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Abstract  

Biomaterials should have desired qualities such as great corrosion resistant, osseo-integration, great wear resistant, mechanical 

compatibility, and biocompatibility  to provide safe implantation with a long lifespan and without eliciting rejection. Metallic 

implantation corrosion seems to be significant because it may compromise mechanical and biocompatibility integrity. This study 

presents a basic introduction of leaner duplex stainless steel implantation corrosion, varieties of DSS corrosion in Ringer solutions, 

and the function of alloying components in implant failure. 

Introduction 

Duplex stainless steels contain a biphase of austenite and ferrite, both of which are present in about equal proportions in the material. 

In all continents, new varieties of DSS with a notable quantity of nitrogen (near to 0.2 percent), no Mo, and extremely low Ni (less 

than 2percent) have been developed. The creation of lean duplex, which has much fewer allowed features than regular duplex, has 

become the primary goal. The goal is to replace 316 and even 304 grades in biomedical applications that are great cost-effective 

replacements to 304L and 316L [1]. Once metals and alloys have been utilized as implantation in the human body, corrosion is 

among the most common difficulties. It will be accomplished by electrochemical processes. It is indeed vital to remember that 

biomaterial corrosion isn't merely a chemistry and physics experiment [2]. 

Once a metal is implanted in the human body, corrosion happens slowly due to an electrochemical reaction. Crevice and Because 

of the restricted corrosion behavior and metallic ion leakage from implantation, corrosion resistant must be improved by altering 

the SS surface [3]. Once a metal implantation has been put in the milieu of the human body, corrosion is the slow destruction of 

materials caused by electrochemical assault. Apart from fracture toughness and fatigue strength, a bioimplant should have extremely 

good corrosion and wear resistant in a greatly corrosive body environment and under variable loading circumstances. Anions 

including bicarbonate, phosphate, and chloride ions, as well as cations including Mg2+, Ca2+, K+, Na+, and others, make up the 

aqueous solution in the human body. The predicted rate of corrosion for metal implants was 2.5x10-4 mm/yr, or 0.01 mil/yr [4]. 

1.1 Mechanisms of Corrosion in Vivo Applications 

Hank's solution, Ringer's solution, or simulated body fluid (SBF) are utilized to replicate the corrosion behavior of implantation in 

a human body milieu. The many types of corrosion that occur in vivo and result in excessive metallic ions being released into the 

environment have been described below [5]–[10]:  

Table 2.2 Corrosion Kinds in Biomaterial Implantation that Made of Traditional Materials [2]. 
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1. General Corrosion 

Throughout localized corrosion, the whole surface of the metals are subjected to the cathodic reaction, resulting in general (uniform) 

corrosion. Potentially, the uniform corrosion mechanism implicated two critical stages: a) initial surface of metal bombardment via 

chemical solutions resulted in the creation of a beginning stages in which the cathodics and anodics locations were being nearly 

appended to one another, and b) the uniform corrosive engine propagated a corrosion nucleus all around sample surface of the metal. 

Uniform corrosion is also defined  as corrosion that occurs at a consistent pace over an exposing surface of the metal [5][2]. 

2. Localized Corrosion 

- Pitting Corrosion 

Pitting corrosion happens when a tiny surface pit is inserted in a solution in an implantation. The accompanying negative charge 

from the freed electrons should be dispersed via the metal of the implant when the metal around the pit dissolves or lose positive 

ions from its surface. If the right substance and surface situations aren't in place, this sort of corrosion may move quickly, 

aggressively destroying metallic implantation [11]. For stainless steel implanted instruments, pitting corrosion seems to be a 

common occurrence. Localized corrosion may develop under physiological settings as a consequence of flaws in the oxide 

passivation layer. These isolated areas will erode aggressively, forming pits on the material's surface [12]. 

- Crevice Corrosion 

Corrosion of Crevice is a kind of corrosion that occurs only in limited places (crevices). Corrosion occurs within the crevices as a 

result of the creation of a disproportionate aeration cells. To rate a material's resistant against Corrosion of crevice, an essential 

corrosion of crevice temp has been typically utilized [11].  Corrosion of Crevice is a kind of corrosion, which happens at the bone-

implantation interface or on an implantation tool when an overlaying or composites kind surface takes place on a metal material in 

a tissue/fluids environment with limited space and little or no oxygen [12]. Even in settings when steady pitting would not occur, 

the presence of fissures on the surface may cause localized corrosion (for example, at lower amount of halides). Failures in this 

process were found in medical devices at the contact between the plates of bone and stainless steel screws [13].  

- Galvanic Corrosion 

The corrosion of galvanic happens when two dissimilar alloys or metals  make contact. One of the metals would act as an anode, 

while the other one will act as a cathode, owing to the variation in electrical potential. As a result, ions dissolved in the bodily fluid 

are displaced, and corrosion emerges on both metals, simulating the action of an electrical battery, particularly in acidic 

environments. In orthopedic surgery, using various alloys or metals in the same operative region is not suggested [12]. The corrosion 

of galvanic may develop in surgical implantation if the plate of bone and bones screws have been constructed of different metals or 

alloys. Corrosion is more likely to develop between the plates and the screw holes' bottom surface [2]. 

- Intergranular Corrosion 

The corrosion of Intergranular (IGC), also called as inter - granular attacking (IGA), was a type of corrosion in which the outsides 

of crystallites seem to be more vulnerable to corrosion than the insides of the crystallites. Inter-granular corrosion occurs at grains 

boundaries as a result of the existence of a second stage, pollutants, or atom separation. Lower-energy grains boundaries, on the 

other hand, were not appear to corrode. [13].  

- Fretting corrosion  

The corrosion of fretting occurs as a result of a mechanical process that destroys the passive layer initially. This type of corrosion 

may be seen in osteosynthesis devices once that material is fractured and an internal free surface is exposed [12]. Fretting happens 

when two opposed surfaces in the bodily environment, including the plates of bone and heads of screw of prosthetic devices, come 

into contact. In a corrosive media, it is caused by minor relative motions between the contacting surfaces [2]. 

- Dealloying 

Dealloying, also known as selected parting or leaching corrosion, seems to be a corrosion processing where the more active metals 

in an alloy is selectively eliminated, leaving a porous weaker deposits of the really noble metal behind. One of two processes happens 

during the dealloying processes: (1) alloys dissolutions and replating of the cathodics elements, or (2) selecting dissolution of anodic 

alloys ingredient. Including in dentistry, selecting leaching was also necessary [13]. This kind of corrosion was caused by chemical 

changes inside the particles rather than between them [2]. By adding tantalum that forms tantalum carbide rather than  stainless 

steels, chromium carbide may be stabilized towards welding degradation [11]. 

- Stress Corrosion Cracking (SCC) 

SCC is a phenomena that occurs when static tensile tension is combined with a corrosive environment. Generally, the time needed 

to induce SCC reduces as these stressors rise. The chemical and metallurgical state of the material (precipitates, existence of 

secondary phases, grains size, thermal situation and chemical composition); environmental situations (mixing, solution viscosity, 

electrochemical potential, pH, pressure, temp and  environmental composition); and crackibg geometry and stress condition are all 

factors that influence SCC kinetics. Based on the alloy, the microstructure, and the environment, SCC might well be mixed, 

transgranular, or intergranular. SCC was seen in a number of instances using SS orthopedic implantation. [13].  
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- Corrosion Fatigue (CF) 

Fatigue corrosion is a kind of metal fracture that arises as a result of the combination of electrochemical processes with cyclic stress 

[2]. The onset and progression of fractures as a consequence of the synergistic interaction of cyclical stress and a corrosive 

surroundings has been referred to as fatigue corrosion. The cyclical tension causes localized degradation of surface oxides, resulting 

in corrosion pits. Corrosion products that normally prevent additional corrosion are also removed by the cyclic stress. Fatigue 

corrosion most often results in a TG fracture with no branching. Fatigue corrosion affects all metals and alloys, even those that are 

resistant to SCC, such as stainless steel [13]. 

1.2 Corrosion of Duplex Stainless Steel 

Stainless steel's superior corrosion resistant is typically due to its passivation. The defect amount in the passive layer generated at 

great voltage is substantially lower, and it offers greater protective performance [14]. Proteins were denatured in the bio corrosive 

environment and turn into a coating on the surface of the metal, preventing corrosion. Rapid or uncontrolled corrosion causes 

hydrogen and ion emission, as well as significant pH changes that might cause harmful biological responses. The passive layer 

resistant to corrosion is affected by structural changes in the layer or variations in the ion or electrical resistant of a layer. Chloride 

ions have a significant impact on the metal implants corrosion because of the great diffusivity, which allows them to quickly 

permeate the passive coating. Metals corrosion was slowed down by protein adsorption in two ways. The adsorbed protein layer 

first creates a barrier between the electrolytes and the surface oxide film, causing the surface oxide to develop. Proteins clearly 

operate as a cathodic corrosion protection. Secondly, the oxide ions on the surface are negatively charged [15].  

1.2.1 Corrosion Types of Duplex Stainless Steel  

DSS had the least amount of corrosion. The austenite and ferrite phases, on the other side, could not corrode in the same 

way. N, Mo, Ni and Cr have not been distributed evenly throughout the austenite and ferrite phases in DSSs. This heterogeneity 

might generate galvanic interactions, resulting in a variation in corrosion behavior between different phases and a preference for 

corrosion attacking on the weaker phase. Ferrite has a greater activity level than austenite. The increased corrosion resistant of 

austenite compared to ferrite was due to the greater Ni concentration in this phase. In a selective assault, metal ions were released 

mostly from ferrite areas [16][17]. The corrosion of galvanic occurs when an electrolyte, including serum or bodily fluid, comes 

into direct physical contacting with a dissimilar metals, particularly in an acidic pH environment. In comparison to polycrystalline 

oxide layers, amorphous oxide films have a better corrosion resistant. Corrosion is triggered by crystallographic flaws in the surface 

coating. Amorphous oxide films with no grain boundaries, flaws, or dislocations have the lowest current density and no breakdown 

potential. The addition of nitrogen to stainless steels improves their resistant to pitting corrosion [18][19]. 

- Pitting and Crevice Corrosion Resistant 

DSS is distinguished by a temp over which pitting corrosion begins and spreads. Critical Pitting Temp is the name given 

to this temp (CPT). Pitting initiation will not happen below this temp for a long time. The CPT is susceptible to tiny alterations, and 

pit initiation is random. The Essential Crevice Temp is the temp at which crevice corrosion begins to occur (CCT).Greater critical 

pitting or crevice corrosion temps, in general, imply more resistant to these types of corrosion. All grades of DSS have CPT and 

CCT that are much greater than Type 316. As a result, DSS is a material that may be used in a variety of applications. (According 

to IMOA rules) CPT = Constant + percent Cr + 3.3 x percent Mo + 16 x percent N [18]. DSSs' pitting resistant is mostly determined 

by their Cr, Mo, and N concentrations. As a result, the pitting corrosion resistant may be described in terms of an empirical pitting 

resistant equivalent number (PREN) calculated as follows: 

PREN = wt % Cr + 3.3 wt % Mo + x wt % N…… (9) 

whereas the x magnitude ranging from 16 to 30.  

Pitting resistant increases as the PREN magnitude increases. The PREN magnitudes of both phases may be affected by the 

partitioning of Cr and Mo in the ferritic phase and Ni and N in the austenitic phase. Moreover, secondary phase particle precipitation 

may alter the composition of the - and -phases, actually results in specific pitting corrosion of such a weak phase. The term "critical 

pitting temp" (CPT) is a better way to express how susceptible stainless metals are to pitting corrosion. With increasing temp, the 

ferrite fractional volume rises while the austenite fractional volume drops. With rising temp, Mo and Cr concentration in the -phase 

decreases, whereas N concentration in the -phase rises. As a result, the PREN magnitude for the -phase calculated with x = 20 falls, 

whereas the magnitude for the -phase grows as the temp rises. Because lean UNS S32101 DSS has a very low Mo concentration, 

overall pitting potential declines with time, resulting in Cr2N precipitates. Pits form around Cr2N precipitates in the Cr-depleted 

zone, and eventually develop into ferritic particles. The development of the' phase reduces the passivation range, causing substantial 

pitting attacking in the ferrite phase [18].  

As the percentage increased, the resistant to pitting corrosion steadily diminished. In all of the DSSs, the phase fraction (α:γ) with 

the strongest resistant to pitting corrosion has been roughly 50:50. Pitting resistant equivalents number (PREN) of α and  γ phases 

in the DSSs (PREN and PREN, respectively) have been utilized to illustrate the relationship between pitting corrosion resistant and 

phase fraction. The two phases' PREN magnitudes begin to diverge. The pitting susceptibility level of the less resistant phase, which 

is anticipated by the PREN magnitudes of the two phases, determines the total resistant to pitting corrosion of DSS. Pitting corrosion 

began in the α phase next to the γ phase and spread to the phase. In all DSS, the more dissolved phase (the less noble phase) was α 

phase. The mean corrosion depth reduced as the proportion rose. Between and γ phases, pitting corrosion of DSS had a greater 

association with galvanic corrosion rate. [20]. 
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The pitting resistant equivalence (PRE) magnitude has been utilized in practice to compare the pitting corrosion resistant of stainless 

steel. For the austenite phase, the PRE number seems to be between 34 and 35, while for the ferrite matrix, it is approximately 41. 

(without the nitride particles). This shows that austenite, with a lower PRE number, is more susceptible to pitting corrosion than 

ferrite at temps over the CPT. The austenite phase's lower Cr and Mo content may explain why it is more susceptible to pitting 

corrosion than the ferrite phase [21]. 

- Stress Corrosion Cracking 

DSS grades have been used to substitute austenitic grades in situations where there is a reduced danger of SCC. DSS has a strong 

chloride SCC resistant and strength because to the existence of ferrite. Austenite in DSS improves water corrosion resistant and 

low-temp impact toughness. Great applied stress, low pH, and great temp limit DSS's resistant to SCC. In hot chloride solutions, 

the -phase is more vulnerable to SCC assault, but in hot alkaline sulfide solutions, the -phase is preferentially targeted. Corrosion 

pits aid fine fracture nucleation, resulting in selective -phase dissolution. Owing to the development of -phase in these locations, 

preferential attacking took place at the - and - borders. Intermetallic phase and Cr-rich'-precipitates, on the other hand, are deleterious 

to DSS corrosion resistant, particularly in greatly alloyed steels. These phases cause IGC, pitting corrosion, and SCC by depleting 

Cr or Cr/Mo concentration in the matrix close to the precipitates. [18]. 

-  Intergranular Corrosion 

When exposed to corrosive conditions, the development of intermetallic phases, chromium carbides, and chromium nitrides reduces 

Cr or both Mo and Cr in DSS, resulting in intergranular corrosion. In DSS, detrimental intermetallic phases cause poor corrosion 

resistant and low toughness. [18].  

1.2.2 Role of Alloying Elements in corrosion resistant of Duplex 

• Chromium (Cr)–Ferrite Stabilizers – To generate a stable passive layer that protects steel against moderate air corrosion, a 

minimal of 10.5 percent chromium is required. The corrosion resistant improves as the chromium level rises. 

• Molybdenum (Mo)–Ferrite Stabilizers – Molybdenum works with chromium to offer chloride corrosion resistant and pitting 

corrosion resistant; it also inhibits the formation of harmful intermetallic phases (for example, chi, sigma) 

• Nickel (Ni)–Upgrades the lattice structure from BCC to FCC; FCC provides great toughness; Ni additives delay the production 

of intermetallic phases that are harmful. The nickel content of DSS is insufficient to withstand the harsh reduction conditions. 

• Nitrogen (N2)–Austenite Stabilizers – It prevents the development of the sigma phase, improves resistant to crevice and pitting 

corrosion, and boosts toughness; nitrogen is regulated according to nickel concentration to produce the required phase balance. 

• Manganese (Mn) – This stabilizes austenite, although it also might impair pitting corrosion resistant. [18],[22]. 

 

1.3 Corrosion Resistant of Lean Duplex Stainless Steels  

The breakdown possibilities and pitting damages of lean duplex stainless steel UNS S32101 and ASS 304L were comparable. For 

the LDX and ASS, there does not seem to be a general link between PRE number and breakdown potential. Lean DSS were often 

stable, and nitrogen addition causes phases to reform readily [22]. The corrosion resistant of LDX is comparable to that of AISI 

316L steel, but it has a yield limit that is two times greater than that of traditional austenitic grades. Because of its lower Mo and Ni 

concentrations, lean duplex was significantly more vulnerable to martensitic transformation. Steels with a PRE more than 40 were 

classified as super duplex, whereas those with a PRE less than 40 were classified as duplex or "lean" duplex. Since their Mo 

concentration is so low, LDSS have a lower PRE than DSS (less than 1.0 percent ). The PRE number of 30 is a non-official dividing 

line between LDSS and DSS. Lean duplex stainless steel austenite had been determined to be as metastable as austenitic AISI 

301LN grades and more metastable than AISI 304L grade [23]. 

Throughout air corrosion, the disintegration of the lean DSS microstructure just seems to propagate preferentially toward the outer 

layer rather than in depth. Pitting corrosion appeared to be less common in small localized kinds of cavities, suggesting that corrosion 

was predominantly caused by selecting dissolution [24]. Thermal aging mostly generated CrN production at grain boundaries in the 

2101 grade due to its great N alloyed concentration. The rate of precipitation for the detrimental Sigma phase was retarded by the 

low Mo content. Precipitation of Cr compounds resulted in the creation of chromium-depleted regions close to these secondary 

phases that accelerated pitting corrosion, caused IGC sensitization, and SCC. This resulted from Cr re-diffusion from the grains 

bulk to the deficient patches at grain borders [25].  

Mn has a detrimental influence on 2101 LDSS SCC resistant, but N has a beneficial effect. Adsorbed sulphur has been shown to 

reduce the corrosion resistant of stainless steel by inhibiting the repassivation of passive film defects caused by chloride ions. SCC 

was competing with a selective corrosion assault on the ferrite phase. The addition of a substantial quantity of Mo to LDSS boosted 

its SCC resistant, but the great Mn concentration in LDSS 2101 reduced the alloy's SCC resistant [26]. Localized corrosion occurs 

in the LDX 2101 matrix's weakest areas. For LDX 2101 to have strong corrosion resistant, it must have equivalent volume fractions 

of phases, a defect-free microstructure, and no deleterious phases. Because LDX 2101 has a lower Mo content, precipitation of is 

more difficult. The resistant to pitting corrosion reduced as the temp rose from 950 degree centigrade to 1100 degree centigrade 

[27]. As the temp rises, the chemical composition of each phase changes, causing the PREN of the ferrite phase to decrease and the 

PREN of the austenite phase to rise. In the alloy UNS S32101, however, there were no PREN magnitudes that were identical in both 
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stages. As a result, the pits preferentially form in the austenite phase and are restricted by the ferrite phase. The PREN magnitude 

of the weaker phase determines pitting corrosion resistant [28].  

LDSS has been discovered to have greater pitting corrosion resistant and a lower critical pitting temp than normal austenitic kinds. 

LDSS, UNS S32101 has excellent stress corrosion cracking resistant. The pitting resistant of alloys may also be harmed by erosion, 

particularly if the re passivation rate is inadequate. The repassivation ratio was increased by increasing the concentration and adding 

N and Mo. A Mo-containing alloy re-passivates more quickly than a non-Mo alloy. Resulting from adverse impact of Mn in the 

form of MnS inclusions, the LDSS UNS S32101 with 5wt percent Mn is an alloy of interest (affect the pitting behavior). Mn is 

present in UNS S32101's passive layer, and it is more likely to be oxidized and absorbed into the passive film produced on the 

austenite phase than into the dual phase of the lean duplex UNS S32101. [29]. 

 

Conclusions  

1. Corrosion resistant of LDX is similar to that of AISI 316L steel. 

2. The resistant of DSS to corrosion is decreased by great temps, low pH, and great applied stress. 

3. Intermetallic phases and chromium nitrides are harmful to the corrosion resistant of DSSs. 

4. DSS corrosion resistant can be improved by adding alloying elements including N and Mo. 

5. Lean UNS S32101 DSS has pitting potential that decreases with time. 

 

References  

[1] N. D. Fahad and A. S. H. , Jassim M. Salman Al-Murshdy, “Deposition Tantalum Pentoxide Coating on 2101 Lean 

Biomedical Applications,” Int Energy Environ Found, vol. 12, no. 2, pp. 73–86, 2021. 

[2] M. Idrees, “A REVIEW ON CORROSION SCENARIO OF BIO IMPLANTS IN HUMAN BODY,” Am J Biol Pharm 

Res, no. e-ISSN-2348-2184, 2015. 

[3] J. M. S. Al-Murshdy, A. S. Hammood, and N. D. Fahad, “Improvement Corrosion Behaviour of Lean Duplex Stainless 

Steel 2101 alloy in Ringer solution by Plasma Nitriding for Biomedical applications,” J Phys Conf Ser, vol. 1973, no. 1, 

2021, doi: 10.1088/1742-6596/1973/1/012070. 

[4] N. S. Manam et al., “Study of corrosion in biocompatible metals for implants: A review,” J Alloys Compd, vol. 701, pp. 

698–715, 2017, doi: 10.1016/j.jallcom.2017.01.196. 

[5] R. I. M. Asri et al., “Corrosion and surface modification on biocompatible metals: A review,” Mater Sci Eng C, vol. 77, 

pp. 1261–1274, 2017, doi: 10.1016/j.msec.2017.04.102. 

[6] Nabaa S. Radhi et al.  Nabaa S. Radhi et al., “Investigation Biomedical Corrosion of Implant Alloys in Physiological 

Environment,” Int J Mech Prod Eng Res Dev, vol. 8, no. 4, pp. 247–256, 2018, doi: 10.24247/ijmperdaug201827. 

[7] N. M. Dawood, N. S. Radhi, and Z. S. Al-khafaji, “Investigation Corrosion and Wear Behavior of Nickel-Nano Silicon 

Carbide on Stainless Steel 316L,” vol. 1002, pp. 33–43, 2020. 

[8] N. Radhi, M. Hafiz, and A. Atiyah, “Preparation and Investigation of Corrosion and Biocompatibility Properties for 

Functionally Graded Materials (NiTi),” Ind Eng Manag S, vol. 3, pp. 316–2169, 2018. 

[9] N. S. Radhi and Z. Al-Khafaji, “Investigation biomedical corrosion of implant alloys in physiological environment,” Int J 

Mech Prod Eng Res Dev, vol. 8, no. 4, 2018, doi: 10.24247/ijmperdaug201827. 

[10] J. L. Gilbert, “Corrosion in the human body: Metallic implants in the complex body environment,” Corrosion, vol. 73, no. 

12, pp. 1478–1495, 2017, doi: 10.5006/2563. 

[11] P. Chhabra, “SURFACE ENGINEERING AND COATING PROCESSES Master of Technology Master of Technology,” 

pp. 1–66, 2016. 

[12] L. Rony, R. Lancigu, and L. Hubert, “Intraosseous metal implants in orthopedics: A review,” Morphologie, vol. 102, no. 

339. Elsevier Masson SAS, pp. 231–242, 2018, doi: 10.1016/j.morpho.2018.09.003. 

[13] N. Eliaz, “Corrosion of metallic biomaterials: A review,” Materials (Basel), vol. 12, no. 3, 2019, doi: 

10.3390/ma12030407. 

[14] L. Esteves, M. Cardoso, and V. de Freitas Cunha Lins, “Corrosion behavior of duplex and lean duplex stainless steels in 

pulp mill,” Mater Res, vol. 21, no. 1, 2018, doi: 10.1590/1980-5373-mr-2017-0148. 

[15] M. Talha, Y. Ma, P. Kumar, Y. Lin, and A. Singh, “Role of protein adsorption in the bio corrosion of metallic implants – 

A review,” Colloids and Surfaces B: Biointerfaces, vol. 176, no. December 2018. Elsevier, pp. 494–506, 2019, doi: 

10.1016/j.colsurfb.2019.01.038. 

[16] L. Esteves, M. M. A. M. Schvartzman, W. R. Da Costa Campos, and V. F. C. Lins, “Corrosion behavior of duplex 

stainless steel in industrial white liquor,” Corrosion, vol. 74, no. 5, pp. 543–550, 2018, doi: 10.5006/2558. 

[17] A. A. Kazakov, A. I. Zhitenev, A. S. Fedorov, and O. V. Fomina, “Development of duplex stainless steels Сompositions,” 

CIS Iron Steel Rev, vol. 18, pp. 20–26, 2019, doi: 10.17580/cisisr.2019.02.04. 



 Copyrights @Kalahari Journals                                                                                            Vol. 7 No. 1 (January, 2022)  

International Journal of Mechanical Engineering  

4854 

[18] M. Bernås, I. Westermann, R. Johnsen, C. Lauritsen, and M. Iannuzzi, “Effect of microstructure on the corrosion resistant 

of duplex stainless steels: Materials performance maps,” NACE - Int Corros Conf Ser, vol. 8, no. May, pp. 5476–5490, 

2017. 

[19] N. Mitsuo, T. Narushima, and M. Nakai, Advances in Metallic Biomaterials: Tissues, Materials and Biological Reactions. 

2015. 

[20] H. Y. Ha, M. H. Jang, T. H. Lee, and J. Moon, “Interpretation of the relation between ferrite fraction and pitting corrosion 

resistant of commercial 2205 duplex stainless steel,” Corros Sci, vol. 89, no. C, pp. 154–162, 2014, doi: 

10.1016/j.corsci.2014.08.021. 

[21] E. Bettini, U. Kivisäkk, C. Leygraf, and J. Pan, “Study of corrosion behavior of a 22% Cr duplex stainless steel: Influence 

of nano-sized chromium nitrides and exposure temp,” Electrochim Acta, vol. 113, pp. 280–289, 2013, doi: 

10.1016/j.electacta.2013.09.056. 

[22] S. Aribo, A. Neville, and X. Hu, “Pitting behaviour of lean Duplex stainless steels in marine and oilfield environments,” 

Soc Pet Eng - SPE Int Conf Exhib Oilf Corros 2012, no. May 2016, pp. 95–102, 2012, doi: 10.2118/154811-ms. 

[23] S. S. M. Tavares, J. M. Pardal, M. R. Da Silva, and C. A. S. De Oliveira, “Martensitic transformation induced by cold 

deformation of lean duplex stainless steel uns S32304,” Mater Res, vol. 17, no. 2, pp. 381–385, 2014, doi: 10.1590/S1516-

14392013005000157. 

[24] C. Örnek, F. Léonard, S. A. McDonald, A. Prajapati, P. J. Withers, and D. L. Engelberg, “Time-dependent in situ 

measurement of atmospheric corrosion rates of duplex stainless steel wires,” npj Mater Degrad, vol. 2, no. 1, pp. 0–15, 

2018, doi: 10.1038/s41529-018-0030-9. 

[25] F. Zanotto, V. Grassi, A. Balbo, F. Zucchi, and C. Monticelli, “Investigation on the corrosion behavior of lean duplex 

stainless steel 2404 after aging within the 650-850 °C temp range,” Metals (Basel), vol. 9, no. 5, 2019, doi: 

10.3390/met9050529. 

[26] F. Zanotto, V. Grassi, A. Balbo, C. Monticelli, and F. Zucchi, “Stress-corrosion cracking behaviour of lean-duplex 

stainless steels in chloride/thiosulphate environments,” Metals (Basel), vol. 8, no. 4, pp. 1–16, 2018, doi: 

10.3390/met8040237. 

[27] Y. Hu et al., “Effects of micro-sized ferrite and austenite grains on the pitting corrosion behavior of lean duplex stainless 

steel 2101,” Metals (Basel), vol. 7, no. 5, 2017, doi: 10.3390/met7050168. 

[28] Z. Zhang, D. Han, Y. Jiang, C. Shi, and J. Li, “Microstructural evolution and pitting resistant of annealed lean duplex 

stainless steel UNS S32304,” Nucl Eng Des, vol. 243, pp. 56–62, 2012, doi: 10.1016/j.nucengdes.2011.11.030. 

[29] S. Aribo, “Corrosion and Erosion-Corrosion Behaviour of Lean Duplex Stainless Steels in Marine and Oilfield 

Environments By Sunday Aribo,” 2014. 

  


