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Lean duplex stainless steels have been developed in Korea for the purpose of being used in the seawater 
systems of industry. There are also many important seawater systems in nuclear power plants. These systems
supply seawater to cooling water condenser tubes, heat exchanger tubes, related pipes and chlorine injection
systems. The flow velocity of some part of seawater systems in nuclear power plants is high and damages
of components from corrosion are severe. The considered lean duplex stainless steels are STS329LD 
(20.3Cr-2.2Ni-1.4Mo) and STS329J3L (22.4Cr-5.7Ni-3Mo) and PRENs of them are 29.4 and 37.3 respectively.
Physical, mechanical and micro-structural properties of them are evaluated, and electrochemical corrosion
resistance is measured quantitatively in NaCl solution. Critical Pitting Temperatures (CPT)s are measured
on these alloys and pit depths are evaluated using laser microscope. 
Long period field tests on these alloys are now being performed, and some results are going to be presented
in the following study.
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1. Introduction

Stainless steels are composed of various alloying ele-
ments. In duplex stainless steels, particularly, a combina-
tion of alloying elements is very important because of the 
ratio of ferrite and austenite phases. Duplex stainless steels 
can be categorized on the base of PREN30 as follows;1)-7) 
the alloys under 40 of PREN30 are composed of Cr: 21~ 
23%, Mo: 1~3%, Ni: 5~7% N: 0.1~0.25%, and the alloys 
in the range of 40~50 of PREN30 possess Cr: 24~26%, 
Mo: 2~4%, Ni: 6~7% N: 0.2~0.3%, and the alloys over 
50 of PREN30 have Cr 25~28%, Mo: 4~6%, Ni: 6~9%, 
W: 1~5% N: 0.3~0.4%. In order to make a higher PREN30 
of alloy in general, chromium content should be increased. 
In addition, Mo, W, and N were added to improve the 
localized corrosion resistance and mechanical properties. 
Furthermore, Ni content was increased to control the ratio 
of α/γ and enhance the corrosion resistance.

  Ni in the passive film exists as Ni2+ and NiO,8) and 
NiO and hydrated NiO.9)-11) Also, Ni reduces the critical 
passive current density (ic) in the polarization curve and 
then facilitates the passivation.12) That is, the passive cur-
rent density (ip) and primary passive potential (Epp) are 
lowered and pitting potential (Ep) increases. With increas-
ing Ni content, the ratio of ferrite phase is reduced. Fe- 
xCr-yNi alloys are sensitive to SCC in the range of 8~12% 
Ni but its resistance increases below or above its range.13),14) 
Common duplex stainless steels have 5~9% Ni, which in-
creases pitting resistance, cavitation resistance, and bend-
ing fatigue strength of them. On the other hand, Fe-xCr- 
yNi-3Mo-0.15N alloys shows lowered corrosion resistance 
when Ni content is reduced below 4% and thus it is sug-
gested that Cr content should be over 22% when the alloys 
have below 4% Ni.3),15)

  Ni plays important role in stainless steels as reviewed 
above, but low Ni duplex stainless steels have been still 
developed because of the expensive Ni cost.
  In this work, lean duplex stainless steels of STS329LD 
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Table 1. Chemical compositions of duplex stainless steels made by POSCO (unit: wt%)

C Si Mn P S Ni Cr Mo Cu N Fe PREN
STS329LD 0.02 0.58 2.45 0.021 0.0004 2.2 20.3 1.4 0.02 0.15 Bal. 29.4
STS329J3L 0.03 0.58 1.16 0.026 0.0009 5.7 22.4 3.1 0.1 0.16 Bal. 37.3

(20.3Cr-2.2Ni-1.4Mo-0.15N) and STS329J3L (22.4Cr- 
5.7Ni-3Mo-0.16N) were manufactured. Mechanical and 
micro-structural properties of them are evaluated, and elec-
trochemical corrosion resistance is measured quantitatively 
in NaCl solution. Chemical corrosion resistance is also 
evaluated.

2. Experimental

  The stainless steels evaluated in this study were pre-
pared from commercially produced ingot and hot-rolled 
plates by POSCO. The hot rolled specimens were annealed 
at 1,025 ℃ for 10 minutes, water quenched, and acid 
pickled. A small section was cut after each procedure and 
was used for chemical analysis. 
  Specimens for optical microscopic analysis were pre-
pared from cutting the plate to pieces in size 1.5ⅹ1.5 
cm. They were fixed in epoxy resin and polished using 
a SiC paper up to #2000. Vibration polisher was used for 
specimen to have mirror surface. The composition of elec-
trolytic etching solution for microscopic analysis was 30 
wt% KOH (2V, 10sec). Specimens for hardness tests were 
prepared by the same procedures as those of optical micro-
scopic analysis and micro-Vickers hardness of them were 
measured.
  The experimental alloys were subjected to anodic polar-
ization in 0.1%, 1.0%, 3.5% NaCl solution at 30 ℃. A 
potentiostat (Gamry DC 105) was used in the anodic polar-
ization test. The specimen was polished to #600 using Sic 
paper. After rinsing them, their surfaces were covered by 
epoxy resin with only 1 cm2 of surface area being exposed 
to test solution. The solution was deaerated by purging 
them with pre-purified nitrogen gas for 30 minutes at a 
rate of 100 ml/min. prior to immersion of the specimen. 
After immersion, a cathodic potential of -200 mV(SCE) 
below its corrosion potential was applied to the specimen 
for 10 min. The specimen was then maintained for 10 
min. at an open circuit potential, and subsequently polar-
ized anodically from its corrosion potential at a scanning 
rate of 1 mV/min. A saturated calomel electrode (SCE) 
was used as a reference electrode and high-density graphite 
rods as counter electrodes.
  The critical pitting temperature was measured by the 
method described in ASTM G48-03.16) Test solution was 

6% FeCl3 + 1% HCl and the specimen was polished to 
#120 using a SiC paper. The starting temperature was 
based on ASTM G48-03 and the specimen was immersed 
for 24 hours at each temperature.

3. Results and discussion

  Table 1 shows the chemical compositions of duplex 
stainless steels produced by POSCO. STS329LD has 
Fe-20.3Cr-2.2Ni-1.4Mo-0.15N and STS329J3L consists of 
Fe-22.4Cr-5.7Ni-3.1Mo-0.16N. Fig. 1 shows the optical 
microstructures of duplex stainless steels; (a) STS329LD 
and (b) STS329J3L. White portions are austenite phase 
and dark portions are ferrite phase. Ferrite phase is longi-
tudinally stretched by rolling work.

100 μm

(a)

(b)
Fig. 1. Optical microstructures of duplex stainless steels; (a) 
STS329LD, (b) STS329J3L.
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Fig. 2. Ferrite contents of duplex stainless steels.
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Fig. 3. Micro-Vickers hardness on austenite and ferrite phases 
of duplex stainless steels.
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Fig. 4. Polarization curves of (a) STS329LD and (b) STS329J3L in deaerated 30 ℃, 0.1% NaCl, 1% NaCl, 3.5% NaCl solutions.

  Ferrite content was measured by the image analyzer. 
Fig. 2 shows the ferrite contents of the experimental alloys. 
Ferrite content of STS329LD was 50.9% and its content 
of STS329J3L was 57.6%.
  Fig. 3 shows the micro-Vickers hardness on austenite 
and ferrite phases of duplex stainless steels. Regardless 
of phases, the hardness of STS329J3L was higher than 
that of STS329LD. Regardless of the alloys, the hardness 
of the ferrite phase was also higher than that of the austen-
ite phase. However, the hardness of austenite in STS329J3L 
was higher than that in STS329LD in comparison with 
those of ferrite phases. It seems to be attributed to the 
ferrite content of the alloys. In other words, since austenite 
content in STS329J3L is lower than that in STS329LD 
and nitrogen contents in two alloys are similar, nitrogen 

concentration of the austenite in STS329J3L may be higher 
than that in STS329LD and thus the hardness of austenite 
in STS329J3L was higher than that in STS329LD.
  Fig. 4 shows polarization curves of (a) STS329LD and 
(b) STS329J3L in deaerated 30 ℃, 0.1% NaCl, 1% NaCl, 
3.5% NaCl solutions. In case of STS329LD, the pitting 
potential decreases as chloride concentration increases. 
However, pitting potential is similar to the oxygen evolu-
tion potential in case of STS329J3L.
  Fig. 5 shows a process for determining Critical Pitting 
Temperature (CPT) according to ASTM G48 Method E; 
(a) for STS329LD and (b) for STS329J3L. The red hori-
zontal dotted lines in these figures mean the pit-indicative 
criterion - 0.1 mg/cm2. In case of 329LD, the weight loss 
at 20 ℃ is under the pit-indicative criterion but weight 
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Fig. 5. A process for determining CPT according to ASTM G48 Method E; (a) STS329LD, (b) STS329J3L (horizontal dotted 
line means the pit-indicative criterion - 0.1 mg/cm2.

(a)

(b)
Fig. 6. (a) 3D image and (b) depth profile for determining a pitting using a confocal laser scanning microscope of STS329J3L 
after 24hours-immersion in 45 ℃, 6% FeCl3 + 1% HCl solution.

losses at 25, 30 ℃ exceed the pit-indicative criterion. 
329J3L shows weight losses under the pit-indicative crite-
rion at 30, 35, 40 ℃ but weight loss at 45 ℃ exceeds 
the pit-indicative criterion. ASTM G48 recommends a vis-
ual examination for measurement of pitting initiation such 

as photographic reproduction when mass loss corrosion 
rate is greater than or equal to 0.1 mg/cm2. The specifica-
tion also specifies that a more detailed examination will 
include the measurement of maximum pit depth, average 
pit depth, pit density using needle point micrometer gauge 
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Table 2. Test result of pitting corrosion of STS329J3L by ASTM 
G48-03 method E

Test temperature 30℃ 35℃ 40℃ 45℃

Weight loss(mg) 0 0.1 0.2 3.6

Weight loss(mg/cm2) 0 0.01 0.03 0.48

Pit or not by ASTM 
G48(>0.1mg/cm2) none none none yes

Pit or not by penetration test none none none yes

Pit or not by ASTM G48
(>25μm) none none none 556.4μm

CPT ‐ ‐ ‐ 45℃

or microscope with calibrated fine-focus knob or calibrated 
eyepiece. In this work, another method was applied; the 
penetration test to find pit sites and pit depth measurement 
using a confocal laser scanning microscope (Olympus, 
LEXT OLS-3000). Fig. 6(a) shows 3D image on pitted 
surface and Fig. 6(b) is a depth profile for determining 
a pit using a confocal laser scanning microscope of 
STS329J3L after 24 hour-immersion in 45 ℃, 6% FeCl3 
+ 1% HCl solution. The penetration test and confocal laser 
scanning microscope could measure locations of pits and 
the exact pit depths. Table 2 is the summary of CPT de-
termining process of STS329J3L. In case of 45 ℃ test, 
weight loss of the alloy exceeds the pit-indicative criterion 
and pit site is detected by the penetration test. The pit 
depth of it was measured as 556.4 μm by the confocal 
laser scanning microscope. Finally, CPT of STS329J3L 
was determined as 45 ℃.

4. Conclusions

  1) The chemical compositions of duplex stainless steels 
by POSCO were Fe-20.3Cr-2.2Ni-1.4Mo-0.15N (STS329LD) 
and Fe-22.4Cr-5.7Ni-3.1Mo-0.16N (STS329J3L). Ferrite 
phase was longitudinally stretched by rolling works and 
its contents of STS329LD and STS329J3L were 50.9% 
and 57.6% respectively.
  2) The hardness of austenite of STS329J3L is higher 
than that of STS329LD in comparison of those of the 
ferrite phase. It seems to be due to the ferrite content of 
the alloys. In other words, since austenite content 

inSTS329J3L is lower than that in STS329LD and nitro-
gen contents in two alloys are similar, nitrogen concen-
tration of the austenite in STS329J3L may be higher than 
that in STS329LD.
  3) The penetration test and the confocal laser scanning 
microscope made it possible to measure the location of 
pits and the exact pit depths. CPT determining process 
includes weight loss measurement, pit site identification 
by the penetration test and pit depth measurement by the 
confocal laser scanning microscope. Finally, CPTs of 
STS329LD and STS329J3L were determined as 25℃ and 
45 ℃ respectively.
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