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Characterization of delamination in titanium
nitride coating on steel using acoustic microscopy
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Wear resistance of Titanium Nitride (TiN) coating on steel is partly influenced by
delamination located beneath the surface. Acoustic microscopy is particularly suited to
analyze the subsurface defects. To examine the delamination defects introduced by sliding
contacts in TiN coating on steel the Lamb wave velocities have been measured by V(z)
curves and compared with the theoretically calculated velocities from dispersion curves.
© 1999 Kluwer Academic Publishers

1. Introduction Lamb waves were determined from the spacihg

TiN coating on steel is one of the methods for use inbetween the dips iV (z) curves using the equation
sliding elements of machines. The principal reason® = vo/{1 — (1 — vo/2f AZ)?}¥/? [7] where f is the

for nitriding are to obtain improved wear resistancefrequency andy is the velocity of the acoustic waves in
with fewer tendencies to seize and gall hard surfacethe coupling water. We apply an FFT waveform analy-
with a tough core. The improvement in wear resis-sis to determine the acoustic properties we require from
tance of nitrided cases is a result of the high surfacé/(z) curve. Digital filtering technique was applied to
hardness and the retention of this hardness at elevatdbe frequency spectra of thgz) curve to remove back-
temperature [1]. In ceramics it has been shown thaground and noise during the measurement of the ultra-
surface damage due to sliding contacts largely degradgonic wave velocities. IFFT was used to get the digitally
the mechanical, electrical, and optical properties [2]filtered V (z) curve. Finally the ultrasonic wave veloc-
After nitriding the mechanical failure will start some- ities was obtained by FFT from the digitally filtered
what below the surface, depending on the compresY (z) curve [8].

sive stresses induced by nitriding and on the imposed

stresses. Though many surface analysis techniques have

been applied to investigate these problems, there h%s_ Verification of thickness measurement

been none to detect small defects at the subsurface
with a high spatial resolution. One of the advantages ofl.W

acoustic micros_copy is its_alpility to image the SUbsur'pared for the verification of the thickness measure-
face of solids without modifying the state of sample byment by the acoustic microscopy. The specimens are
the applied stress due to sectioning. One of the author, um thick aluminum foil and 1'2 5um thick alu-

has been applylng acoustic microscopy to the study Ofwinum foil (99.5% purity). 200 and 400 MHz spher-
the mechanical properties of surface layers, such as Ol?éal lens Weré used for .the experiment. The mea-
servation qf sgrface cracks [3], subsurface cracks [4]5ured Lamb wave velocities of the aluminL.Jm foils are
and delaminations [5]. Nakaso et al. has evaluated thghOWn in Table I. Fig. 1 shows the phase velocity dis-

ac?hesmn state of f'lm. by(z) curve method [6]. In r%)ersion curves of aluminum. The material constants
this paper, the delamination defects have been quan-

o ) . . - used arg@ = 2700 kg/n3, longitudinal wave velocity=
]utatwely studied by dispersion characteristics of the6422 m/s, and shear wave velocity3110 m/s [9]. The
ayer structures.

solid curves are the calculated phase velocities of the
asymmetric mode, and the dotted curves are those of the
symmetric mode as a function of té® value where

2. Experimental F is frequency and is the thickness of the plate.

A reflection acoustic microscope manufactured byObviously, the experimentally observed values fall on
Olympus Optical Company, Ltd. was used in this study.the calculated phase velocity dispersion curves, and the
The velocities of leaky Rayleigh waves and leakyagreement between them is pretty good.

with aluminum specimens
o thickness-known aluminum specimens were pre-
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TABLE | The measured Lamb wave velocities of the aluminum foils

Foil thickness gm)

6 125
Frequency
(MHz) S mode Ap mode S mode Ap mode
200 5199 m/s 2613 m/s 3938 m/s 2905 m/s
400 4034 m/s 2878 m/s 2949 m/s 2949 m/s

Figure 3 Optical image of titanium nitride coating on steel (A: delami-
nated part, B: coating layer removed part, C: well-coated part).
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Figure 1 Dispersion curve of aluminum plate.

Figure 4 V(x, z) image scanned as line 1 in Fig. 2.

velocity measurement at the specific area. For the com-
parison with the acoustic image, the optical image of
: the wear track is shown in Fig. 3. In the optical image,
Line | there is also a contrast respect to the specific area, but
further analysis is not possible.
. Fig. 4 shows th&/(x, z) image scanned along line 1
Line 2 in Fig. 2. TheV(x, z) image was obtained by the grey
level representation df (z) curves through X-scan of
the lens; vertical to the sliding direction. A 400 MHz
spherical lens was used for the measurement. The am-
_Figure 2 Scanning acogstic microscopy ima_ge of titanium nitride coat- plitudes ofV (2) curves with respect t&X direction are
xsll?cnoztsslpg\r:t)fjelamlnated part, B: coating layer removed part, C:ShOV\{n as fringe_pattern M(?(, 2) image. The left and
the right hand side of the figure represent Yhg, z)
image in the area of TiN coating on steel, and the cen-

4. Observation of delamination of TiN ter part of the figure shows thé(x, z) image in the

coating on steel area of steel where TiN coating layer was removed.
To examine the delamination defectsye8 thick TIN  The spacingAz between the fringes in the area of the
physical vapor deposition coating on a die steel wadliN coating on steel is larger than that in the area of
slid against a steel ball with a diameter of 2 mm at athe steel. The Rayleigh wave velocity of the steel was
load of 9.8 N with a speed of 2 mm/s [5]. The repetition measured as 2920 m/s. The wave velocities of the TiN
was typically 1000 times and sliding span length wascoating area were measured as 3389 and 3914 m/s at
4 mm. Aninteresting area at the lower part of wear track200 and 400 MHz respectively.
was observed with 200 MHz acoustic lens as shown in Considering water/TiN/Fe structure in the area of
Fig. 2. In the pseudo color acoustic image, area A, arediN coating on steel, the dispersion was calculated us-
B, and area C were identified as the area of delamiing a software based on the effective admittance [10]
nation, exposed steel substrate due to the sliding, anahd shown in Fig. 5. Table Il shows the material pa-
original TiN coating layer, respectively. The above ob-rameters of Fe [11] and TiN [12] for the calculation.
servation will be discussed later with the Lamb wavePoint A and B in Fig. 5 are the measured velocities at

6096



TABLE Il The material parameters for the calculation of dispersion
curve for water/TiN/Fe layer structure or water/TiN/water layer structure

Density Longitudinal wave Shear wave
(103 kg/m®)  velocity (m/s) velocity (m/s)
Water [14] 1 1495 —
Steel [11] 7.87 5928 3203
TiN [12] 5.3 9530 5600

TABLE Il The measured velocities

200 MHz 400 MHz
Delaminated area (water/TiN/water) 3189 m/s 3898 m/s
TiN coating on steel (water/TiN/steel) 3389 m/s 3914 mis _ ) ) .
Figure 6 V(x, z) image scanned as line 2 in Fig. 2.
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Figure 5 Dispersion curve of water/TiN/Fe multi layered structure. Figure 7 Dispersion curve of water/TiN/water multi layered structure.

200 and 400 MHz respectively. The agreement betweef: Conclusions o .

the measured and the calculated ones is satisfactoryOth the imaging and quantitative analysis Wyz)

The measured velocity is higher than the shear wav&Urve are successfully combined to characterize the
velocity of the substrate, and hence the attenuation i§@mage in TiN coating on steel. Comparing the mea-
high due to the radiation into the substrate [13]. ConseSuréd Lamb wave velocities by acoustic microscopy

quently, it is difficult to detect such a wave in usual ul- with the calculated velocities from dispersion curve we

trasonic measurements. However we could observe tHedn distinguish the areas where the coating is intact or
fringes due to this wave in Fig. 4 because the propagad€laminated.
tion length is very small in the situation of the acoustic
microscopy.
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