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Abstract. TiC coatings were deposited on the AISI304 sheets by cathodic arc ion plating using
pure Ti target in Ar/CH4 atmosphere. The surface morphology, hardness and tribological
properties were investigated by scanning electron microscope(SEM), micro-hardness tester and
ball-on-disc rotating tribometer. The results show that the thickness of the coatings was about
6um. The hardness was 2000Hv0.05. The tribological tests were carried out at RT, 200°C, 400°C
and RT-400°C against alumina balls. The friction coefficient was stable at 0.57 at RT, while the
coefficient fluctuated largely at 200°C and RT-400°C due to the lower relative humidity.

1. Introduction

TiC is a kind of transition metal carbide with tipical NaCl face-centered cubic structure. TiC coatings
were widely used in the field of mechanical processing, mineral metallurgy and aerospace fields due to
its good thermal stability, lower friction coefficient, higher hardness, better wear resistance and
corrosion resistance!' !,

Physical vapor deposition method was employed to prepare coatings due to the even composition
and lower deposition temperature”. F.Santerre et al.l®! prepared TiC coatings by pulsed laser
deposition technology using TiC target. M.P. Delplancke et al.!® prepared DLC/TiC composite
coatings by arc ion plating technology using C target and Ti target. O.A.Fouad et al.” prepared TiC
coatings by magnetron sputtering using Ti target in the Ar/CH4 mixed atmosphere.

Compared with other coating preparation technology, the coatings deposited by arc ion plating have
higher density and better adhesive strength with substrates®'%. In this paper, TiC coatings deposited
by arc ion plating technology using Ti target in the Ar/CH4 mixed atmosphere. The tribological
performance of coatings was investigated against Al,O3 balls at RT, 200°C, 400°C and RT-400°C.

2. Experimental Details

2.1 Coatings deposition.

TiC coatings were deposited on the 304 stainless steel sheets, 20mm X 30mm X 2mm, by arc ion
plating using pure Ti target in the Ar/CH4 atmosphere. Before deposition, the substrates were ground
and polished, degreased, and ultrasonically cleaned in ethanol. A rotational substrate holder was
located in the vacuum chamber, with a 100 mm distance (substrates from the target). In order to
achieve better adhesion between the coatings and the substrates, the substrates were sputtered in argon
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atmosphere for 10 min under -800V d.c bias voltage. During all the sputtering process, the substrate
temperature, the holder rotational speed, the working pressure and the target electric current, substrates
bias voltage were kept constant at 250°C, 13 rpm, 1.2Pa, 55A and -600V, respectively. The TiC
coatings deposition time was 120 min.

2.2 Coatings characterization.
The surface and cross-section micromorphology of the coatings was observed by scanning electron
microscopy (quanta 200). The wear tracks morphology was analyzed by SEM and optical microscopy.
The hardness of the coatings were characterized by Vickers microhardness tester. The load and
loading time were 50g and 10s, respectively.
The composition of the TiC coatings prepared by arc ion plating at different CH4 flow rates was
analyzed by XPS.

2.3 Tribological tests.

The tribological properties of TiC coatings were investigated by a ball-on-disc rotating tribometer
against Al,Os (diameter Smm) at RT, 200°C, 400°Cand RT-400°C, respectively. The tests were
performed with a sliding speed of 196 rpm under a load of 2.2 N. The rotational radius and sliding
time were 3 mm and 20 min, respectively.

3. Results and Discussions

3.1 Morphology of TiAIN-Ag Coatings.

The surface micromorphology was shown as Figure 1(a), some typical particles generated from
cathode arc were distributed on the coating surface. From Figure 1(b), the Ti middle layer of 1pm was
clearly distinglui_sh‘ed, h thickness of t‘l‘le coating

() . ‘@ il '.:.r“

Figure 1 surface and cross-section micromorphology of TiC coatings
(a) surface morphology (b) cross-section morphology

3.2 XPS analysis.
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Figure 2 XPS spectra of C-1s, Ti-2p regions of samples with different CH4 flow
Figure 2 shows the XPS spectra of C-1s and Ti-2p on the surface of the coating after Ar ion cleaning.
During the test, the bond energy of contaminated carbon is about 285 eV, and the bond energy of C-1s
in metal carbides is about 282 eV "2 It can be seen from the C-1s spectrum that the Ti-C (282eV)
peak of the coating prepared at a flow rate of 2sccm is weakest and the area is the smallest, which
means that the Ti-C content in the coating is the lowest.

In the Ti-2p spectrum, the Ti-2p3 / 2 peaks are located at three bond energies of Ti=O (455.3eV),
Ti-Ti (454eV) and Ti-C (454.6eV)!'""'2183] after fitting peak processing. At the CH4 flow rate of 2sccm
and 10sccm, the coating still contains part of the metal Ti. This is mainly because the lower
concentration of CHy is not sufficient to completely carbonize the Ti atoms emitted from the cathode
target. It can be found that as the flow rate of CHy increases, the Ti-Ti peak intensity in the coating
decreases continuously and the Ti-C peak intensity increases continuously. The bond energy of the Ti
atom in the coating continuously transforms into higher energy. When the CH4 flow rate increases to
20sccm, the peak of Ti-Ti (454eV) disappears and the Ti-C (454.6eV) peak continues to increase. This
is mainly because the CH4 concentration is enough to carbonize the Ti ions. Because of the high bond
energy between the C atoms of Ti atoms, ionization of the cathode target surface needs more energy,
so that the Ti ions emitted per unit time decrease, resulting in a decrease of the coating deposition rate.
Ti=O can be detected in the coating prepared under the three flow conditions, probably due to the
combination of O and Ti released from the inner wall of the vacuum chamber during the preparation of
the coating !,

3.3 Tribological properties.

The hardness of the TiC coatings was about 2000Hv0.05, which was lower than that reported in the
refereces!'”, and the reason may be ascribed to the partially carbonization of the Ti ions during the
deposition process as depicted in Figure 3.
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Figure 3 Typical XRD pattern of the TiC coating

The friction coefficient of TiC coatings against Al,Os balls at RT, 200°C, 400°C and RT-400°C was
shown in Figure 4. The friction coefficient was most steady and had the lowest value of 0.57 at RT.
When at 200°C and 400°C, the friction coefficient increased in 5 minutes, which resulted from that the
water film was broken at higher temperature, due to the lower relative humidity. Then, the friction
coefficient began to decreased, which maybe resulted from the lubricating TiO generated on the wear
tracks due to the oxidation of coating!'®. The process was known as * running-in > stage!'®. When at
400°C, the friction coefficient was more steady with respect to that of 200°C, due to the higher
ambient temperature!'”),
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Figure 4 Function curves of friction coefficient and time of TiC coatings at different
temperatures

Figure 5 Wear tracks morphology of TiC coatings at different temperatures:
(@) RT; (b) 200°C; (c) 400 °C; (d) RT-400°C

As shown in Figure 5, the wear tracks surface was rougher and the width was wider(650um) at
200°C, which resulted from the lager wear tracks area of Al,Os balls due to the severe wear between
Al>O3 balls and coatings. Compared with 200°C, the wear tracks of TiC coatings at 400°C was more
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narrow(300um), which because of that the TiOx generated easier at the higher ambient temperature!'®,
When at RT-400°C, the “ running-in” stage time was longer, which the friction increased with the
decreasing relative humidity, due to that the coatings temperature increased slowly with the increasing
ambient temperature.

4. Conclusions
(1) TiC coatings were deposited by arc ion plating. The thickness of the coatings was about 6pum.

(2) The friction coefficient was lowest and the wear track was the most narrow at RT, which means
the TiC coatings have the best wear resistance at RT. The severe wear occurred at 200°C and
RT-400°C, due to the lower relative humidity. The friction coefficient fluctuated largely, and the wear
tracks were wider. The wear tracks were more narrow at 400°C due to the lubricating TiOx generated
at higher temperature.
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