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Failure Analysis of DLC Coatings on Metallic Joint Implants
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Diamond-like carbon (DLC, a-C:H) has widespread success in mechanical applications

due to its combination of hardness, self-lubrication and chemical inertness. Attempts to

exploit these advantages for wear protection of metallic joint implants have in some

instances not led to encouraging results as e.g. in the series of implants described by

Taeger [1] or Joyce [2]. These data indicate an inacceptable proportion of DLC coated

metal implant failures after several years in vivo.

In this contribution, we present results of detailed investigations on explants obtained

from these series by analytical (XPS, AES) and imaging (FIB/SEM) methods as well as

tests specifically developed for lifetime prediction. It is shown that the implant loss was

in both cases caused by adhesive failure of the coating and that both mechanical and

corrosion-assisted mechanisms triggered the delaminations, although different

processes dominated in each case; the exact mode of failure is determined by the layer

parameters like thickness and contaminations as well as the choice of tribopair. The

relevant processes are given in detail, modeled, and strategies to quantitatively predict

the implant lifetime are discussed. It is found that close attention must be paid to the

test environment and that conventional testing by Rockwell indents and tribotests may

give an inaccurate image of the adhesion in vivo.
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