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Decomposition of Arc Evaporated Ti1-xAlxN Coatings During Metal Machining
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This work addresses the decomposition process of cubic phase c-(Ti,Al)N coated metal

cutting insert during machining, i.e., under simultaneous high temperature and high

pressure. The metastable c-(Ti,Al)N decomposes when exposed to elevated

temperature, first through a spinodal decomposition into coherent cubic TiN (c-TiN) and

cubic AlN (c-AlN) regions and then the c-AlN transforms into hexagonal AlN (h-AlN).

Accompanying the decomposition is an increase in hardness during the first step

triggered by a coherency strain mechanism and a decrease in hardness during the

second step.

Here we have applied cathodic arc evaporation to deposit thin Ti

1-x

Al

x

N coatings, 0.25 <

x < 0.5, onto tungsten carbide (WC-Co) cutting tool inserts with the aim to investigate

the phase and microstructure evolution during a continuous turning operation in carbon

steel, SS 2244. Temperatures between 750  °C and 950  °C, measured by an IR-CCD

camera and normal stresses between 2 MPa and 2.5 MPa, calculated from the

measured contact force, were obtained at the tool-chip interface by varying the cutting

speed between 100 m/min ≤ v

c

 ≤ 400 m/min. X-ray diffraction (XRD) and analytical

transmission microscopy (TEM) including scanning TEM (STEM) were used for detail

characterization of the tool-chip-interface. Despite a rather short machining time, the

results show an ongoing decomposition of (Ti,Al)N by the presence of c-TiN, c-AlN and

h-AlN. Furthermore, XRD and TEM reveal stress relaxation in the coating and a plastic

deformation of the (Ti,Al)N columns in the direction of the chip flow during turning.

Spinodal decomposition of (Ti,Al)N has previously only been observed and reported

after long time heat treatment at the above temperatures. The present results hence

indicate that pressure affects the decomposition process. The origin and effect of

pressure and temperature on the phase and microstructure evolution of arc evaporated

Ti

1-x

Al

x

N coatings during metal machining are discussed.
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