm) _ )
Samples Ti Fe Cr Ni
TiN1 00320937 | 0301 | 11.7
TiN4 0.030 | 1.160 | 0.894 | 55.4
TiN7 0.037 | 0.900 | 0.470 | 0.033
TiN9 0.046 | 0.234 | 0.759 | 0.012
TiTiN1 0.022 | 0.668 | 0.029 | 7.260
TiTiN4 0.032 | 0.718 | 0.290 | 0.050
TiTiN7 0.037 1 0.382 | 0.005 | 0.005
TiTiN9 0.031 | 0.120 | 0.008 | 0.016
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Fig. 6. SEM micrographs showing corrosion behavior of TiN, Ti/TiN coated samples
steels after potentiodynamic test in 0.1M H2SO« solution at 25°C.
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Fig. 7. Potential-time curves for SS9, TiN1, TiN9, TiTiN1,
TiTiN9 in 0.1M HCI + 0.1M H:S0s solution at 25°C and
at constant current density(1.0mA/cm?).
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Fig. 8. Cument-time curves for SS9, TiN1, TiN9, TiTiN1,
TiTiNG in 0.TM HCI + 0.1M H2SO: solution at 25°C and
at constant potential(300mv).
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Table 4. Induction time and current density of the TiN
coated 304 stainless steels after potentiostatic test in
0.1M HxS04 + 0.1M HC! soiution at 25°C and at constant
potential(300 mv)
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