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Abstract 

Nanostructured hard coatings play a significant role in protection of surfaces at working conditions. They have 

superior properties such as low thermal conductivity, high wear resistance and high oxidation resistance. 

Therefore, the adhesion of the coatings to substrate has great importance for maintaining their functions. The 

present study describes some results concerning the scratch behavior of nl-AlTiN/TiN nanolayer and nc-

TiAlSiN/TiSiN/TiAlN multilayer nanocomposite coatings. The coatings were deposited on AISI D2, AISI H11, 

K600 and cemented carbide substrates by CC800/9 sinOx ML (CemeCon) industrial magnetron sputtering 

system. CSM Revetest scratch tester was utilized for the adhesion measurements. The scratch tests were 

performed under progressive load. The adhesive strength of the coatings was measured by microscopic 

observation, acoustic emission detection and friction force recording. Surface failures were analyzed by using 

optical microscope. It was found that the highest value of the critical load was obtained in the nl-AlTiN/TiN 

coating on cemented carbide substrate. In comparison with the nc-TiAlSiN/TiSiN/TiAlN coating, the nl-

AlTiN/TiN one showed superior adhesion to the K600, AISI D2 and cemented carbide substrates. 
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1. Introduction 

Nanolayered and nanocomposite hard coatings are used in protection of the surfaces of the components such as 

cutting tools, molds and dies from high working temperatures and for improvement of their wear and oxidation 

resistance. A key property of hard coatings is their adhesion to the substrate material. When the coating loses its 

adhesion to the substrate under a normal load, the substrate material is exposed to the environment and this 

reduces its working efficiency. In order to determine the adhesion of the coatings, scratch tests are generally 

used. By performing a scratch test, the failure mechanisms are clarified and  the adhesion of the coating to the 

substrate (debonbing resistance of the coatings, which is characterized by a critical scratch load LC) is 

determined and ranked [1]. 

The aim of this paper is to determine the adhesion of the nl-AlTiN/TiN and the nc-TiAlSiN/TiSiN/TiAlN 

coatings onto the AISI D2, AISI H11, K600 and cemented carbide substrates and to clarify the failure 

mechanisms. 

 

2. Materials and Method 

The industrial magnetron sputtering system CC800/9 sinOx ML (CemeCon) was used for deposition of the nl-

AlTiN/TiN and the nc-TiAlSiN/TiSiN/TiAlN coatings onto the AISI D2, AISI H11, K600 and cemented carbide 

substrates. The deposition system has four unbalanced magnetron sources placed on the corners of rectangle. 

Three segmental TiAl targets and one Ti target were used for deposition of the nl-AlTiN/TiN coating, while two 

segmental TiSi and two segmental TiAl targets were used for the nc-TiAlSiN/TiSiN/TiAlN coatings. The layer 

structures and thickness measurements of the coatings, which were carried out using a ball-cratering technique, 

are given in Fig. 1. The modulation period of the nl-AlTiN/TiN coating varies due to 3-fold rotation of the 

substrate during deposition of the coating [2]. 

The microhardness (H) and indentation modulus (E
*
) of the coatings on different substrates was measured with 

Fisherscope H100C nanoindenter using Vickers indenter at room temperature. Microhardness measurements 

were made at the maximum load 50 mN in order to eliminate the effect of substrate on the measurement.  

The adhesion of the coatings to the substrates was investigated using CSM Revetest scratch tester where a 

moving diamond stylus pressed on the sample surface with progressive load. The radius of the diamond indenter 

used in the scratch test was 200 μm. Test parameters were selected as following: scratch length 3 mm, maximum 

load 150 N, loading rate 200 N/min, stylus speed 4 mm/min. In the scratch tests with the cemented carbide 



 
 

substrate, maximum load 200 N was used to obtain the critical load of LC2 due to strong adhesion of the coatings 

to the substrate. The load, which shows chipping without exposure of the substrate (cohesive failure) at the track 

edges, was considered as the critical load of LC1. The critical load of LC2 was determined by complete removal of 

the coating in the scratch track. The critical load for the beginning of coating chipping (LC1) was determined by 

optical observation and acoustic emission. For the critical load of LC2, friction force recording was additionally 

used.  

 

Figure 1. Layer structures and thickness of the coatings: (a) nl-AlTiN/TiN, (b) nc-TiAlSiN/TiSiN/TiAlN 

 

3. Results and discussion 

A comparison of hardness and indentation modulus of the coatings and the substrates are given in Table 1. 

Microhardness of the nc-TiAlSiN/TiSiN/TiAlN coating was found to be higher than the nl-AlTiN/TiN coating.  

 

Table 1. Properties of the investigated coatings and substrates 

Material H [HV] E
*
 [GPa] 

nl-AlTiN/TiN 2552 366 

nc-TiAlSiN/TiSiN/TiAlN 3738 370 

K600 670 223 

AISI D2 938 234 

AISI H11 931 245 

Cemented carbide 1543 391 

 

During the progressive scratch tests of the coatings, spalling, chipping, conformal cracking and tensile cracking 

failures were observed [3]. Figure 2 shows examples of scratch tracks at LC1 that occurred in the coatings 

deposited onto different substrates. The failures on the coatings started with the angular cracks outside the tracks 

and continued with the tensile cracks inside the tracks. The spallation, which occurred due to the compressive 

stress caused by the indenter, was dominant in the nl-AlTiN/TiN coating. The chippings formed at the edge of 

the tracks. Delamination of the TiAlSiN top layer or TiSiN layer was observed in the nc-TiAlSiN/TiSiN/TiAlN 

coating on all the substrates, except on cemented carbide. 

The comparison of the critical loads obtained from the scratch tests are presented in Table 2 and Fig. 3. The nl-

AlTiN/TiN coating had a higher critical load of LC2 than the nc-TiAlSiN/TiSiN/TiAlN coating for the K600, 

AISI D2 and cemented carbide substrates and exhibited better adhesion to these substrates. The critical load LC2 

of the nl-AlTiN/TiN coating on the cemented carbide substrate could not be determined at even maximum 

application load of 200 N enabled by the scratch tester.  The substrate hardness influences the critical load which 

is required to obtain the deformation at the interface [4] and the failure type occuring [5]. The critical load 

increases with the increasing substrate hardness. When compared to the other substrates, lower hardness of the 

K600 is probably the reason of the lowest LC1 and LC2. Similarly, the highest critical loads were obtained on the 

cemented carbide substrates. Despite similar microhardness of the AISI D2 and the AISI H11 substrates, higher 

critical load of LC2 was obtained on the AISI H11 in both coatings. Regarding to the failure type, shell-shaped 

chipping/spalling was observed to be dominant in the scratches on the AISI D2 and cemented carbide substrates. 

 

 

 



 
 

Substrate nl-AlTiN/TiN nc-TiAlSiN/TiSiN/TiAlN 

a) K600 

  

b) AISI D2 

  

c) AISI H11 

  

d) WC-Co 

  

Figure 2. Scratch images of the nl-AlTiN/TiN and the nc-TiAlSiN/TiSiN/TiAlN coatings deposited on the K600 

(a), AISI D2 (b), AISI H11 (c) and cemented carbide (d) substrates at LC1 

 

 

 

LC1: 27 N LC1: 28 N 

LC1: 32 N LC1: 31 N 

LC1: 38 N LC1: 41 N 

LC1: 88 N LC1: 70 N 



 
 

Table 2. The critical loads of the investigated coatings on different substrates 

Substrate 
nl-AlTiN/TiN nc-TiAlSiN/TiSiN/TiAlN 

Lc1 Lc2 Lc1 Lc2 

K600 27  3 75  3 28  3 47  4 

AISI D2 32  1 122  3 31  1 101  5 

AISI H11 38  2 138  1 41  2 145  4 

Cemented carbide 88  6 >200 70  4 175  3 

 

 

Figure 3. Friction force during scratch test (Lc2 is shown by arrows) 

 

4. Conclusions 

In this paper, the scratch behaviors of the nl-AlTiN/TiN and the nc-TiAlSiN/TiSiN/TiAlN coatings deposited on 

the AISI D2, AISI H11, K600 and cemented carbide substrates were determined. Spalling, chipping, conformal 

cracking and tensile cracking were observed as adhesion failures. It was found that the highest value of the 

critical load was obtained in the nl-AlTiN/TiN coating on cemented carbide substrate. In comparison with the 

nc-TiAlSiN/TiSiN/TiAlN coating, the nl-AlTiN/TiN one showed superior adhesion to the K600, AISI D2 and 

cemented carbide substrates. 
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