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ABSTRACT – Hard chrome plating is widely used in 

aeronautic industries. However European regulations 

oblige for substitution due to health and environment 

impact. In this way, hard chrome as a reference and 

different alternative coatings are tested under various 

wear conditions: sliding, fretting and cumulated tri-axial 

solicitations with various counterpart materials under 

greased and dry contact at different temperatures. Static 

and dynamic coefficient of friction are determined and 

compared. Advantages and drawback are then identified 

and preferred use is described for each alternative 

coating tested. 

 

1. INTRODUCTION 

Hard chrome plating is widely used in aeronautic 

industries, especially to protect mechanical articulations 

submitted to harsh wear conditions. The hardness of 

chrome plating is a major reason for application but not 

the only one [1]. Such coating is mainly deposited on 

steels, stainless steel and nickel-based alloys in order to 

protect from abrasion and improve sliding wear 

properties. The perfect tribo-compatibility of hard 

chrome with copper alloys generally offers a good and 

long term mechanical behaviour of the interface [2]. 

However, the application process by electrolysis 

produces hexavalent chromium, which is harmful for 

health and environment. REACh European regulation 

obliges for substitution. Investigations were then 

launched to develop alternative solutions to replace hard 

chrome plating. 

 

2. METHODOLOGY 

In addition to hard chrome by electrolytic process 

to be used as a reference, investigated alternatives are 

the following thermal spray coatings: WC-10Co-4Cr by 

high velocity oxy-fuel, Co-17Cr-28Mo-4Si by plasma 

spray, and Mo by plasma spray. 

Performances of these coatings are characterised in 

term of corrosion protection, sliding wear, fretting wear 

and cumulated tri-axial solicitations. Various 

counterparts are considered depending on the 

application: copper alloys, stainless steel and nickel-

based alloys. Different temperatures are investigated, up 

to 600°C. This will allow selecting the best compromise 

depending on the contact conditions and application. 

During sliding wear test, tangential force resistive 

to movement is monitored and continuously measured. 

Figure 1 shows sinusoidal displacement and tangential 

force versus time. Figure 2 shows tangential force 

versus displacement. 

 

 
Figure 1 Sinusoidal displacement and tangential force 

versus time. 

 

 
Figure 2 tangential force versus displacement. 

 

From Figure 2 graph are extracted tangential 

forces at 0 mm and at maximum displacement, and then 

computed into coefficient of friction. Evolution of these 

values during the test can then be plotted and is shown 

in Figure 3 for dynamic motion (1 Hz). 

 

 
Figure 3 evolution of dynamic coefficient of friction. 

 

Static coefficient of friction is also determined at 

very low speed (about 0.5 mm.s-1) for several cycles to 

check for its evolution. It is presented in Figure 4. 
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Figure 4 evolution of static coefficient of friction. 

 

3. RESULTS AND DISCUSSION 

3.1 Hard chrome 

With a hardness of 850 HV0.3, hard chrome 

structure is composed of a network of natural micro-

cracks which allows grease retention (Figure 5). Failure 

mode is a mechanical ageing which produces micro-

crack junctions, leading to major cracks. This results in 

hard chrome abrasive debris into the contact. 

 

 
Figure 5 Hard chrome (electrolytic). 

 

3.2 WC-10Co-4Cr 

With a hardness of 1100 HV0.3, WC-10Co-4Cr 

structure is composed of very hard tungsten carbide and 

open porosities, acting as a cutting tool (Figure 6). 

Surface finish is essential for this coating. Failure mode 

results in a “cheese grater effect” against copper alloys. 

Intensity of abrasive regime depends on surface finish. 

Such a coating is efficient in contact with stainless steel. 

 

3.3 Co-17Cr-28Mo-4Si 

With a hardness of 600 HV0.3, Co-17Cr-28Mo-4Si 

structure is composed of open porosity able to retain 

grease in the contact (Figure 7). Failure mode is 

adhesion of copper counter surface on this coating if 

local lack of grease occurs or burned grease. It is not 

efficient in dry condition. Such a coating is efficient in 

temperature against nickel-based alloys (Inconel 718®). 

 

3.4 Mo 

With a hardness of 450 HV0.3, Mo structure is 

composed of open porosity able to retain grease in the 

contact (Figure 8). Failure mode is not observed in the 

tested configurations. Such a coating provides a good 

tribo-compatibility with copper alloys, there is no risk 

of galling. 

 

 
Figure 6 WC-10Co-4Cr (HVOF). 

 

 
Figure 7 Co-17Cr-28Mo-4Si (plasma spray). 

 

 
Figure 8 Molybdenum (plasma spray). 

 

4. CONCLUSIONS 

Thermal sprayed coatings show interest 

particularly in greased environment, and satisfy most of 

the needs when deposited on stainless steels. Depending 

on the powder composition to be sprayed, cracking 

phenomenon observed on hard chrome such as "ladder 

cracks" can be avoided. 

There is no simple replacement for hard chrome, 

but coating type shall be adapted depending on the 

counter surface: 

(a) WC-10Co-4Cr shows good performance (when 

correctly surface finished) in contact with 

stainless steel. 

(b) Co-17Cr-28Mo-4Si shows good performance 

in contact with nickel-based alloy at elevated 

temperature. 

(c) Mo shows good performance in contact with 

copper alloy. 
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