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This work evaluates the scratch resistance of aluminum oxide film deposited by Atomic Layer Deposition 
(ALD) on polymer (UHMWPE, GUR1050). Scratch tests were performed with a diamond tip of 12.5 m radius 
under linearly increasing normal load from 5mN to 20 mN and 0.3 mN/s loading rate, in coated and non-coated 
polymer samples. The results have shown that the ALD alumina film provides great wear protection to the 
surface since no visible penetration has occurred in the sample, but it depended on the pre-doping procedure of 
the polymer surface prior to the ALD. 
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1. Introduction 

Ultra-high molecular weight polyethylene (UHMWPE) 
is widely used in orthopedy as a soft bearing material for 
artificial hip and knee joints, given its inertness and low 
friction characteristics [1]. The wear resistance of the 
UHMWPE is a key factor for the longevity of an implant, 
and so, improvement in wear performance has been a 
focus of investigation for decades. It order to attempt to 
it, surface engineering approach has been applied with a 
variety of coating techniques [2, 3]. No mattering the 
method, the critical point of applying a coating is the 
quality of its adhesion to the substrate material. Atomic 
layer deposition (ALD) is a technique capable of 
producing thin and uniform coatings deposited in atomic 
scale, so as able to produce a surface with the physical 
characteristics of the substrate combined to the intrinsic 
characteristics of the film material. In this way, ALD 
alumina films can lead to improve the wear resistance of 
polymer substrates, given its intrinsic hardness, while 
keeping biocompatibility and chemical inertness 
features, necessary to a bearing biomaterial. In this work 
the adhesion resistance of the ALD alumina film on 
UHMWPE polymer was evaluated through scratch tests. 

2. Methods 

The test specimens were pins of UHMWPE (GUR 1050 
resin), 8 mm diameter. The atomic layer deposition of 
alumina (ozone precursor) was done on the flat-ended 
surface of the pins, at 100 oC, 800 cycles, continuous 
mode, with and without pre-doping step (ozone, 200 
cycles at 100ºC). The presence of the alumina film was 
confirmed by energy-dispersive X-ray spectroscopy 
(EDS). The thickness of the alumina film was 100 nm, 
checked through the analysis of a silicon substrate with 
the film deposited in the same condition. Scratches of 2 
mm length were performed in a microtribometer (CETR, 
UNMT1), with a diamond tip of 12.5 m radius, under 
linearly increasing normal load from 5mN to 20 mN and 
0.3 mN/s loading rate. The tests were done in coated and 
non-coated polymer specimens, two scratches each 
specimen. 

3. Results and Concluding Remarks 

The results are summarized in Figure 1. Specimen 1 

(non-coated) was performed quite equal to specimen 2 
(coated but not pre-doped) while specimen 3 (pre-doped 
and coated) has not evidenced any displacement in Z, so 
demonstrating the positive effect of the alumina film to 
protecting the polymer surface against abrasive damage, 
and the relevance of the pre-doping procedure. As for the 
COF, its behavior is similar for the three specimen 
conditions, being the zig-zag feature related to the stick-
slip like phenomenon caused by the preexistent polymer 
surface roughness.  

 
 

 
 

 
 

Figure 1: Evolution of the vertical displacement of the tip 

inside the polymer surface (Z, blue color) and the friction 

coefficient (COF, orange color) along the scratch. 
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