
ABSTRACT This paper focuses on 

original research of low-temperature 

plasma nitriding of Ti6Al4V ELI alloy, 

originally intended for fashioning of 

endoprosthetic bone implants. One of 

more interesting concepts in devising ever 

improved bone implants accepts the 

surface of the implant as its most 

important part. The bulk material (Ti6Al4V 

ELI) is proven to be more than satisfying, 

which leaves for surfaces of implants to 

be adapted to their specific functions. 

Having that said, plasma treatments seem 

very appealing – especially the treatment 

of plasma nitriding as it is known to not 

affect the bulk of the material. Specimens 

were prepared, and plasma nitrided. 

Untreated and treated samples were 

compared over a variety of surface 

properties recognized to be of 

significance for supporting 

osseointegration, which was the main 

objective of this work. Abovementioned 

treatment of Ti6Al4V ELI alloy resulted in 

some interesting effects considering 

roughness, corrosion resistance in saline, 

new phase’s occurrence as well as 

changes in wettability – all of which may 

justify its potential use on implants 

surfaces intended for osseointegration. 

CONCLUSION This research 

showed that low-temperature plasma 

nitriding is indicated and may potentially 

even be suggested for the purpose of 

improvement of osseointegrative 

capabilities of standard Ti6Al4V ELI alloy, 

as well as for reducing the exposure of 

living tissues to possibly harmful elements 

of which the implant itself is made. In case 

of Ti6Al4V ELI alloy, aluminium (and even 

vanadium) is still widely debated for its 

potential toxicity. Described low-

temperature plasma nitriding of surfaces 

hasn’t resulted in any considerably 

negative effects when compared to the 

untreated base alloy (with the exception of 

minor change in corrosion resistance). No 

adverse biological reactions are to be 

expected. One of main values of work 

presented in this paper is detection of 

certain specific trends in changes (or lack 

of changes) of surfaces’ characteristics 

which may directly influence 

osseointegration of the Ti6Al4V ELI alloy 

when treated by low-temperature plasma 

nitriding. 
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UNTREATED 89-5009 Ti 100 

PLASMA 

NITRIDED 

89-5009 Ti 86 

65-0429 Al3Ti 2 

25-1133 AlN 12 
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SAMPLE 
Epas., mV 

vs. SCE* 

Epit., mV 

vs. SCE* 

Epit. - Epas., mV 

vs. SCE* 

A, mC 
COMMENT 

UNTREATED 100 1260 1160 - No pitting 

PLASMA 

NITRIDED 

100 720 620 - No pitting 

SAMPLE 
Ecor (I=0), mV 

vs. SCE* 
jcor, nA/cm2 vcor, mm/year Rp, kΩ/cm2 

UNTREATED -190.9 147.6 0.0024 73.79 

PLASMA 

NITRIDED 
-194.8 371.8 0.006 37.13 

FORMATION OF PHYSICAL BARRIER 
→ REDUCTION OF ADVERSE 

BIOLOGICAL REACTIONS 

IMPROVE TRIBOLOGICAL 
PROPERTIES OF ARTICULATING 

JOINT SURFACES 

THICKER 
COMPOUND LAYER 
→ PROCESS TEMP. 

700-1000 °C 
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SURFACE PROPERTIES 
INFLUENCING OSSEOINTEGRATIVE 
PROCESSES (BONE INGROWTH) → 

NO NEED FOR THICK LAYERS 

SURFACE PROPERTIES 
INFLUENCING 

OSSEOINTEGRATION: 
 

- Chemical composition 
- Microstructural phases 

- Roughness 
- Wettability 

- Surface free energy 
- Corrosion resistance  

(as leaching prevention) 

Other research detected that 
occurrence of phases such as TiN 

and TiAlN (even more so) 
improved ADHESION and 

PROLIFERATION of test cell 
cultures (human gingival 

fibroblasts) in in-vitro experiments. 

PREPARATION OF SAMPLES 

GRINDING 

(SiC) 

POLISHING 
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CLEANING 

(Ultrasound) 
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P 320 /  

7 min. 

+ 

P 500 /  

7 min. 

P 1200 / 

7 min. 

Acetone /  

10 min. 

+ 

Ethyl alcohol/ 

10 min. 

Demineralized 

water 

Guaranteed chemical composition of Ti6Al4V ELI (AZ STEEL srl.) 

% N C H Fe O Al V Ti 

Min. - - - - - 5.5 2.5 
REST 

Max. 0.05 0.08 0.0125 0.25 0.13 6.5 4.5 
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I. PLASMA NITRIDING  

II. CONTROL GROUP 
(UNTREATED) 

XRD - analysis 
shows that untreated 
sample is stabilized 
predominantly in α 
structural variant 
which correlates 
with base alloy 
nominal 
composition. 
Nitrided samples 
were even more 
prominently 
stabilized in α phase 
structure, but newly 
formed phases have 
been detected as well 
– as listed in table.  

GDOES in-depth elemental analysis of: a) untreated and b) plasma nitrided samples 

a) 

 

b) 

 

Nitrogen 
diffusion 
layer is 
relatively 
thin (at 0.6 
μm nitrogen is 
almost 
undetectable). 
However, 
surface itself 
contains  
~ 30 wt % of 
nitrogen – 
despite the low 
temperature of 
the process. 

Cross-section SEM micrographs: a) untreated and b) plasma 
nitrided sample 

a) 

 
b) 

NO EVIDENCE OF PLASMA NITRIDING TREATMENT!  

Scanning 
Electron 
Microscopy 
(SEM) 
confirmed 
two-phase 
(α+β) 
microstruc-
ture of the 
base 
Ti6Al4V ELI 
alloy, with 
lighter β 
phase 
dispersed 
within the 
matrix of α 
phase 
(darker). 

Average roughness (Ra) didn’t change with plasma 
nitriding. This correlates with expected absence of 
porous prominent compound layer. Since no change in 
Ra mean value, no further analysis of other roughness 
parameters was indicated (Rp nor Rv).  

SAMPLE SURFACE 
Contact angle, ̅θ, ° 

Saline (0.9 % NaCl) 

UNTREATED 94.511 

PLASMA NITRIDED 51.935 

Results of Sessile drop-test led to a conclusion that plasma 
nitriding significantly lowered the contact angle of the saline drop 
with the surface. In other words, the treatment changed wetting 
characteristic of the samples’ surfaces from hydrophobic to 
hydrophilic. 
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*SCE – Saturated Calomel Electrode 

*ICDD – International Centre for Diffraction Data 

Untreated samples 
yield almost twice as 
high stability (Rp) in 
saline in comparison 

to plasma nitrided 
ones. Corrosion rate 
(vcor) is detected as 

significantly higher in 
case of the plasma 

nitrided surfaces but 
both of tested 

conditions would be 
considered 

acceptable for long-
term implantation on 
account of vcor  ˂ 0.13 

mm/year.  

Polarization curves are a 
result of cyclic 

polarization testing of 
samples in saline at 37 °C. In 

comparison to untreated 
state, plasma nitriding didn’t 

make samples prone to 
pitting (which was one of 

major concerns) - no charge 
(A) was detected. 


