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Abstract 

Substrates such as stainless steel (SS), CoCr, Ti and alloys are among those most widely used as implant materials in 

account of their high corrosion resistance and as well as good mechanical properties. In order to improve the corrosion 

performance of stainless steel, CrCoMo alloy used in the production of the prosthesis which used in place of especially 

hard tissue was electrochemically deposited on SS electrode applying with cyclic voltammetry technique. In this paper, 

general electrochemical characteristics and corrosion performance of CoCrMo alloy plating on SS substrate were 

evaluated. The electrochemical results showed that the CrCoMo alloy coating exhibited an effective barrier property on 

stainless steel electrode and a remarkable anodic protection to substrate for longer exposure time. 
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Introduction 

In dentistry, metallic materials are used as implants in 

reconstructive oral surgery to replace a single tooth or 

an array of teeth, or in the fabrication of dental 

prostheses such as metal plates for complete and 

partial dentures, crowns, and bridges, essential in 

patients requiring hypoallergenic materials [1]. 

Stainless steel, especially for 316L stainless steel, is 

widely used as orthopedic material owing to their 

superior corrosion resistance and good mechanical 

properties [2]. High corrosion resistance of orthopedic 

material is required to reduce the release of metal ions 

into the body and thus to improve its biocompatibility 

[3]. In clinical orthodontic treatment, different alloys 

have a wide range of applications [4].  

With the exception of the noble metals, most dental 

materials corrode in the oral cavity [5]. Being 

developed for long term use in the oral cavity, an 

important criterion for dental alloys selection relates to 

their long time behavior in such cavities, especially 

ions release in tissues and saliva. Although the price is 

a crucial factor and the cheapest alloys are the 

prevalent choices, the combination of 

biocompatibility, strength, elastic modulus, corrosion 

and wear resistance remain suitable factors of selection 

of fixed prosthesis materials [6]. In the non-precious 

family dental alloys the types based on Co, Cr, Mo 

and Ni are resistant to corrosion due to a mixture of 

passive oxides at their surfaces with compositions 

depending on the type of alloy [7,8]. The corrosion 

behavior of various metals and alloys such as Mo 

containing stainless steel [3], CoCr alloy [9], Ti-10Nb-

5Zr-5Ta alloy [10], Ti [11], CoCr and NiCr alloys [6], 

hot pressed CoCrMo alloy [12] amalgam [13,14] in 

artificial saliva has been investigated. Co-Cr alloys have 

been used in several biomedical applications due to 

their good mechanical, tribological and 

electrochemical properties [15,16].  

 The performance of Co-Cr based alloys has 

motivated several investigators to study their 

mechanical properties, corrosion behavior and their 

degree of tolerance by tissues under simulated 

physiological conditions [5]. Molybdenum is an 

important alloy element, which is widely used in 

metallurgy. The beneficial effect of Mo on the 

corrosion resistance of stainless steel has related to 

several factors such stabilization and thickening of the 

passive film, the synergistic interaction of Mo ions with 

other oxides of the passive film and the elimination of 

the active surface sites through formation of Mo 

oxides [3]. Although Cr, Co and Ni metals are cheaper 

than noble metals, stainless steel is the cheapest. So, 

using the alloy coated stainless steel instead of the alloy 

itself provides many advantages such as mechanical 

properties, easy production, good resistance to 

corrosion and hardness.   

The aim of this study is to compare the corrosive 

properties of stainless steel (316L) (SS) and CrCoMo 

alloy plated stainless steel (SS/CrCoMo) electrodes 

using AC impedance diagrams, tafel plots and open 

circuit potential-time curve techniques in artificial 

saliva. 

Materials and Methods 

All the chemicals were purchased from Merck. 

Solutions were prepared with distilled water and all the 

experiments were carried out at room temperature 

open to the atmosphere. In the study, electrochemical 

experiments were performed in a single compartment 

cell with three electrode configurations. The reference 

electrode was an Ag/AgCl (3MKCl) electrode and the 

counter electrode was a platinum plate with a surface 

area of 2 cm2. A CHI660b model electrochemical 

analyzer (serialnumber: A1420) was employed in 

electro chemical experiments. All the potential values 
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were referred to the Ag/AgCl (3MKCl) electrode. The 

working electrode was a stainless steel surface (316L) 

with 0.69cm2 electrode area with the following 

composition (w/w%): C (0.025), Mn(1.880), Si (0.530), 

S (0.010), P (0.039), Ni (10.400), Cr (16.590), Mo 

(2.100) and Fe (68.426). Stainless Steel electrodes (SS) 

were embedded in a thick polyester block. In order to 

remove any existing passive film, the surface of 

working electrodes was polished with the help of upto 

1200 gritsize emery paper before each experiment and 

prior to electro polymerization, rinsed in 1:1ethano 

lacetonemixture, was hed with bi-distilled water and 

dried. Alloy coating was achieved by using an electro 

plating bath of which chemical composition was given 

in Table (1).  

 

 

 

 

Alloy electro deposition was carried out using cyclic 

voltammetry technique applying potential range 

between 0-0.80 V by 10 mV/s scan rate and 20 

segment. Anticorrosive properties of electrodes were 

investigated by AC impedance diagrams,Tafel plots 

and open circuit potential-time curve techniques in 

Artificial Saliva (AS). Nyquist plots were recorded at 

instantaneous open circuit potentials (Eocp) for various 

exposure times and in the frequency range from 105 to 

10-3

In order to improve the corrosion resistance of 

Stainless Steel (SS, 316L), CrCoMoalloy plating was 

electrochemically carried out on the SS surfaceby 

using cyclic voltammetry technique in one-step 

process. So, CrCoMo alloy plating was 

electrodeposited on SS (SS/CrCoMo) electrode using 

10 mV/s scan rate in the potential range from 0.00 to + 

0.80 V. It was obtained using the cyclic voltammetry 

technique applying 20 segments.   

As seen in Figure (1), while the bare SS electrode 

indicated the evidence of emery, photograph of 

CrCoMo alloy, which has more homogeneous and 

smooth structure plated on stainless steel were 

observed.  

 Hz with an amplitude of 7mV. Electrochemical 

tests to determine anticorrosive properties were 

carried out in AS. AS was prepared according to 

Rodriguez-Diaz et al. [5]. With chemical composition 

given in Table (2). 

Results and Discussions 

 

 

 

 

 

 

 

 

Immediately after the immersion time, the Eocp-time 

curves obtained for SS and SS/CrCoMo electrodes in 

artificial saliva solution are given in Figure (2). In order 

to compare the properties of alloy plating layer 

obtained on SS electrode, the Eocp

 

 

 

 

 

 

 

 

 

 

 curve of SS 

electrode with and without CrCoMo alloy plating was 

given in Figure (2a), immediately after the immersion 

time.  

 

 

 

Figure 1: Photographs of SS (a) and SS/CrCoMo (b) electrodes 

 

 

 
Figure 2: Open circuit potential results recorded for SS (•) and 
SS/CrCoMo () electrodes in first hour (a) and different times of 

immersion in artificial saliva. 

Table 1: Chemical composition of electrode position bath 

Compound Co
Cl2 

CrC
l3 

Trisodiumcit
rate 

NH4

Cl 
(NH4)6

Mo7O24
 

Concentratio
n (M) 0.20 0.20 0.20 0.10 0.01 
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It was clearly seen that the Eocp values of CrCoMo alloy 

plated SS electrode were the negative direction when 

compared with uncoated SS electrode, in the first 

hour. 

This behavior of metal or metal alloy plated electrode 

showed the presence of a layer on SS electrode. The 

more negativevalues in the Eocp values obtained for 

CrCoMo alloy plated SS electrode simply indicated 

that alloy plating which was different from Cr metal 

took place on the SS electrode, immediately after the 

immersion time. In case of different times of 

immersion in artificial saliva, the Eocp values of 

SS/CrCoMo electrodes appeared to be at positive 

potential when compared with values of uncoated SS 

electrode, prior to 144 h of exposure time. The 

positive shift in the Eocp values obtained for CrCoMo 

coated SS electrode simply indicated that alloy plating 

had new passive layeron metal between the corrosive 

environment and base metal. On the other hand the 

Eocp

In the case of uncoated SS electrode, corrosion 

potential value (E

 values of SS/CrCoMo electrode were anodic 

direction due to the formation of passive layers when 

compared with immediately after the immersion time, 

in Figure (2b). 

Tafel curves obtained for SS and SS/CrCoMo 

electrodes after immediately and 240 h exposure time 

in artificial saliva solution are given in Figure (3).  

corr) was observed to be 0.205 V, 

while the Ecorr value of SS/CrCoMo electrode (0.422 

V) shifted in the passive region due to oxidelayers than 

that of the uncoated SS electrode, immediately after 

the immersion time. In addition, the current values 

decreased so rapidly that it was possibly the passivation 

of the SS/CrCoMo electrode surface under the 

aggressive ions condition. In Figure (3a), it is clearly 

seen that SS/CrCoMo electrode exhibited significantly 

lower current values in anodic and cathodic tafel plots. 

Therefore, CrCoMo alloy plating provided an 

adequate physical protection to the metal between the 

corrosive environment and base metal. In the case of 

240h exposure time, the Ecorr of SS/CrCoMo electrode 

was observed to be 0.501 V, in Figure (3b). The Ecorr

 

 

 

 

 

 

 

 

value shifted towards nobler potential region with 

respect to bare SS electrode (0.431 V). 

 

 

 

 

On the other hand, the positive shift in the Ecorr

The Nyquist plots of SS and SS/CrCoMo electrodes 

obtained in artificial saliva solution are given in Figure 

(4), after 24, 144 and 240 h of immersion time. In the 

presence of all electrodes, one time constant at high 

frequency region consisted of oxide layers and charge 

transfer resistance corresponding to dissolution of 

metal at the bottom of the pores. The linear part 

extending to the lower frequency region was attributed 

 value 

for SS/CrCoMo electrode simply indicated that this 

alloy plating provided an adequate physical protection 

to SS between the corrosive environment and the 

underlying metal. This occasion supported the idea 

the current values of SS/CrCoMo electrode were 

significantly lowest when compared with bare stainless 

steel electrode, all immersion time. This study 

revealed that the CrCoMo alloy coating provided 

important corrosion protection to SS electrode, after 

240h of exposure time in artificial saliva. 

 

 

Figure 3: Tafelcurves obtained for SS (•) and SS/CrCoMo () 

electrode safter immediately (a) and 240 h (b) exposure time in 
in artificial saliva. 
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to the diffusion process, which could be considered as 

Warburg impedance (Zw

 

 

 

 

 

 

 

 

 

 

 

) and was observed for all of 

immersion time [17-19]. Fitting analysis was applied to 

the impedance spectra in Figure (4a).  

 

 

 

 

It could be important the equivalent circuit gave a 

good fit to the experimental data. The parameters 

calculated for uncoated and alloy coated SS electrodes 

are presented in Table (3).  

 

 

 

 

 

 

 

Warburg behavior was related to ion diffusion 

processes taking place through the pores of oxide layer 

towards the underlying metal surface at metal/solution 

interface. Consequently, this case showed the 

Warburg diffusion region attributable to the semi-

infinite diffusion of ions at the metal/electrolyte 

interface. It is also well known that coefficient values 

() observed in Table (3) give an idea about the 

diffusibility of ions through the oxide layers. In the 

presence of all time, the  values obtained for 

SS/CrCoMo electrode were fairly higher when 

compared with that of the SS electrode.  

 

 

 

 

 

 

 

 

 

 

 

The effective linear region at the low frequency side of 

Nyquist plots recorded for SS/CrCoMo electrode 

reflected the presence of Warburg impedance (Zw

To confirm that the alloy is a good choice for 

dentistry, the corrosion behavior of the CrCoMo alloy 

coated SS in the artificial saliva was investigated. 

CrCoMo alloy coating was successfully synthesized on 

SS electrode, applying cyclic voltammetry technique. 

Homogenous and adherent alloy film was produced 

using chloride bath as electrolyte. It was found that the 

low molybdenum amount in plating bath was 

necessary for high corrosion performance and 

homogenous CrCoMo alloy coating. The corrosion 

) 

indicating a remarkable formation of stable oxide 

layers.In addition, the high Warburg impedance 

values recorded for CrCoMo alloy coating indicated a 

change in physical characteristics of the oxide layers. 

During this response, corrosion process on stainless 

steel surface was under diffusion control as stable 

oxide layers prevented significantly the move of 

corrosive solution. 

Conclusions 

(A) 

\ 

(B) 
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Figure 4: Impedance curves (A) and the proposed equivalent circuit 
representing impedance behaviours (B) obtained for SS (a) and 
SS/CrCoMo (b) electrode safter 24 (•), 144 (□) and 240 () hours 

exposure time in artificial saliva 

 

 

 
 

Compound Quantity 
(g/l) 

KH2PO4 0.34 
Na2HPO4.2H2O 0.445 

KHCO3 1.5 
NaCl 0.585 

MgCl2.6H2O 0.0305 
Citricacid 0.0315 

CaCl2 0.0166 
 

Table 2: Chemical composition of Artificial Saliva (AS) 
 

Table 3: The fitting values of the equivalent circuit elements in 
Figure 5 from the simulation of the impedance data for bare SS and 
SS/CrCoMo electrodes, in artificials a live solution different time of 
i i   

 Electrod
es 

time 
(h) 

Eocp 
(m
V) 

Rs 
(Ω) 

Rp 
(kΩ) 

CP
E 

(µF
) 

α 
σ (Ω 
s1/2) 

Uncoate
d SS 

 
24 23 

42.4
8 327.64 

5.9
0 

0.8
4 

11144
9 

 
144 85 42.1

2 338.50 4.8
7 

0.8
6 

13727
0 

 
240 68 40.8

7 314.71 4.6
0 

0.8
6 

13337
5 

SS/CrCo
Mo 

 
24 

46 56,9
8 

2876.3
0 

9.7
3 

0.8
8 

19782
0 

 
144 90 

57.2
9 

2985.3
0 

8.0
3 

0.8
8 

30424
8 

 
240 33 53.3

5 
2979.1

0 
8.2
1 

0.8
7 

19457
0 
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performance of SS/CrCoMo electrode was fairly lower 

when compared with bare SS electrode. 

Therefore,CrCoMo alloy coating exhibited significant 

physical barrier behavior on stainless steel, in long 

exposure time. This result is very important owing to 

providing CrCoMo alloy coated SS is useful in the 

dentistry as implants, orthodontic wires and brackets 

etc. 
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