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Outline of the Thesis

Chapter 1 Introduction

Ti(C, N)-based cermets have attracted much attention for use in cutting'tools because of their high
wear resistance and absence of W element as compared with WC-Co cemented carbide. In order to
increase the cutting performance of cutting tool inserts, a-Al,O3 film is widely used as protective
coating due to its high hardness, oxidation resistance and high-temperature stability. However, a-Al,05
coating on Ti(C, N)-based cermet has not been available by conventional preparation methods due to
oxidation of the cermet substrate and serious outward diffusion of metal elements. A laser enhanced
chemical vapor deposition method (LCVD) developed by our research group is proposed for the
preparation of a-Al,O; films. a-AlLO; films with a well-controlled microstructure were obtained by
LCVD at low deposition temperature. Adhesive a-Al,0;5 film was prepared on a Ti(C, N)-based cermet

substrate.

Chapter 2 Preliminary investigation
The research status of a-Al,Os film preparation is reviewed in this chapter. The common issues in
the preparation of a-Al,O; film are an excessively high deposition temperature (above 1300 K), no

controllability of orientation, as well as low adhesion between film and the Ti(C, N)-based cermet
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substrate. In order to solve these problems, research objectives are defined and the experimental

methods are evaluated.

Chapter 3 Low-temperature deposition of a-Al;Oj3 films by laser CVD

Effects of deposition temperature (7ycp), laser power
(P), pre-heating temperature (7,) and precursor
vaporization temperature (7)) on the crystal phase,
microstructure and deposition rate of a-Al,Os film were
investigated. Figure 1 shows the XRD patterns of Al,O3
films deposited on AIN substrate at 7a; = 443 K and 7
=293 K. At Tyep = 825 K (P = 100 W), the XRD peaks
were indexed as a- and y-Al,O5 (Fig. 1(a)). Single-phase
a-AlL O3 film was obtained at 7ye, = 918 K (P = 120 W)
(Fig. 1(b)). (104)-oriented a-Al,O5 film was prepared at
Taep = 973 K (P = 150 W) (Fig. 1(c)). The lowest Tyep
was 918 K for single-phase a-Al,Os3, which is about 350

K lower than that of thermal CVD. These results indicate

advantage in preparation of a-Al,O; coatings at low 7ep.

Chapter 4 Orientation control of a-AlLO; films by
laser CVD

Effects of Tg4p, P1, and Ty on the crystal phé.sc,
orientation, and microstructure of o-AlLO; film were
investigated. Figure 2 summarizes the effects of P and
T4ep on the phase and orientation of Al,O3 films prepared
on AIN substrate. At P = 0, namely, without laser
irradiation, no deposition was observed even at T, >
700 K. From Tyep = 623 to 881 K (P = 50 to 75 W),

amorphous-like Al,O; films were obtained. From Ty, =
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Fig. 1. XRD patterns of Al,Os films prepared at T, = 293 K
and P, = 0.2 kPa. The single-phase «-Al;O; was prepared
at a low temperature of 918 K, which is about 350 K lower
than that of thermal CVD.
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Fig. 2. Effect of P and Ty, on the phase and orientation of
AlLO; films at Py, = 0.2 kPa and various Tje. LCVD method
shows good controllability in orientation of o-AlO; films.

931 to 1031 K (P = 110 to 140 W), single-phase a-Al,O; films with the (006) orientation were
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obtained. From Ty, = 973 to 1173 K (P, = 150 to 200 W), single-phase a-Al,O3 films with the (104)
and (012) orientations were obtained. The orientation of a-Al,O3 films changed from (006) to (104) to
(012) with increasing T4ep and Pp. The LCVD method shows good controllability in orientation of .-

AlLOj5 films.

Chapter 5 Preparation of a-Al,O3 films using a CO,-H; mild oxidant by laser CVD

a-Al O3 films were prepared in a CO,-H, atmosphere. The effects of the CO, mole fraction (Fco,)
(a (b) SRS ]

and laser power (Pp) on the crystal phase, microstructure,
and deposition rate (Rgep) Were investigated. o- and y-

Al O3 mixture films were prepared at T4, = 818 K (P, =

90 W), whereas (006)-oriented single-phase a-Al,Oj; films
were obtained at Ty, = 863 to 893 K (P = 110 W).

Fig. 3. Surface SEM images of (006)-oriented a-AlLO;
films prepared at: (a) Feoa = 0.75 (Tag = 873 K) and (b)
Feor =1 (T = 883 K). By using LCVD method, (006)-

Hexagonal grains were observed on the surface of (006)-
oriented a-Al;O; film can be deposited even in a mild

oriented a-Al,O; films prepared at Tye, = 873 K (Fop =  oxidantatmosphere.
0.75) and Tyep = 883 K (Fco2 = 1) (Fig. 3). The texture coefficient and the Rqe, of the (006)-oriented

films increased with increasing Fco,. This indicates that (006)-oriented a-Al,O3 films can be prepared

even in a mild oxidant of CO,-H, atmosphere by using the LCVD method.

Chapter 6 Preparation of AIN, TiN and AIN/a-AlL O3, TiN/a-Al,O3 multilayers

A,IN and TiN films were prepared using Al(acac);-NHj3 and Ti(OiPr),(dpm),-NHs, respectively. The
effects of Py, Tyep and total pressure (Pyy) on the crystal phase, orientation, and microstructure of AIN
and TiN films were investigated. Single phase AIN film was prepared at Ty, > 803 K. The
microstructure of AIN film changed from aggregated grains to faceted ones, then to pyramidal ones
with increasing 7, and decreasing Py. Single phase TiN film was prepared at Ty, > 903 K (P > 100
W). The microstructure of TiN film changed from flower-shaped grains to pyramid-like ones, then to
aggregated grains with increasing 7gep. AIN/0-Al;03 and TiN/a-AlO3 multilayers were also prepared
by changing the precursor to Al(acac);-CO,-H,. AIN and TiN films can be prepared by LCVD even

using an oxygen-containing precursor.
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Chapter 7 Effect of cermet nitridation on the adhesion of a-Al,O3 coatings

The effect of nitridation on the properties of Ti(C, N)-based cermet and the adhesion of a-Al,O;
coating was investigated. The LCVD setup was used for nitriding the cermet substrate. Substrates were
nitrided in NH; atmosphere with a total pressure of 0.8 kPa.
A laser was used for heating the substrate. The adhesion
between the «a-Al,O; coating and the substrate was
qualitatively evaluated based on ISO 26443:2008 using a
Rockwell-type hardness tester. a-Al,O3 film delaminated

from the Ti(C, N)-based cermet substrate which was not

nitridated (Fig. 4 (a). The adhesion of a-Al,O3 coating

0.1 mm 0.1 mm
Fig. 4. The adhesion of a-Al,O; films prepared on Ti(C,
N)-based cermet substrate (a): without nitriding, and
(c) and (d)) a_A1203 Coating prepared on T](C’ N)_based nitridated at Ty, = 1100 K for a nitriding time of (b) 5
min, (¢): 20 min and (d): 40 min.

increased with increasing nitridation time (#v;) (Fig. 4 (b),

cermet substrate nitrided for #ni = 40 min showed high

adhesion (Fig. 4(d)).

Chapter 8 Conclusions

Chemical vapor deposition enhanced by laser irradiation facilitated low-temperature deposition of a-
Al,Os films. Highly oriented a-Al,O5 films with controlled microstructures were prepared in both O,
and CO,-H, atmosphere using an Al(acac); precursor. Results proved laser CVD to be an effective
method for the preparation of oriented a-Al,O3 coating for application in cutting tools. The interlayer,
i.e., TiN, AIN, promoted a dense structure of a-Al,O; film. Nitridation of Ti(C, N)-based cermet
promoted the grain growth of adhesive a-Al,O5 films. These results are of great significance for the

commercial application of a-Al,O; films for coating Ti(C, N)-based cermet cutting tool inserts.
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