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Abstract: In order to investigate the microstructure of TiN and TiAIN coatings and their effect on the wear resistance of Mg alloy,
TiN and TiAIN coatings were deposited on AZ91 magnesium alloy by multi-arc ion plating technology. TiN and Ti;0Al30N coatings
were prepared on the substrate, respectively, which exhibited dark golden color and compact microstructure. The microstructures of
TiN and Ti;Al3N coatings were investigated by X-ray diffractometry (XRD) and scanning electron microscopy (SEM). The
micro-hardness and wear resistance of TiN and Ti; Al;)N coatings were investigated in comparison with the uncoated AZ91 alloy.
The XRD peaks assigned to TiN and TiAIN phases are found. The hardness of TiN coatings is two times as high as that of AZ91 alloy,
and Ti;gAl;N coating exhibits the highest hardness. The wear resistance of the hard coatings increases obviously as result of their

high hardness.
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1 Introduction

Due to the low density and low price, magnesium is
a very attractive element for light alloys in the
automotive and aerospace industries[1]. However, the
application of magnesium and its alloys is limited
because of their relatively low corrosion and wear
resistance. The deposition of the coatings via different
technologies seems to be a possible way to overcome
these drawbacks. Therefore, the surface modification and
coating technologies of magnesium alloys have attracted
a great interest of many researchers in recent years[2—3].

For the past decades, the most popular protective
coating materials for tools are hard ceramic films, i.e.
titanium nitride (TiN), diamond-like carbon (DLC), etc.
These coatings have been verified to be able to provide
high hardness and wear resistance, and thus to increase
tools service lives[4]. Titanium nitride thin coatings have
been synthesized using techniques such as laser gas
nitriding[5], magnetron sputtering[6], and powder
immersion reaction assisted coating[7-8] on the
substrate. But some literatures reported that TiN could be
oxidized rapidly in air at temperature above 550 °C
[9-10]. In order to search for better coatings, a further

study on the preparation by reactive multi-arc ion plating
and the characterization of TiAl and TiAIN coatings was
performed[11] in the recent decade. However, the
published knowledge for magnesium alloys is less
common, compared with titanium nitride coatings for
other alloys. Recently, it was reported that the corrosion
resistance of magnesium alloys could be increased with
TiN coating on the alloys by using cathodic arc physical
vapor deposition (PVD) process[12].

In order to investigate the microstructure of TiN and
TiAIN coatings and their effect on the wear resistance of
Mg alloy, TiN and TiAIN coatings were deposited
respectively by multi-arc ion plating technology on AZ91
magnesium alloy in this work. The characterization of
TiN and TiAIN coatings on AZ91 alloy was carried out,
including microstructure, phase composition and
micro-hardness. And the wear resistance of the coatings
was also evaluated.

2 Experimental

The die cast AZ91 magnesium alloy plates with a
size of 20 mm*20 mmx3 mm were used as the substrate.
Just before the experiment, the specimens were
degreased in acetone, ethanol and dried in air.
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TiN and Ti;Al;)N coatings were deposited on
AZ91 alloy by using a reactive multi-arc ion plating
system (MIP-8-800). The targets of pure Ti and TizAlsg
alloys were used respectively. Before depositing, the
substrates were pre-cleaned for about 2 min by sputtering
with argon ions (0.1 Pa) under bias voltage of —1 100 V.
The deposition parameters were as follows: N, partial
pressure 1.2 Pa, deposition temperature 400—450 °C, arc
voltage 20 V, arc current 60 A, direct current pulse bias
voltage —450 V, duty cycle 30% and target—substrate
distance 20 cm. TiN coating was deposited as a single
layer, the thickness of which was about 2-3 pm.
Ti;oAlzN coating was deposited by using an interlayer of
TiN film, the total thickness of which was about 3—4 pm.

The microstructure of the surface of TiN and
TinAl;N coatings was characterized by scanning
electron microscopy (SEM). X-ray diffractometry was
used to investigate the phase composition of coatings on
the surface of AZ91 alloy.

Micro-hardness experiment was determined by
using a Vickers micro-hardness tester (F-M300) with a
load of 1.5 N and a duration of 10 s.

The wear resistance of AZ91 Mg alloy, TiN and
TiAIN coatings was examined by using SRV III friction
and wear test system. Ball-on-plate geometry was
employed with a reciprocating sliding. The counterface
was 100Cr6 steel ball with a diameter of 10 mm. All the
wear experiments were conducted under dry sliding
condition at 25 °C. The normal load was 5 N, the
frequency was 5 Hz, the oscillating stroke was 2 mm,
and the sliding time was 15 min. The friction coefficients
were continuously recorded automatically. Following the
wear tests, the profiles of worn surfaces were measured
using a surface profilometer so as to determine the wear
volume loss as V=AL (where A refers to the worn area
determined by its profile, and L to the oscillating stroke).

3 Results and discussion

3.1 Surface microstructure of coatings on AZ91 alloy

The microstructure of the as-received AZ91 alloy
consists of primary a grains surrounded by a eutectic
mixture of a and S (the intermetallic Mg;;Al},). Fig.1
shows SEM images of the surface of TiN and Ti;pAl;N
coatings deposited on the AZ91 alloy. It can be seen that
both the TiN and TizAl;N coatings exhibit dark golden
color and compact microstructure. Ti;pAl;)N coating
exhibits much refiner microstructure than TiN coating.
During the growth of coating on the substrate, the growth
of TiN and TiAIN crystals, etched by titanium ions and
droplet deposition all occur at the same time. However, a
much smaller amount of deposited droplets are observed
during the growth of TiN and Ti;,Al;oN coatings.
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Fig.1 SEM images of surfaces of TiN (a) and Ti;Al;N (b)
coatings deposited on AZ91 alloy

3.2 Phase composition of coatings on AZ91 alloy

Fig.2 shows the XRD patterns of TiN and Ti;pAl;)N
coatings deposited on the AZ91 alloy. AZ91 alloy has a
two-phase microstructure, typically consisting of a-Mg
and f (Mg;;Aly,) phase. From Fig.2, Mg and Mg;;Al;,
phases can also be found because TiN and Ti; Al;)N
coatings are very thin. And the peaks assigned to TiN and
TiAIN phases are also found in the XRD patterns. Some
peaks of them seem to be broadened, which indicates
that there exists a small amount of nanocrystallines or
amorphous phases in the coatings.
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Fig.2 XRD patterns of TiN and Ti;oAl3N coatings deposited on
AZ91 alloy
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3.3 Micro-hardness and wear resistance of coatings

on AZ91 alloy

Fig.3 shows the micro-hardness of AZ91 alloy and
different coatings on the AZ91 alloy under a load of 1.5
N. It can be seen that there is an obvious difference in
micro-hardness between the substrate and both coatings.
TiN coating exhibits much higher hardness (HV 1 083),
which is two times as high as that of the substrate (HV
536). With the addition of Al element in the coating, the
hardness increases. The hardness of Ti;pAl;N coatings is
as high as HV 1 340. It is indicated that the surface
hardness of AZ91 alloy can be significantly improved by
TiN and Ti;oAl3N coatings. The similar improvement in
hardness in Ti;pAl3N coating has also been reported in
Ref.[11]. TiAIN phase has a B1 (NaCl-type) structure in
which titanium atoms of the TiN lattice are partially
substituted by aluminum atoms. The coating structure
becomes deformed and strengthened with the
incorporation of aluminum atoms, and this structural
distortion is considered to cause high hardness[13].
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Fig.3 Micro-hardness of AZ91 alloy, TiN and Ti;Al3N
coatings deposited on AZ91 alloy

Fig.4 shows the variation of the friction coefficients
with sliding time of AZ91 alloy, TiN and TizAl3N
coatings. The friction coefficient of the AZ91 alloy
exhibits poor friction behavior, characterized by unstable
friction coefficient. For TiN and Ti;Al3N coatings, the
friction coefficients increase obviously in the initial
period of sliding and tend to be steady. Compared with
AZ91 alloy, the friction coefficients of the coatings are
much stable. Table 1 lists the average steady-state
friction coefficients of AZ91 alloy, TiN and TiAIN
coatings. It is obvious that the steady-state friction
coefficient of AZ91 alloy is much smaller than that of the
TiN and Ti;pAl3N coatings.

TipAl;oN  coating shows a largest friction
coefficient. Usually, the friction coefficient of ceramic
coating is much higher than that of Mg alloy[14]. TiN
and Ti;0Al;oN coatings exhibit an enhanced friction
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Fig.4 Variation of friction coefficients with sliding time for
AZ91alloy, TiN and Ti;pAlzN coatings

Table 1 Steady-state friction coefficients of AZ91 alloy, TiN
and Ti;gAl3N coatings on AZ91 alloy

Sample AZ91 TiN Ti70A130N

Friction coefficient 0.52 0.80 0.86

coefficient as a result of their special structure. It is
worth to note that the friction coefficient of Ti;pAl;oN
coating decreases slightly to a value of about 0.83 after a
sliding duration of 10 min, which is close to that of TiN
coating. It may be deduced that the thinner Ti;Al3N
coating (thickness <3 pm) is nearly worn off, and the
friction occurs between TiN and Ti;oAl;oN coatings.
Fig.5 shows the wear volumes of AZ91 alloy, TiN
and Ti;Al;N coatings under a load of 5 N and a wear
duration of 15 min. For AZ91 alloy, the wear volume is
much higher. The wear volume of all the coatings
exhibits obviously reduced value, which is only about
1/15—-1/20 as large as that of the substrate. It has been
indicated that TiN and Ti;Al;N coatings on the AZ91
alloy exhibit excellent load-bearing ability. This implies
that the wear resistance of the AZ91 alloy could be
enhanced by TiN and Ti;Al;N coatings. Especially,
Ti;Al;oN coating shows the smallest wear volume,
which corresponds to the highest hardness. The
enhancement of wear resistance with an increasing

hardness, is often expressed using Archard’s
equation[15], i.e.
LS
W =k— 1
7 ey

Eq.(1) gives the relationships among the wear
coefficient k, wear volume W, applied load L, sliding
distance S and hardness H of the soft materials in contact.
The reduced wear volume is attributed to high surface
hardness of TiN and Ti;Al;N coatings on AZ91 alloy.
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Fig.5 Wear volumes of AZ91 alloy, TiN and Ti;pAl3N coatings
deposited on AZ91 alloy

4 Conclusions

1) Hard TiN and Ti;Al3;N coatings on AZ91 alloy
are deposited by multi-arc ion plating technology. TiN
and Tiz;AlN coatings exhibit dark golden color and
compact microstructure.

2) The hardness of TiN coatings is two times as
high as that of AZ91 alloy. Ti;pAl3N coating exhibits the
highest hardness.

3) The wear resistance of TiN and Ti;pAl;N
coatings is significantly improved as compared with that
of the as-received AZ91 alloy, which is correlated with
their high hardness.
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