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Saw wires are used for Si wafer processing. That requires an excellent wear resistance and Ni-plating 

ability. Super duplex stainless steel (SDSS) contains 25 wt.% Cr, which endows it with high wear and 

corrosion resistance. The study about Ni plating on SDSS is required to use by saw wire because SDSS 

is a dual phase stainless steel composed of austenite and ferrite. However, not studies on Ni plated SDSS 

are available. In this study, electroless Ni plating was applied on the austenite of SDSS, thereby changing 

its electrochemical properties. Ni plated SDSS possesses an excellent wear resistance and an enhanced 

passivation layer, which improves its performance as a saw wire because of advanced passivation layer. 
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1. INTRODUCTION 

 

The steel alloyed with 12 wt.% Cr [1, 2] has an excellent wear resistance. These characteristics 

of STS make it suitable for use in saw wires. STS 304 is obtained after Ni and diamond plating, used in 

saw wires [3]. However, it has relatively low corrosion and wear resistance, causing it to easily corrode 

owing to the slip of diamond [5-8]. Therefore, adequate research on Ni plating is essential for developing 

anti-wear materials for saw wires. 

In previous studies on Ni-plating, J. Cho analyzed the wear resistance of steel after subjecting it 

to Ni plating [9-11], whereas Y. Choi employed Ni plating in STS 304 and conducted a systematic 

analysis on the effects of different catalysts on this Ni plating reaction [12]. Although Ni plating has 
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been researched, there are no studies on the Ni plating on dual-phase stainless steel (austenite and ferrite), 

such as super duplex stainless steel (SDSS, 25 wt.% Cr) [13-17]. 

To incorporate SDSS into saw wires, an electrochemical reaction between Ni and the SDSS 

comprising austenite and ferrite is essential. Austenite and ferrite are important because they possess 

different mechanical and electrochemical properties. Ni plating begins with strike plating (Electroless 

plating), and an error in Ni plating will result in plating failure [12]. Therefore, to optimize the Ni plating 

conditions, it is necessary to analyze the surface conditions considering strike plating times. 

In this study, based on the electroless Ni plating time, the microstructure of the SDSS and its 

surface roughness were analyzed via field emission scanning electron microscopy (FE-SEM) and atomic 

force microscopy (AFM), respectively. Its electrochemical properties were assessed through the open 

circuit potential (OCP) reactivity, while its electrochemical behavior was analyzed through a 

potentiodynamic polarization test. The reactivity of the plating was examined by electrochemical 

impedance spectroscopy (EIS), and the critical pitting temperature (CPT) was studied to observe the 

effect of the Ni plating on the SDSS. 

 

 

2. EXPERIMENTAL  

Duplex stainless steel is classified into four categories (Lean, standard, super, and hyper) based 

on the grade as per the pitting resistance number (PRE = wt. % Cr + 3.3 wt. % Mo + 16 wt. % N) [13].  

 

Table 1. Chemical composition for electroless Ni plating of super duplex stainless steel UNS S 32750. 

 

 C N Mn Ni Cr Mo Cu W Fe 

UNS S 32750 0.01 0.27 0.8 6.8 25.0 3.8 0.2 0.02 Bal 

 

 

Table 2. Electroless Ni plating condition (Electrolyte solution and condition) on super duplex stainless 

steel UNS S 32750. 

 

Experimental condition 

Nickel chloride (NiCl2 * 6H2O) 240 g/L 

Hydrogen chloride (HCl) 120 g/L 

pH 4 

Temperature 50 ℃ 

Stirring speed 350 rpm 

Time 0 ~ 180 min 

 

The material used in this study had 25 wt.% Cr and hence, was classified under the “super grade” 

with PRE 42. The chemical composition of SDSS is shown in Table 1. Ni chloride is main electrolyte 

solution and HCl is to keep going to pH 4. Temperature and Stirring reduce the concentration 

polarization. 

The Ni plating on saw wires occurs in three steps; electroless Ni plating, electrolytic Ni plating, 

and electroless Ni plating. This study is conducted on strike plating, and the optimal conditions are listed 

in Table 2. The strike plating was carried out in an electrolyte solution composed of nickel chloride and 
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hydrochloric acid. The microstructure and electrochemical properties of the resultant product were 

analyzed as a function of the electroless plating time. 

Following the electroless Ni plating and after polishing up to #2000, the microstructure and 

roughness were also measured as a function of the plating time via FE-SEM and AFM, respectively [15, 

19]. 

The electrochemical properties were analyzed using a three electrode cell (a working electrode 

and specimens; a counter electrode and platinum mesh; and a reference electrode and saturated calomel 

electrode). The OCP, the potentiodynamic polarization, and EIS were recorded in a 3.5 wt.% NaCl 

electrolyte solution. The OCP was performed for 1 h, and the EIS was recorded at a frequency range of 

10-1 to 104 Hz. The potential polarization test was conducted over a voltage range of -0.6 V to 1.2 V at 

0.167 mV intervals. The CPT is defined as the temperature at which the current exceeds 100 μA/c𝑚2 

and remains so for longer than 1 min. This was evaluated in a 5.85 wt. % NaCl (1 mol) electrolyte 

solution with an applied potential of 700 mV and a temperature rate increase of 1 ºC/min.  

 

 

3. RESULTS AND DISCUSSION 

3.1. FE-SEM imaging as a function of strike plating time 

Strike plating or electroless plating is most affected by plating time; therefore, it is important to 

have a uniform Ni-plating surface, which is the most influencing parameter in this case [12]. Fig. 1 shows 

the surface image of SDSS as a function of Ni-plating time [15].  

 

 
 

Figure 1. FE-SEM image of Ni electroless coating deposited on super duplex stainless steel UNS S 

32750 at different plating time. 

 

When the plating time exceeds 30 s, the traces of surface polishing can be confirmed from the 

image, but the traces of any subsequent polishing are diminished and the grain boundary between the 

austenite and ferrite is exposed. 

To confirm the effects of the Ni plating compatibility on the SDSS, the grain boundaries between 

phases were measured via AFM, and the effects of strike plating were confirmed by the roughness [12]. 
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The roughness is plotted against the electroless plating time. Although the surface roughness decreased 

initially, it increased subsequently as the grain boundary between austenite and ferrite appeared. 

Nickel showed a difference in reactivity toward austenite and ferrite [11], which affected the 

strike plating and subsequent electrolytic plating. 

 

3.2. Electrochemical properties as a function of strike plating time 

The reactivity of the materials was measured as a function of the Ni plating time by its OCP. In 

Fig. 2, the effect of Ni-plating is plotted against the Ni plating time.  

 

 

Figure 2. Roughness (nm) as function of a Ni plating time (Electroless Ni plating time) on super duplex 

stainless steel UNS S 32750. 

 

Initially, the potential dipped, but as time advanced, the potential increased (# α to # β). Because 

the electroless Ni plating affects the reactivity of the SDSS, it is necessary to select the appropriate 

conditions for Ni electroless plating. 

 

 
 

Figure 3. Open circuit potential curve (Potential with time) in 3.5 wt.% NaCl electrolyte solution as 

function of a electroless Ni plating time of super duplex stainless steel UNS S 32750. 
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Figure 4. Potentiodynamic polarization curve of Ni electroless coatings (deposited on super duplex 

stainless steel UNS S 32750 at different plating time) in 3.5 wt.% NaCl electrolyte. 

 

Since the potentiodynamic polarization test reveals the electrochemical behavior of the Ni-plated 

steel, it is possible to understand the characteristics of the Ni plated SDSS through various 

electrochemical analyses [13]. In Fig. 4 (Poteniodynamic polarization curve), the potential is shown as 

a function of current density, and the changes in values are shown in Table 3. In active polarization, Ecorr 

and Icorr show the same trend as in the OCP results. After passivation, the pitting potential was different. 

 

Table 3. Values of major point (Ecorr, Icorr, and Epit) as function of Ni plating time (Strike time) on 

potentiodynamic polarization curve of super duplex stainless steel UNS S32750  

 

 0 s 30 s 60 s 90 s 120 s 150 s 180 s 

E
corr

 -0.134 -0.187 -0.183 -0.125 -0.033 -0.033 -0.033 

I
corr

 4 x 10
-6

 5 x 10
-6

 6 x 10
-6

 1 x 10
-6

 9 x 10
-7

 9 x 10
-7

 9 x 10-7 

Epit 1.004 1.006 1.006 1.08 1.08 1.09 1.09 

 

 

Through OCP and potentiodynamic polarization tests, it was confirmed that the strike Ni plating 

affected the electrochemical behavior of the SDSS [15]. Although the potential of nickel (-0.23 V) in the 

EMF series was lower than that of the SDSS, it played an important role in the strengthening the 

passivation layer after electroless Ni plating [12]. 

 

3.3. Discussion 

As confirmed by the potentiodynamic polarization test, strike plating affects the passivation layer 

of the SDSS. However, the effect of Ni plating on the passivation layer of SDSS cannot be quantified. 

Therefore, EIS and CPT tests were performed to confirm the influence of the Ni plating on the 

passivation layer of SDSS [13, 15]. The corresponding results are shown in Fig. 5, respectively. The EIS 
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results confirm that the resistance increased after electroless Ni plating, but it was not confirmed that a 

new layer was formed. 

 

 
 

Figure 5. (a) Bode diagrams of electroless Ni plated super duplex stainless UNS S32750 in a 3.5 wt.% 

NaCl electrolyte solution (a-1) IZI as function of frequency (Ohms) and (a-2) Phase of Z (Ohms) 

as function of frequency (b) Nyquist diagram of UNS S32750 super duplex stainless steel in the 

conditions: electroless Ni plating time in a 3.5 wt.% NaCl solution. 

 

Table 4. Values of resistance and CPE obtained for UNS S32750 with electroless Ni plating time. 

 

Electroless Ni 

plating time 

Rs 

(Ohms) 

CPE 
Rp (Ohms) 

C n 

0 s 6.1 7.77 × 10-5 0.82 372,260 

60 s 6.0 7.56 × 10-5 0.82 391,260 

120 s 6.1 7.45 × 10-5 0.81 412,870 

180 s 6.0 7.31 × 10-5 0.82 434,350 

 

 

The electrochemical effect of the electroless Ni plated SDSS on the passivation layer was 

assessed by the potentiodynamic polarization tests and EIS. The Bode plot reveals a high phase (arc 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220630 

  

7 

degree) over a frequency range (10-1 ~ 104), a linear relationship with a slope close to 10-1 between IZI 

and frequency, and a phase decrease near I80°I at low frequencies, highlighting the highly capacitive 

passivation behavior typical of super duplex stainless steel [19]. The passivation behavior of SDSS is 

attributable to the considerably low passivation rate, and the equivalent circuit in Figure 5 is fitted to the 

EIS data to quantify the electrochemical parameters. The Ni plating layer on SDSS showed a form 

combined with the passivation layer of SDSS and advanced. 

However, it is necessary to check its effect on pitting [20]. The CPT shows the effect on the 

pitting of SDSS. The CPT of the electroless Ni plated SDSS showed a difference as a function of the 

electroless Ni plating time and increased from 73 °C to 77 °C in Fig. 6. It was confirmed that Ni plating 

strengthens the passivation’s layer of SDSS and increases its resistance to pitting. 

The electroless Ni plating on SDSS had different reactivity toward austenite and ferrite [15]. In 

addition, electroless Ni plating on SDSS hastened the corrosion rate in the earlier stages but significantly 

increased the strength of the passivation layer from the 90 second mark. 

 

 
Figure 6. Current density as function of time (Critical pitting temperature curve) in 5.85 wt.% NaCl at 

700 mV of electroless Ni plated SDSS. 

 

 

4. CONCLUSION  

The electroless Ni plating was performed on SDSS. Its microstructure was studied FE-SEM and 

AFM, whereas its electrochemical properties were analyzed with OCP, EIS, CPT, and electrostatic 

polarization tests. The following conclusions were drawn:  

1) The electroless Ni plating on SDSS showed a difference in reactivity toward austenite 

and ferrite. As the plating time increased, the boundary between austenite and ferrite became sharper. 

The microstructure images recorded by AFM confirmed the effect of the Ni-plating silver phase on the 

SDSS. 

2) The heterogeneous Ni plating layer decreased the potential of the SDSS. However, a 

uniform Ni plating increased the potential (Ecorr and OCP) of the SDSS and increased the current density. 
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In addition, the nickel delayed the pitting (CPT, 73 °C to 77 °C) owing to the passivation layer (EIS) 

expansion. 

3) Strike plating on SDSS showed a higher affinity toward the austenite and stabilized the 

passivation layer of the SDSS. The electroless Ni plated SDSS can be used to produce saw wires with a 

better performance than that of the base material. 
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