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CoCrMo alloys are extensively used in  

tissue engineering in both dental and orthopaedic 
applications and are highly recommended due to the good 
ratio quality /price comparing with other metallic 
biomaterials. The present approach is related to 
electrodeposition of fluoridated phosphate masses with 
good ratio calcium to phosphorus close to the one existing 
in bone.  

SEM and EDX analysis confirm that the 
electrochemical method for deposition of fluoridated apatite 
on CoCrMo is efficient and the results were quantified using 
electrochemical and mechanical measurements. 

 
 

 

  
Aliajele de CoCrMo sunt des utilizate în ingineria 

 tisulară, atât în aplicaţiile stomatologice cât şi în cele 
ortopedice şi sunt recomandate datorită raportului bun 
calitate/ preţ comparându-le cu alte biomateriale metalice. 
Abordarea actuală este legată de electrodepunerea maselor 
fosfatice fluorurate cu raport bun calciu fosfor, apropiat de 
raportul molar existent în os.  

 Analizele SEM şi EDX confirmă că metoda 
electrochimică pentru depunerea maselor apatitice pe 
aliajul de CoCrMo este eficientă iar rezutatele au fost 
cuantificate prin măsurători electrochimice şi mecanice. 
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1. Introduction 

 
Having very good mechanical properties as 

castability, corrosion and wear resistance CoCrMo 
alloys [1] noowdays, are extensively used in tissue 
engineering in both dental and orthopaedic 
applications [2,3]. Even as heads in artificial joints. 
CoCrMo alloys have been introduced in 
bioapplications at the begging of the last century, 
but due especially to its problems with ion release 
for a period of time was used with limitations. A 
remarkable comeback was known in its using after 
introducing largely the surface engineering 
procedures [4,5] and the type of Ni-free alloy 
according to ASTM F-75 standard [6]. In medicine 
regeneration, CoCrMo alloys are highly 
recommended due to the good ratio quality /price 
and comparing with other metallic biomaterials as 
stainless steels [7] which have disadvantage in 
corrosion resistance or with titanium alloys which 
have demerit in wear resistance [2], despite the 
large variety of surface modifications proposed for 
enhancing their performance especially at the 
surface level [8]. 

The wear resistance of the CoCrMo alloys 
is due to the carbide structure found in both cast 
and wrought alloys. The hardness and elongation is 
attributable to the ɛ martensite transformation 
induced by strain [9]. The resistance to corrosion is  

 due to its passive film formed at the surface in 
various bioliquids [10]. The existence of a small 
amount of nickel as an impurity, despite the fact 
International Agency for Research on Cancer 
(IARC) of the World Health Organization (WHO) 
estimates that nickel is carcinogenic [11], is able to 
maintain workability. More recently, taking into 
account the bacteria extension, and knowing the 
silver effect in enhancing antibacterial function new 
coatings having antibacterial inhibition effect were 
elaborated on the CoCrMo alloy surface [12] 
including hydroxyapatite (HA) as bioactive 
component and silver as antibacterian agent as 
well. Hydroxyapatite as bioactive coating was 
elaborated via various procedures [13,14] leading 
to various properties. It has been reported that 
plasma-sprayed HA coatings dissolve and degrade 
quickly, resulting in the weakening of the coating-
substrate bonding or the implant fixation to the host 
tissues [15]. For this reason any changes to the HA 
that result in a higher chemical stability would be an 
advantage. 

Impregnations to the HA crystal structure the 
chemical elements such as Fluoride by substituting 
OH− groups was performed successfully on various 
alloys [16,17]. 

The present approach is related to 
electrodeposition of fluoridated phosphate masses 
with good ratio calcium to phosphorus close to the  
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 The possible sources of OH- at the cathode 
are [19] 
Oଶ  2HଶO  4eି ՜ 4HOି                                    (3) 
NOଷ

ି  HଶO  2eି ՜ 2HOି  NOଶ                              (4) 
2HଶO  2eି ՜ Hଶ  2HOି                                             (5) 

Hydroxide ions, generated during the 
electrodeposition process, resulted in an increase 
of the pH in the vicinity of the cathode; which led to 
the occurrence of the following reactions: 
HଶPOସ

ି  eି ՜ HPOସ
ଶି  ଵ

ଶ
Hଶ                           (6) 

HଶPOସ
ି  2eି ՜ POସ

ଷି  Hଶ                           (7) 
HଶPOସ

ି ՜ HPOସ
ଶି  Hା                                        (8) 

HPOସ
ଶି ՜ POସ

ଷି  Hା                                          (9) 
The precipitation of phosphate ions occurred 

due to the acid-base reactions, which are vital for 
the crystallization process of formation of FHA 
coating film according to the following reaction: 
HଶPOସ

ି  HOି ՜ HPOସ
ଶି  HଶO                           (10) 

  HଶPOସ
ି  HଶO  2eି ՜ 

HଶPOଷ
ି  2HOି                                                         (11) 

The suitable local chemical environment in 
the vicinity of the cathode enabled the HPO4

2- ions 
to react with the Ca2+ ions [17]. 
Caଶା  HPOସ

ଶି  HଶO ՜ 
CaHPOସ · 2HଶO                                                          (12) 

The coating, after alkaline treatment, was 
converted to HA according to the following 
reaction: 
10CaHPOସ  2HOି ՜ 
CaଵሺPOସሻሺOHሻଶ  
4POସ

ଷି10Hା                                                               (13) 
Calcium deficient hydroxyapatite was 

formed as follows [20] 
ሺ10 െ xሻCaଶା  ሺ6 െ xሻPOସ

ଷି  
xHPOସ

ି  ሺ2 െ xሻHOି ՜ 
Caଵି୶ሺHPOସሻ୶ሺPOସሻି୶ሺOHሻଶି୶                            (14) 
where 0 < x ≤ 2.  

Addition of NaF into the electrolyte led to the 
occurrence of the following reactions. At the early 
stage, Ca2+ ions rapidly consumed the F− ions in 
the electrolyte to form CaF2 which can be 
expressed as follows [20] 
CaହሺPOସሻଷOH  10Fି  
ሺ7 െ nሻHା ՜ 
5CaFଶ  HଶO  
ሺ3 െ nሻHଶPOସ

ି  nHଶPOସ
ଶି                                      (15) 

CaF2 particles reacted with the HPO4
2- ions 

in the solution to form FHA [20] 
5CaFଶ  ሺ3 െ nሻHଶPOସ

ି  nHPOସ
ଶି   

ሺ1 െ xሻHଶO ՜ CaହሺPOସሻଷሺOHሻଵି୶F୶  
ሺ10 െ xሻFି  ሺ7 െ x െ nሻHା 
where (0 < x < 1, 0< n < 3)                                (16) 
Combining reactions (15) and (16) resulted in the 
formation of FHA via the following reaction: 
10Caଶା  6POସ

ଷି  
xFି  ሺ2 െ xሻHOି ՜ 
CaଵሺPOସሻF୶ሺOHሻଶି୶                                             (17)  
 
 

 3. Results and discussions 
 
3.1. X-Ray Diffraction Analysis 
 X-Ray Diffraction analysis was performed 
for the coated samples of CoCrMo at 22ºC with 
Empirean PANalytical Diffractometer with radiation 
Cuα (λ=1.5406Å). The acquisition was done from 
10 to 80 degrees 2θ with 0.02 degres step and 
acquisition time with 2 seconds step. Incidence 
angle was 1 degree. In Figure 3 is presented XRD 
analysis for coated CoCrMo samples. 

From the XRD analysis it can be observed 
the deceleration of the mineralogical crystalline 
phases of fluorohydroxyapatite and CaHPO4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  3 - XRD analysis of coated CoCrMo/ Analiza XRD a 
probelor acoperite de CoCrMo. 

 
3.2. Scanning electron microscopy analysis 

Coated samples of CoCrMo alloy were 
investigated with a scanning electron microscope 
HITACHI, S-2600N Model coupled with energy-
dispersive X-ray spectroscopy (EDX) for 
morphology determinations. In Figure 4 are 
presented images with SEM characterization. 

The coated CoCrMo samples shows 
morphologies which  are characteristic to 
hydroxyapatite according to literature data and the 
synthesized deposit on CoCrMo alloy consists of 
spherical particles formed of plaques with very 
small dimensions (Figure 4). The coating is not 
uniform on all over the surface probably due to 
deposition conditions. 

The fluoride presence was not observed in 
elemental analysis, due to the fact that the 
scanning electron microscope used was limited 
and does not detect halogens, but the fluoride 
existence in the coating was confirmed from FT-IR 
spectra at 719 cm-1. In the literature, Freund, 
describes a relation between the introduction of 
fluoride in hydroxyapatite and the increase of a 
band around 720-740 cm-1 [21]. 

The difference between coated CoCrMo at 
28oC and the coated CoCrMo at 22oC shows a 
better adherence on the metallic substrate and a 
more uniform deposition for the electrochemical 
deposition carried at 22 degrees. 
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The mechanical properties meaning 
microhardness and adherence are better for 
nanosized coatings as well. 
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