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Abstract: The research results of adhesion characteristics of AlN/CrN coating (superlattice) are presented in 

the article. The images analysis of coating fracture when linear scratching on the measuring equipment "Micro 

Combi Tester" was performed. The mathematical model of adhesive fracture of AlN/CrN coating was obtained on 

the basis of calculated values of the vertical force applied to the indenter, the friction coefficient, the friction force, 

the scratching length and the penetration depth of the indenter. 
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Introduction 

A cutting tool is subjected to wear when 

machining of various workpieces. This process leads 

to changing of sizes of a cutting part of the tool, and, 

accordingly, to increasing of the sizes of the 

workpiece. Different protective coatings applied to 

the cutting part of the tool (e.g., throw-away carbide 

inserts) to increasing durability. 

Coatings can be decorative, hardsurfacing and 

antifriction. Antifriction coatings are used for the 

blade cutting tools. Multilayer ceramic coating 

AlN/CrN (superlattice) has high properties. The total 

thickness of all coating layers is several micrometers. 

Adhesion to surfaces of the cutting tool is one of the 

main indicators of these coatings. Adhesive strength 

of coating is evaluated by the scratch testing 

(scratching with the indenter). 

 

Materials and methods 

The research of adhesive strength of superlattice 

coating [1 – 10] was performed in the laboratory. 

AlN/CrN coating was applied to a sample made of 

1.3339 high speed steel (EN). Coating application was 

performed on the equipment UniCoat 600 SL+ by the 

method of physical vapour deposition (PVD). The 

coated sample was subjected to linear scratching with 

the special indenter on the equipment "Micro Combi 

Tester" NHT-O-M D-000X (CSM Instruments). The 

conditions of the research of adhesive characteristics 

of AlN/CrN coating are presented in the table 1. 

 

 

Table 1. The conditions of the research. 

 

Scratching type 
Linear 

scratching 
Load type Progressive Initial load, N 0.1 

Final load, N 29 Load speed, N/min 18.06 AE Sensitivity 5 

Scanning load, 

N 
0.03 Speed, mm/min 5 Length, mm 8 

Position X, mm 60.481 Position Y, mm 39.772 Fn contact, N 0.03 

Fn speed, N/s 5 
Fn speed of removal, 

N/s 
10 Speed of zoom, %/s 2 

Dz sensor Standard range Indenter type Rockwell 
Serial number of 

indenter 

I-

159 

Indenter 

material 
Diamond 

Radius of indenter, 

µm 
100   

 

 

Results and discussion 

The process of linear scratching of AlN/CrN 

coating was recorded on a digital video camera built 

into the equipment. The some images of the received 

scratch showing adhesive fracture of AlN/CrN coating 

are presented in the Fig. 1. The lines on each image 

are the distances traveled by the indenter. The images 

were obtained on the microscope when using of the 

20x lens. The dimensions of each image were 

330×249 micrometers. 
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Figure 1 – The images of the received scratch on coating of the sample: A – coating fracture at the length of 

1.2 mm; B – coating fracture at the length of 2.1 mm; C – coating fracture at the length of 3.1 mm; D – 

coating fracture at the length of 4.6 mm; E – coating fracture at the length of 7.95 mm. 

 

Gradual indentation of the diamond indenter 

leads to partial fracture of coating. Only the surface 

layers of AlN/CrN coating are fractured in the vertical 

load application range of 0.1 – 6 N. Complete fracture 

of coating with extensive delaminations occurs in the 

vertical load application range of 6 – 24 N. 

Oscillations of the indenter, caused by intense 

delamination of coating, occur at the vertical load of 

more than 11 N. The friction coefficient of AlN/CrN 

coating decreases with increasing of the vertical load, 

and the friction force increases slightly. 

Adhesive strength (τo) of AlN/CrN coating can 

be presented by the formula (1): 

 

 

τo = -816.8822 + 4303.5798μ – 213.9251l + 18039667.6556 × 104Fv + 4343.6199Ffr – 0.05724h,                      (1) 

 

 

where μ is the friction coefficient; l is the scratching 

length, mm; Fv is the vertical force, N; Ffr is the 

friction force, N; h is the penetration depth, nm. 

 

Conclusion 

Complete delamination of AlN/CrN coating 

from the sample surface occurs at 12 N. The friction 

coefficient of coating practically does not change 

when the scratch testing and is 0.02 – 0.022. The 

applied vertical force and the friction force 

significantly affect on adhesive strength of AlN/CrN 

coating in accordance with the obtained regression 

equation. 
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