
V. ION & O.A. RUSU: INFLUENCE OF SIO2-BASED ELECTROLYTE ON CORROSION RESISTANCE OF PEO COATINGS 

61 
 

 
 

INFLUENCE OF SIO2-BASED ELECTROLYTE ON THE CORROSION RESISTANCE  
OF PEO COATINGS ON TITANIUM 

 
VLĂDUŢ ION, OANA ALICE RUSU  

 
Institute for Nuclear Research (RATEN ICN) Piteşti, Romania 

e-mail: oana.rusu@nuclear.ro  
 
 

Abstract 
This paper presents the results obtained from treating grade 2 titanium samples in electrolytic 
plasma in an aqueous electrolyte containing various types of SiO2, under pulsed galvanostatic 
conditions. The objectives included obtaining coating thickness, examining their morphology 
and acquiring corrosion curves. The aim of these investigations was to identify the influence of 
the type of SiO2 used in plasma electrolytic oxidation (PEO) on the corrosion resistance of the 
resulting coatings. 
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Introduction 
The development of small modular reactors as well as 
prolonged lifetime of existing nuclear power plants call for 
new materials utilizable in the extreme conditions of 
nuclear reactors. 
 
Titanium and its alloys are of great interest in advanced 
engineering applications due to their superior characteristics 
such as high strength-to-weight ratio, good corrosion 
resistance, high temperature resistance etc. [1]. Titanium’s 
strength to handle high-stress and hostile environments 
make it an ideal metal for the rigors of power generation 
and is seeing a greater demand in this industry.  
 
The strength of titanium is similar to steel, but its density 
is about half that of steel, and compared with aluminium, 
titanium is five times stronger [2]. It was shown [3] that Ti 
alloys are highly radiation resistant. At temperatures below 
500 °C, void swelling, which is the dominant mechanism 
of radiation damage in 316SS and other candidate materials, 
is either non-existent or negligible in titanium alloys. 
Moreover, Ti-70Al and Ti-6Al-4V were more resistant to 
helium embrittlement than 316SS. A Ti component will 
cause only minor radiological hazard 8 years after reactor 
shutdown and will, therefore, reduce the waste disposal 
costs/concerns from reactor systems. In comparison, a 
316SS component will be 23,000 times more radioactive 
after 8 years. A recent work investigated the influence of 
neutron irradiation on the microstructure and related 
mechanical properties of Ti Grade 2 [4]. Condenser piping 
made from Ti is becoming highly sought after in the 
construction of power plants for its much greater lifespan 
versus more traditional metals in harsh environments [5]. 
Titanium is also an ideal metal for the nuclear waste 
storage containers due to its low reactivity to other elements 
and resistance to corrosion. This gives such Ti made 
containers a greatly increased lifespan, compared to other 
materials. A recent work has reviewed the corrosion 
performance of Ti alloys for the current WP design at Yucca 

Mountain under repository environmental conditions [6]. 
The review concentrates on potential corrosion processes 
possible in aqueous environments. With respect to the Ti 
Grade 7 drip shields used in the Yucca Mountain repository, 
general corrosion, hydrogen induced cracking, and radiation-
assisted corrosion will not lead to failure within the 10,000 
year regulatory period. 
 
Research works [7-9] have proved that titanium alloys 
could be good candidates for nuclear Pressurised Water 
Reactor (PWR) primary circuit structure components. 
They could indeed replace some stainless steel parts 
because of their lower neutron activation and their good 
mechanical properties.   
 
Thus, with gradual increasing applications, the corrosion 
of Ti alloys has attracted great attention. The dense passive 
oxide, formed on the surface of titanium alloys in an 
oxygen-containing environment due to the high affinity of 
Ti and oxygen, has the property of self-healing. But, when 
the passive film is destroyed and the base metal is exposed 
in the oxygen-containing corrosive solutions, the dissolved 
Ti ions will quickly react with oxygen to from a new oxide 
film, again separating the base metal from the corrosive 
media. However, when titanium alloys are used in strong 
reducing acids or oxygen-deficient anhydrous environments, 
especially under high temperature conditions, once the 
passive film is damaged, the self-healing will be difficult 
and corrosion will occur. Thus, a possible way to increase 
the natural thickness of TiO2 is by surface treatments. 
Oxidation treatments, specifically anodization, have been 
considered to tune the TiO2 layer in order to increase its 
thickness and the pure Ti corrosion resistance up to the 
level of more expensive alloys [10]. Nowadays, plasma 
electrolytic technologies, as a progression of traditional 
anodizing into the higher voltages, enable production of 
oxide ceramic coatings on Ti surfaces to address the 
growing demand in corrosion and erosion resistance and 
other desired surface properties [11]. 
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Plasma Electrolytic Oxidation (PEO) is an environmentally 
friendly and economically viable, widely used in obtaining 
oxide coatings, cleaning metal surfaces, carburizing, 
nitriding and oxidation. Layers produced by electrolytic 
plasma oxidation exhibit excellent adhesion to the 
substrate, high hardness, wear resistance and corrosion 
resistance, and they are good conductors of electricity. 
Moreover, this process which produces layers with a wide 
range of functional properties, has a minimal effect on the 
mechanical properties of the substrate material (affecting it 
insignificantly due to slight heating) [12, 13]. 
 
By selecting and properly controlling the parameters of the 
PEO process (current density, electrolyte temperature, 
electrolyte concentration etc.), it is possible to exert some 
control over the thickness, composition, morphology and 
hardness of the oxide layer [14, 15]. 
 
 
Experimental  
Cylindrical Ti Grade 2 coupons cut from a Ti Grade 2 Bar 
(Grade R50400, C-0.08, O-0.25, N-0.03, H-0.015, Fe-0.3), 
ASTM B348 Ø 25 x 150 mm, were degreased with 
acetone, rinsed with distilled water, and air-dried. The 
coupons were connected to the positive pole (anode) of the 
power source via Ti Grade 2 rods. The rods were insulated 
using Teflon and insulating varnish so that only the 
coupons surface came into contact with the electrolyte. 
The coupon was fully immersed in the electrolyte and after 
each experiment, it was rinsed with distilled water and air-
dried. A programmable DC power source of type EA-PS 
8400-70 was used. As the cathode, a stainless steel cubic 
electrolysis vessel, connected to the negative pole, was 
used. The tests were conducted under pulsed galvanostatic 
conditions, maintaining the same current density and duty 
cycle. Magnetic stirring at approximately 200 rpm was 
employed. For the experiments electrolytes containing 
Na2SiO3 : KOH (1:4 ) were prepared, using different types 
of SiO2 sources: 
1. Sodium silicate solution extra pure (Merck) - used for 

Exp1 coupon; 
2. Sodium silicate powder (Fisher Scientific) - used for 

Exp2 coupon; 
3. LUDOX HS-40 colloidal silica (Sigma Aldrich) - used 

for Exp3 coupon.  
 
The characterization techniques used included metallographic 
microscopy and Scanning Electron Microscopy (SEM). 
Metallographic examination of the coupons was performed 
using an OLYMPUS GX 71 optical microscope. To determine 
the coating’s thickness, the samples were cross cut and 
embedded in thermoplastic copper resin using an 
automatic press, before being polished to 1200 grit. SEM 
observations were conducted using the TESCAN VEGA II 
LMU microscope operating at 30 kV. Corrosion resistance 
was determined using potentiodynamic polarization. 
Potentiodynamic polarization measurements were carried 
out in a 3.5% NaCl aqueous solution. The equipment used 
consisted of a conventional electrochemical cell connected 
to a Parstat 2273 potentiostat. The Tafel slopes method 
was employed.  
 

All polarization measurements were conducted using the 
Power Suite software package. After stabilizing the 
electrochemical system, the potentiodynamic polarization 
curve was recorded for each coupon starting from -0.5 V 
vs. open circuit potential and going up to  
+2 V vs. open circuit potential, with a scan rate of 1 mV/s. 
 
 
Results and discussions 
The thickness of the layers developed on the coupons 
Exp1, Exp2, Exp3 was measured using an optical 
microscope and the values are presented in Table 1.  
 
Table 1. Thicknesses of the layers recorded for Ti Grade 2 
coupons treated with PEO in the aqueous electrolyte 
Na2SiO3 : KOH (1:4) obtained with different types of 
silicate (Solution, Powder and Colloidal) 

No. Experiment Layer Thickness [µm] 
1 Exp1 3.07 – 5.87 
2 Exp2 2 – 4.40 
3 Exp3 3.33 – 5.87 

 
Figs 1 to 3 present the coating layers developed on different 
zones of Exp1 coupon. It can be observed that the coating 
is uniformly distributed over the entire surface of the coupon, 
with a layer thickness ranging from 2.67 µm to 5.87 µm. 
 

 
Fig. 1. Optical micrograph of the coating layer obtained 

on Exp1 Zone 1 (magnification x 500) 
 

 
Fig. 2. Optical micrograph of the coating layer obtained 

on Exp1 Zone 2 (magnification x 500) 
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Fig.3. Optical micrograph of the coating layer obtained 

on Exp1 Zone 3 (magnification x 500) 
 

Figs. 4 and 5 depict the optical micrographs of the coating 
layer obtained on the Exp2 coupon. It can be noticed that 
the coating is uniformly distributed over entire surface of 
the sample. Although both Exp1 and Exp2 showed a similar 
trend, it can be noted that the layer thickness measured for 
Exp2 (using powdered silicate) is smaller compared to that 
measured for the Exp1 coupon (using silicate solution). 

 

 
Fig. 4. Optical micrograph of the coating layer obtained  

on Exp2 Zone 1 (magnification x 500). 
 
 

 
Fig. 5. Optical micrograph of the coating layer obtained  

on Exp2 Zone 2 (magnification x 500). 
 
The optical micrographs of the coating layers developed 
on Exp3 coupon are presented in Figs 6 and 7. It can be 
observed that the coating is uniformly distributed over the 
entire surface of the coupon.  

Although Exp3 showed a different evolution compared to 
the other two experiments, it can be noted that the coating 
layer obtained in the colloidal silicate is much more 
compact, with minimal variations in thickness, ranging 
from 3.33 µm to 6 µm.  
 

 
Fig. 6 Optical micrograph of the coating layer obtained  

on Exp3 Zone 1 (magnification x 500). 
 
 

 
Fig. 7. Optical micrograph of the coating layer obtained  

on Exp3 Zone 2 (magnification x 500). 
 

Thus, it is observed that under the studied conditions, the 
most compact layer thicknesses are obtained in the case of 
experiments conducted in the silicate solution (Exp1) and 
in the colloidal silicate (Exp3), where relatively similar 
thicknesses were obtained, with small fluctuations in height. 
 
The layer thicknesses obtained are comparable to those 
reported in the literature under similar conditions. In [16] 
there were reported thicknesses in the range of 5 – 15 µm 
on the Ti-6Al-4V alloy using the same electrolytes, but 
using longer treatment time. It can be assumed that under 
the considered experimental conditions, increasing the PEO 
treatment duration led to increased coating’s thickness. 
 
In Figs 8 and 9, SEM micrographs obtained on Exp1 
coupon are highlighted. Two distinct areas were studied: 
the actual area of the sample (Fig. 9a) and the "stained" 
area of the sample (Fig. 9b). The stain’s surface exhibits a 
different microstructure compared to the rest of the 
sample. It can be observed that the coating on the stain is 
more porous (crater-like) compared to the rest of the 
sample and, furthermore, it presents small cracks, 
suggesting that in this area, the obtained coating is fragile.
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Fig. 8. SEM micrograph of the PEO coating on Exp1 coupon, normal size 

 
 

 
Fig. 9. SEM micrographs of the PEO coating on Exp1 coupon, small size ×1 k:  

(a) on the main surface and (b) on the stained area of the sample 
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In Figs 10 and 11, SEM micrographs obtained on Exp2 
sample are highlighted. Two distinct areas were studied: 
the actual area of the sample (Fig. 11a) and the "stained" 
area of the sample (Fig. 11b). It was observed that the 
surface of the sample is similar to that in the Exp1 coupon 
case (possibly minor differences in crater size), suggesting 
that although the type of silicate differs (solution vs. 
powder), the microstructure is similar.  
 
Regarding the stained area of Exp2 coupon, it exhibits a 
different microstructure compared to the rest of the sample 
and to the stain on Exp1 coupon. It can be observed that 
the coating on the stained area is uneven, showing areas 
with a different and much more porous structure compared 
to the rest of the sample.  
 
Additionally, the entire surface of the Exp2 coupon 
exhibits more cracks compared to the Exp1 coupon, 
suggesting a more fragile coating comparatively with the 
one of Exp1 coupon. 
 

 
Fig. 10. SEM micrograph of the PEO coating on  

Exp2 coupon, normal size 
 

 
Fig. 11. SEM micrographs of the PEO coating on Exp2 coupon, small size ×1 k:  

(a) on the main surface and (b) on the stained area of the sample 
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In Fig 12 and 13, SEM micrographs obtained on the 
surface of Exp3 coupon are highlighted. Two distinct areas 
were analysed: the actual area of the coupon (Fig. 13a) and 
a "stained" area (Fig. 13b). Unlike coupons Exp1 and 
Exp2, the surface of Exp3 coupon does not differ significantly 
from the stained area, with both zones exhibiting very 
similar structures. The coating of Exp3 coupon is very 
uniform (without areas with different structures), the pores 
are much smaller, and there are no cracks. 
 
To evaluate the corrosion susceptibility of the coated 
coupons, they were subjected to electrochemical tests. 
Thus, potentiodynamic polarization tests were performed 
on coated samples, compared to an uncoated sample. 
Table 2 presents the electrochemical parameters obtained. 
 
Fig. 14 depicts the potentiodynamic polarization curves 
plotted for the uncoated coupon and Exp1, Exp2 and Exp3 
coated coupons. The electrochemical parameters (corrosion 
potential, current density and corrosion rates) were 
determined using the Tafel slopes intersection method. 

 
Fig. 12. SEM micrograph of the PEO coating on  

Exp3 coupon, normal size 
 

 
Fig. 13. SEM micrographs of the PEO coating on the Exp3 coupon, small size ×1 k:  

(a) on the main surface and (b) on the stained area of the sample 
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Table 2. Electrochemical parameters recorded for coated and uncoated coupons, tested in the aqueous electrolyte  

Na2SiO3 : KOH (1:4) with different types of silicate (Solution, Powder, and Colloidal) 

Sample Code Ecor 
(mV vs. SCE) Icor [µA] i [µA/cm2] Vcor [mmpy] 

Ti Substrate -719 9.980e+000 1.4 1.740e-001 
Exp1 -238 2.260e-001 0.4 9.62e-003 
Exp2 -310 8.231e-001 0.5 8.102e-002 
Exp3 -134 2.700e-002 0.3 2.130e-003 

 
 

 
Fig. 14. The potentiodynamic polarization curves, obtained in a 3.5% NaCl aqueous solution for  

uncoated Ti coupon and the PEO treated samples: Exp1, Exp2 and Exp3 
 

The corrosion potential obtained in the case of the 
untreated Ti substrate is -719V, with a corrosion current 
density of about 1.4 μA/cm². After PEO treatment, the 
corrosion potential of all coated coupons shifts to more 
anodic values, accompanied by a decrease in the corrosion 
current density (see Fig. 14), indicating an enhancement in 
corrosion protection.  
 
Therefore, from Table 2 it can be observed that all PEO-
coated coupons exhibited significantly lower corrosion 
current density (Icor) compared to the untreated Ti 
substrate. Moreover, the protective layers formed by PEO 
treatment on Exp3 coupon demonstrate the best corrosion 
resistance among all samples, confirmed by the lowest 
values of Icor and Vcor.  

Thus, the comparison of PEO-treated Ti with untreated Ti 
suggests passivation, indicated by a more anodic values of 
corrosion potential and a significant decrease in the 
corrosion rate.  
 
This favourable corrosion protection behaviour can be 
explained by the use of colloidal silicate, which aids in 
achieving an adherent and less porous coating. In [17], the 
authors concluded that the use of SiO2 in coatings on 
alloys leads to higher stability in corrosive environments, 
smaller pores, and higher coating density. In [18], the 
authors suggested that the main reason for the improved 
corrosion resistance were the highly chemically stable 
SiO2 nanoparticles incorporated into the coating during the 
PEO process. 

 
 
Conclusions 
Based on the results obtained in this study, which are also 
supported by the specialized literature, it can be stated that 
the PEO coatings obtained on Titanium Grade 2 samples 
confer protection against corrosion. 
  
The surface analyses carried out through SEM and optical 
microscopy confirmed that the coating obtained using 
silicate in colloidal form, compared to the other types of 
  
 
 

 
 
 
silicates studied, has a uniform morphology, low porosity, 
compact microstructure and lack of microcracks. 
 
In conclusion, we can state that in order to obtain uniform, 
compact, less porous and microcrack-free coatings under 
the experimental conditions presented in this work, it is 
recommended to use SiO2 in colloidal form. 
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