CORROSION SCIENCE AND TECHNOLOGY, Vol.9, No.6(2010), pp.289~293

Comosion Behavior of Hard Coated Ti-Zr-N Film on the Tool Steels

Sang-Won Eun and Han-Cheol Choe""

Dept. of Applied Advanced Materials, Korea Polytechnic V Colleges, Gwangju, 500-170, Korea
IDept. of Dental Materials & Research Center of Nano-Interface Activation for Biomaterials,
College of Dentistry, Chosun University, Gwangju, 501-759, Korea
(Received November 22, 2010; Revised December 16, 2010; Accepted December 17, 2010)

To investigate the corrosion behavior of tools steel surface in various coating film, the surface of hard
coated Ti-Zr-N film on the tool steel by using magnetron-sputtering methods was researched using various
experimental methods. STD 61 steels were manufactured by using vacuum furnace and solutionized for
1hr at 1050 C. Steel surface was coated with Ti-Zr-N film at 150 C and 100W for 1h by using DC-sputtering
equipment. Surface characteristics of Ti-Zr-N film coated specimens were investigated by OM, XRD, FE-SEM
and nano-scratch tester. And corrosion behaviors of the coated specimen were investigated by polarization
test and electrochemical impedance spectroscopy(EG&G Co, PARSTAT 2273. USA). It was found that
Ti-Zr-N film coated sample had a thick coated layer and showed a good wear resistance and corrosion
resistance of surface compared with ZrN and TiN coated sample. The corrosion resistance and mechanical
property of Ti-Zr-N film coated STD 61 alloy increased as sputtering time increased.
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1. Introduction

STD 61 has been widely used for tools, metallic mold
and die for press working because of its favorable mechan-
ical properties such as high toughness, and creep strength
as well as excellent oxidation resistance.” Recently, many
studies were attempted to improve the wear resistance of
tool steel materials by coating with the inert bioinert ni-
trides such as TiN and ZrN.” TiN and ZrN possess the
same crystal structure(cubic) and share similar properties,
such as high melting point, good chemical and thermal
stability, high grade hardness and metallic conductivity.
Both of these nitrides are known to be stable refractory
compounds.”

However, these substances have not been applied in tools
steel at the same time like a composite. The methods of
coating currently in use are sputtering, ion plating, and
laser ablation. Physical vapor deposition could physically
bond the interface between the substrate and coating film
so that surface strength and surface roughness could be
minimized.” DC-sputtering is already used for the purpose
of hardening the surface of metal alloys after the drastic
development of hardware for sputtering experiments and
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in controlling plasma. Unlike carburizing done at high
temperature, sputtering is done at low temperature using
plasma so that surface hardening could be obtained while
minimizing material change. We can get the composite
film by using sputtering on the tools surface.”

In this study, to investigate the corrosion behavior of
tools steel surface in various coating film, the surface of
hard coated Ti-Zr-N film on the tool steel by using mag-
netron-sputtering methods was researched using various
experimental methods.

2. Experimental details

2.1 Preparation of samples

In this study, STD 61 tool steel was used for substrate
with following composition; 0.30% C, 0.73% Si, 0.69%
Mn, 0.12% S, 4.95% Cr, 1.01% Mo, 0.41% V. Heat treat-
ment was subsequently performed at 1050 C for 1 hr in
an argon atmosphere to homogenize the microstructure,
followed by furnace cooling. Specimens for electroche-
mical test were prepared by standard sequential metallo-
graphic polishing with emery papers and then given a pol-
ish with 0.3 um ALO; slurry. All polished specimens were
ultrasonically cleaned and degreased in acetone.
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Table 1. The condition of TiN, ZiN, Ti-Zr-N film deposition

Table 2. Values of conosion current density (I,n) and conosion
potential (Econ) determined for coated STD 61 alloys from

potentiodynamic polarization curves in 3.5% NaCl solution

STD 61 Non Coated|TiN coating|ZrN coating T1N/ZrN
Alloy coating
Icorr -6 -6 -6 -7
2 1.880x107 | 7.581x107 | 2.014x10™ | 3.419x10
(A/em”)
Ecor -420 -360 -410 -589
(mV)

Coating condition| TiN film ZiN film | TiN/ZtN film
Target Ti(99.998%) | Zr(99.99%) |Ti/Zr(99.998%)
Base Pressure 10" Torr 10 °Torr 10 Torr
Working Pressure 10”Torr 10”Torr 10”Torr
Gas N2(35scem) | Na(35scem) | Na(35scem)
Ar(5sccm) | Ar(Ssccm) Ar(5sccm)
t?ﬁgﬁ;ﬁ’; 150°C 150°C 150°C
Pre-sputtering 20min 20min 20min
Sputtering time lhr lhr lhr
Sputtering power 200W 200W 200W

2.2 Deposition of Ti-Zr-N film

The Ti-Zr-N coatings were deposited on the specimen
surface by using the DC-sputtering system. The Ti and
Zr targets were placed by positioning the substrate over
each target for Ti-Zr-N layer. The deposition parameters
used in the Ti-Zr-N layers were given in Table 1.
Sputtering of Ti and Zr on cleaned alloys surface were
performed by means of a DC and RF magnetron sputtering
(CX-600S, COMDEL, Korea) system. Pure Ti and Zr
(99.998 %) were used for the coating. Before coating, the
working chamber was evacuated to 1.0 x 10° Torr and
kept at room temperature for 2 hr. The RF power for Ti
deposition was 100 W, and the working pressure was kept
at 1.0 x 10° Torr. During sputtering of TiN, a reactive
gas mixture of argon (Ar) and nitrogen (N;) was used for
deposition onto the metal plate. The feed of Ar (99.9999
% pure) and N, (99.9995 % pure) gases was controlled
by a mass-flow controller. The mixture of gas was main-
tained by inlet of Ar and N, gas at a ratio of 1:5 (infusion
volume; Ar: 5 sccm, Ny: 35 sccm) (scem stands for stand-
ard cc/min) for 5 min. Pre-sputtering and deposition times
were 20 min and 60 min, respectively. The coated samples
were crystallized in Ar atmosphere at 1000 C for 1 hr.

2.3 Characterization of Ti-Zr-N film coated surface

Ti-Zr-N coated specimens were investigated by OM
(optical microscopy), XRD (X-ray diffractometer), FE-
SEM and nano-scretch tester. X-ray diffraction was em-
ployed to identify the phases in the alloys, using a diffrac-
tometer (X'pert Pro MPD, Philips, Netherlans) and Cu Ka
radiation. Corrosion behaviors of the Ti-Zr-N film coated
specimen were investigated by potentiostat (EG&G Co,
PARSTAT 2273. USA). The potentiodynamic tests were
carried out with a scan rate of 1.667 mVs' from -1500
mV to 2000 mV in 3.5 % NaCl solution at 25 C using
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a potentiostat (EG&G Co., PARSTAT 2273, USA). A con-
ventional three-electrode system with high-density graph-
ite as counter electrode and saturated calomel electrode
(SCE) as reference was used. Preparation of the sample
was as described above. The sample edges were carefully
covered with epoxy to avoid the possible crevice attack.
The electrolyte was deaerated using high-purity Ar gas
for 30 min before starting the experiment. Deaeration was
continued at a uniform rate during the experiment. The
Tafel extrapolation was followed to determine the corro-
sion parameters; based on a software-based approximation.
EIS tests were conducted at the open circuit potential at
the frequency range of 10 Hz to 10° Hz. A similar three
electrode set-up was used for EIS studies. The amplitude
of ac signal was 10 mV and 5 points per decade was used.
An equivalent circuit was assigned for the acquired data
and the data were curve fitted using ZSimpWin software.

3. Results and discussion

3.1 The microstructure of Ti-Zr-N film coated surface

Fig. 1 is OM micrographs of STD 61 tool steel. Fig.
1(a) is the sample of non-heat treated STD 61 alloy and
Fig. 1 (b) is sample of heat treated STD 61 alloy in Ar
atmosphere at 1050 C for 1 hr and then furnace cooling.
It was shown the martensitic structure both of them, but,
heat treated sample was finer structure than non-heat treat-
ed sample. The spherical MC, Ms;C and MxCs” precip-
itates were uniformly formed with black dot in the heat
treated STD 61 tool steel as shown in Fig. 1.

Fig. 2 shows the XRD results of TiN, ZrN and Ti-Zr-N
coated STD 61 alloys. These samples were crystallized
in Ar atmosphere at 1000 C for 1 hr. It can be seen that
TiN(111), ZrN(111), Fe(110), and Fe(200) peaks appeared
on the surface, respectively. The researcher reported that
the preferred growth direction of TiN and ZrN film was
(111) and (200) orientations.” Therefore, we can con-
firmed that growth orientation of TiN and ZrN film was
(111) and (200) directions on the coated surface. The
Ti-Zr-N coated surface showed the uniformly ordered finer

CORROSION SCIENCE AND TECHNOLOGY Vol.9, No.6, 2010
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Fig. 1. OM micrographs showing the microstructure of STD 61 alloy. a) before heat treatment, and b) after heat treatment.

Fe(l 100 TiN

——2ZiIN
15004 ——TiN/ZIN
o 8004
2
2
2
g 6004 TNGLTT)
2 anan
> 004 | Fe(200)
% TR W OO W —
<
200 4 A\ ”)J A_/A
o A L“..,J A*J\J‘l
T T T T T T T
20 30 40 50 60 70 80

Difraction angle (2 Theta)

Fig. 2. FE-SEM surface morphology and X-ray diffraction patterns of Ti-Zr-N coated STD 61 alloy.
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Fig. 3. Nano-hardness and elastic modulus of Ti-Zr-N coated STD 61 alloy.

granular and dense shape without defect such as mac- 3.2 Hardness and wear resistance of Ti-Zr-N film coated
ro-particle. Composite layer was composed of Ti, Zr and surface

nitrogen with 140 un thickness. Fig. 3 shows the results of nano-hardness and elastic

modulus test of Ti-Zr-N coated STD 61 alloys. ZrN coated

CORROSION SCIENCE AND TECHNOLOGY Vol.9, No.6, 2010 291



SANG-WON EUN AND HAN-CHEOL CHOE

L T I

Redne

| w3 w

&l
Redfe

W A m e W M a wiaman

Riinfe

7 I

echo emit

friction coeff

friction force

Fig. 4. Scratch test performed on a Ti-Zr-N coated STD 61 alloy.

sample showed higher value of nano hardness and elastic
modulus than that of TiN coated sample. In the case of
Ti-Zr-N coated sample, it showed the mixed characteristics
between TiN film and ZrN film. From the previous report,
TiN film has lower value of hardness than ZrN film due
to more stable ZrN film.”” From the scretch test in the
Fig. 4, the fiiction coefficient and force of Ti-Zr-N coated
sample was increased with distance. Especially, friction
force of Ti-Zr-N coated sample was 0.8 N at 1 mm from
start position, whereas, TiN and ZrN showed the 1.1 N
and 1.09 N. It is confirmed that Ti-Zr-N coated surface
can be given to improve the wear and corrosion character-
istics of tool surface due to dense coated layer without
coating defects as shown in Fig. 2.

3.3 Comrosion behavior of Ti-Zr-N film coated surface

Fig. 5 shows potentiodynamic polarization curves of
coated STD 61 alloys after potentiodynamic test in 3.5%
NaCl solution. From the Fig. 5, TiN coated sample showed
the higher corrosion potential and corrosion current density
than other coated film. ZrN coated sample has the similar
corrosion characteristics to non-coated sample. The corro-
sion current density of Ti-Zr-N coating sample was the
lower value compared to other specimens. The corrosion
current density is related with corrosion rate, therefore,
Ti-Zr-N film has low corrosion rate. The reasons why
Ti-Zr-N coated sample has the lowest value of corrosion
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Fig. 5. Anodidc polarization curves of coated STD 61 alloys
after potentiodynamic test in 3.5% NaCl solution.

current density are that composite layer protects from re-
leasing metal ion by CI ions due to dense coated layer
without coating defects and forms the inhibition layer by
N* from Ti-Zr-N film.” In the Fig. 5, polarization curve
of Ti-Zr-N coated sample was shifted to left side from
polarization curve of non-coated sample. It is confirmed
that Ti-Zr-N film has a good corrosion resistance.

Fig. 6 shows the non-destructive impedance spectra re-
corded for the as STD 61 alloy, TiN coated, and ZrN coat-
ed surfaces in the electrolyte. Impedance measurements
were carried out after 30 min of initial immersion in the
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Fig. 6. EIS results of non-coated and Ti-Zr-N coated STD 61 alloy after A.C. impedance test in 3.5% NaCl solution at 36.5+1C.

Table 3. Convsion parameters obtained from EIS data after A.C.
impedance test in 3.5% NaCl solution

Samples Rs(SEcmz) Rl(Qcmz)

STD 61 11.5 1,310
TiN coated STD 61 3.1 17,307
ZrN coated STD 61 2.3 6,620

electrolyte. A high impedance value of the order of 10°
~ 10° ohm cm” was obtained at low and medium frequen-
cies, suggesting good corrosion resistance for both the TiN
and ZrN surfaces. The phase shift plot showed two time
constants in the case of both the TiN and ZrN coated
surfaces. This corresponds to the presence of two inter-
faces: the high corrosion resistant barrier layer and the
outer granular surface and layer. The higher phase angles
obtained for these surfaces compared with that of the
non-coated surface at the high-frequency region is attrib-
uted to the TiN and ZrN film coating. The increase in
phase angles at the high-frequency region may be asso-
ciated with the ZrN and TiN film nature of the coated
layer. The electrochemical studies suggested that the
Ti-Zr-N coated surface indicates a good corrosion resist-
ance with an enhanced passivation against CI ion.

4. Conclusions

1) The microstructure of heat treated alloy showed mar-
tensitic structure with spherical MC, M3C and M»3Cs pre-
cipitates distributed uniformly in the matrix.

2) The ZrN coated surface showed finer granular than

CORROSION SCIENCE AND TECHNOLOGY Vol.9, No.6, 2010

that of TiN coated surface. The coated layer structures
of ZrN and TiN were grown to (111) and (200) preferred
orientation.

3) Nano-hardness and elastic modulus of Ti-Zr-N coated
film were higher than that of other specimens. In case
of Ti-Zr-N coated film, nano-hardness and elastic modulus
showed the hybrid character between TiN film and ZrN
film.

4) The corrosion current density of Ti-Zr-N coated film
was lower than those of non-coated, TiN coated, and ZrN
coated film. Ti-Zr-N coated surface had a high corrosion
resistance.
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