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Abstract

Multilayered WC-Ti,.,Al,N coatings were deposited on AISI D2 steel using cathodic arc deposition (CAD)
method. These coatings contain structural defects such as pores or droplets. Thus, the substrate is not completely
isolated from the corrosive environment. The growth defects (pores, pinholes) in the coatings are detrimental
to corrosion resistance of the coatings used in severe corrosion environments. The localized corrosion behavior
of the coatings was studied in deaerated 3.5 wt.% NaCl solution using electrochemical techniques (poten-
tiodynamic polarization test) and surface analyses (GDOES, SEM, AES, TEM). The porosity was calculated
from the result of potentiodynamic polarization test of the uncoated and coated specimens. The calculated
porosity is higher in the WC-TisAly4N than others, which is closely related to the packing factor. The positive
effects of greater packing factor act on inhibiting the passage of the corrosive electrolyte to the substrate
and lowering the localized corrosion kinetics. From the electrochemical tests and surface analyses, the major
corrosion mechanisms can be classified into two basic categories: localized corrosion and galvanic corrosion.
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Fig. 1. Schematic diagram of the structure of multilayered
WC-Ti;,ALN coating.
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Fig. 2. Correlations of porosity and packing factor.
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Table 1. Results of porosity and packing factor obtained from electrochemical experiments

Specimen Ecorr Leom . B. B. B" , Porosity  |Packing Factor
(mV) (¢cm) (V/decade) | (V/decade) |(X10° Qcm?®) i) P
Substrate -541.9 14.69 0.0961 0.2231 1.988 - -
C1 (WC-Tig6Aly.N) —494.5 1541 0.0918 0.6938 2.288 0.27907 0.72093
C2 (WC-Tigs3Al, 4 N) -520.3 2.904 0.1317 0.3969 14.805 0.08016 0.91984
C3 (WC-TigsAlysN) —554.9 1.883 0.1274 73.12 29.365 0.04958 0.95042
C4 (WC-Tig43Aly5:N) —529.0 4,753 0.1684 0.396 10.808 0.13503 0.86497

(65A target current of aluminum : WC-TipsAlp4N, 75A 1 WC-Tiy53Al4N, 80A : WC-TigsAl 5N, 85A : WC-Tigy;Aly57:N)




304 A% /= HHFTES] 36 (2003) 301-306

AceV “potMagn ~:Deg WD i
Ioﬂk\lsoé\()()x sE wo WCAIAN

Fig. 3. SEM images showing surface morphologies deposited at various Al contents ; (a) WC-TipgAly4N, (b) WC-
TigsaAlg.47N, (€) WC-TipsAlpsN, (d) WC-Tip 43Alp57N.
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Fig. 5. Cross-sectional electron micrograph of droplet
embedded in multilayered coatings.
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Fig. 6. Pitting patterns of WC-Ti;,,Al\N coatings after the 240h immersion test in a 3.5 wt.% NaCl electrolyte.
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