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Deposition of chromium aluminum nitride coatings by arc ion plating
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Abstract: Cr-Al-N ternary coatings were deposited by arc ion plating method using isolated Cr target and Al target. The influence of
AIN content on the phase change was studied by synthesizing Cr;_,Al,N coatings with different x values. The effects of substrate
negative bias on the surface morphology, deposition rate and phase structure were investigated. As the aluminum content increases,
the structure of (Cr,—,Al,)N changes from B1(NaCl) phase to B4(wurtzite) phase. The critical content of AIN solubilized in B1(NaCl)
lattice is close to 0.7. With the increasing pulse negative bias, the deposition rate decreases constantly, the droplet contamination is
more serious, the ion-etching effect on coating surface is more obvious, and the change of preferred orientation and the shift of XRD

peak take place.
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1 Introduction

Binary transition metal nitride of B1(NaCl) phase
such as TiN[1-3], ZrN[4], HIN[5-6], VN[7], NbN[8],
CrN[9] have been widely applied as protective hard
coatings for cutting and forming tools due to their
excellent ~mechanical properties and
performance. In the last decade, in order to improve the
mechanical properties and the oxidation-resistance of the
above-mentioned binary metal nitride coatings, people
have attempted to incorporate AIN into these nitride to
form metastable ternary T-AI-N (T means transition
metal) system[10—13]. With the increase of AIN
introduced into TN, the phase change of T-Al-N from
B1(NaCl) to B4(wurtzite) will take place[14]. But the
B4(NaCl) phase is not the desirable one because of its
poor mechanical properties in comparison with B1(NaCl)
phase. Among these ternary compounds, Ti-AI-N
coatings have been extensively studied including the
investigation of its deposition technique, phase transition,
hardness, tribological property and oxidation-resistance.

anti-wear

Ti-Al-N coatings of B1 phase have been widely used in
wear-resistance and oxidation-resistance applications[11].
Recently, Cr-Al-N coatings have received more and more
attention of researchers owing to their standing-out
mechanical performances and oxidation-
resistance compared with Ti-Al-N coatings. It has been
predicted by the band parameters method that the critical
content of AIN of Cr-Al-N from B1 to B4 is 77.2% (mole
fraction)[14].

In this present work, Cr-Al-N ternary coatings were
deposited by an arc ion plating method. The influence of
AIN content on the phase change were studied by
synthesizing Cr;— AlLN coatings with different x value.
And the effects of substrate negative bias on the surface
morphology, deposition rate and phase structure were
investigated.

superior

2 Experimental

Different Cr-Al-N compound coatings were
respectively deposited on 1CrlINi2W2MoV stainless
steel sheets (15 mmx10 mmx2 mm) by AIP-1000—10
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Coating System. Two arc sources with 99.9% metallic Cr
and Al targets (diameter of 100 mm) were used to
prepare the compound coatings. The steel sheets were
prepared by mirror-polishing, followed by ultrasonic
cleaning in acetone solution and then blown to dry.
During the process of deposition, the steel sheets rotated
at the constant speed of 60 r/min. Cr_Al,N coatings
with different metallic compositions were acquired by
adjusting the position of the axis on which the steel sheet
rotated. In order to investigate the effects of substrate
negative bias, the axis was fixed the same position.
Before depositing, the vacuum chamber was pumped
down to 2x107 Pa or lower. The deposition temperature
was approximately 400 ‘C. The total pressure of N, and
Ar was 2.0 Pa and the partial pressure of N, was 1.8 Pa.
Arc currents of Cr and Al were kept at 80 A. Deposition
time was 1 h. When preparing the Cr;_,ALN coatings
with the different Al content, the pulse bias voltage of
—600 V and duty cycle 30% with frequency of 20 kHz
was applied. When depositing Cr-Al-N under different
bias, the negative bias voltages were respectively 0, 150,
300, 450, 600, 750, 900 and 1 050 V with a duty cycle of
30% and frequency of 20 kHz. While other parameters
were kept unchanged.

The phase structure and crystallographic orientation
of the coatings were measured with a Bruker D8
ADVANCE X-ray diffractometer (XRD) using a Cu K,
radiation. The surface morphology of the coatings was
examined using a field emission SEM. The compositions
were analyzed by energy diffraction spectroscopy(EDS).
The thickness of the coatings was calculated by formula
of d=W/(p-S"), where d is the thickness of the coatings,
W is the mass of coatings, S is the coated area of the steel
sheets, p is the density of the coating and it was
calculated by using chemical formula and crystalline
parameters.

3 Results and discussion

3.1 Structure of (Cr—,AL)N coatings

The chemical compositions of (Cr;—,AL)N coatings
were analyzed by EDS. The x values in chemical formula
of (Cr—,Al,)N were respectively 0.05, 0.12, 0.27, 0.35,
0.50, 0.62, 0.74 and 0.85. The range of x (Al content)
covered from 0.05 to 0.85. Fig.1 shows the EDS patterns
of two kinds of coatings.

The surface morphologies of (Cr;_,Al,)N coatings
with different Al contents are shown in Fig.2. The
droplets exist in all the coatings and they are from the
molten metal ejected from the cathode surface. It can be
identified that the number and size of the droplets
increases with increasing Al content. As mentioned
above, Cr;_,ALLN coatings with different Al contents
were acquired by adjusting the position of substrates.
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Fig.1 EDS patterns of (Cr;_,Al,)N coatings: (a) (CrgzsAlp74)N;

(b) (Cro33Alp,62)N

The value of x increases with the increase of distance
between the substrate and Al target. The melting point Al
is much lower than that of Ti, implying that more
droplets will be produced for Al target than for Ti target.
Thus more serious problem of drop contamination will
arise for the coatings with high Al content. The pulsed
negative bias of 600 V was applied to the substrate when
(Cr,AL)N coatings were deposited. The substrate
negative bias plays an important role in eliminating the
droplets. Cr has a higher momentum and higher degree
of ionization than Al, so it has a more obvious
bombardment effect on the coatings. When (Cr;,_,Al,)N
coating of high Al is deposited, the position of substrate
is nearer to Al target and farther from Cr target. As a
result, the higher the Al content, the more serious the
droplet contamination for the (Cr;—,Al,)N coating. Due to
the higher bombardment effect of Cr target, the surface
of the coating with higher Cr content is obviously
ion-etched.

Fig.3 shows the XRD patterns of (Cr_,Al)N
coating with different Al contents. When x << 0.62,
(Cr—,AL)N is a BI(NaCl) phase. When x reaches 0.74,
(Cr—,AL)N has a blend structure of B1(NaCl) phase and
B4(wurtzite) phase. When x=0.85, the coating is the
completely B4(wurtzite) phase. So the critical value of x
in (Cr—,Al;)N from B1(NaCl) to B4(wurtzite) is close to
0.7. This value is consistent with the critical content of
AIN of (Cr—,Al,)N predicted by the band parameters[14].
The preferred orientation of BI1(NaCl) phase is (220).
The position of the peaks of B1(NaCl) phase shifts to
higher angles with increasing Al content, signifying that
the lattice parameter decreases with the addition of Al.
IKEDA et al[15] have attributed the change of the lattice
parameter to the substitution of Al atoms with the
transition metal.
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Fig.2 Surface morphologies of (Cr;—,Al,)N coatings with different Al contents: (a) x=0.12; (b) x=0.35; (c) x=0.50; (d) x=0.74
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Fig.3 XRD patterns of (Cr,—,Al,)N coatings

3.2 Effects of substrate negative bias

Fig.4 illustrates the deposition rates as a function of
negative pulse bias. The deposition rate constantly
decreases with increasing negative pulse bias voltage.
The growth rate of (Cr,AI)N coating changes from 107 to
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Fig.4 Deposition rate versus substrate negative bias

72 nm/min as the negative bias increases from 0 V to
1 050 V. The change of deposition rate with increasing
substrate bias of (Cr,Al)N in this work is different from
that of (Ti,AI)N in our previous study[16]. In that work,
TiAl alloy target was applied and the deposition rate of
(Ti,ADN initially increased and then decreased with
increasing pulse bias voltage. The change of growth rate
of (Ti,AD)N is ascribed to the synergistic influence of the
“direction effect” and the “bombardment effect”. The
difference of changing trend of deposition rate for
(Cr,AD)N is related to the use of isolated Al target. The
(Cr,AI)N coatings deposited at negative bias of 0 V
contain plenty of droplets and the presence of the droplets
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Fig.5 Surface morphologies of (Cr,Al)N coatings deposited at different substrate negative bias voltages: (a) 0 V; (b) 150 V; (c) 450 V;
(d) 750 V

contributes to the increase of deposition rate. With

increasing negative bias, the enhanced bombardment
effect removes more droplets.
The surface morphologies of the coatings deposited

under different pulse negative bias voltages are shown in

N & (200)

Fig.5. It can be seen that the increasing negative bias
improves the bombardment effect. The number and size
of the droplets decrease with increasing pulse bias

voltage. The coatings synthesized under negative bias
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above 450 V exhibit obvious ion-etched morphologies.
Fig.6 shows the XRD patterns of the deposited
coatings at various pulse bias voltages. All the coatings
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prepared herein have B1NaCl structure. But the preferred
orientation changes remarkably with increasing pulse

bias voltage. The coating deposited under pulse bias
voltages of 0, 150 and 300 V has a preferred orientation
of (111). Under the negative bias higher than 300 V, the .
preferred orientation changes to (200). The XRD peaks 30 40 50 60 70 80

shift to lower diffraction angles (indicating an increased 20/(°)

lattice parameter) for the coatings deposited at negative Fig. 6 XRD patterns of (Cr,Al)N deposited at various substrate
bias above 150 V. It is reported that high negative bias negative bias

produces compressive stress in the coatings[17]. The

o e 4 Conclusions
change of orientation and peak position is related to the

existence of compressive stress. 1) (Cr—,Al))N coatings with different Al content
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were deposited by an arc ion plating method using
isolated Cr target and Al target and the change of
B1(NaCl) phase to B4(wurtzite) phase takes place when
the x reaches 0.7. With increasing Al content, the density
of droplets on the surface of the coatings increases and
the coatings is less ion-etched.

2) Due to the bombard effect of the plasma
enhanced by negative bias, the increase of pulsed
negative bias gives rise to less droplet contamination, the
more obvious the ion-etching effect, the lower the
deposition rate, the change of preferred orientation and
the shift of XRD peaks.
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