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Abstract 
Hydrogen production could be enhanced by increasing the potassium hydroxide (KOH) 
concentration, but higher KOH concentrations result in higher corrosion rates. Therefore, 
a deep investigation of the electrochemical behavior of stainless steel (SS 316L) in the KOH 
solution is needed. This study investigates the influence of KOH concentrations on the 
electrochemical behavior, surface morphology, structure, and sample phases of SS 316L. 
The investigations were conducted by some electrochemical techniques, UV-vis, scanning 
electron microscopy-energy dispersive spectroscopy (SEM-EDS), and X-ray diffraction 
(XRD). The corrosion rate was found to increase, and solution resistance to decrease with 
increasing KOH concentration. Samples tested in 5, 30, and 50 g l-1 of KOH showed 
corrosion rates of 0.457, 2.362, and 5.613 µm year-1, respectively. A wide passive region 
and the noblest pitting potential were noticed for the sample with 5 g l-1 of KOH. 
Moreover, Mott-Schottky plots and characteristic wavelengths of UV-Vis suggest the 
formation of iron and chromium oxides by the passivation of samples. The SEM analysis 
showed a dynamic change of surface morphology from the lowest to the highest 
concentration with the intergranular corrosion found at the grain boundaries area. In 
conclusion, concentrations < 50 g l-1 KOH could be recommended since they would support 
the optimum remaining life of SS 316 L plates in HHO generators. 
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Introduction 

Fossil fuels are about 82 % of the world's energy demand for a combustion engines. Fossil fuels 

generate the main greenhouse gas problem contributing to global warming and climate change [1]. 

With the increase in energy demand, innovations must be developed and produced to supply clean 

and affordable energy.  

Hydrogen is a promising renewable source of clean energy and environmentally friendly [2-4]. 

Hydrogen indeed could play an essential role as one of the possible solutions towards climate change 

adaptation and decarbonization agenda. Many studies have been done for years to develop an 

optimum system for hydrogen production. One study in Turkey analyzed the cost of hydrogen 

production via an electrolysis system supplied by wind energy [5]. Another study emphasized that 

hydrogen produced from renewable energy could help to overcome the intermittency of renewable 

sources, which could be a problem in isolated territories. Thus, a life cycle assessment covering 

hydrogen production and consumption in an isolated area was performed [6]. Another study also 

provided an analysis of the life cycle assessment for hydrogen production using the electrolysis system 

by considering the improvement of material demand, system efficiency, and cell lifetime [7]. This 

study indicated that the high material demand with high system efficiency (HDHE) reduces carbon 

emission by up to 15.5 % compared to the current state of the electrolysis system.  

Hydrogen could be produced through a water electrolysis system. Apart from the electrolysis 

system types, several previous studies were focused on increasing oxy-hydrogen (HHO) gas pro-

duction, rather than the performance of the material used for the generator system itself [8-12]. 

HHO gas production can be optimized by determining electrolyte concentration, operating tempera-

ture, and large cell gap. Choodum et al. [9] reported that using a closed-loop HHO production 

system, the number of cells and applied current were the two main parameters affecting the HHO 

gas production rate. Based on the numerical simulation, it was discovered that by using 200 cells 

with 40 A of current at 80 °C, 64 l min-1 of hydrogen gas could be produced [9]. Subramanian and 

Thangavel [10] also reported that increased electrolyte concentration from 0.25 M to 1.0 M of 

sodium hydroxide (NaOH) enhances conductivity and decreases electrical potential. Similar to that 

report, the influence of variation in electrolyte concentration and applied current was also studied 

to find the optimum configuration of the water electrolysis system for HHO gas production [12. It 

was found that a combination of 0.05 M NaOH concentration with applied current of 15 A produced 

the highest volume of HHO gas up to 0.925 l min-1 with 89.13 % of electric current efficiency [12]. 

Besides NaOH, potassium hydroxide (KOH) is preferred for hydrogen production because it has 

higher conductivity than NaOH due to the ionic conductivity of K+ being higher than Na+ [13-15]. 

Moreover, the overall production efficiency of hydrogen in 3 M KOH and 3 M NaOH at standard 

conditions resulted in an efficiency of 90.25 and 83.33 %, respectively [14]. Hydrogen production 

through KOH increased with an increase in the KOH concentration. An increase from 1 to 2 mol of 

KOH could increase gas production from 55 to 75 cm3 min-1 at 10 V and 2 A [16]. Moreover, Pur-

wondho et al. [17] conducted hydrogen gas production by 5, 10, 15, 20, and 25 g l-1 of KOH, resulting 

in approximately 14, 26, 27, 31, and 62 ml min-1, respectively. Increasing the KOH concentration 

could also increase the corrosion rate of electrodes [18]. As discussed by Subramanian and 

Ismail [19], the cost associated with the periodic replacement of electrodes due to corrosion is one 

of the crucial challenges to be mitigated in the water electrolysis system for the HHO generator. 

Various electrodes, such as stainless steel, SS 316L, SS 304, and copper (Cu) alloys, are commonly 

used for hydrogen production. A comparison of the corrosion behavior of these materials in water 

electrolysis using KOH solution was carried out, and SS 316 L exhibited the highest corrosion 
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resistance among three metals tested [20]. Olivares-Ramírez et al. [21] studied different stainless 

steel in KOH and NaOH solutions. They found that SS 316 L is the perfect electrode material in KOH, 

due to producing a similar volume of hydrogen gas for less time. This phenomenon is due to the 

higher nickel content and stabilized oxide resistivity [22,23]. Furthermore, SS 316 L has density of 

7.99 g cm-3 and equivalent weight of 27.56 g mol-1 [24]. 

This study investigates the effect of KOH solution on the electrochemical behavior of SS 316 L, 

surface morphology, phases, and structure. Varying concentrations of KOH solution are used to 

compare factors in identifying the most favorable KOH concentration for SS 316 L. The use of KOH 

solution with various concentrations was also recommended by Purwondho et al. [17], who 

observed higher gas production by increasing KOH concentration. Investigating SS 316 L in KOH 

solution with varying concentrations is expected to discover a new promising option for metal plates 

and electrolyte solution for utilization in the HHO system generator. Thus, the investigation of SS 

316 L performance against corrosion carried out in this study would contribute to a better 

understanding and improve the feasibility of the electrolysis system for the HHO generator. 

Experimental  

Materials 

The SS 316 L plate with a thickness of 0.3 mm was used as an experimental specimen. SS 316 L was 

chosen as a substrate due to its superior corrosion resistance compared to alloy 304/304 L. Its 

excellent properties make it a suitable candidate for an electrode plate applied to HHO generator 

systems. The chemical composition of the SS 316 L is shown in Table 1. Samples were subjected to the 

open circuit potential measurements, potentiodynamic polarization, electrochemical impedance 

spectroscopy, and Mott-Schottky test in KOH solutions (Sigma Aldrich) of different concentrations. 

Electrochemical measurements are referred to treated samples, and the untreated (blank) sample is 

used for the comparison.  

SS 316 L samples in concentrations of electrolyte of 5, 30, and 50 g l-1 KOH, were denoted as K5, 

K30, and K50, respectively. The concentration of the electrolyte solution affects the production of 

HHO gas. A few studies revealed that the production of hydrogen gas increased with the increasing 

alkaline concentration of KOH solution [25-27], and consequently, the electrode plates used in high 

concentrations may be degraded due to corrosion. Therefore, in this study, electrochemical cor-

rosion tests were carried out at intervals of 5 to 50 g l-1 to determine the level of corrosion resistance 

of SS 316 L plates.  

Table 1. Chemical composition of SS 316 L 

Element Cr Ni Mn Mo C Fe 

Content, wt.% 16.33 9.97 2.06 1.95 <0.1 balance 

Electrochemical measurements 

The SS 316 L plates were cut and then mounted in a holder with an exposure area of 1 cm². The 

samples were polished with grit 1000 up to 2000 and cleaned with acetone before open circuit 

potential (OCP) measurement was conducted. To reach steady voltage, OCP measurement was 

performed during 7200 s in 5, 10, and 50 g l-1 of KOH, respectively.  

A potentiodynamic polarization method was carried out to determine the corrosion resistance of 

the SS 316 L. The potentiodynamic polarization was conducted in KOH solutions with varying concen-

trations (5, 30, and 50 g l-1). The potentiodynamic polarization test used the Gamry Reference 600 
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potentiostat. The saturated calomel electrode (SCE) was used for the reference electrode (RE), and 

platinum wire was used for the counter electrode (CE). The potentiodynamic polarization measure-

ments were performed from -0.250 to +1.500 V with a scan rate of 2 mV s-1. It was already reported 

that a slower scan rate (0.1 mV s-1) could lead to a significant change in the interfacial structure [28] 

and a more corroded surface [29]. On the other hand, the higher scan rate could cause a disturbance 

of the charging current and lead to misinterpretation of data [28,29]. Therefore, 2 mV s-1 was expected 

to be the appropriate scan rate at the potential range used in this study (-0.250 to +1.500 V).  

The corrosion rate of samples was calculated by the following expression [30]: 

corrCMj
CR

n
=  (1) 

where CR / mm year-1 is corrosion rate, C = 3.27 is constant, M / g mol-1 is atomic weight, jcorr / A cm-² 

is corrosion current density, ρ / g cm-3 is the density of material sample and n is the number of 

electrons involved. 

The electrochemical impedance spectroscopy (EIS) measurements were also carried out by 

applying Gamry potentiostat Reference 600 equipped for EIS measurements. EIS was measured at 

OCP, in the frequency range of 100 000 - 0.2 Hz and alternating signal of 10 mV amplitude. The Mott-

Schottky plots were determined by EIS equipment at the frequency of 1000 Hz and potential 

changes from -2 to +2 V. All electrochemical measurements were performed at 30 °C.  

For UV-Vis spectroscopy, Shimadzu UVMINI 1240 was used for measurement at wavelengths 

207-250 nm. 

Surface morphology observation 

Surface morphology was observed using scanning electron microscopy with energy dispersive 

spectroscopy (SEM-EDS). Thermo-scientific SEM-EDS of the Phenom Pharos type was used with a 

magnification of 2500. These observations were conducted after potentiodynamic polarization 

experiments were performed in 5, 30, and 50 g l-1 of KOH, respectively. 

X-ray diffraction (XRD) analysis 

XRD (PANalytical with Co K radiation) was conducted with a step size of 0.02° from 30° until 70°. 

XRD was conducted for an untreated (blank) sample and treated samples after potentiodynamic 

polarization experiments were performed in 5 and 50 g l-1 of KOH, respectively. A high score plus 

software was used to find sample patterns. 

Results and discussion 

Open circuit potential (OCP) 

The measurement of OCP as a function of time is shown in Figure 1. OCP of K5 sample slowly 

increases, while OCPs of K30 and K50 increase sharply to get a steady state. Overall, all curves show 

the same tendency to increase OCP to a more positive value. It is well known that a rise of OCP to 

positive values indicates the formation of passive and protective film, while its moving to a negative 

direction would indicate broken film, unformed film, or dissolution of the film [31]. OCP of K50 

reached a steady state at 4500 s, while other samples needed time over 7200 s. This means that for 

K50 sample, a protective passive film on the SS 316 has been formed in 4500 s [32]. This behavior 

indicates that decreasing KOH concentration shifts OCP to a more positive value. Wojciechowski et 

al. [33] found similar behavior when OCP of SS 316 L was performed in 1 and 6 M KOH. It can also 

be noticed in Figure 1 that the initial OCP value of the K30 and K50 samples is more negative than 
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K5, indicating that the K5 sample possessed a thicker native oxide film than others [34]. Moreover, 

at all immersion times, K5 showed more noble OCP than others [33], which suggests that a more 

protective passive layer is formed on the surface SS 316 L showing less corrosion rate [31]. The 

passive film could slow down the dissolution of steel due to the stability of the passive film [35,36]. 

This result fully agrees with corrosion rates obtained by the potentiodynamic polarization tests 

described in the following section.  

 
Figure 1. Open circuit potential curves of SS 316 L in various KOH solutions 

Potentiodynamic polarization 

Potentiodynamic polarization was performed to find out the electrochemical behavior of the 

samples. Figure 2 represents the electrochemical polarization of SS 316 L in various concentrations 

of KOH. Three different potential regions are shown in the potentiodynamic polarization curves, 

which include: (i) active region, (ii) passive region, and (iii) transpassive region [37,38]. It seems that 

the K5 sample has a wider passive region than other samples. Based on the OCP, K5 is nobler and 

could have a more protective passive layer. Protective passive film is related to the surface complex 

oxide, which is confirmed by EDS and Mott-Schottky results. Oxide on the SS 316 L is associated with 

Cr2O3, NiO, and Fe2O3 [37,39]. The K5 sample has less corrosion rate than other samples because it 

has a wider passive region. As we know, passivation is one of the most influential factors in the 

corrosion resistance of the sample [40].  

Based on Figure 2, an increase in the electrolyte concentration leads to a decrease in the passive 

area region. Krawczyk et al. found that passive behavior is associated with the sudden drop of 

current density with the potential, occurring as a function of the electrolyte concentration [41]. 

Commonly before passivation, a metal dissolution, i.e., uniform corrosion process, occurs in the 

active loop on the SS 316 L. A primary surface film formed during the active loop consists of Cr2O3 

[41]. Sample K30 and K50 have an active loop that is not prominent for the K5 sample.  

K5 sample produces a pitting potential (Epit) at the highest value of around 0.8 V. Epit is the lowest 

potential where the passive film is still stable prior to breakdown potential where aggressive species 

in the electrolyte solution could penetrate the films [34]. The breaking down of the film is indicated 

by the significant current increase. Thus, the higher the Epit value, the sample is more resistant to 

corrosion [41]. This behavior may be due to the surface with more oxygen based on the EDS 

observation shown below.  
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Figure 2. Potentiodynamic polarization curves of SS316L samples 

The polarization curves in Figure 2 show that the concentration of KOH affects the corrosion rate. 

The higher the concentration of KOH, the higher the corrosion current or corrosion rate. Hamidah 

et al. [18] also reported that the higher the concentration of KOH, the higher the corrosion rate of 

SS 316. The higher concentration of KOH produces a polarization curve that shifts further to the 

right, indicating an increase in corrosion current, as shown in Figure 2. This argument can be 

corroborated by the corrosion rate data in Table 2, showing the highest corrosion rate of 5.613 µm 

year-1 for the K50 sample. In comparison, the K5 produced the lowest corrosion rate of 0.457 µm 

year-1. This finding is aligned with a previous study that found a higher corrosion rate of SS 316 L at 

higher concentrations of electrolyte solution [37]. 

Table 2. Parameters determined from potentiodynamic polarization curves and corrosion rates  
calculated by eq. (1)  

Sample  Ecorr / V vs. SCE Icorr / nA Corrosion rate, µm year-1 

K5 -0.380 19.65 0.457 

K30 -0.375 103.20 2.362 

K50 -0.370 245.50 5.613 

 

The HHO gas formation rate from 1 to 2 mol concentration increases linearly [16]. Moreover, 

other research was conducted on HHO gas production using 5, 10, 15, 20, and 25 g l-1 of KOH, 

resulting in approximately 14, 26, 27, 31, and 62 ml min-1 [17]. An increase in the production of HHO 

gas is needed, but it is necessary to pay attention to the impact on the damage or corrosion 

experienced by the electrode (SS316L plate). Therefore, corrosion analysis is needed to determine 

the optimum concentration in the electrolysis of the HHO gas production process. Corrosion analysis 

using Tafel extrapolation for a concentration of 5 - 50 g l-1 can explain that a concentration range of 

5 - 50 g l-1 produces a fairly low corrosion rate  < 7.620 µm year-1. Performing a higher concentration 

than 50 g l-1 might have a worse impact, such as pitting corrosion, that could affect the whole HHO 

system. 

Electrochemical impedance spectroscopy (EIS) 

Figure 3 presents Nyquist impedance plots of SS 316 L samples measured at OCP in various con-

centrations of KOH. The imaginary impedance against the real component showed a single capacitive 
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arc for all specimens. The capacitive arc is highest for K5 and lowest for the K50 sample, but the 

differences are small. Generally, a high capacitive arc corresponds to low metal dissolution since the 

diameter of the arc is related to the charge transfer resistance at SS 316 L-KOH solution interface [42]. 

 
Figure 3. Nyquist plots of SS316L samples 

The experimental results of EIS in the form of Bode diagrams are presented in Figure 4. The total 

impedance behavior presented as the log of impedance magnitude and phase angle against the log of 

applied frequency is shown in the Bode plot. At high frequencies, the solution resistance (Rs) could be 

assessed from log |Z| horizontal line (zero phase angle). As expected, Rs is dependent on the 

concentration of KOH and is the highest for K5 (less conductive) and lowest for K50 (more conductive) 

sample. Capacitive charging of the solid-liquid interface occurs at medium to lower frequencies and is 

seen as about -1 sloping line in the log |Z| plot, coupled with a phase angle tending to -90°. Native 

(oxide) passive film properties of the surface layer could be provided by this capacitive impedance. A 

prominent and near equal capacitive impedance response for all samples suggests low corrosive 

systems, i.e., systems with very high charge transfer (Rct) values. In impedance plots, Rct contributes 

to the overall impedance at low frequencies. In Figure 4, due to very high Rct values for all samples, 

their contribution is best seen from the decrease of phase angles within a decade of the lowest 

frequencies. The value of Rct could be, together with other impedance parameters, determined by 

impedance curve fitting procedure and corresponding electric equivalent circuit (EEC) [43].  

Resistance (Rs and Rct) values of SS 316 L are presented in Table 3. The determination of Rs and 

Rct values was performed by fitting the EEC drawn in Figure 4 to experimentally measured 

impedance spectra. The solution resistance (Rs) and charge transfer resistance (Rct) values decrease 

with the increase in KOH concentration. The decrease in the charge transfer resistance of the 

samples suggests a rise in the corrosion rate. This is supported by potentiodynamic polarization 

results, where the corrosion rate increases with increased KOH concentration. 

Table 3. EIS resistance results 

Sample  Rs /  Rct / k 

K5 86.51 95 
K30 16.36 73 
K50 11.63 61 
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Figure 4. Bode plots of SS 316 L samples 

Mott-Schottky analysis 

Figure 5 presents the Mott-Schottky curves of SS 316 L in various concentrations of KOH. 

Measurements in both positive and negative potential directions were conducted. However, there is 

a difference in semiconductor properties between K5 and K30 or K50 samples. Sample K5 has a turning 

potential of -0.75, -0.5 and 0.5 V vs. SCE. Both samples K30 and K50 have a turning potential of 0.5 V 

vs. SCE if any. The negative slope in the second region is attributed to p-type, and the positive slope in 

the first and third regions is indicated as n-type [44]. In previous studies, curves were measured in the 

positive direction [45,46]. Therefore, in the present work, the positive direction was used to explain 

the semiconducting properties of the SS 316 L in various concentrations of KOH.  

 
Figure 5. Mott-Schottky plots of SS 316 L samples  

The curve increases linearly when the potentials are between +0.50 and +1.75 V vs. SCE. This 

behavior is due to the space layer of the oxide film of SS 316 L (passive film) formed with the applied 

potential according to the following n-type and p-type equations (2) and (3) [39,47]: 

fb2 2
0 d

1 2 KT
E E

eC eN A

 
= − − 

 
 n-type (2) 



B. Basori et al. J. Electrochem. Sci. Eng. 13(3) (2023) 451-467 

http://dx.doi.org/10.5599/jese.1615 459 

fb2 2
0 a

1 2 KT
E E

eC eN A

 
= − − 

 
 p-type (3) 

where 0 = 885.4 pF cm-1is permittivity of free space,  = 12 is relative dielectric constant,  

e = 1.610-19 C is charge of the electron, Nd / cm-3 is donor density, Na / cm-3 is acceptor density, A / 

cm2 is surface area of the sample, E / V is applied potential, Efb / V is flat band potential,  

k = 1.3810-23 J K-1
 is Boltzmann constant,; and T / K is absolute temperature. 

Potentials around 0 to +0.5 and +0.5 to +1.75 V vs. SCE represent p-type and n-type, respectively. 

At the flat band potential (p-type), Cr2O3 is forming. For lower potential (n-type), NiO and Cr2O3 are 

created, and then for higher potential (n-type), Fe2O3 forms [39,48,49]. This means that between 0 

and +1.75 V, Cr2O3 and Fe2O3 are probably formed, which can be supported by EDS results presented 

below, which show the presence of chromium, iron, and oxygen on the surface of treated SS 316.  

UV- Vis measurements 

UV-Vis of KOH solutions has been conducted, and the results are presented in Figure 6. Uv-Vis 

was recorded in various concentrations of KOH after potentiodynamic polarization measurement to 

prove the possible presence of particles in the solution [50].  

 
Figure 6. UV-Vis measurements of KOH solutions  

Samples of concentrations of 5, 30, and 50 g l-1 KOH showed wavelength peaks at 210, 250, and 

210 nm after being used for potentiodynamic polarization measurement. Maximum absorbance and 

wavelength are different for various samples because the Uv-vis plot shape is sensitive to particle 

size [51] and their concentration. El Kemari et al. have found that increased NiO concentration 

increases absorbance at similar wavelengths [52]. Based on the UV-Vis, some particles are shown in 

the solution after potentiodynamic polarization. It is known that Cr2O3, NiO, and iron oxide 

wavelength intensities are around 250, 330, and 200-220 nm, respectively [52–54]. Therefore, those 

particles as oxides are obviously present in the KOH solution after potentiodynamic polarization 

tests. 

Surface morphology observation using SEM-EDS 

Figure 7 shows the surface morphology of treated SS 316 L. SEM-EDS tests were carried out to 

examine the influence of increasing KOH concentration on the surface morphology and composition 
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of the samples. It is found that the surface changed gradually, exhibiting white rust forms on sample 

surfaces. As defined by Nasrazadani et al. [55], white rust (oxide) occurs in the grain boundaries 

area. Du et al. [56] found that white rust accumulating at the grain boundaries may refer to 

intergranular corrosion. White rust is associated with oxide and in Figure 7, it can be especially seen 

at grain boundaries of K5 and K50 samples. According to the Mott-Schottky measurement, different 

oxides could be specified by p-type on n-type properties. In the voltage range voltage between -2 

and +2 V, sample K5 clearly showed n-type and p-type properties. In addition, the surface of the K30 

sample was found to be more homogeneous than the K50 sample. A similar finding was reported by 

Galindo-Luna et al. [57], who found that NaOH-H2O solution with a concentration of 50 wt.% caused 

detached flakes on the steel surface. In comparison, a more homogeneous and compact surface was 

found on the sample using a concentration of 40 wt.% [57]. 

 
Figure 7. SEM micrographs of SS 316L samples: (a) K5, (b) K30, and (c) K50 

The EDS analysis was carried out to identify the phases on the SS 316L sample surfaces at the 

grain boundaries area, as shown in Figure 8. The results for all samples are in general agreement 

with the composition of SS 316L given in Table 1, showing the presence of Fe, Cr, Ni, and Mo as main 

surface elements and oxygen as the additional element. The content of the oxygen element for the 

K5 sample was higher than other samples, which refers to a better passivation process on the K5 

sample. For the K5 sample, some other additional elements (Al, Si, K, Ca) appeared on the surface. 

Interestingly, the potassium (K) element could not be found on the surfaces of the K30 and K50 

samples. Hamidah et al. [18,20] found that the percentage of K element deposited on the surface 

of the sample tested for corrosion in 0.27 M KOH was about 2.15 wt.%, comparable with 1.9 wt.% 

found in this study.  

EDS chemical composition testing carried out in this study was based on the spot mode by selecting 

only a few specific locations. This means that the chemical composition results might not fully 

represent the whole sample surface. Also, the washing process performed after corrosion tests could 

cause the elimination of the K element for K30 and K50 samples, where K was not identified by EDS. 

The identified element K at the K5 sample is considered an impurity based on the solution settled and 

trapped on the surface of the corroded sample or at the grain boundaries. The grain boundaries of the 

SS 316 L sample are the parts that have high energy compared to the grain or matrix areas. 

Consequently, they are more easily corroded and allow the presence of elemental deposits from 

electrolytes in the grain boundary area. However, it is worth noting that based on the SEM 

micrographs and EDS analysis, the K30 sample exhibited better surface morphology than the K50 

sample. 
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Figure 8. EDS analysis of SS316L samples: (a) K5, (b) K30, and (c) K50 

Structure analysis of corroded surfaces using XRD 

The electrochemically treated and untreated samples were analyzed by XRD, as shown in Figure 

9. The XRD curves showed peaks around 51° and 59.7° identified as austenite (γ-Fe). The diffraction 

patterns for all samples are the same, suggesting the presence of only the γ-Fe phase. The corrosion 

process in the KOH solution did not produce a new phase or compound, although the SEM-EDS 

results showed the presence of oxygen elements on the surface. Because the oxygen content was 

relatively low, the corrosion product in the form of a new compound or phase was not identified. 

Treated samples, however, showed decreased peak heights compared to the untreated sample. 

Chai et al. [58] found that surface modification causes more roughness that can lead to a decrease 

of peak heights. It seems that in the present experiments, treated K5 and K50 samples changed their 
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surface roughness by corrosion during potentiodynamic polarization tests, which resulted in a 

decrease of XRD peaks at around 51° and 58°.  

 
Figure 9. XRD patterns of untreated and treated SS 316 L samples 

Conclusions 

The influence of the concentration of KOH on the morphology, structure, phase, and corrosion 

behavior of SS 316L was studied using surface and electrochemical methods. The conclusions of the 

research are presented as follows. 

1. The corrosion rate of the SS 316L plate increased along with an increase of KOH concentration 

from 5 to 50 g l-1.  

2. A wider passive region and more noble pitting potential was found for the SS316L in the lowest 

concentration of KOH solution (5 g l-1) compared to higher concentrations (30 and 50 g l-1).  

3. The solution resistance (Rs) and charge transfer resistance (Rct) determined by EIS were 

decreased with the growth of KOH concentration. These results suggested a rise in solution 

conductivity and corrosion rate of SS 316L with an increase in KOH concentration. 

4. At potentials between 0 and 1.75 V vs. SCE, Mott-Schottky plots suggested the formation of Cr2O3 

and Fe2O3 passive films on sample surfaces. M-S response was found much more prominent for 

a lower concentration of KOH (5 g l-1), suggesting the formation of a well-defined semiconductive 

passive film in this case.   

5. As seen by UV-vis, some particles are present in the KOH solution after the potentiodynamic 

polarization test. On the basis of characteristic wavelengths, these particles could be identified 

as Fe, Ni and Cr oxides. 

6. The intergranular corrosion phenomenon was prominent at the grain boundaries area, as seen 

by white rust in SEM images. At these places, EDS analysis suggested the presence of oxygen in 

addition to Fe, Ni and Cr as main components. The content of oxygen was higher for the solution 

containing 5 g l-1 KOH than for other solutions.  

7. The corrosion process in the KOH solution, however, did not produce a new phase or compound 

on the SS 316L surface. Only the austenite phase was detected for all concentrations of KOH 

solution, while decreased XRD peak heights of treated samples indicate an increase in surface 

roughness of SS 316L.  

8. On the basis of obtained results, utilization of < 50 g l-1 of KOH concentration could be 

recommended for the HHO generator with SS 316L plates. Low corrosion rates in these cases 
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would support the optimum useful life of the SS 316L plate electrodes in the HHO generator 

system.  
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