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INTRODUCTION
The combina�on of high hardness, excellent wear resistance, corro-
sion resistance and inertness makes �tanium nitride (TiN) an ideal 
protec�ve coa�ng for metal components in various industries. For 
example, the edge reten�on and corrosion resistance of a TiN coat-
ing can substan�ally increase the work efficiency and extend the 
service life of machine tooling such as razor blades, metal cu�ers, 
injec�on molds and saws. Its high hardness, inertness and non-toxici-
ty make TiN a great candidate for applica�ons in medical devices 
including implants and surgical instruments.

IMPORTANCE OF TiN COATING SCRATCH TESTING

Residual stress in protec�ve PVD/CVD coa�ngs plays a cri�cal role in 
the performance and mechanical integrity of the coated component. 
The residual stress derives from several major sources, including 
growth stress, thermal gradients, geometric constraints and service 
stress[1]. The thermal expansion mismatch between the coa�ng and 
the substrate created during coa�ng deposi�on at elevated tempera-
tures leads to high thermal residual stress. Moreover, TiN coated 
tools are o�en used under very high concentrated stresses, e.g. drill 
bits and bearings. It is cri�cal to developing a reliable quality control 
process to quan�ta�vely inspect the cohesive and adhesive strength 
of protec�ve func�onal coa�ngs.

[1] V. Teixeira, Vacuum 64 (2002) 393–399.



MEASUREMENT  
OBJECTIVE
In this study, we showcase that the NANOVEA 
Mechanical Testers in Scratch Mode are ideal for 
assessing the cohesive/adhesive strength of 
protective TiN coatings in a controlled and 
quantitative manner.
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The NANOVEA PB1000 Mechanical Tester was used to perform coa�ng scratch tests on three TiN coa�ngs
using the same test parameters as summarized below:

TEST CONDITIONS

FINAL LOAD

10 N
LOADING RATE

20 N/min
SCRATCH LENGTH

5 mm
INITIAL LOAD

0.02 N

LOADING MODE:  Progressive Linear

Sphero-Conical
Diamond, 20 μm radius

INDENTER TYPE



FIGURE 1 shows the recorded evolu�on of penetra�on depth, coefficient of fric�on (COF) and acous�c 
emission during the test. The full micro scratch tracks on the TiN samples are shown in FIGURE 2. The failure 
behaviors at different cri�cal loads are displayed in FIGURE 3, where cri�cal load Lc1 is defined as the load at 
which the first sign of cohesive crack occurs in the scratch track, Lc2 is the load a�er which repeated spalla�on 
failures take place, and Lc3 is the load at which the coa�ng is completely removed from the substrate. The 
cri�cal load (Lc) values for the TiN coa�ngs are summarized in FIGURE 4.

The evolu�on of penetra�on depth, COF and acous�c emission provides insight into the mechanism of the 
coa�ng failure at different stages, which are represented by the cri�cal loads in this study. It can be observed 
that Sample A and Sample B exhibit comparable behavior during the scratch test. The stylus progressively 
penetrates into the sample to a depth of ~0.06 mm and the COF gradually increases to ~0.3 as the normal 
load increases linearly at the beginning of the coa�ng scratch test. When the Lc1 of ~3.3 N is reached, the first 
sign of chipping failure occurs. This is also reflected in the first large spikes in the plot of penetra�on depth, 
COF and acous�c emission. As the load con�nues to increase to Lc2 of ~3.8 N, further fluctua�on of the 
penetra�on depth, COF and acous�c emission takes place. We can observe con�nuous spalla�on failure 
present on both sides of the scratch track. At the Lc3, the coa�ng completely delaminates from the metal 
substrate under the high pressure applied by the stylus, leaving the substrate exposed and unprotected.

RESULTS & DISCUSSION



In comparison, Sample C exhibits lower 
cri�cal loads at different stages of the coa�ng 
scratch tests, which is also reflected in the 
evolu�on of penetra�on depth, coefficient of 
fric�on (COF) and acous�c emission during 
the coa�ng scratch test. Sample C possesses 
an adhesion interlayer with lower hardness 
and higher stress at the interface between 
the top TiN coa�ng and the metal substrate 
compared to Sample A and Sample B. 

This study demonstrates the importance of 
proper substrate support and coa�ng 
architecture to the quality of the coa�ng 
system. A stronger interlayer can be�er resist 
deforma�on under a high external load and 
concentra�on stress, and thus enhance the 
cohesive and adhesive strength of the 
coa�ng/substrate system.

SAMPLE A

SAMPLE B

SAMPLE C

FIGURE 1:   Evolution of penetration depth, COF 
                                   and acoustic emission of the TiN samples.



FIGURE 2:   Full scratch track of the TiN coatings after the tests.
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FIGURE 3:   TiN coating failures under different critical loads, Lc.

SAMPLE A
Lc1 = 3.25 N

Lc2 = 3.72 N

Lc3 = 8.23 N

SAMPLE B
Lc1 = 3.31 N

Lc2 = 3.89 N

Lc3 = 7.81 N

SAMPLE C
Lc1 = 2.23 N

Lc2 = 2.47 N

Lc3 = 6.12 N



FIGURE 4:   Summary of critical load (Lc) values for the TiN coatings.
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In this study, we showcased that the NANOVEA PB1000 
Mechanical Tester performs reliable and accurate scratch tests on 
TiN-coated samples in a controlled and closely monitored 
manner. Scratch measurements allow users to quickly iden�fy the 
cri�cal load at which typical cohesive and adhesive coa�ng 
failures occur. Our instruments are superior quality control tools 
that can quan�ta�vely inspect and compare the intrinsic quality 
of a coa�ng and the interfacial integrity of a coa�ng/substrate 
system. A coa�ng with a proper interlayer can resist large 
deforma�on under a high external load and concentra�on stress, 
and enhance the cohesive and adhesive strength of a 
coa�ng/substrate system. 

The Nano and Micro modules of a NANOVEA Mechanical Tester 
all include ISO and ASTM compliant indenta�on, scratch and wear 
tester modes, providing the widest and most user-friendly range 
of tes�ng available in a single system. NANOVEA's unmatched 
range is an ideal solu�on for determining the full range of 
mechanical proper�es of thin or thick, so� or hard coa�ngs, films 
and substrates, including hardness, Young’s modulus, fracture 
toughness, adhesion, wear-resistance and many others.

CONCLUSION
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