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The quantitative effect of Mo and Cu on the stress corrosion cracking and the pitting corrosion of ultra-

pure ferritic stainless steel has been studied by immersion tests in 42 wt.% MgCl2 boiling solution, 

cyclic salt spray test, polarization curves and FeCl3 immersion test. The results showed that the steels 

could be immune to the stress corrosion cracking failure with Mo and Cu content both less than 0.4 

wt.%. The specimens containing more than 0.8 wt.% Mo and 0.2 wt.% Cu were sensitive to the stress 

corrosion cracking. The surface morphology of the cracked steels after stress corrosion cracking tests 

was featured by a mixture of intergranular and transgranular fracture, but mostly transgranular fracture. 

With the more addition of Mo and Cu, the stress corrosion cracking sensitivity grew higher. The 

quantitative effect of Mo and Cu addition on the stress corrosion cracking of ultra-pure ferritic 

stainless steel was given in a whole graph and the synergetic effect of Mo and Cu elements on the 

stress corrosion cracking was discussed. Besides, it was found that the Mo element increased the 

pitting corrosion resistance in the chloride containing environment. However, the addition of Cu 

reduced the pitting corrosion resistance of ultra-pure ferritic stainless steel, which might be attributed 

to the precipitation of -Cu phase.   

 

 

Keywords: Stainless steel; Stress corrosion cracking; Pitting corrosion 

 

 

 

1. INTRODUCTION 

Ultra-pure ferritic stainless steels (FSSs) have attracted great attention due to their distinct 

advantages such as higher stress corrosion cracking (SCC) resistance and lower cost as compared to 

the austenite stainless steels [1-6]. In the ultra-pure FSSs, molybdenum (Mo) is considered as a strong 

ferrite forming element, which is related to the solid solution strengthening effect. Copper (Cu) is used 
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as a minor alloying element in the ferrite matrix. The ultra-pure FSSs can be widely used in extensive 

fields such as automobile exhaust systems, solar water heater, containers, and buses. However, these 

materials may suffer from the stress corrosion cracking and the pitting corrosion in some aggressive 

environments during the service [1].  

The stress corrosion cracking and the pitting corrosion are two of the most important localized 

corrosion attacks, which are resulted from a combination of metallurgical and environmental factors 

such as the alloying elements, the complex interplay of metal, interface and environmental properties 

[7-9]. The effect of Mo and Cu additions on the corrosion resistance of FSSs has been widely studied, 

and the role of the Mo and Cu elements is complex [10-14]. On one hand, previous studies found that 

the alloying elements including Mo and Cu had a beneficial effect on the corrosion resistance of 

stainless steels [10-14]. The addition of Mo could enhance the repassivation ability of the passive film 

or reduce the anodic dissolution rate inside the pit holes, and thus could improve the pitting corrosion 

resistance [10-14]. In sulfuric acid solutions, the addition of Cu elements in stainless steels could result 

in the Cu enrichment in the surface film, which could suppress the anodic dissolution and improve the 

pitting corrosion resistance through the redeposition of previously dissolved copper [15-21]. However, 

on the other hand, Mo has been found to be harmful to the intercrystalline corrosion resistance of 

stainless steels. Schwind et al. [22] reported that Mo could accelerate the formation of  phase and 

M23C6 at the boundaries of stainless steels, which could increase its intercrystalline corrosion 

sensibility. Seo et al. [23] reported that Cu alloying element in the ferritic stainless steel resulted in a 

detrimental effect on the stability of the passive film in the sulfuric acid media. Ujiro et al. [20] 

reported that the protective effect of the Cu on the active surface in acidic chloride solution was less 

effective because the presence of Cl

 ions decreased the stability of the deposits. 

However, to date, little research has been reported about the synergistic effect of Mo and Cu on 

the SCC of ultra-pure ferritic stainless steels. In Jun Shu’s study, the effect of Mo and Cu addition on 

the SCC has been clarified; however, the influence wasn't quantitatively analyzed [24]. It is important 

to quantitatively reveal the synergistic effect of Mo and Cu on the SCC behaviour of ultra-pure ferritic 

stainless steels, which can help researchers design new stainless steels with perfect stress corrosion 

resistance through selecting the appropriate amount of Mo and Cu addition. In this study, ultra-pure 

ferritic stainless steels with various Mo and Cu addition were produced, and then the SCC sensitivities 

and pitting corrosion resistance were studied. As a result, the quantitative effect of Mo and Cu addition 

on the SCC resistance was discussed.  

 

 

 

2. MATERIALS AND METHODS 

2.1 Materials 

In this study, to quantitatively characterize the effects of Cu and Mo addition on the resistance 

to SCC and pitting corrosion of ferritic stainless steels, ultra-pure Cr ferritic stainless steels with 

different Mo and Cu contents but similar other contents were designed, of which twenty possible sets 

of Cu and Mo content (wt.%) were shown in Table 1. The sequence between batches was from I to III 

http://www.cibo.cn/search.php?dictkeyword=intercrystalline+corrosion
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and the sequence between the samples in a batch was from A to H. To optimize the test plan and 

minimize the amount of smelted steels, eight kinds of specimens including IA, IB, IC, IIA, IIB, IIG, IIH 

and IIIH were smelted. There were twelve materials, i.e. ID, IIC, IID, IIE, IIF, IIIA, IIIB, IIIC, IIID, IIIE, 

IIIF and IIIG were just designed not smelted, as shown in Table 1 with a mark of “
*
”. The relative 

chemical composition of eight smelted materials was shown in Table 2. These steels were produced 

from 150 kg high vacuum-melted ingots and hot rolled to 4 mm thick sheets and then cold rolled to 1 

mm thick sheets with intermediate annealing and pickling. 

 

2.2 Stress corrosion cracking tests 

Stress corrosion was the main research of this paper. The research method was an immersing 

test according to the ASTM G36-94(2000) standard [25]. Eight specimens including IA, IB, IC, IIA, IIB, 

IIG, IIH and IIIH were prepared for each experiment. The geometry of specimens for stress corrosion 

cracking experiments was as follows: the gauge length was 75 mm, the width 10 mm and the thickness 

1.0 mm. There were two holes centrally located at the left and right edge of the specimens, 

respectively. The diameter of the two holes was 4.5 mm, and the distance between the center of hole 

and the edge of specimens was 4.75 mm. According to the ASTM G30-97 (2009) standard [26], the 

stress corrosion samples was bend into a U-shaped with a diameter of 16 mm roller die, with their arms 

parallel to the fastening bolt. Stress corrosion solution was 42 wt.% boiling MgCl2 solutions, with the 

boiling point of 143 ± 1 °C. The samples were immersed in the solutions for 1 month. During this 

period, the samples were examined every 30 minutes.  If SCC was observed, the test was ended and 

the time for SCC was recorded as the most important SCC resistance evaluation parameter about the 

sample. If no stress corrosion cracking occurred after 1 month, the test was ended and the material was 

determined as immune to SCC.  

 

2.3 Pitting corrosion analysis 

Cyclic salt spray test, polarization curves and FeCl3 immersion test were used to investigate the 

pitting corrosion resistance of ultra-pure ferritic stainless steels. 

Cyclic salt spray test was performed according to the Chinese national GB/T 20854-2007 

standard [27]. The electrolyte for this test was 5 wt.% NaCl solution according to the GB standard. The 

single cycle was chosen as 2 h of salt spray, 4 h dry exposure and 2 h of wet exposure. After each 80 h 

exposure period, the panels were rinsed and visually examined for the presence of any corrosion, 

blistering, softening, staining, or other film defects and repoisitioned with the exposure cabinet to 

ensure uniformity of exposure conditions. The panel were exposed for a total of 240 h and examined 

for corrosion. 

For the polarization test, the working electrodes for electrochemical measurement were 

embedded in epoxy resin leaving a working area of 1.0  1.0 cm
2
. All the tests were carried out in 3.5 

wt.% NaCl solutions at room temperature. The electrochemical measurements were performed in a 

conventional three-electrode cell. The ultra-pure ferritic stainless steels were used as the working 
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electrode, a platinum sheet as the counter electrode, and a saturated calomel electrode (SCE) as the 

reference electrode. Prior to polarization measurements, working electrodes were initially reduced 

potentiostatically at 0.9 VSCE for 3 min to remove the air-formed oxides that might be present. The 

corrosion potential was then recorded for 10 min to achieve a stable open circuit potential. The 

polarization curves were measured potentiodynamically from 0.25 V (vs. open circuit potential Eocp) 

to the trans-passive region with a scanning rate of 1.667 mV/s. 

FeCl3 immersion tests were carried out in 6 wt.% FeCl3 solution at 35 C open to air according 

to the ASTM G48-03(2003) standard [28]. Before the experiment, the samples were cut into 30  20 

mm and polished to 600#, and measured and weighted to a precision of 0.01 mg. After 24 h 

immersion, the samples were extracted, cleaned with water and then weighted again at room 

temperature. The corrosion rate of specimens after immersion was calculated according to the formula 

below: 

1 2 Corrosion ra
w w

e
s t

t



  

w1 —— The weight of the specimens before the immersion test. 

w2 —— The weight of the specimens after the immersion test. 

s —— The total surface area of the specimens. 

t —— The duration of test. 

 

2.4 Corrosion morphology analysis 

The optical image of corroded specimens was examined using camera after SCC tests. The 

surface morphology of corroded specimens was observed by scanning electron microscopy (SEM).  

 

Table 1. Cu and Mo composition of ultra-pure ferritic stainless steels (wt.%) 

 

Cu 

Mo 
0 0.1 0.2 0.4 

0 IIID
*
 IIIC

*
 IIIB

*
 IIIA

*
 

0.4 IID
*
 IIC

*
 IIB IIA 

0.8 ID
*
 IC IB IA 

1.2 IIH IIG IIF
*
 IIE

*
 

1.5 IIIH IIIG
*
 IIIF

*
 IIIE

*
 

*-These materials are just designed not smelted. 

 

Table 2. Chemical compositions of the ultra-pure ferritic stainless steels (wt.%). 

 

Material C Si Mn S P Cr Ni Mo Cu N 

IA 0.0058 0.21 0.22 0.001 0.021 21.2 0.18 0.79 0.36 0.0072 

IB 0.0068 0.21 0.21 0.001 0.013 21.8 0.2 0.77 0.22 0.0075 

IC 0.0063 0.21 0.22 0.001 0.015 21.6 0.18 0.78 0.11 0.0077 
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IIA 0.006 0.19 0.22 0.001 0.02 21.36 0.18 0.42 0.39 0.0064 

IIB 0.006 0.25 0.12 0.004 0.011 21.41 0.19 0.41 0.18 0.009 

IIG 0.0055 0.21 0.22 0.001 0.015 21.67 0.19 1.18 0.12 0.0067 

IIH 0.0040 0.22 0.19 0.002 0.02 21.96 0.25 1.19 0.02 0.0065 

IIIH 0.004 0.22 0.19 0.002 0.02 21.96 0.25 1.48 0.02 0.0065 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Effect of Mo and Cu on SCC of ultra-pure ferritic stainless steels 

To quantitatively characterize the effects of Mo and Cu addition on the SCC resistance of ultra-

pure ferrite stainless steels, the SCC resistance was evaluated by means of the 42 wt.% boiling MgCl2 

solution immersing test as mentioned in 2.2 and the SCC results of these steels were listed in Table 3. 

 

3.1.1 Results of SCC corrosion tests for the FSS with 0.8 wt.% Mo  

To initially quantitatively characterize the effects of Mo and Cu addition on the SCC resistance 

of ultra-pure ferittic stainless steels, three ferritic stainless steels IA, IB and IC with 0.8 wt.% Mo but 

different Cu contents were measured. 

 

Table 3. The SCC test results of ultra-pure ferritic stainless steels 

 

Material SCC time / h Material SCC time / h 

IA 4-6 IIG 10-12 

IB 7-8 IIH >720 

IC >720 IIIA
*
 >720

*
 

ID
*
 >720

*
 IIIB

*
 >720

*
 

IIA >720 IIIC
*
 >720

*
 

IIB >720 IIID
*
 >720

*
 

IIC
*
 >720

*
 IIIE

*
 <24

*
 

IID
*
 >720

*
 IIIF

*
 <24

*
 

IIE
*
 <24

*
 IIIG

*
 <24

*
 

IIF
*
 <24

*
 IIIH >720 

*-The result is from analyzing instead of experiment. 

 

The SCC resistance of specimens was evaluated by immersion in the 42 wt.% boiling MgCl2 

solution and the SCC results of these steels were listed in Table 3. It could be seen that the SCC time 

of IA steel with 0.4 wt.% Cu was 46 h, for IB steel with 0.2 wt.% Cu 78 h, suggesting significantly 

low SCC resistance for specimens IA and IB. As the Cu content in the FSS specimen decreased to 0.1 

wt.% (i.e., specimen IC), no SCC was observed after 720 h immersion test.  
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Although four materials with 0.8 wt.% Mo and several Cu composition were concerned, only 

three of them were tested. It could be concluded that the Cu addition was harmful to the SCC 

resistance, and thus it could be deduced that the 0.8 wt.% Mo steel without Cu (i.e., specimen ID) 

would be immune to SCC. 

Based on the above results, for ultra-pure ferritic stainless steels containing 0.8 wt.% Mo, the 

addition 0.2 wt.% or more Cu could cause SCC failure; however, the addition of 0.1 wt.% Cu had no 

harm for the SCC resistance. Therefore, the critical value of the Cu addition was 0.1 wt.% for ultra-

pure ferritic stainless steels with 0.8 wt.% Mo. 

 

3.1.2 The SCC corrosion tests results for the FSS with 0.4 wt.% Mo or 1.2 wt.% Mo 

To further quantitatively characterize the synergetic effect of Mo and Cu addition on the SCC 

resistance of ultra-pure ferittic stainless steels, IIA, IIB, IIG and IIH were tested by immersion in 42 

wt.% MgCl2 boiling solution. The chemical compositions of the specimens were shown in Table 2. 

Table 3 displayed the SCC results of these steels. It could be seen that there were no SCC phenomena 

occurred on IIA steel with 0.4 wt.% Mo and 0.4 wt.% Cu, and IIB steel with 0.4 wt.% Mo and 0.2 wt.% 

Cu after 720 h test. For specimen IIG with 1.2 wt.% Mo and 0.1 wt.% Cu, the SCC time was 1012 h; 

however, for IIH steel with 1.2 wt.% Mo but without Cu addition, no SCC cracks could be found on the 

maximum stress area after 720 h tests, suggesting that the addition of Cu had a detrimental effect on 

the SCC resistance for the steel with 1.2 wt.% Mo. 

For ultra-pure ferritic stainless steels containing 0.4 wt.% Mo, no negative effects of the 0.4 

wt.% Cu addition (i.e., specimen IIA) and the 0.2 wt.% Cu addition (i.e., specimen IIB) on the SCC 

resistance were found, which suggested that the addition of less than 0.2 wt.% Cu (i.e., specimens IIC 

and IID) had no harm for SCC. However, for the steel with 1.2 wt.% Mo steel and 0.1 wt.% Cu content 

(i.e., specimen IIG), it could cause SCC failure, suggesting that the steels with addition of Cu beyond 

0.1 wt.% (i.e., specimens IIE and IIF) were susceptible to SCC failure. Besides, the steel with 1.2 wt.% 

Mo and without Cu (i.e., specimen IIH) was immune to the SCC in the present work. 

 

3.1.3 The SCC corrosion tests results for the FSS without Mo or with 1.5 wt.% Mo 

For FSS steel with 1.5 wt.% Mo, specimen IIIH without Cu was smelted and tested in 42 wt.% 

MgCl2 boiling solution. As shown in Table 3, no SCC was found for the specimen IIIH. 

Table 3 compared the SCC results of specimens between IIC (0.1 wt.% Cu and 0.4 wt.% Mo), 

IC (0.1 wt.% Cu and 0.8 wt.% Mo) and IIG (0.1wt.% Cu and 1.2 wt.% Mo). It is seen that when the 

content of Cu was 0.1 wt.%, the SCC resistance was similar for specimens as the Mo content increased 

from 0.4 wt.% to 0.8 wt.%. However, as the content of Mo further increased from 0.8 wt.% to 1.2 

wt.%, the SCC resistance decreased. Based on these results, it could be deduced that the specimen IIIG 

(0.1 wt.% Cu and 1.5 wt.% Mo) was susceptible to the SCC. Moreover, based on the results of IA, IB 

and IC obtained in section 3.1.1, it was found that the Cu addition was harmful to the SCC resistance, 

suggesting that both the specimens IIIF (0.2 wt.% Cu and 1.5 wt.% Mo) and IIIE (0.4 wt.% Cu and 1.5 
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wt.% Mo) were sensitive to the SCC. On the other hand, it could be deduced that IIIA steel with 0.4 

wt.% Cu and without Mo would be insensitive to SCC, according to the result of specimen IIA (0.4 

wt.% Cu and 0.4 wt.% Mo) without SCC failure. Thus, with less Cu content but without Mo addition, 

IIIB IIIC and IIID steels were also safe in boiling magnesium chloride solution after 720 h.  

 

3.1.4 SCC morphology analysis 

Fig.1 showed the optical images of tested samples IC, IIA, IIH and IIIH without SCC after 100h 

immersion in 42 wt.% boiling MgCl2 solution. Although some black oxide products could be found on 

the specimen surface, there was no SCC occurred in IC, IIA, IIH and IIIH steels. Fig. 2 revealed the 

optical images of tested samples IA, IB and IIG with SCC after 24 h immersion in 42 wt.% boiling 

MgCl2 solution. It could be figured out that severe SCC occurred in IA, IB and IIG steels, and the cracks 

mainly started at the edge of the U-shaped specimens, and expanded along locations of the maximum 

tensile stress.  

 

 
 

Figure 1. Macro-morphology of tested samples (IC, IIA,IIH and IIIH) without SCC after 100h 

immersion in 42 wt.% boiling MgCl2 solution 

 

 
 

Figure 2. Macro-morphology of tested samples (IA, IB and IIG) with SCC after 24h immersion in 42 

wt.% boiling MgCl2 solution 
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Figure 3. SCC micro-morphologies of ultra-pure ferritic stainless steels (a-b) IA; (c) IB; (d) IIG 

 

Finally, the surface morphology of the ultra-pure FSSs surfaces after SCC tests was studied by 

optical microscopy. Fig. 3 demonstrated the optical images of the fracture morphology of the IA IB and 

IIG FSSs. The fracture of these steels was featured by a mixture of intergranular and transgranular 

fracture, but mostly transgranular fracture. Most of the stress corrosion cracks extended along certain 

direction straightly in the grain and always terminated at the grain boundary. There were many 

secondary cracks for all the three steels around the main cracks. The SCC behavior was strongly 

influenced by the synergy effect of high Mo and Cu content. 

 

3.1.5 Quantitative effect of Mo and Cu contents on SCC 

In order to directly study the quantitative effect of Mo and Cu contents on SCC of ultra-pure 

ferritic stainless steels, Fig. 4 was plotted by combining the SCC results in Table 3 and the 

composition of specimens in Table 1. It is worth noticing that the SCC occurred in the ultra-pure 

ferritic stainless steels with both Cu and Mo addition. When Cu and Mo contents were all less than 0.4 

wt.%, the steels could be immune to the SCC failure. The ones with more than 0.8 wt.% but less than 

1.5 wt.% Mo and more than 0.2 wt.% Cu were sensitive to the SCC.  
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Fig. 4 showed the quantitative effect of Mo and Cu on the SCC sensitivity of ultra-pure ferritic 

stainless steels. The whole diagram was divided into three regions 1, 2, and 3 by two curves (A and B). 

Curve A connected the points which represented the steels without SCC cracks after 720 h test, and 

Curve B indicated the steels with SCC cracks within 720 h. These three regions and two curves could 

clarify the quantitative effect of Mo and Cu on the SCC of ultra-pure ferritic stainless steels. The 

stainless steels with Mo and Cu additions in the region 1 under the curve A would be immune to the 

SCC, and the ones with the Mo and Cu additions in the region 3 above the curve B would be sensitive 

to the SCC failure. Meanwhile, the ones in the region 2 between the curves A and B might had two 

possibilities, to occur SCC or to be safe in boiling 42 wt.% MgCl solution within 720 h. In this case, 

with the additions of Mo and Cu decreasing, far away from curve B, these stainless steels might be 

more possible to be immune to the SCC. It could be obtained that the stress corrosion cracking 

sensitivity of the steels with more addition of Mo and Cu was higher by comparisons. 

For ultra-pure ferritic stainless steels, the precipitation of -Cu phases in matrix and grains 

could induce a decrease of the passive film stability with Cu addition increasing, and the pitting 

corrosion was easy to start at the interface areas between inclusions and the matrix. At the same time, 

there was a common opinion that the film was a porous oxide containing higher oxidation states of Mo 

[29]. Pits on the passive film could be the initiation of SCC. At the crack initiation stage, many weak 

sites, such as grain boundaries, twin boundaries, edges of corrosion grooves parallel to stress, and 

micropits at maximum stress area could also be the SCC initiation. Once micro-crack existed, it would 

act as the anodic with a small working area, while the base metal covered with complete film would 

act as the cathode [30-35]. The geometrical feature of the sample surface could affect the current 

density distribution during the chemical reactions, thus influencing the corrosion rate [36-39]. The big 

area ratio of cathode to anode accelerated the solution rate of the micro-crack, leading to the further 

crack growth. Thus, the specimens with more addition of Mo and Cu were more susceptible to SCC. 

Moreover, the morphology of SCC initiated from pitting of -Cu phase was mostly intergranular [29]. 

 
 

Figure 4. Quantitative effect of Mo and Cu on the SCC of ultra-pure ferritic stainless steels 
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3.2 Effect of Mo and Cu on pitting corrosion resistance 

In order to study the effects of Mo and Cu on pitting corrosion resistance of ultra-pure ferritic 

stainless steel, four steels, IIA (0.4 wt.% Mo, 0.4 wt.% Cu), IIB (0.4 wt.% Mo, 0.2 wt.% Cu), IIG (1.2 

wt.% Mo, 0.1 wt.% Cu) and IIH (1.2 wt.% Mo, without Cu) were chosen to be tested by cyclic salt 

spray test, polarization curves and FeCl3 immersion test. Fig. 5 displayed the corrosion morphology of 

ultra-pure ferritic stainless steels after 240 h cyclic salt spray test. From the corrosion morphology, it 

could be found that only slight corrosion occurred on the surfaces for the four steels. However, 

specimens IIA and IIB with 0.4 wt.% Mo suffered from more severe corrosion compared to specimens 

IIG and IIH containing 1.2 wt.% Mo, which suggested unbroken surfaces with few rust trace. 

 

 
 

Figure 5. Corrosion macro-morphology of ultra-pure ferritic stainless steels after 240 h cyclic salt 

spray test (a) IIA（0.4% Mo 0.4% Cu）; (b) IIB（0.4% Mo 0.2% Cu）; (C) IIG（1.2% Mo 

0.1% Cu）; (d) IIH (1.2% Mo without Cu) 
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Figure 6. Effect of Mo and Cu on polarization curves for ultra-pure ferritic stainless steels in 3.5 wt.% 

NaCl solutions 
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Table 4. Corrosion parameters of ultra-pure ferritic stainless steels IIA, IIB, IIG and IIH. 

 

Materials 
icorr / (A/cm

2
) Ecorr / V Anodic Tafel 

slope / (V/dec) 

Cathodic Tafel 

slope / (V/dec) 

Eb / 

V 

Eb-Ecorr /V 

IIA 1E-9.031 -0.178 0.135±0.002 0.034±0.003 0.316 0.494 

IIB 1E-9.585 -0.164 0.233±0.005 0.030±0.004 0.356 0.520 

IIG 1E-8.881 -0.227 0.246±0.003 0.036±0.003 0.421 0.648 

IIH 1E-9.330 -0.203 0.357±0.001 0.021±0.005 0.460 0.663 

 

Fig. 6 demonstrated the potentiodynamic polarization curves of the ultra-pure ferritic stainless 

steels IIA and IIB with 0.4 wt.% Mo, IIG and IIH with 1.2 wt.% Mo. Corresponding corrosion parameters 

were listed in Table 4. The corrosion current density of the four specimens increased on the order of 

IIB < IIH < IIA < IIG, while the corrosion potential increased on the order of IIG < IIH < IIB < IIA. The 

pitting broken potentials (Eb) of specimens IIA and IIB were 0.316 and 0.356 V, whereas specimens IIG 

and IIH steels were 0.421 and 0.460 V, respectively. Therefore, the Eb of specimens increased on the 

order of IIA < IIB < IIG < IIH. The higher Eb values of specimens IIG and IIH suggested the higher pitting 

corrosion resistance than specimens IIA and IIB. The passivation region of specimens was evaluated by 

Eb-Ecorr. It also could be seen that the passivation ability of the specimens increased on the order of IIA 

< IIB < IIG < IIH. It could be found that with the Mo addition, the values of Eb and Eb-Ecorr increased, 

indicating that Mo could improve the pitting corrosion resistance and passivation ability. Besides, it is 

worth noticing that a decrease in the pitting corrosion resistance and passivation ability were found 

with the increasing Cu contention in ferritic stainless steels containing 0.4 wt.% Mo and 1.2 wt.% Mo. 

Therefore, the addition of Cu was harmful to the pitting corrosion resistance of ultra-pure ferritic 

stainless steels. 

 Pitting corrosion morphologies after immersion test of ultra-pure ferritic stainless steels in 

FeCl3 solution at 35C were shown in Fig. 7, and the results of corrosion rates were listed in Table 5. It 

could be observed that severe pitting corrosion occurred on the specimens IIA and IIB, and most of the 

pits located at the edges of the specimen, and some pits could be found inside the specimen. In contrast 

to IIA and IIB with 0.4 wt.% Mo, less pitting holes could be found inside the IIG and IIH specimens. 

As shown in Table 5, pitting corrosion rates of IIA, IIB, IIG and IIH steels in 6 wt.% FeCl3 

solution were 11.94, 10.81, 6.82 and 5.53 g/(m
2
·h), respectively. The results showed that the 

specimens IIG and IIH with 1.2 wt.% Mo had lower corrosion rate than the specimens of IIA and IIB 

with 0.4 wt.% Mo, suggesting that the addition of Mo increased the pitting corrosion resistance. 

Meantime, the corrosion rates of specimens IIH, IIG, IIB and IIA showed an increasing tread with the Cu 

content increasing. 

The Cu addition reduced the pitting broken potential and increased the corrosion rate in 

chloride containing environment, suggesting a decrease of the corrosion resistance. Therefore, the 

addition of Cu was harmful for the pitting corrosion resistance of IIG, IIB and IIA steels, which might be 

attributed to that the -Cu phases precipitated in grain boundaries and grains of ferritic stainless steels. 

The solubility of Cu in ferrite was low, about ~0.2 wt.%, so with the increasing Cu content, the 

precipitation of the -phase might occur at grain boundaries and grains in ferrite stainless steels [40-
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41]. It has been reported that the presence of the -phase in ferrite could increase the hardness of 

ferritic stainless steels [42]. However, the dispersed inclusions of this phase could negatively influence 

the stability of passive film of stainless steels and therefore increase the susceptibility of ferrite to the 

pitting corrosion. 

 

 
 

Figure 7. Pitting corrosion macro-morphologies of ultral-pure ferritic stainless steels in FeCl3 

solutions at 35C after 24 h immersion (a) IIA; (b) IIB; (c) IIG; (d) IIH 

 

Table 5. Corrosion rate of ultra-pure ferritic stainless steels in FeCl3 solutions at 35C 

 

Materials 
Corrosion rate / 

g/(m
2
·h) 

Mean value / 

g/(m
2
·h) 

Materials 
Corrosion rate / 

g/(m
2
·h) 

Mean value / 

g/(m
2
·h) 

IIA 

13.338 

11.94 IIG 

6.029 

6.82 11.684 7.264 

10.791 7.165 

IIB 

11.472 

10.81 IIH 

5.367 

5.53 11.037 5.190  

9.924 6.041  

 

 

 

4. CONCLUSIONS 

In order to quantitate the effect of alloying Cu and Mo on the stress corrosion cracking and 

pitting corrosion of ferritic stainless steels in chloride media, twenty ultra-pure ferritic stainless steels 

with 22 wt.% Cr but different Cu and Mo additions were designed. Eight kinds of them were smelted 

and their SCC behavior was evaluated. Besides, pitting corrosion behavior of four kinds of specimens 

was measured. Conclusions were as follows: 

 (1) When Cu and Mo contents were all less than 0.4 wt.%, the steels could be immune to the 

SCC failure. The ones with more than 0.8 wt.% and 0.2 wt.% Cu together were sensitive to the SCC. 
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(2) The quantitative effect of Mo and Cu addition on the SCC of ultra-pure ferritic stainless 

steel was given in a whole graph. The steels with more addition of Mo and Cu were more susceptible 

to SCC. 

(3) With the increasing Mo content, the pitting corrosion resistance increased remarkably in 

chloride containing environment. The addition of Cu reduced the pitting corrosion resistance of ultra-

pure ferritic stainless steel due to the precipitation of -Cu phase.  
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