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Deposition (ALD), and focus on the coating deposition process and the influence of nano-alumina coating on the mechanical
properties of nano-alumina coated tools. Nano-Al,O3 coatings with different thicknesses were prepared by Atomic Layer
Deposition at 200 ‘C. The microstructure, thickness precision, hardness, fracture toughness, bending strength, bonding force,
and friction coefficient of the coating were tested. The ALD deposition technology can uniformly deposit nano-coating on the
surface of the YTS cutter, and the coating is smooth and free of dripping bubbles, and the thickness of the coating can be
accurately controlled at nano-thickness. The binding force between ALD coating and substrate is related to the coating thickness.
With the increase of coating thickness, the binding force increases first and then decreases. The binding force of 50, 100, and
200 nm nano-coatings is measured to be 11.07, 12.74, and 7.86 N respectively. Nano-coating can improve the hardness of the
tool and significantly reduce the friction coefficient of the tool surface. The measured friction coefficients of the tool are 0.56,
0.43, and 0.67 respectively, and the maximum reduction of the friction coefficient is over 40%. In addition, the deposition
temperature of 200 ‘C does not produce metal phase transformation, thus it has no influence on the tool matrix, and the fracture
toughness and bending strength of the tool does not reduce. The nano-coating tool prepared by ALD-based nano-coating
low-temperature deposition technology has good mechanical properties and coating-substrate interface bonding force, which can
significantly improve micro-cutting processing conditions and have broad application prospects in the micro-cutting field.
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Fig.1 Nano-alumina coatings with different colors
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Tab.1 Parameters of the Scratch test

Item Value
Scratch mode/Type Linear scratch/Progressive
Pointer material Diamond
Load range 0.03~20 N
Loading rate 19.97 N/min
Speed 3 mm/min
AE Sensitivity 9
Acquisition rate 20 Hz

JH v 3 A 5 B F85 ot 52 96 ML N A ) 70 R ) B
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Tab.2 Test load of friction and wear

Item Value

Coupling material used GCrl5

Spin velocity 600 r/min

Test load 10N

Turing radius (R) 5 mm

Test time 15 min

Amplitude/Frequency 5 mm/1 Hz
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Fig.2 Microstructure of nano-alumina coating
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Fig.3 The coating thickness of nano-alumina coating
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Fig.4 Indentation morphology of different tools: a) YTS tool; b) 50 nm coated tool; ¢) 100 nm coated tool; d) 200 nm coated tool
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Tab.3 Vickers hardness, bending strength and fracture toughness

Coatlngntrlrlllckness/ Aver(?\]gi;l;{(zi)n ess/ Averagfr:;l ;ﬁ /li)/IfIP: nding Average value of fracture toughness/( MPa - m!”?2 )
None coating 1637.4 1456.18 13.97
50 1675.2 1459.23 14.18
100 1681.4 1465.2 14.27
200 1650.3 1468.07 14.25
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Fig.5 Fracture morphology of different tools: a) YTS tool; b) 50 nm coated tool; ¢c) 100 nm coated tool; d) 200 nm coated tool
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Fig.6 Relation diagram of acoustic signal, load force and coating rupture position: a) 50 nm coating; b) 100 nm coating; ¢) 200 nm coating
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Fig.7 Dropping process of coatings with different thickness: a) coating plastic deformation stage; b) the coating begins to fall off;

c) severe peeling off stage of coating
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