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Statement of Purpose: In orthopedic implants, 

polyethylene and/or metallic wear debris has been linked 

to osteolysis (bone loss) and loosening of the implant. 

Therefore, new approaches are needed in order to reduce 

wear in articulating joints for achieving long-term clinical 

success. While smooth, nanostructured diamond (NSD) 

coatings have been successfully deposited using 

microwave plasma chemical vapor deposition (MPCVD) 

on titanium-based alloys with excellent adhesion and 

tribological properties, the same has not been possible for 

CoCrMo alloy. This is due to the dominant presence of 

cobalt which has a high propensity to form interfacial 

graphite due to its high solubility and catalytic activity 

with carbon. Consequently, film adhesion is poor. In this 

study, we reveal the importance of oxygen (in a 

hydrogen/methane mixture) and microwave power in 

achieving adhered NSD films on CoCrMo alloy.  

Methods: 7mm diameter wrought CoCrMo alloy disks 

(cobalt 65%, chromium 28%, molybdenum 6%, trace 1%) 

were polished and then ultrasonically seeded with 

diamond powder.  Nanostructured diamond films were 

grown using MPCVD with different microwave powers 

ranging from 0.6 to 1.0 kW. Chamber pressure remained 

between 40-45 Torr. The feedgas was composed of 500 

sccm hydrogen, 10 sccm oxygen, and 88 sccm methane. 

The films were characterized by glancing-angle x-ray 

diffraction (XRD), Raman spectroscopy, Rockwell and 

nanoindentation, and scanning electron microscopy. 

Results/Discussion:  As shown in the XRD scans of Fig. 

1, films grown with O2 did not produce any crystalline 

graphite peak. The other peaks are attributed to either  

Fig. 1 XRD scans comparing NSD films grown with and 

without O2 feedgas additions. No graphite is detected 

when O2 is used. 

 

 

 

diamond (D), fcc cobalt (), or chromium carbides. The 

carbide peaks, especially those indexed to Cr7C3 increase 

as the power increases.  Evidence for the formation of the 

Cr23C6 appears at 0.9 kW and higher. The samples 

prepared with O2 were smooth and fully adhered, whereas 

the samples made without O2 were rough and partially 

delaminated. We find that carbon nanotubes form at the 

substrate/film interface and their formation and resulting 

film adhesion is dependent on microwave power. Fig. 2 

(left) shows Rockwell indentations up to 150 kg load on 

the adhered NSD coating. No film delamination was 

observed. Film strain was evidently relieved via 

circumferential micro-cracks that could be seen at higher 

magnification, especially around 100 kg and 150 kg 

indents. SEM images taken after the early stages of 

growth revealed that carbon nanotubes form (Fig. 2 right), 

suggesting that cobalt diffuses into the growing film. This 

was confirmed by EDX. Film adhesion was more 

consistent for depositions run at higher microwave power.  

 

Fig. 2  (Left) NSD coating after indentation up to 150 kg 

with 1/8” diameter spherical indenter, showing no 

delamination, and SEM images showing carbon 

nanotubes that form during diamond nucleation stage for 

0.6 kW power (right, top) and 1.0 kW power (right, 

bottom). 

 

Conclusion: The adhesion of NSD coatings on CoCrMo 

substrates can be improved by using O2 in the feedgas to 

help remove graphitic carbon. In addition, elevated 

microwave power results in more consistent adhesion and 

this may be explained by more carbide formation with 

different stoichiometry than formed at lower power. 

Carbon nanotubes form due to cobalt diffusion into the 

film. Nanotube formation kinetics (effect of microwave 

power and substrate temperature) needs to be further 

investigated in this system to establish its connection with 

film adhesion.   
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