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INTRODUCTION: Selective Laser Melting 
(SLM) is well suited to implant manufacture, 
combining complex shapes to adapt to the patient 
morphology with good biomechanical properties. 
However, the resulting surface conditions remain 
an important parameter for a successful implant. In 
the presence of surface roughness, cell adhesion 
and migration are improved, with better implant 
integration [1]. There are many finishing processes 
for improving surface condition, especially 
chemical polishing, where the surface is etched to 
smooth it [2, 3]. Here, we analyze the influence of 
the chemical polishing process parameters on 
surface roughness in a comparative study of 
solution components and immersion time.  

METHODS: Disk-shaped Ti6Al4V samples with 
diameter 11mm and thickness 3mm were produced 
using SLM. Chemical polishing was performed on 
groups of samples with a solution of hydrofluoric 
(HF) and nitric (HNO3) acids. Component 
proportions and immersion duration were the 
variables used (Table 1).  

Table 1. Chemical polishing parameters. 

HF percentage / HNO3 percentage / duration in min 

3 /10 /10 3 /20 /5 10 /10 /5 

3 /10 /20 3 /20 /10 10 /10 /10 

3 /10 /30 3 /20 /15 10 /10 /15 

To characterize the surface, two parameters were 
defined at the cell scale: roughness ratio rc

l (ratio 
of the real surface area to the surface area 
projected on the plane) and roughness amplitude 
Rz

l (maximum altitude). These parameters are 
defined at cell level, i.e. on a disk, around a point, 
with a radius of 10µm to obtain local roughness 
information. 

RESULTS: The SLM sample surface presents a 
specific roughness with no trapped fused alloy 
powder (Fig. 1). It creates a high surface contact at 
local level (up to 10µm), in addition to a high 
roughness amplitude (up to 100µm). The rc

l of the 
chemical polished surface falls within a range of 1 
to 2, a more acceptable value for a biocompati-
bility criterion. Results for Rz

l show that most of 
the surface has an amplitude of around 10µm. This 
does not hinder cell motion on the surface. At a 

moderate HF proportion, the roughness ratio 
decreases, increasing the immersion time. At a 
high proportion of HF (10%), an immersion time 
longer than 5min does not alter the roughness 
ratio. The roughness amplitude follows the same 
pattern, but with a significantly greater surface 
variability with the higher HNO3 proportion. This 
suggests that lower HF and HNO3 proportions over 
a longer time give a better surface homogeneity. 

 
 

 

 

 

 
 
 
 
 
 

Fig. 1: SEM surface images. (a) SLM surface, (b) 
3 /10 /10, (c) 3 /20 /10, (d) 10 /10 /10. 

DISCUSSION & CONCLUSIONS: At cell level, 
chemical polishing improves surface quality. 
Depending on the proportion of the chemical 
components and the immersion time, surface 
conditions are obtained in terms of roughness 
ratio, surface amplitude or surface homogeneity. 
These parameters characterize the biocompatibility 
of the implant surface. Further work will analyze 
the cell behavior on those surfaces.  
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