
INTEGRITET I VEK KONSTRUKCIJA 

Vol. 23, br.3 (2023), str. 307–317 

STRUCTURAL INTEGRITY AND LIFE 

Vol. 23, No.3 (2023), pp. 307–317 

 

307 

Agha Inya Ndukwe*, Justus Uchenna Anaele 

CORROSION OF DUPLEX STAINLESS-STEEL WELDMENTS: A REVIEW OF RECENT 

DEVELOPMENTS 

KOROZIJA DUPLEKS NERĐAJUĆIH ČELIKA: PREGLED SKORIH ISTRAŽIVANJA  

 
Originalni naučni rad / Review paper 

UDK /UDC:  

 

Rad primljen / Paper received: 2.03.2023 

Adresa autora / Author's address: 

Department of Materials & Metallurgical Engineering, 

Federal University of Technology, Owerri, Imo State, 

Nigeria    *email: agha.ndukwe@futo.edu.ng  
 
Keywords 

• corrosion 

• duplex stainless steel 

• weldment 

• pitting 

• welding 

Abstract 

This work covers the review of previous studies on the 

corrosion of welded joints of duplex stainless steel (DSS) 

from 2015-2022. DSS alloys have been welded using a vari-

ety of processes including laser fibre, gas tungsten arc, 

shielded metal arc, and underwater flux-cored arc welding. 

The predominant corrosive media these welded joints were 

subjected to in corrosion studies were NaCl (1 M), ferric 

chloride (6 %), MgCl2 (45 wt.%), HCl (1 M), and H2SO4 (2 

M). The reported results revealed that the Mo concentra-

tion in hyper-duplex stainless steel was shown to not affect 

weldment corrosion; rather, low pitting resistance equiva-

lent number (PREN) austenite regions and austenite-ferrite 

grain boundaries were prone to pitting and intergranular 

corrosion. The material's stir (friction) welded joint (S32750) 

was reported to have the best corrosion resistance in NaCl 

(1 M). The weldment of the DSS joint generated by gas 

tungsten arc welding was found to be more resistant to 

pitting than that produced by shielded metal arc welding. 

Ključne reči 

• korozija 

• dupleks nerđajući čelik 

• zavareni spoj 

• piting 

• zavarivanje 

Izvod 

U radu je dat pregled prethodnih istraživanja o koroziji 

zavarenih spojeva od dupleks nerđajućih čelika (DSS), od 

2015-2022. Legure DSS su zavarene primenom raznih postu-

paka, uključujući lasersko, TIG, obloženom elektrodom, kao i 

podvodnim elektrolučnim zavarivanjem punjenom žicom. 

Dominantne korozivne sredine kojima su tretirani ovi zava-

reni spojevi bile su NaCl (1 M), ferihlorid (6 %), MgCl2 (45 

tež.%) i H2SO4 (2 M). Dobijeni rezultati pokazuju da koncen-

tracija molibdena u hiper-dupleks nerđajućem čeliku ne utiče 

na koroziju zavarenog spoja; zapravo, niska vrednost poka-

zatelja ekvivalenta otpornosti prema piting koroziji (PREN) 

oblasti austenita i austenitno-feritne granice zrna su bile 

podložne pitingu i interkristalnoj koroziji. Najbolju otpornost 

prema koroziji u NaCl (1 M) pokazao je zavareni spoj 

(S32750) dobijen zavarivanjem trenjem sa mešanjem. Zava-

reni spoj DSS dobijen zavarivanjem TIG postupkom pokazao 

je veću otpornost prema pitingu u odnosu na spoj dobijen 

zavarivanjem obloženom elektrodom. 

INTRODUCTION 

Duplex stainless steels (DSS) consist of commensurate 

proportions of face-centred cubic (austenite) and body-

centred (ferrite) with minimal content (less than 0.03 wt.%) 

of carbon. They are fundamentally rooted in the Fe-Cr-Ni 

system with 4-8 % Ni, and 20-30 % Cr compositions, /1-2/. 

On the other hand, Super duplex stainless steels (SDSS) are 

dual-phase alloys with ferrite and austenite volume fractions 

as near to 50/50 as feasible at room temperature. Despite the 

good mix of characteristics, SDSS can suffer from hydrogen 

embrittlement, /3/. 

Many issues have been connected with the welding of 

duplex stainless steels; however, attempts are being made to 

determine the optimal parameters and chemical combina-

tions that can result in great welds. Duplex stainless steels 

offer stronger resistance to crevice and pitting corrosion 

than conventional austenitic stainless steels and may resist 

chloride-induced stress-corrosion cracking /1/. This is true 

owing to the inclusion of larger levels of C, Cr, Ni, and Mo 

than the typical austenite stainless steel /5/. Electrochemical 

impedance spectroscopy (EIS) has recently been widely used 

to understand the mechanism of corrosion behaviour in stain-

less steel /4/. The research to evaluate corrosion behaviour 

of a stir (friction) welded DSS joint indicates that the corro-

sion resistance of the weld was higher than that of the 

underlying material, and it increased as the heat input 

increased, /6/. 

New operational requirements of many oil and gas sectors 

have necessitated unprecedented improvement in the produc-

tion of highly corrosion-resistant alloys /7/. Since the early 

1980s, the use of DSS in the oil and gas sector has geo-

metrically increased owing to their exceptional resistance to 

pitting in chloride-based media, and appreciable toughness 

at low temperatures /8/. Bilyy et al. /9/ acknowledged that 

the combination of strength and effective corrosion resistance 

has made DSS stand out above stainless steels that are 

majorly austenitic or ferritic. These excellent features exhib-

ited by DSS hinge on the microstructure, and satisfactory 

balance of the constituent alloying elements including heat 

treatment /10/. In essence, DSS can serve as a preferred alter-

native to either austenitic- or ferritic-based stainless steel 

/11/. 
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Several aspects of the welding process have been identi-

fied to influence pitting corrosion resistance. These features 

are not limited to /1/: 

i. root pass nitrogen loss, and 

ii. the manifestation of a certain degree of degradation at 

the underside of the root head. 

The degree to which corrosion resistance is reduced is 

determined by which of these factors is active and to what 

extent, /1/. 

GRADE DESIGNATION AND CORROSION OF DUPLEX 

STAINLESS STEEL WELDMENTS 

Development and grade designation of DSS 

The first manufactured common duplex stainless steel has 

been reported to consist of Ni (3-4 %), Cr (25 %), and Mo 

(1.5 %) and is referred to as type 329 (S32900). When 

welded, however, this grade loses its optimal balance of 

austenite and ferrite, reducing corrosion resistance and tough-

ness /1, 12/. Advances in technology, aimed at remedying 

the situation led to the introduction of nitrogen in stainless 

steel through the argon-oxygen decarburization technology. 

By this development, the introduced nitrogen increased the 

formation of austenite from the ferrite, even at an elevated 

temperature to ensure that the acceptable proportions of fer-

rite-austenite components are maintained within the heat-

affected zone after completing the welding process, /13/. 

Duplex stainless steels have three fundamental forms 

including super duplex (high-alloy), intermediate (medium-

alloy), and low-alloy grades. The relationship /14/ may be 

used to characterize duplex stainless steels based on their 

pitting resistant equivalent number with nitrogen (PREN): 

PREN = % Cr + 16  (% N) + 3.3  (% Mo). (1) 

If by any means, the element W is made to be a constitu-

ent material in the duplex stainless steel, the accompanying 

PREN equation becomes /1/: 

PREN-W = % Cr + 0.5% W + 16(% N) + 3.3(% Mo)  (2) 

 

Figure 1. Schematic illustration of the categorization of DSS based 

on their PREN, /14-15/. 

According to Francis and Byrne /15/, different types of 

duplex stainless steels (Fig. 1) may be categorized based on 

the PREN including hyper DSS (up to 48, but less than 55 

PREN), super DSS (up to 40 but less than 48 PREN), stand-

ard DSS (up to 30, but less than 40 PREN), and lean DSS 

(up to 24, but less than 30 PREN). It is worth of mention 

that these classes of DSS can have different characteristics, 

but they possess a shared morphology of commensurate 

austenite and ferrite proportions, /5/.  

Prediction of weld metal structure 

The weld metal structure of DSS material can be predicted 

using the Welding Research Council (WRC) - 1992 consti-

tution diagram /62-63/. WRC -1992 constitution diagram was 

developed from manual metal arc weld metal and applies to 

common arc welding processes /62/. Predictions can be made 

for a particular composition by categorizing alloying elements 

as ‘ferrite stabilizing’ (such as Cr, Mo, Si, Nb) or ‘austenite 

stabilizing’ (such as Ni, Mn, C and N) and calculating the 

‘Cr and Ni equivalents’ which are then plotted on the Fe-

Cr-Ni equilibrium diagram /64/. The concept of Ni equiva-

lent (Nieq) is the term used for cumulative effects of austen-

ite stabilizing elements as a weighted summation of their 

respective concentration levels. On the other hand, Cr equiv-

alent (Creq) is the term used for cumulative effects of ferrite 

stabilizing elements as a weighted summation of their respec-

tive concentrations, /62/. 

The weld metal structure is better understood by referring 

to Fe-Cr-Ni equilibrium diagram /65/. From the Fe-Cr-Ni 

equilibrium plot /65/, it can be seen that the composition of 

DSS lies within the  +  phase region. DSS have high cor-

rosion resistance due to a balanced austenite-ferrite micro-

structure, /75/. Austenite structures are formed in the weld 

under conditions when Creq/Nieq < 1.5 and there is no further 

change in the structure after solidification. The duplex struc-

ture is formed in the weld metal under the condition when 

Creq/Nieq ≈ 1.5-1.6. Fully ferritic weld metal structures are 

formed under the condition when Creq/Nieq > 1.9, /66/. How-

ever, studies have shown that the base metal of DSS has 

Creq/Nieq in the range of 2.25-3.5, /62/. Creq/Nieq for 2507 

DSS and 2205 DSS are 2.25 and 2.62, respectively, and is 

attributed to the high diffusivity of Cr and Mo in the ferrite 

phase, /62/. 

Corrosion behaviour of DSS weldments 

It has been found that the heat-affected zone (HAZ) of 

welded duplex stainless steel is more prone to deterioration 

/1, 16/. Figure 2 depicts a schematic representation of the 

heat-affected zone formed by gas tungsten arc welding. The 

situation has been identified to be caused by the unpropor-

tionate balance of ferrite/austenite fractions. 

 

Figure 2. Schematic illustration of the HAZ produced by gas 

tungsten arc welding, /17-18/. 

Weld 
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Resistance to pitting corrosion of duplex stainless-steel 

weldment is affected by the cooling rate and applied heat 

during the welding process. In essence, the resistance to pit-

ting corrosion can be enhanced by a slow cooling rate and 

higher heat input as indicated in Fig. 3a.  

 

b)

  
Figure 3. Schematic representation of the effects: a) applied heat 

on the corrosion of duplex stainless steel (S31803) welded in a 

ferric chloride-containing solution; and b) approximations of 

austenite-ferrite proportions on the resistance to pitting of duplex 

stainless steel (Fe-22Cr-5.5Ni-3.0Mo-0.12N), /1/. 

Optimal corrosion protection (see Fig. 3b) can be achieved 

by ensuring that the welding process engenders approxi-

mately equal austenite and ferrite proportions in both the 

weld metal and HAZ /1, 16/. Slowing the cooling rate, high 

heat input, pre-heating in multi-pass welding operations, and 

controlled inter-pass temperatures can all help to achieve a 

balanced ferrite/austenite composition. Constituent alloying 

elements in duplex stainless steels play a major part in 

influencing corrosion properties, /19/. It is worthy of note 

that the duplex stainless steel has immeasurable resistance 

to elevated temperature oxidation. But it is susceptible to 

carbon precipitation including the formation of chromium  

nitrite (Cr2N) and chromium nitride (CrN) phases. This anom-

aly can be resolved by employing solution annealing and 

welding procedures under strict control, /1/. 

At prolonged exposure to high temperatures (between 

300 and 1000 °C), duplex stainless steels of a ferritic matrix 

with high alloy content are prone to embrittlement and degra-

dation of toughness. The reason for this behaviour is attribut-

ed to the precipitation of several intermetallic phases, /1/. 

OVERVIEW OF RECENT STUDIES ON THE CORRO-

SION OF DSS WELDED JOINTS 

Recent studies on the corrosion of DSS welded joints 

under various conditions are evaluated and reported in this 

section. The summary of findings occasioned by research 

relevant to the understanding of the corrosion of DSS weld-

ments resulting from different factors can be summarized in 

Table 1. 

Table 1. Summary of relevant investigations on the corrosion of duplex stainless-steel welded joints. 

Welded 

material 

Welding technique 

used 

Wire (filler) 

material used 

Corrosion study 

method employed 

Corrosive 

solution used 

Comments on weldment 

corrosion resistance 
Ref. 

DSS (2205) GTAW 

Electr. (0.024 C, 0.72 

Si, 0.80 Mn, 0.016 P, 

0.019 S, 22.22 Cr, 

9.36 Ni, 3.01 Mo, 

0.06 Nb, and 0.154 

wt.% N, bal. Fe) 

PDP NaCl (3.5 wt.%) 

As the HAZ and base metal were 

separated by more space, the 

susceptibility to corrosion 

steadily reduced. 

/20/ 

ASS (316L) 

and DSS 

(2205) 

GTAW 

AWS ER 309L, AWS 

ER 347, and AWS ER 

316L 

EIS & PDP NaCl 

The electrode AWS ER 309L 

was found to offer excellent 

corrosion resistance to the 

weldment. 

/21/ 

DSS 2205 

(UNS 

S31803) 

Laser (fibre) with 

nitrogen and argon 

as shielding gases 

- PDP NaCl (3.5 wt.%) 

The weldment's resistance to 

corrosion was improved by the 

presence of N. 

/22/ 

LDSS (UNS 

S82441) 
Stir (friction) 

Polycrystalline cubic 

boron nitride (PCBN) 

with 40% W and 25% 

Re. 

PDP 
NaCl 

(0.6 M) 

The austenitic region was found 

to be more resistant to localized 

corrosion than the ferritic phase. 

/23/ 

DSS (2205) SMAW and GTAW E2209 and E2209 
G48 (ASTM) 

method (A) 

100 grams of 

ferric chloride, 

FeCl3.6H2O, and 

900 millilitres of 

deionized water 

At 850 °C, there were significant 

concentrations of intermetallic 

phases inside the matrix, which 

caused severe pitting corrosion 

and the most metal loss. Since 

total dissolving occurred at 

1050 °C, no pitting corrosion 

was seen there. 

/24/ 

DSS (UNS 

S32101) 

(FCAW-136) 

undersea flux-cored 

arc welding, both 

dry and wet. 

ER2209 DL-EPR 

HCl (0.1%) + 

H2SO4 

(33 %) 

In comparison to the heat-

affected zone, the weld metal 

demonstrated greater resistance 

to localized corrosion. 

/25/ 

a) 
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DSS (2205) EBW - 
PDP & 

DL-EPR 
NaCl (3.5 %) 

The weldment produced using 

the electron beam welding 

method had a substantially 

greater vulnerability to pitting 

corrosion than the base metal. 

/26/ 

DSS (UNS 

S31803) 

MAG/MIG short 

circuit procedure 
ER2209 PDP NaCl (1 M) 

When the welding circumstances 

were compared, the intergranular 

corrosion resistance was 

unaffected. 

/27/ 

DSS (2205) 
GTAW 

(Numerous-pass) 
ER- 2209 DL-EPR 

HCl (1.5 M) + 

H2SO4 (2 M) 

During multi-pass welding, 

chromium nitride precipitation 

decreased the DSS joint's 

intergranular corrosion 

resistance. 

/28/ 

DSS (2507) Stir (friction) - EIS & PDP NaCl (3.5 wt.%) 

The stir zone had greater corro-

sion resistance than base metal 

because the refined grains in the 

stir zone enhanced element 

diffusion and increased the 

passivation coating's longevity. 

/29/ 

DSS (2205) 

Wet flux-cored arc 

welding in the water 

(FCAW) 

Self-shielded flux-cored 

wire based on Ni (2.7% 

Mn, 3%Cr, 35.9%Ni, 

and 56.6%Fe) 

PDP NaCl (3.5 wt.%) 

Corrosion resistance of the weld 

was found to be greater under 

high heat input, but inferior to 

that of the base material. 

/30/ 

DSS (2205) GTAW AWS E2209-16 
G48 (ASTM) 

method (A) 

Ferric chloride 

(6 %) 

When tested at 22 °C using the 

ASTM G48 Method A, no 

pitting was found in all of the 

test samples. 

/31/ 

DSS (2205) TIG & ATIG ER2209 G36 (ASTM) 
MgCl2 (45 

wt.%) at 155 °C 

Regardless of used welding tech-

niques, the resistance of joints to 

stress corrosion cracking was 

lower than that of base metal. 

/32/ 

DSS (2205) GTAW ER2209 
G48 (ASTM) 

method (A) 

FeCl3 (6 wt.%) 

at 35 oC 

Ageing treatments deteriorated 

pitting resistance, with the 

highest loss found correlating to 

thermal ageing at 850 °C per 2 h. 

/32/ 

SDSS 

(825/UNS 

S32750) 

GTAW ER347 
PDP & EIS, 

G106 (ASTM) 

NaCl 

(1 M) 

The root passes of the 

weldments were more 

susceptible to pitting corrosion 

than the cap passes. 

/34/ 

SDSS (UNS 

S32750) 
SMAW E2595 DL-EPR NaCl (3.5%) 

For both heat inputs, applied in 

the study, the ferrite 

concentration was greater in the 

weld zone than in the base metal. 

/35/ 

SDSS (UNS 

S32750) 
Laser (pulsed) Nickel thin foils G150-18 (ASTM) (1 M) NaCl 

The prevalence of ferrite 

hampered the corrosion 

resistance of the HAZ, which 

was the site of pitting. 

/36/ 

DSS (2205) SMAW ER2205 
G150-1999 

(ASTM) 

Ferric chloride 

medium 

In the coarse-grained heat-

affected zone close to the weld 

joint's fusion line, pitting 

corrosion easily developed. 

/37/ 

DSS (2101) 

(FCAW) 

Hyperbaric under-

sea flux-cored arc 

welding 

Lincoln Supercore 

2205P flux-cored wire 

with UNS 32101 DSS 

DL-EPR 
HCl (1 M) + 

H2SO4 (2 M) 

It was found that the weld's root 

zone had more significant 

corrosion than the middle zone. 

/38/ 

DSS (UNS 

S32304) 
SMAW AWS A5.9 ER2209 

PGSTAT 100 

potentiostat by 

Autolab. 

NaCl (1 M) 

Cold wire addition decreased the 

dilution of the weld metal and 

improved its corrosion resistance, 

while significant ferrite fractions 

led to pitting in HAZ. 

/39/ 

DSS Stir (friction) - 

G61-94 (ASTM), 

Cycle-dependent 

potentiodynamic 

polarization 

H2SO4 (0.1 M) + 

NaCl (0.1 M) 

Number of pits increased but the 

size of the pits shrunk as a result 

of the faster welding pace. 

/40/ 
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UNS S32205 

(DSS) 
MIG ERCrNiMo-3 PDP NaCl (3.5 wt.%) 

When compared to the weld 

metal root, the corrosion rate at 

the weld metal face increased 

due to the precipitation of 

intermetallic phases. 

/41/ 

HDSS (FCAW - PDP & DL-EPR 

HCl (1.5 M) + 

H2SO4 (2 M) & 

NaCl (3.5 wt.%) 

Within the austenitic area with 

low PREN, pitting was seen. 
/42/ 

SDSS & DSS 

(UNS 

S32101, 

S32760, 

S32205, and 

S32750) 

Stir (friction) - 

A923 (ASTM), WL, 

Cycle-dependent 

potentiodynamic 

polarization 

NaCl (1 M) 

With S32101 DSS, a lower 

weldment corrosion resistance 

was found. 

/43/ 

LDSS (UNS 

32101) 
GTAW ER2209 EIS & PDP NaCl (3.5%) 

The low heat input was 

discovered to be beneficial to the 

weld metal high corrosion 

resistance. 

/44/ 

2205 DSS 
electron beam (EB) 

welding process 
- 

Electrochemical 

methods 

3.5 % NaCl 

solution and  

2 M H2SO4 + 

0.01 M KSCN + 

0.5 M NaCl 

Precipitate formation in the 

ferrite matrix of the fusion zone 

acted as nucleation sites for 

pitting corrosion, especially in 

the root region of the weld 

/58/ 

UNS S32304 

DSS 
SAW 

Cold stainless steel 

wire 

Electrochemical 

method 

corrosive 

chloride 

medium 

It is observed that the weldments 

produced from welding heat 

input greater than 2.7 kJ/mm 

exhibited better corrosion 

properties compared to 

weldments produced from low 

heat input (≤ 2.5 kJ/mm). 

/67/ 

UNS S32101 

DSS 
Keyhole-TIGW - 

Electrochemical 

method 

Sodium chloride 

solution 

Corrosion resistance of the 

weldments increases with heat 

input due to increased ferrite-to-

austenite transformation with 

increasing welding heat input 

/60/ 

UNS S32205 

DSS 
TIGW ER-2209 filler wire 

cyclic polarization 

and electro-potential 

tests 

NaCl 3.5wt.% 

solution 

Crevice corrosion of DSS weld 

metal is initiated at grain 

boundaries and progresses by 

choosy corrosion of the 

susceptible phases 

/59/ 

2205 DSS GMAW ER 2209 filler wire 
Electrochemical 

method 

Artificial 

seawater and H2S 

gas media at 

70 °C 

Pitting corrosion of DSS weld 

metal is sensitive to the evolved 

microstructures. Corrosion 

occurred by mechanisms of 

grain boundary pit formation and 

crack propagation  

/61/ 

AISI 2205 

DSS 
SMAW Variable electrodes 

Potentiodynamic 

polarization test 

3.5% NaCl 

solution 

Pitting corrosion is reported to 

occur by mechanisms of chro-

mium depletion and precipitation 

of chromium nitride at ferrite-

austenite boundaries 

/54/ 

UNS S32205 

DSS 
GMAW process  ER2209 filler 

ASTM A262 and 

ASTM G48 

practice A 

ASTM A262 

and ASTM G48 

practice A 

HAZ of joints produced with 

high heat input (3.5 kJ/mm) has 

characteristic coarse austenite 

grain structures and were found 

to be more prone to intergranular 

corrosion along ferrite-austenite 

boundaries compared to 0.5 kJ/mm 

and 1.0 kJ/mm joints. 

/75/ 

 
Geng et al. /20/ in their study evaluated the impact of the 

welding process (GTAW) on the corrosion and microstruc-

tural behaviour of DSS (2205). The weldment was exposed 

to a solution containing NaCl (3.5 %) at room temperature. 

The weldment was categorized into zones to make for ade-

quate corrosion studies. It was reported that pitting was 

more severe in zone 2, which consisted of austenite (23.05 

wt.% Cr, 3.19 wt.% Mo, and 7.71 wt.% Ni) and ferrite (24.58 

wt.% Cr, 3.77 wt.% Mo, 5.34 wt.% Ni). In other words, 

degradation was higher as the base metal was approached. 
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The existence of a higher volume composition of the ferrite 

phase, the precipitation of the Cr2Ni phase, and the bigger 

grain size of ferrite relative to other phases were thought to 

be the causes of the strong pitting attack seen in zone 2 /20/. 

The resistance to corrosion of welded joints made of duplex 

stainless steel (2205) and austenitic stainless steel (316L) in 

NaCl was researched by Moteshakker et al. /21/. They used 

different welding electrodes, including AWS ER 309L, AWS 

ER 316L, and AWS 347. It was concluded that the weldment 

produced with wire AWS ER 347 encouraged the formation 

of the chromium nitride phase, thereby leading to decreased 

resistance to corrosion, whereas electrode AWS ER 309L 

was found to exhibit excellent corrosion resistance of the 

welded dissimilar alloys. 

Ma et al. /29/ conducted a study to improve the corrosion 

resistance of DSS (2507) using stir friction welding tech-

nique. According to the findings of electrochemical experi-

ments, pitting corrosion mostly happened at the boundary 

between ferrite and austenite phases or in the ferrite phase, 

where there is low PREN. On the other hand, the refined 

grains in the stir zone boosted element diffusion and in-

creased the durability of passivation coating, resulting in 

superior corrosion resistance of the stir zone than the base 

metal /29/. In another research, the arc welding (wet flux-

cored underwater) technique was used to weld DSS (2205) 

with a nickel-based filler /30/. The results indicated that the 

corrosion resistance of the weldment was lower than that of 

the weld metal under three heat inputs (23.5, 32, and 16.9 

kJ/cm), although it improved as heat input increased. Corro-

sion resistance of the weldment was found to be greatest at 

32 kJ/cm. 

Nanavati et al. /31/ investigated the ferrite composition 

of the weldment to unravel its stress corrosion cracking 

behaviour when exposed to ferric chloride (6 %). They con-

cluded that after 1000 h exposure time, no stress corrosion 

cracking was seen. Alwin et al. /32/ on the other hand, 

studied the effect of tungsten gas welded DSS (2205) on the 

stress corrosion cracking (SCC) of the weldment. The SCC 

test was conducted in a magnesium chloride solution at 

approximately 155 °C. It was reported that no matter the 

nature of the welding process employed, the base metal 

offered superior resistance to stress corrosion cracking than 

the weld joint. On the other hand, the welded joint obtained 

by tungsten inert gas (TIG) welding technique was found to 

be inferior to the welded joint produced by activated tungsten 

inert gas (ATIG) welding. The reason for this development 

was credited to grain growth and lack of commensurate 

ferrite-austenite balance of the welded region. 

Singh et al. /33/ studied the influence of ageing on the 

corrosion resistance of the DSS weldment. They conducted 

some isothermal heat treatments that spanned from 475 to 

1050 °C. It was reported that in the as-welded condition, the 

welded joint had the strongest resistance to pitting corrosion. 

The ageing heat treatment generated degradation in the pit-

ting resistance behaviour of the weldment, and the highest 

loss observed corresponded to the thermal ageing at 850 °C 

per 2 h. In general, the base metal outperformed the weld 

metal in terms of pitting corrosion resistance. Kangazian et 

al. /34/ worked on the influence of applied pulse current on 

the corrosion of SDSS (825/UNS S32750) welds. Welding 

was carried out using continuous current and pulse current 

methods. They reported that pulsed current was better than 

the continuous method, hence, it enhanced the resistance to 

pitting. A study to investigate how the corrosion rate of 

SDSS (UNS S32750) is influenced by heat input has been 

undertaken, /35/. Two heat inputs 1.10 and 0.54 kJ/mm were 

used in the study. The corrosion studies in NaCl (3.5 %) 

solution revealed that the magnitude of sensitization was 

less than 1 % and there was no significant difference in pit-

ting potentials for the two heat inputs. Furthermore, Da Cruz 

Junior /36/ investigated the resistance to corrosion of the 

SDSS weldment (UNS S32750) produced by laser welding. 

The corrosion study was carried out in (1 M) NaCl. It was 

discovered that the heat-affected zone was susceptible to 

pitting. The reason was attributed to the predominance of 

the ferrite phase within the heat-affected zone. 

Wu et al. /37/ studied pitting resistance when the DSS 

(2205) welded joint was exposed to a ferric chloride solution. 

The heat-affected zone was discovered to be prone to pitting 

owing to the presence of coarse-grained constituent phases. 

In another study, the impact of microstructure on the re-

sistance to corrosion of DSS (2101) weldment was under-

taken /38/. They observed that the precipitation of Cr2N 

particles within the heat-affected zone makes it more prone 

to corrosion than the base material. Atapour et al. /40/ probed 

the vulnerability of the welded joint of DSS to pitting. They 

reported that the reduction in heat input can lead to a reduc-

tion in the enlargement growth of pits in the weldment. 

Another study investigated how the cold wire feeding rate 

and different applications of heat can affect pitting corrosion 

of a welded DSS (UNS S32304). It was reported that pits 

were more prevalent in the HAZ than the base metal. This 

development was said to be caused by the presence of 

chromium nitride and an increased fraction of ferrite. 

Tümer et al. /41/ studied the corrosion disposition of DSS 

(UNS S32205) with different weldments in the presence of 

NaCl (3.5 wt.%). It was reported that the face of the weld 

metal was most vulnerable to corrosion while the root of the 

weld metal was most resistant to corrosion. The presence of 

some precipitated intermetallic phase within the weld face 

was attributed to cause degradation. In another study, Kim 

et al. /42/ investigated how the presence of molybdenum in 

duplex stainless steel (hyper) can influence corrosion resis-

tance of the weldment. The results reveal that the austenite-

ferrite grain boundaries were vulnerable to intergranular 

corrosion. It was also indicated that the austenitic region 

with low PREN exhibited pitting irrespective of the molyb-

denum content. Santa Cruz et al. /43/ studied the resistance 

to corrosion of both super-duplex and duplex stainless steel 

(UNS S32750, S32760, and S32205) weldments obtained 

by stir (friction) welding. The corrosive medium used was 

NaCl (1 M) solutions. Results reveal that the weldment of 

the material S32760 exhibited lower resistance to corrosion 

in NaCl (1 M) medium. In addition, the heat-affected areas 

within the austenite-ferrite grain boundaries suffered higher 

corrosion rates than the base metal. For the S32750 material, 

the base metal and the weldment shared a similar optimal 

resistance to corrosion in NaCl (1 M) solution. Ouali et al. 
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/44/ investigated how microstructure and heat inputs (1.05, 

0.98, and 1.20 kJ/mm) can affect the corrosion resistance of 

lean duplex stainless steel (LDSS), UNS S32101. They 

reported that the resistance to pitting corrosion of the LDSS 

weldment decreased with increase in applied heat. The 

reason for this outcome was attributed to the reformation of 

austenite (secondary) with minute traces of Mo, N, and Cr 

content within the weldment. 

Hou et al. /55/ studied the corrosion mechanism in HAZ 

of duplex stainless steel (DSS) weld metal. The study 

observed that the HAZ experienced high temperatures with 

characteristic ferrite single-phase microstructure which is 

susceptible to pitting corrosion. It was explained that pitting 

corrosion occurs by mechanisms of Cr depletion at the vicin-

ity of Cr nitride and precipitation of intermetallic (Ti, Cr)N 

in the ferrite matrix of HAZ of DSS weld metal. In a related 

study, Shen et al. /57/ confirmed that the HAZ of a DSS weld 

metal is prone to pitting corrosion due to the precipitation 

of chromium nitride and the formation of austenite in the 

high-temperature region of HAZ. Singh et al. /58/ studied 

corrosion behaviour of weld fusion zone 2205 DSS material 

produced by electron beam (EB) welding. Electro-potential 

methods were used to determine pitting corrosion rates. The 

propensity for pitting corrosion is observed to be higher in 

the weld metal fusion zone compared to the DSS base metal. 

This was attributed to the lack of homogenous microstructure 

associated with the fusion zone. Precipitate formation in the 

ferrite matrix of the fusion zone acted as nucleation sites for 

pitting corrosion, especially in the root region of the weld. 

These studies suggest that weld metal microstructure may 

be employed to control the corrosion of DSS weldments. 

Santos et al. /67/ studied the corrosion of UNS S32304 DSS 

weldment produced by submerged arc welding (SAW) using 

cold wire filler. Weldments produced from varied welding 

heat inputs were exposed to a corrosive chloride medium, 

and corrosion rates were measured and recorded. It is 

observed that weldments produced from welding heat input 

greater than 2.7 kJ/mm exhibited better corrosion properties 

compared to those produced from low heat input, ≤ 2.5 kJ/mm. 

High corrosion resistance observed with weldments produced 

from high heat input was attributed to the formation of rela-

tively lesser precipitates and a higher volume fraction of the 

austenite phase in the weld metal. It was explained that more 

precipitates are formed with low welding heat input and these 

precipitates act as nucleation sites for the corrosion of DSS 

weld metal. This result agrees with the postulations of Calde-

ron-Uriszar-Aldaca et al. /68/, Chen et al. /69/, and Zhang 

et al. /73/ where it was stipulated that austenite structures in 

DSS weld metal (in chloride medium) exhibited higher 

resistance to pitting and crevice corrosion compared to weld-

ments dominated with ferrite phases. Cui et al. /60/ studied 

the microstructure and corrosion behaviour of UNS S32101 

DSS welded joints produced by keyhole tungsten inert gas 

welding. Different samples of welded joints were produced 

by varying the heat input (1.99, 2.14, 2.30, and 2.46 kJ/mm). 

Various weld metal samples were exposed to a corrosive 

medium containing 1 M per litre concentration of sodium 

chloride solution at ambient temperature and corrosion rates 

were measured using electrochemical methods. It is observed 

that the volume fraction of the austenite phase in the weld 

metal fusion zone is greater than the austenite content of 

HAZ for a given heat input. This observation suggests that 

the weld metal fusion zone exhibits more resistance to 

pitting corrosion than the HAZ. It is also observed that the 

corrosion resistance of weldments increases with heat input 

due to increased ferrite-to-austenite transformation with 

increasing welding heat input. Fusion weld metal zones and 

HAZ were characterized by the precipitation of chromium 

nitrides (CrN and Cr2N) within duplex structures and these 

precipitates served as nucleation sites for pitting corrosion. 

These precipitates were observed to decrease with an 

increase in welding heat input and were not present at a 

high heat input of 2.46 kJ/mm. The study concludes that the 

optimal welding heat input for maximum pitting corrosion 

resistance in DSS weldments is therefore 2.46 kJ/mm. Nunez 

de la Rosa et al. /59/ studied corrosion behaviour of UNS 

S32205 DSS welded joint produced by tungsten inert gas 

welding (TIG). ER-2209 filler wire was used with welding 

current and voltage in the ranges of 110-200 A and 23-28 V, 

respectively. The DSS base material and DSS weldments 

were exposed to a corrosive medium containing NaCl 3.5 

wt.% solution at room temperature and the corrosion rates 

were determined by cyclic polarization test (for pitting corro-

sion) and electro potential test (for crevice corrosion). It is 

observed that the inert film produced on the base material 

was more shielding compared to that on the DSS welded 

joints. However, the microstructure of the DSS weld metals 

was not susceptible to pitting corrosion due to the absence of 

carbide and nitride intermetallic compounds and balanced 

austenite-ferrite phases. It is observed that crevice corrosion 

of DSS weld metal is initiated at grain boundaries and pro-

gresses by choosy corrosion of susceptible phases. This 

observation has been reported by Torress et al. /74/ and 

Calabokis et al. /71/ where it was confirmed that crevice 

corrosion of 25Cr DSS and UNS S32750 DSS, respec-

tively, originates at grain boundaries. Miranda-Pérez et al. 

/61/ studied the corrosion of 2205 DSS welded joints pro-

duced by gas metal arc welding (GMAW). Three different 

weld metal sample categories were produced at various 

welding heat inputs (0.616, 0.516, and 0.437 kJ/mm) using 

ER 2209 filler wire. Weld metal samples were exposed to 

artificial seawater (composed of 250 g of NaCl and 25 g of 

CH3COOH in 4725 mL of distilled water) and hydrogen 

sulphide gas media at 70 °C, and corrosion rates were deter-

mined. The study noted that the pitting corrosion of DSS 

weld metal is sensitive to the evolved microstructures. Weld 

metal microstructures were characterized by grain boundary 

austenite (GBA), partly transformed austenite (PTA), Wid-

manstätten austenite (WA), intergranular austenite (IGA) and 

ferrite phases. Corrosion of DSS weld metals was explained 

to occur by two major mechanisms: 

‑ formation of micro pits in grain boundaries and within sus-

ceptible phases such as ferrite matrix, 

‑ crack initiation and propagation within Widmanstätten 

austenite and intergranular austenite. 

It is observed that the resistance to pitting corrosion in 

DSS weldments increases with heat input. 
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Omiogbemi et al. /54/ studied corrosion characteristics 

of AISI 2205 DSS weld metal produced by a shielded metal 

arc welding process with varied welding parameters. The 

corrosion studies on welded joints were carried out in a 3.5 

% NaCl solution, and a potentiodynamic polarization test 

was used to determine the corrosion rates of the weldments. 

It is observed that chloride radicals from a corrosive medium 

triggered the break-down of the inert film leading to an 

increase in corrosion rate. This observation has been widely 

reported in literature /61/. It is also observed that the re-

sistance of DSS weldment to pitting corrosion increases 

with the volume fraction of delta ferrite in the weld metal 

structure. The study affirms that pitting corrosion is structure 

sensitive and thrives in ferrite phases more than in austenite 

phases. Pitting corrosion is reported to occur by mechanisms 

of Cr depletion and precipitation of chromium nitride at fer-

rite-austenite boundaries. It was noted that the corrosion 

resistance of weldments increases with welding current. The 

study did not elucidate the influence of electrode coating 

basicity on the corrosion properties of DSS weld metal. 

Pereira et al. /56/ carried out corrosion studies on UNS 

S32205 DSS welded joint conducted at varied heat inputs 

using gas metal arc welding (GMAW) process with ER2209 

filler rod. Different weld metal samples were produced by 

varying heat inputs (0.5, 1.0, and 3.5 kJ/mm) and inter-

granular and pitting corrosion studies were carried out in 

line with ASTM A262 and ASTM G48 practice A, respec-

tively. The HAZ of the joints produced with high heat input 

(3.5 kJ/mm) has characteristic coarse austenite grain struc-

tures and were found to be more prone to intergranular corro-

sion along ferrite-austenite boundaries compared to 0.5 and 

1.0 kJ/mm joints. The volume fraction of the ferrite phase 

in the fusion zone of weld metals was observed to decrease 

with an increase in heat input. The propensity for pitting cor-

rosion in HAZ irrespective of the welding heat input is 

favoured by the presence of the ferrite phase. This assertion 

agrees with several studies that reported that corrosion resis-

tance of DSS weld metal decreases with increase in ferrite 

content /56, 70/. Calderon-Uriszar-Aldaca et al. /68/ studied 

welding characteristics of DSS in a marine medium. It was 

reported that weld metals of 2001, 2304 and 2205 DSS mate-

rial produced by autogenously tungsten inert gas welding 

exhibited high corrosion resistance in a chloride environ-

ment. It can be inferred from several works reviewed that: 

i. DSS weld metals corrode by the mechanism of inter-

granular grain boundary attack, crack initiation at suscep-

tible microstructures, chromium depletion, precipitation 

of carbides and nitrides and ferrite-assisted corrosion. 

ii. Corrosion of DSS weld metal is microstructure sensitive 

with ferrite structures being more susceptible than aus-

tenite phases. 

iii.  Corrosion resistance of DSS weld metal increases with 

heat input. 

iv.  DSS weldments are characterized by high-temperature 

HAZ which exhibits more tendency to pitting corrosion 

than the weld metal fusion zone. 

v. Fusion weld metal zones and HAZ were characterized by 

precipitation of chromium nitrides (CrN and Cr2N) within 

the duplex structures and these precipitates served as 

nucleation sites for pitting corrosion. 

CONCLUSIONS 

The overview of previous studies on the corrosion of the 

duplex stainless-steel welded joints from 2015 to 2021 has 

led to the following conclusions: 

‑ The corrosion disposition of DSS (UNS S32205) with 

various weldments in the presence of NaCl (3.5 wt.%) 

revealed that the face of the weld metal was more prone 

to corrosion, whereas the root of the weld metal was most 

resistant to corrosion. The presence of a precipitated inter-

metallic phase within the weld face was said to be respon-

sible for the deterioration, /41/. 

‑ The effect of Mo content in hyper duplex stainless steel 

was found not to influence corrosion at the weldment, 

rather low PREN austenite region and austenite-ferrite 

grain boundaries were prone to pitting and intergranular 

corrosion, /42/. 

‑ Stir (friction) welded joint of the material (S32750) was 

found to exhibit optimal corrosion resistance in NaCl (1 M). 

Both the base metal and weldment shared exceptional and 

similar corrosion-resistant capabilities in the aforemen-

tioned corrosive medium, /43/. 

‑ Findings have indicated that the weldment of the DSS 

joint produced by gas tungsten arc welding was more re-

sistant to pitting than that produced by shielded metal arc 

welding, /24/. 

Challenges and future research direction on the corrosion 

behaviour of DSS weld metal 

After a thorough review of many works reported in the 

preceding sections, the following inference has been drawn 

concerning the challenges and future research direction on 

the corrosion of DSS weld metal: 

‑ Contradictory positions have been made on the influence 

of welding heat input from 400-1050 °C on the corrosion 

of DSS. The authors in /1, 24/ reported that the increase 

in applied heat during welding improved weldment resis-

tance to corrosion, while other authors /44/ observed the 

reverse trend. It is recommended that further studies be 

conducted to unmask the optimal heat input during weld-

ing that can make for exceptional resistance to the corro-

sion of weldment in a corrosive medium. 

‑ There is limited information about the prediction of any 

variable concerning other independent variables that may 

have influenced the degradation of the welded DSS joint. 

It is recommended that predictive modelling protocols be 

employed to forecast the corrosion rate (dependent varia-

ble) of the welded joint based on the influence of some 

independent variables as corrosive medium, time of expo-

sure of test samples to the corrosive medium, heat input 

during welding, and other parameters. This can be accom-

plished by using artificial neural network (ANN) model-

ling technique as employed by previous studies, /45-52/. 

‑ Efforts should be made to investigate if corrosion inhibi-

tors obtained from plant extracts /53/ can help to prevent 

the weldment corrosion of DSS. 
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‑ Methods of controlling nitrogen from shielding gas and 

managing the corrosion susceptibility of HAZ, /72/, are 

expected to attract research attention in the future. 
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