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Abstract — Many of the current development in surface modification engineering are focused on multilayered
coatings, which have the potential to improve the tribological properties. Four different multilayered coatings
were deposited on AISI D2 steel in this study. The prepared samples are designed as WC-TigsAlosN, WC-
Tips;AlpsN, WC-TigsAlysN and WC-Tiy4;Alys,N. The multilayered coatings were investigated with respect to
coating surface and cross-sectional morphology, roughness, adhesion, hardness, porosity and tribological behav-
iors. Especially, wear tests of four multilayered coatings were performed by using a ball-on-disc configuration
with a linear sliding speed of 0.017 m/sec and a normal load of 5.38 N load. The tests were carried out at room
temperature in air by employing AISI 52100 steel ball (Hg = 66) having a diameter of 10 mm. The surface mor-
phology, and topography of the wear scars of samples and balls have been determined by using scanning electron
spectroscopy (SEM). Also, wear mechanism was determined by using SEM coupled with energy-dispersive spec-
troscopy (EDS). Results have showed an improved wear resistance of the WC-Ti,.,ALN coatings with increasing

of Al (aluminum) concentration.

Key words — porosity, adhesion, wear scar, oxide layer, potentiodynamic polarization test.
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Fig. 1. Multilayer of construction.
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Fig. 2. Cross-sectional morphologies.
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Fig. 3. Surface morphologies of WC-Ti, ALN coatings.
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Table 1. Properties of WC-Ti,,ALLN coating deposited
at different Al concentration

Specimen Roughness  Scratch test ~ Hardness
R, (um) Le N) Hy
Substrate - - 65
C1 9.3 21.97 87.6
C2 38 50.97 87.6
C3 6.7 51.97 89.3
C4 55 51.97 90.6

Table 2. Results of electrochemical experiments

Specimen  E,,, Teorr Jis R, Porosity

Substrate —541.9 1469 0.096 1988 -
C1 =5159 5.084 0.1351 8.1404 0.1310
C2 —3848 1471 0.0884 13.868 0.0032

C3 -162.1 0267 03773 31572 0.696x10°°
C4 -346 00009 02904 64493 0.001x10°

Table 3. Packing factor of specimens

Specimen Packing factor
Substrate -

Cl 0.8690

C2 0.9968

C3 0.9999

C4 1

i
| —%— Porosity
| @ Packing factor e e @) - 1.00

0.15

- 0.95

PANCALE ?,'?
by =
= E
3 =
5 0054 090 2

=1

a =

0.00 e —

- 0.85

Specimen

Fig. 4. Correlation of packing factor and porosity.
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Fig. 5. Results of adhesion test.

Table 4. Wear volume of steel ball after wear test
against WC-Ti,.,ALN coatings

Diameter of Wear volume

Specimen wear scar (mm) (x10°% mm®)
Cl 1.1385 16.5
C2 0.6920 225
C3 0.7395 293
C4 0.6530 1.78
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FolN e J13ee Pt 4% ARs vHos
A ARR} vhEo] AP Uolde & F ULHT.
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Fig. 8. Surface morphologies of wear track region after
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