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ABSTRACT 
 
Corrosion resistant alloys (CRA) for subsea pressure-retaining components must be compatible with 
production fluids and resistant to pitting and crevice corrosion in seawater. Whereas materials selection 
for production environments is governed by well-established standards such as ISO1 15156, debate still 
exists as of how to determine the seawater corrosion resistance of CRA. 
 
While most industry specifications rely on the ASTM2 G48 standard to determine localized corrosion 
resistance, for duplex and super duplex stainless steels there is no consensus on surface finish prior to 
testing and test temperature. Moreover, it is unclear whether existing procedures are sensitive enough 
to determine the onset of deleterious phases such as σ-phase and chromium nitrides. 
 
The objective of this investigation was to quantify the seawater pitting corrosion resistance of a 25 wt% 
Cr super duplex stainless steel and its correlation with: i) alloy’s microstructure and ii) surface finish 
before testing. Cyclic potentiodynamic polarization (CPP) testing was used to determine the effect of 
different σ -phase volume fractions on corrosion response. CPP tests were conducted at various 
temperatures, ranging from 20 to 90°C, to determine the effect of deleterious phases on critical pitting 

                                                
 
1 International Organization for Standardization (ISO), 1 ch. de la Voie-Creuse, Case postale 56 CH-1211 Geneva 
20, Switzerland. 
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and crevice temperatures (CPT and CCT, respectively). CPP results were compared with reported 
values based on ASTM G48 method D, ASTM G150, and zero resistance amperometry. 
 
Keywords: super duplex stainless steels, seawater, critical pitting temperature, critical crevice 
temperature, cyclic potentiodynamic testing. 
 
 

 
INTRODUCTION 

 
Duplex and super duplex stainless steels (DSS and SDSS, respectively) are steels compose of a two-
phase ferritic-austenitic microstructure, the components of which are both stainless, i.e. contain more 
than 10.5-wt% chromium (Cr)1. Although the ferrite content of DSS and SDSS can vary between 35 
and 55%, manufacturers balance the steels close to the ideal 50-50% ferrite/austenite ratio1,2.  DSS are 
defined as ferritic/austenitic stainless steels with 22-wt% Cr and have a corrosion resistance on par with 
austenitic grades of similar Cr content1-4. Examples of DSS include UNS S32205 and S31803. In 
contrast, SDSS are defined based not only on their Cr content but also on the alloy's Pitting Resistant 
Equivalent (PRE)3,4.  In this regard, the PRE is an empirical formula that attempts to correlate the 
complex beneficial effect of the main alloying elements using a simple compositionally derived "pitting 
index" 5. While NORSOK3 M-001 defines PRE in terms of Cr, molybdenum (Mo), and nitrogen (N) (Eq. 
1)3,6, ISO 21457 includes tungsten (W) into the PRE expression (Eq. 2)4. 
 
 PREN = Cr + 3.3xMo + 16xN Eq. 1 
  
 PREN,W = Cr + 3.3x(Mo + 0.5xW) + 16xN Eq. 2 
       
In Eq.1 and Eq.2 the sub index "N" indicates that the original PRE expression suggested by Lorentz 
and Medawar7 was modified to include nitrogen, while the sub index "W" in Eq.2 indicates that tungsten 
was added to the PRE formula8.  
 
SDSS are, thus, defined as ferritic/austenitic stainless steels with 25-wt% Cr and a PREN ≥ 403,6. The 
high Cr, Mo, and N content makes SDSS resistant to most oxidizing environments 9-11 but are 
considered seawater resistant by NORSOK M-001 and ISO 21457 only up to 20°C. The most common 
SDSS grades for subsea piping and small-bore tubing are UNS S32750, UNS S32550, and the W- and 
Cu-containing UNS S32760 and UNS S39274. Table 1 summarizes the nominal composition of the 
most common DSS and SDSS used in oil and gas (O&G) production. 
 
DSS and SDSS combine strength, localized and stress corrosion cracking resistance at a competitive 
cost2. Table 2 compares mechanical properties of DSS and SDSS versus austenitic stainless steels 
and nickel alloys to illustrate the advantages of DSS and SDSS over other alloys commonly used in the 
subsea O&G industry. DSS and SDSS are, however, intrinsically susceptible to both hydrogen 
embrittlement and precipitation of deleterious intermetallic phases, primarily during welding. Although 
hydrogen embrittlement of DSS and SDSS is of great importance given that all subsea equipment is 
subjected to cathodic protection, the scope of this work is on localized corrosion performance only. 
 
Precipitation of second phases, i.e. a metallic or intermetallic phase that is not the matrix or the alloy as 
it is normally used12, affect both mechanical properties and corrosion resistance. High Cr and Mo 
contents promote the precipitation of intermetallic phases such as σ, χ (chi), chromium nitrides (Cr2N), 
and α ’ (alpha-prime) when exposed to temperatures in the 300°C to 900°C range1,2,10,12,13.  Figure 1 
shows a SDSS Time-Temperature-Transformation (TTT) diagram2. As seen in Figure 1, although 
sluggish when compared to e.g. carbide and nitride precipitation, σ-phase phase transformation kinetics 
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is relatively fast, taking less than 1.8 minutes at 870 °C for the onset of σ-phase precipitation.  Other 
phases such as χ-phase and Cr2N can form even faster, taking about 39s at 850°C and 47s at 870°C 
for the onset of precipitation, respectively1,2.  
 
Among deleterious phases, σ-phase is considered the most detrimental14,15. σ-phase is an intermetallic 
compound rich in Cr and Mo with a volume fraction that is larger than that of any other precipitated 
phase14,16. Precipitation of σ-phase decreases impact toughness and ductility abruptly15-17 and depletes 
Cr and Mo from the surrounding austenite/ferrite matrix10,14. Whereas the decrease in strength and 
ductility limits the maximum allowable thickness of DSS and SDSS products, the depletion in Cr and 
Mo lowers localized corrosion resistance, similarly to the precipitation of chromium carbides in 
austenitic stainless steels11. The decrease in corrosion resistance translates to a marked decrease in 
CPT and CCT15,18.  
 
CRA used in subsea pressure-retaining components must be compatible with production fluids and 
resistant to pitting and crevice corrosion in seawater. Whereas materials selection for production 
environments is governed by well-established international standards such as ISO 1515619, much 
debate still exists as of how to determine the maximum allowable seawater service temperature.  Most 
industry specifications rely on the ASTM G48 standard20 to determine pitting and crevice corrosion 
resistance; however, for DSS and SDSS there is no consensus on surface finish prior to testing and 
test temperature. Table 3 illustrates the difference in test methods, surface conditions, and acceptance 
criteria found in various international and company specifications. It is interesting to highlight that 
whereas the acceptance criteria of most specifications are based on either the presence of pitting 
corrosion or a weight loss exceeding certain value, GS EP PVV 61921 includes weight loss for reference 
only.  
 
While there are several studies on the effect of σ-phase precipitation on localized corrosion1,10,14,16,18,22, 
the effect of surface finish prior to testing is not well understood. The exact condition of a surface can 
have a large influence on pit nucleation and growth23. In general, samples prepared with a rough 
surface finish are more susceptible to pitting corrosion than smooth ones24,25. For stainless steels, 
polishing and abrasive blasting have been shown to lower pitting resistance, whereas pickling in nitric 
and hydrofluoric acid resulted in higher (i.e. more positive) pitting potentials, EP

24,25. Researchers have 
suggested that the localized corrosion resistance of smooth samples is the result of fewer pit nucleation 
sites in physically and chemically homogeneous surfaces24. Therefore, the differences in surface finish 
prior to testing shown in Table 3 could lead to inconsistencies in ASTM G48 and ASTM A923 
evaluations. 
 
 Although useful as quality control, ASTM G48 and ASTM A923 tests are conducted in 6-wt% FeCl3 
(pH 1.30) or 6-wt% FeCl3 + 1% HCl (pH 0.4) solutions20,26, which may lead to a gross underestimation 
of the actual CPT and CCT in seawater service. Moreover, the minimum amount of σ-phase that can be 
detected by ferric chloride exposure testing is unclear. Electrochemical techniques, in contrast, have 
been shown very useful at determining the effect of microstructure on localized corrosion 
performance27. In particular, anodic cyclic potentiodynamic polarization (CPP) testing can be used to 
evaluate the pitting and crevice corrosion behavior of an alloy under various metallurgical 
conditions10,28. During CPP, the working electrode is first scanned forward in the anodic direction at a 
given scan rate and reverted once the current reaches certain value29.  
 
Two main parameters are obtained from a CPP scan: i) EP and ii) the repassivation potential (ERP), 
Figure 230. Whereas EP is a measure of the alloy's resistance to pit initiation, ERP has been shown to 
correlate well with the alloy's overall resistance to localized corrosion 31. Dunn et al. and Sridhar and 
Cragnolino29,31 suggested that, above a certain critical charge density value, ERP becomes independent 
of the current density at scan reversal. The authors showed that, for UNS S31600 and UNS N08825, 
ERP became independent of prior pit growth for deep pits. In this regard, deep pits were associated with 
a critical charge density of 10 C/cm2 31. Therefore, the authors concluded, ERP could be used as a 
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reliable estimator of localized corrosion resistance. ERP has also been used in parametric models to 
predict long-term corrosion performance29,32. 
 
While the deleterious effect of σ-phase on corrosion resistance is well known, the influence of σ-phase 
on CPT and CCT as well as the ability of CPP testing to detect the presence of detrimental phases are 
not well understood. The objective of this investigation was to quantify the seawater localized corrosion 
resistance of a 25Cr SDSS and its correlation with: i) alloy’s microstructure and ii) surface finish before 
testing. The scope of the work was on establishing the CPT and CCT in 3.50-wt% NaCl (0.62 M NaCl), 
monitoring EP and ERP as a function of temperature and σ-phase content. 
 
 

EXPERIMENTAL PROCEDURE 
 
Materials 
 
Samples were cut from UNS S32750 blind dowel pins with an outer diameter (OD) of 30 mm, taken 
from an actual production run. The material was provided in the solution annealed (SA) condition. The 
30 minutes annealing heat treatment was performed at 1100°C, followed by water quenching. Table 4 
summarizes the actual chemical composition and PREN of the material.  
 
In total, 64 samples were cut in 3 mm thick disks that were 30 mm in diameter and had an average 
surface area of 16,9 cm2. A small 2 mm hole was drilled close to the perimeter of the sample and 
served as sample holder, Figure 3. 
 
Heat Treatments 
 
A subset of 32 samples was heat treated (HT) to force σ-phase precipitation. Samples were heated at 
875°C for 7 minutes, followed by water quenching, Figure 1. An additional subset of 2 samples was 
heat treated at the same temperature but for 30 minutes to induce severe σ-phase formation. 
 
σ-Phase counting 
 
To determine the volume fraction of σ -phase, three samples were first polished and etched following 
ASTM A923 recommendations26. The test specimens were etched in a 40-wt% sodium hydroxide 
(NaOH) solution using 1.5V for 30-40s. After etching, the test coupons were rinsed in acetone followed 
by air-drying. Samples were then examined using a confocal microscope.  
 
Counting of σ -phase was conducted as per ASTM E56233. This standard describes a method for 
calculating volume fraction of constituents using a polished planar section of the specimen. The 
standard includes various circular or square grids. The grid may be in the form of a transparent sheet or 
it can be superimposed digitally on the microscope. 
 
Sample preparation 
 
After heat treatment, samples were polished down to 600-grit SiC paper using ethanol as lubricant. 
Samples were, then, rinsed in acetone, deionized (DI) water, and ethanol and subsequently cleaned in 
an ultrasonic bath for 5 minutes.  
 
A subset of samples was pickled according to NORSOK M-630 recommendations6. Test coupons were 
immersed in a solution of 20% nitric acid (HNO3) and 5% hydrofluoric acid (HF) at 60°C for 5 minutes, 
followed by a thorough DI-water rinse. Special safety procedures for handling HF were followed. All 
samples were stored in a desiccator for 24h prior to testing; this procedure is often referred to as 
"passivation"6,21. The surface roughness was measured on both polished and pickled samples using a 
laser profilometer. 
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Cyclic potentiodynamic polarization testing 
 
CPP testing was conducted in accord with ASTM G6130. A deaerated 3.50-wt% NaCl (0.62 M NaCl; pH 
6.0) solution was used as electrolyte. The solution pH was left unadjusted and it was monitored before 
and after testing. Tests were conducted at 8 different temperatures: 20, 30, 40, 50, 60, 70, 80, and 
90°C. The temperature was controlled using a regulating hot plate. The actual solution temperature was 
continuously monitored during testing and kept within ±2°C.  
 
Cyclic anodic polarization curves were obtained using a conventional 3-electrode array. A saturated 
calomel electrode (SCE) was used as reference. The reference electrode was placed on a separated 
compartment that was kept at room temperature and connected to the electrochemical cell using a salt 
bridge. The test solution was purged for 1h using high purity nitrogen gas. After purging, samples were 
left at the corrosion potential (ECorr) for 1h prior to polarization. Samples were subsequently polarized in 
the anodic direction at a scan rate of 600 mV/h (0.167 mV/s). Scan reversal occurred once the current 
density reached 5 mA/cm2.  The test was completed when the hysteresis loop closed or upon reaching 
ECorr. Table 5 summarizes the experimental test matrix; all tests were conducted in duplicate. 
 
After testing, samples were rinsed in DI-water and stored in a desiccator. Samples were analyzed in the 
optical microscope to determine the presence of pits and the absence of crevice attack at the 
connection point. Samples were gently cleaned using a 3-µm diamond suspension to remove corrosion 
products and to reveal sub-surface pits. 
 

RESULTS AND DISCUSSION 
 
Materials characterization 
 
The material in the as received SA condition had mechanical properties that exceeded the minimum 
requirements of ASTM A18234 and NORSOK M-6306 standards, Table 5. Charpy V-notch (CVN) and 
ASTM G48 method A20 results and optical microscopy suggested that the material was free of 
deleterious phases. The alloy had a 47-53-vol% austenite-to-ferrite ratio. 
 
Figure 4 shows the microstructure of both SA and HT samples. Figure 4 (a) confirmed the absence of 
deleterious phases and matched the analysis provided in the materials certificate. Analysis of Figure 4 
(b) as per ASTM E56233 suggested that a 7 minutes heat treatment at 875°C resulted in a 5 (±1.5)-vol% 
precipitates. We assumed that the majority of such precipitates were σ -phase15. The 30-minute 
isothermal heat treatment resulted in approximately 30-vol% σ-phase - see Figure 4 (c).  
 
No conclusive differences in surface roughness were observed between as polished and pickled 
samples. Arithmetic average surface roughness, Ra, values were approximately Ra ~2,5µm. 
 
Anodic polarizations 
 
The shape of the anodic polarization curves depended on both the microstructure of the test specimen 
and the temperature of the solution. Nevertheless, all polarization plots could be grouped into three 
distinctive cases: i) curves showing no hysteresis, ii) curves showing high EP and little hysteresis, and 
iii) curves showing large positive hysteresis loops.  Figure 5 illustrates the three cases. The inflection 
seen in curves showing no hysteresis or high EP and little hysteresis was, primarily, associated with the 
oxygen evolution reaction caused by water oxidation.  The presence of small pits concurrent with 
oxygen evolution translated into small hysteresis loops. Given that the total current is the sum of pit 
propagation and water oxidation, it was not possible to discern whether Cragnolino’s 10 C/cm2 critical 
charge density criteria was met in those cases. In contrast, curves displaying large positive hysteresis 
loops were always associated with pitting corrosion. Although pitting corrosion was accompanied by 
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uniform dissolution, especially at higher temperatures, it is reasonable to assume that most of the 
current was associated with pitting corrosion. Integration of the current density versus time curve 
confirmed that the deep pit condition was exceeded in all cases. Thus, ERP values corresponded to a 
lower-bound critical potential that could be used to estimate the conditions for crevice corrosion 
initiation29,31,32.  
 
To be consistent with Sridhar et al.31, EP was determined at the inflection point of the E vs. i plot, while 
ERP values were determined as the potential, in the backward scan, where the current density reached 
2 µA/cm2. Likewise, the passive current density, ipass, was measured as the mean current density in the 
passive region. Table 7 and Table 8 summarize EP, ERP, and iPass values for SA and HT conditions, as 
indicated.  
 
To evaluate the marked effect of σ -phase on localized corrosion resistance, CPP testing of samples 
with approximately 30-vol% σ-phase was conducted at room temperature. Figure 6 shows that even at 
20°C the alloy became intrinsically susceptible to localized corrosion, with an ERP close to the initial 
ECorr. 
 
CPT and TProt measurements 
 
CPT was determined by measuring the temperature at the inflection point of EP versus temperature 
diagrams. The protection temperature (TProt) was determined at the infection point of ERP versus 
temperature diagrams. Figure 7 and Figure 8 compare EP and ERP vs. temperature curves for the SA 
condition, as shown. Figure 9 and Figure 10 compare EP and ERP vs. temperature diagrams for the HT 
condition as indicated. CPT and TProt values are summarized in Table 9. 
 
The CPT of SA samples was 65-75°C for the as polished condition and 75°C for pickled surfaces. 
There was some degree of uncertainty in establishing CPT for as polished SA samples as the transition 
was more gradual than in other cases. Tests in the 75-60°C range using smaller temperature interval 
could give a better approximation. A 5-vol% σ-phase resulted in a 25-35°C drop in CPT. In this case, 
no distinguishable differences between as polished and pickled surfaces were observed. These results 
are in line with the marked decrease in CPT shown by Mathiesen and Hansen for 22Cr DSS as 
measured by ASTM G150 testing15,35. In this regard, the authors reported CPT between 37 and 45°C 
for samples heat-treated at 850°C and with approximately 3.7-4.0-vol% σ-phase.  
 
As explained by Sridhar and Cragnolino31, ERP becomes independent of prior pit growth only above 
certain pit depth. In this case, the authors explained, one can visualize a growing pit as a special form 
of crevice corrosion28-29, 31. The ERP is, then, an indirect estimator of the ease with which a crevice can 
grow stable. Given that the deep pit condition was met or exceeded above the inflection point in ERP vs 
T curves, TProt was used as an estimator of the CCT of the alloy. Although ERP and TProt cannot provide 
mechanistic information regarding crevice corrosion kinetics, both parameters relate to conditions 
leading crevice corrosion initiation29,31. CCT indirectly estimated by ERP vs. temperature curves 
(CCT|ERP) was 10-20°C lower than CPT and independent of surface finish in the SA condition. The 
presence of 5-vol% σ-phase lowered CCT|ERP to as low as 35°C. Interestingly, CCT|ERP of HT samples 
was 10°C higher for the pickled surface than for the as polished surface. Likewise, ERP values 
suggested that 30-vol% σ-phase could result on crevice corrosion at 20°C, Figure 6. 
 
Optical microscopy was used to determine the presence or absence of pitting corrosion as a function of 
temperature. Pitting corrosion was observed only on samples tested above CPT. However, pitting 
corrosion morphology was markedly different between SA and HT samples, Figure 11. SA samples 
were characterized by small pits that were densely distributed36. In contrast, pits on HT samples were 
larger and more isolated than in the SA condition, with a tendency to nucleate towards the periphery of 
the test coupons. It was not the scope of this investigation to study the difference in morphology. More 
research is needed to understand the effect of σ-phase precipitation on pit formation. 
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CPTs as determined by CPP testing were 5 to 15°C lower than reported CPT values for the same alloy 
in 6-wt% and 10 wt-% FeCl3 and 10 to 20°C lower than CPT values obtained by ASTM G150 testing, 
Table 2. However, CPT values obtained herein were in excellent agreement with results reported by 
Steinsmo et al. for the same alloy but evaluated potentiostatically at 600 mV vs. Ag/AgCl37. Results 
were also in excellent agreement with Tsaprailis et al.38. Tsaprailis and coworkers obtained a 
CPT=71°C for UNS S32750 in 10-wt% FeCl3, determined using zero resistance amperometry (ZRA) 
and a temperature scan rate of 0.5°C/min.  
 
Although CCT|ERP values in the SA were 5°C higher than reported CCT values obtained by 
conventional ASTM G48 method D, results were in excellent agreement with CCTs reported by Høydal 
et al39. Høydal and coworkers investigated crevice corrosion of UNS S32760 as a function of 
temperature using flat polytetrafluoroethylene (PTFE) rods as crevice formers. Samples were then 
polarized potentiostatically at various anodic potentials and the temperature increased 4°C/day. The 
authors reported CCT values of 51 ± 1°C at 600 mV vs. Ag/AgCl and between 61 and 63 for potentials 
in the 500 to 550 mV vs. Ag/AgCl range. Results differed, nonetheless, 15 to 20°C with CCTs obtained 
by Iannuzzi et al.40. The authors conducted CCT measurements on a 25-wt% Cr SDSS in 6-wt% FeCl3 
using electrochemical noise analysis on samples with prism crevice assemblies (PCA). As discussed 
by the authors, the low CCT value of 35 to 40°C could have been related to the conservative 5-µA 
critical current criterion used to define the onset of crevice corrosion. 
 
Differences between CCT|ERP and CCT are difficult to examine given that crevice corrosion is strongly 
related to crevice geometry and, for practices using crevice formers, the material used for the multi-
crevice assembly (e.g. PTFE, ceramic, or PTFE-covered ceramic) and torque. Nevertheless, it is 
interesting to highlight the close agreement between critical crevice temperatures estimated by TProt and 
CCT obtained using conventional methods. Although more research is still needed to validate the use 
of ERP to gauge crevice corrosion initiation, ERP as determined by CPP testing on coupons without 
multi-crevice formers was a good estimator of crevice corrosion resistance. Moreover, ERP was 
sensitive to the presence of deleterious phases and it could be used in quality control and as part of a 
corrosion risk management program.   
 
Despite its potential, the use of ERP to gauge crevice corrosion resistance has limitations. For cases 
where only little hysteresis is observed and when pitting is concurrent with oxygen evolution and/or 
transpassive dissolution, the system will not meet the deep pit condition. Therefore, ERP values, as 
determined by conventional CPP testing, cannot be used to determine immunity to localized corrosion.  
 
The induction time for pit initiation becomes increasingly important for borderline situations close to 
CPT. The relatively fast scan rate of ASTM G61 CPP testing could lead to an overestimation of the 
CPT and CCT|ERP, simply because the scan is reverted before a critical environment develops inside 
metastable pits. In other words, the actual CPT and CCT|ERP values could be lower than those 
obtained as per ASTM G61. Tests at slower potential scan rates as well as alternative electrochemical 
techniques such as the potentiodynamic-galvanostatic-potentiodynamic (PD-GS-PD) and 
potentiodynamic-potentiostatic-potentiodynamic (PD-PS-PD)41 methods and ZRA38,42,43 could give 
valuable information about the influence of test conditions on CPT and CCT. 
 

CONCLUSIONS 
 
In this work, the effect of both σ -phase precipitation and surface finish on the localized corrosion 
resistance of a 25-wt%Cr SDSS (UNS S32750) was investigated. The following conclusions were 
drawn based on the evidence presented herein: 
 

1. σ-phase precipitation had a marked effect on localized corrosion resistance. A 5-vol% σ-phase 
precipitation resulted in a 25-35°C decrease in CPT and CCT|ERP.  

2. ERP values suggested that 30-vol% σ-phase could result in crevice corrosion at 20°C.  
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3. Surface finish had no conclusive effect on EP and ERP. However, pickled samples showed better 
reproducibility and, for HT samples, mean CCT|ERP values that were 10°C higher than those 
obtained in the as polished condition.  

4. CCT values as estimated by ERP were in very good agreement with reported ASTM G48 method 
D data and potentiostatic testing, suggesting that ERP measured using coupons without crevice 
formers could be used to estimate crevice corrosion resistance. 

5. EP and ERP were both sensitive to the presence of deleterious phases. EP and ERP could be 
used in quality control and as part of a corrosion risk management program. 

6. Given the relatively fast scan rate of the ASTM G61 test method and the need to meet the deep 
pit condition, ERP values cannot be used to determine immunity to localized corrosion. Tests at 
slower scan rates (e.g. 60 mV/h vs. 600 mV/h in ASTM G61) at temperatures above and below 
CPT/CCT are recommended for future research. 
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Table 1. Nominal composition of common DSS and SDSS. 

UNS S Cr (wt%) Mo (wt%) Ni (wt%) N (wt%) Other (wt%) 
32205/31803 22 to 23 3.0 to 3.5 4.5 to 5.6 0.14 to 0.20 Mn< 1.2, S <0.001, P<0.030,    C< 0.020, Si<0.8 

32750 24 to 26 3.0 to 5.0 6.0 to 8.0 0.24 to 0.32 Mn< 1.2, S <0.015, P<0.035, C< 0.030, Si<0.8 

32760 24 to 26 3.0 to 4.0 6.0 to 8.0 0.20 to 0.30 W: 0.5-1.0, Cu: 0.5-1.0, Mn< 1.0, S <0.01, 
P<0.03, C< 0.030, Si<1.0 

S39274 24 to 26 2.5 to 3.5 6.0 to 8.0 0.24 to 0.32 W: 1.50-2.50,Cu: 0.20-0.80, Mn< 1.0, S <0.02, 
P<0.03, C< 0.030, Si<0.80 

 
Table 2. Mechanical properties and CPT and CCT of common stainless steels and nickel alloys. 

Property 22Cr DSS 25Cr SDSS UNS S31603 UNS N06625 UNS N07725* 
Specified minimum yield strength, SMYS or RP 
(0.2% offset) (MPa) 450 550 205 415 920 

Tensile Strength, RM (MPa) 620 750 515 825 1268 
Min. Elongation to failure, A (%) 25 25 35 30 30 
CPT/CCT (10-wt% FeCl3)44 - ASTM G48. 30/20 80/50 <25/<0 >85/30-35 >85/35 
CPT (1M NaCl) (°C) - ASTM G15045 55 85-95 30 >95 >95 
* Age-hardened condition 

 
Table 3. Summary of current oil and gas specifications describing localized corrosion testing procedures. 

Test Condition O&G Specification or International Standard 
NORSOK M-6306 Company A46 Company B21 Company C47 

Standard ASTM G48 (Method A) ASTM A923 ASTM G48 (Method A) ASTM G48 (Method A) 
Exposure time (h) 24 24 24 24 
Temperature (°C) 50 50 40 50 
Surface finish Pickled + passivated* Not pickled Pickled + passivated* As received 
Acceptance criteria No pitting at 20 X No pitting at 20 X No pitting at 20 X No pitting at 20 X 
Max. CR (g/m2) 4 10 For information only 4 
* Passivation done by storing pickled samples 24h in a desiccator prior testing. 

 
Table 4. Actual chemical composition in wt% and PREN. 

C Si Mn P S Cr Mo Ni W Cu N Co PREN 
0.02 0.32 0.56 0.019 0.0004 25.74 3.31 6.92 0.55 0.20 0.267 <0.05 40.93 

 
Table 5. Actual mechanical properties. 

Rp 0.2 (MPa) Rm (MPa) Elongation to failure, A (%) Avg. CVN (J) @-46 °C Hardness (HRC) 
582 830 38 305.7 22.5 
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Table 6. Experimental test matrix. 
Test Temperature (°C) SA - Polished SA - Pickled HT - Polished HT - Pickled 

20 Test 1 Test 9 Test 17 Test 25 
30 Test 2 Test 10 Test 18 Test 26 
40 Test 3 Test 11 Test 19 Test 27 
50 Test 4 Test 12 Test 20 Test 28 
60 Test 5 Test 13 Test 21 Test 29 
70 Test 6 Test 14 Test 22 Test 30 
80 Test 7 Test 15 Test 23 Test 31 
90 Test 8 Test 16 Test 24 Test 32 

 
Table 7. EP, ERP, and iPass for the SA condition. 

Surface Finish Temperature 
(°C) 

EP  
(V vs. SCE) 

ERP  
(V vs. SCE) 

ipass  
(µA/cm2) 

As Polished 

20 0.965 1.0395 1.52 
30 0.957 0.971 1.43 
40 0.905 1.008 1.345 
50 0.995 0.8475 1.78 
60 0.967 0.333 1.53 
70 0.845 0.063 1.92 
80 0.533 -0.0484 5.835 
90 0.208 -0.0125 0.75 

Pickled 

20 0.947 1.003 2 
30 0.9115 0.977 1.515 
40 0.8705 1.0015 1.85 
50 0.89 0.94 2.085 
60 0.801 0.197 1.92 
70 0.845 0.037 2.025 
80 0.547 -0.00465 1.783 
90 0.5205 -0.0308 1.38 

 
Table 8. EP, ERP, and iPass for the HT condition. 

Surface Finish Temperature 
(°C) 

EP  
(V vs. SCE) 

ERP  
(V vs. SCE) 

ipass  
(µA/cm2) 

As Polished 

20 0.873 0.928 0.90 
30 0.875 0.91 0.89 
40 0.834 0.189 0.51 
50 0.033 0.042 N/A 
60 0.0575 -0.028 N/A 
70 -0.01265 -0.0775 N/A 
80 -0.017 -0.077 N/A 
90 -0.072 -0.078 N/A 

Pickled 

20 0.8235 0.927 1.44 
30 0.6135 0.838 0.71 
40 0.835 0.85 1.43 
50 0.2875 0.085 0.76 
60 0.2135 -0.03 0.4 
70 0.0755 -0.07015 0.4 
80 0.174 -0.086 N/A 
90 0.0282 -0.1005 N/A 

 
Table 9. Summary of CPT and CCT values. 

Microstructure Surface Finish Mean CPT (°C) Mean TProt or CCT|ERP (°C) 
SA Polished (600 grit SiC) 65-75 55 
SA Pickled (NORSOK M-630) 75 55 

HT (5 vol% σ-phase) Polished (600 grit SiC) 45 35 
HT (5 vol% σ-phase) Pickled (NORSOK M-630) 45 45 
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Figure 1. UNS S32750 TTT diagram after Nilsson (2)

. 
 

 
Figure 2. UNS S32750 cyclic anodic polarization curve in 3.50-wt% NaCl at 25°C illustrating how EP and ERP were 

estimated. 
 
 

 
Figure 3. Sample geometry and dimensions (in mm). 
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a 

 
b 

 
c 

Figure 4. Optical micrographs showing: (a) solution annealed microstructure free of σ-phase, (b) microstructure heat 
treated for 7 minutes at 875°C showing the presence of 5% σ-phase, and (c) microstructure heat treated for 30 

minutes at 875°C showing the presence of 30% σ-phase 

 
a 

 
b 

 
c 

 
Figure 5. Cyclic anodic polarization curves showing: (a) no-hysteresis, (b) small hysteresis and high EP, and (c) clear 

positive hysteresis loop. 
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Figure 6. Cyclic anodic polarization curves comparing the effect of a 30 min isothermal heat treatment at 875°C on the 

localized corrosion response of UNS S32750. 
 
 

 
a 

 
b 

Figure 7. EP vs. temperature diagrams for SA samples: (a) polished and (b) pickled. 
 
 

 
a 

 
b 

Figure 8. ERP vs. temperature diagrams for SA samples: (a) polished and (b) pickled. 
 

30-vol% σ-phase  

CCT|ERP = 45° C CCT|ERP = 55° C 
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a 

 
b 

Figure 9. EP vs. temperature diagrams for HT samples with 7-vol% σ-phase: (a) polished and (b) pickled. 
 
 

 
a  

b 
Figure 10. ERP vs. temperature diagrams for HT samples with 7-vol% σ-phase: (a) polished and (b) pickled. 

 
 

 
a 

 
b 

 
Figure 11. Optical micrographs after CPP testing of: (a) SA and (b) HT sample. 

 

CCT|ERP = 35° C CCT|ERP = 45° C 
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