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Metallurgical Perspective of AISI 301LN (EN 1.4318) Grade Austenitic 
Stainless Steel for Future Transport Applications 

Recently AISI 301LN grade austenitic stainless steel shows po-
tential applications in manufacturing metro coach, oil tankers, 
bus body structures and wheels etc. Extensive strain induced 
martensite (SIM) formation property at crack tip of this steel 
helps toreduce frequent failure of this material. Formation of hard 
phase ‘SIM’ at crack tip delay crack propagation during fracture. 
In this way this type of steel promotes to make safe structural 
components. To fulfill European commission target before the 
year 2030, several attempts are going to enhance the mechan-
ical performance of this particular steel by applyingadvanced 
thermomechanical treatments.In this regard only cold rolling 
and annealing treatments were used extensively in pastto make 
nano/ultra-fine grain structure, so that better structural properties 
can be achieved. It was found that, best mechanical properties 
(830 MPa Y.S., 953 MPa U.T.S., 36% elongation) were achieved 
after 80% cold rolling of this steel at ice-water mixture and an-
nealing at 7000C for 20 minutes due to formation of ultra-fine 
grain (~0.74µm) structure. So in this review article all its ther-
momechanical properties are explored to find a scope towards 
further enhancement of its mechanical properties by advanced 
thermomechanicaltreatment to make safe body white structure of 
a vehicle. 
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Applications Overview 

Scientists and engineers from France, Germany 

and United Kingdom were involved to develop 

rust free steel in the beginning of 18th century. In 

1821 French mineralogist showed that Cr-steel 

has excellent resistance in acid attack [1]. 

Among the all group of stainless steels, austen-

itic stainless steel especially AISI 300 series 

grades has highest production and commercial 

uses [2]. In 1930-1934 Edward Gowan Budd, 

founder of Budd Manufacturing Company Phila-

delphia, Pennsylvania, USA first used stainless 

steel to manufacture railway coach called 

Zephyr trains as depicted in Figures1 (a) and 

(b)[3].Presently stainless steels are using in 

trailer tanks and buses as structural materials. 

High strength austenitic grade stainless steels 

have given a new dimension to automotive mar-

ket. Figures1 (c), (d), (e) are examples of trailer 

tank and timber trailer pictures which were made 

by AISI 304, AISI 316L and AISI 301LN (EN 

1.4318) austenitic grade stainless steels [4]. 

Stainless steel rail coach was made on the basis 

of monocoque concept where most of the struc-

tural parts were made by AISI 301L or AISI 

301LN grades as embodied in the Figure 2 

(a)[3]. Today especially AISI 301LN grade aus-

tenitic stainless steel issignificantlyusing in 

metro coach, light rail train, urban busses and 

other passenger vehicles due to its several ad-

vantages like high corrosion resistance property, 

durability, crash resistance, fire safety, ease of 

cleaning and maintenance as well as esthetic 

view as depicted in the Figure 2 (b)[5, 6]. AISI 

301 and AISI 304LN austenitic grades stainless 

steels were used for making bus frames as de-

picted in the Figure 2 (c)[7]. AISI 301LN grade 

cold worked materialswere used to make rim 

wheels of passenger vehicles to decreasevehi-

cle weight by 15% and improve fatigue re-

sistance in comparison to Fe 355 steel as shown 

in Figure 2 (d)[8]. Tempered rolled AISI 301LN 

grade austenitic stainless steel is very competi-

tive material as compared to carbon steels, Al 

alloys, TRIP or Dual Phase steelsdue to its 

higher ductility as depicted in the Figure 2 (e)[4]. 

Since 1932 approximately 8000 stainless steel 

railway passenger vehicles were built in USA, 

JAPAN and EUROPE for saving weight of auto-

motive from 70 kg to 7 kg as well as improving 

engineefficiency approximately 70% (earlier use 

300 HP engine, now using 90 HP engine)[9]. Re-

cently, AISI 301LN grade ultra-high strength 

austenitic stainless steel development is tar-

geted by researchers to develop more light 

weight trains and metro cars for future transport 

purposes. 

Introduction 

Last two decades, there is an increasing de-

mand (around 5%) of cold worked different 

grades stainless steels including austenitic 

stainless steels for building, construction, pro-

cess industry, structural and transport applica-

tions[10].But high Ni price is the barrier for ex-

tensive use of austenitic grade stainless steels. 

Substantial cost has been reduced by lowering 

Ni alloy amount and incorporating high Nitrogen 

(more than or equal to 0.08%) in the AISI 301LN 

grade austenitic stainless steel[11]. The effect of 

nitrogen as interstitial solute element is more in 

comparison to carbon to form strain induced 

martensite with cold working. For that reason, 

AISI 301LN grade austenitic stainless steel 

hasmoretendencies to form strain induced mar-

tensite (SIM) by increasing Ms (martensite start 

temperature) as explained in Equation (1).This 

continuous SIM formation during deformation at 

crack tip delay crack propagation at the timefail-

ure of the steel components.This special me-

chanical characteristic of the AISI 301LN grade 

austenitic stainless steel have increased its im-

portance in automotive industry. So AISI 301LN 

grade steel has a great opportunity for making 

safe Future Steel Vehicle (FSV).  

Md30 (0C) = 551- 462(%C+%N) – 9.2(%Si) – 

8.1(%Mn) – 13.7(%Cr) – 29(%Ni+%Cu) – 

18.5(%Mo) – 68(%Nb) – 1.42 (GS-8)        (1) [12] 

The above mentioned equation can predict the 

temperature at which 50% of the austenite will 

be transformed to martensiteon application of 

30% true strain. Martensite can be formed i.e. in 
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BCC magnetic crystal structure (α/) or HCP non-

magnetic crystal structure (ε) depending on the 

stacking fault energy of the material. Absorbed 

energy by a material can be expressed as the 

product of ‘Rm’ (Ultimate Tensile Strength) and 

‘A’ (total elongation). 1st generation high strength 

steels including conventional steelshave low 

cost and possessing mostly BCC crystal struc-

ture,showing around 5-25 GPa% absorb energy. 

2nd generation high strength steelshave FCC 

crystal structure and these are costly due to con-

taining expensive alloying elements.The 3rd gen-

eration ultra-high strength steels including AISI 

301LN steelshave combinations of FCC+BCC 

crystal structures. Hence,advanced thermome-

chanical treatments are the main route to de-

velop less costlyultra-high strength steel or fu-

ture generation steel as depicted in Figure 3,in-

corporating several  strengthening mechanisms 

like grain refinement, surface modification by la-

ser treatments, grain boundary engineering, dis-

location strengthening, precipitation hardening, 

solid solution strengthening etc. [11, 13]. At the 

new era, it is beleaguered by the researchers to 

develop advanced/superior ultra-high strength 

steels by applying advanced TMT instead of 

adding costly alloy elements in steel including 

AISI 301LN grade steel austenitic stainless 

steel.  

Strain Induced Martensite formation by Severe 

Plastic Deformation and Ageing Treatments to-

wards development of advanced high strength 

AISI 301LN Grade Austenitic Stainless Steel 

Researchershad investigated the effect of cold 

rolling (10%-80%) on the microstructure and me-

chanical properties of AISI 301LN austenitic 

grade stainless steel. It was observed that with 

increasing severe plastic deformationslarge 

amount shear bands generated which act as nu-

cleation sites of formation α’-martensite or strain 

induced martensite. This high volume strain in-

duced martensite (BCC) enhance the micro-

hardness, yield strength, tensile strength as em-

bodied in the Figures 4 (a), (b) and (c) respec-

tively [14]. 31% room temperature deformation 

of this steel exhibitscombinations of lath 

martensite (BCC) and austenite (FCC) struc-

tures as observed from Figures 4 (d) and (e) be-

fore deformation and after deformation respec-

tively as confirmed by the AFM (Atomic force mi-

croscopy) image shown in Figure 4 (f)[15]. It wa-

salso noticed that AISI 301LN grade austenitic 

stainless steel has more tendency to formation 

of large amount of α/martensite after cold rolling 

at room temperature than other austenitic grade 

stainless steels [16]. With increasing cold defor-

mationsat lower temperatures, the probabilities 

of deformation bands andα/-martensite for-

mation are increased due to reduction of stack-

ing fault energy (SFE) of the steel [17].      

Commercial grade AISI 301LN austenitic stain-

less steelis generally containingapproximately 

0.02% C, 17% Cr, 7% Ni, 1.2% Mn, 0.4% Si, 

0.12% Mo, 0.12% Nitrogen and it shows typical 

mechanical properties like 670 MPa yield 

strength, 922 MPa ultimate tensile strength and 

23%-24% elongation, 264 (HV10) Vickers hard-

ness,indicating that the as received AISI 301LN 

grade austenitic stainless steel has sufficient 

austenite morphology elucidating in the Figure 4 

(d)[18]. The above mentioned base materials of 

AISI 301LN grade austenitic stainless steel were 

showing bimodal grain size distribution with 

some lath type martensitic morphology. During 

cold deformation metastable austenite (FCC) 

were transformed plastically to € (HCP) and α/ 

(BCC) martensite due to intergranular shearing 

and twining preferentially in the <122> orienta-

tion [19]. Ferromagnetic properties of cold rolled 

AISI 301LN grade steel was investigated which 

showedthat heat treatment at 3500C and 4000C 

after cold deformation exhibits slightly high mag-

netic value due to formation of additional mar-

tensite from the effect of strain ageing [20]. In-

vestigation was also revealed that anisotropy 

has a great effect on formation of strain induced 

martensite[21]. Not only anisotropy due to chem-

ical heterogeneity within the materials of AISI 

301LN grade austenitic stainless steel, the SFE 

(stacking fault energy) and Ms(Martensite start 

temperature) vary which indirectly af-

fectsmartensite transformation during cold 
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deformations[22]. Due to adiabaticheating effect 

at high strain rate condition, the martensite 

transformation rate is generally reducedas found 

from TEM observations[23]. Strain hardening 

occurs basically in low SFE (stacking fault en-

ergy) stainless steels. Becauseit hindersoccur-

rence of cross slipsbetween partial disloca-

tions.As a result, austenitic grade stainless steel 

shows better combinations of strength and form-

ability rather than other grades of stainless 

steels. Low Cr grade austenitic stainless steels 

exhibit γ (FCC) -€ (HCP) - α/(BCC/BCT) se-

quence phase transformation upon loading. This 

improves work hardening rate and simultane-

ously reduce ductility of low Cr austenitic grade 

stainless steels from TRIP (Transformation In-

duced Plasticity) effect. On the other hand, high 

Cr grade austenitic steel like AISI 301LN pre-

dominantly follow only γ(FCC) – α/(BCC/BCT) 

phase transformations on application of defor-

mation load.This improves formability of this type 

of austenitic grade stainless steel during tensile 

loading due to reduced TRIP effect and for-

mation of micro twins [24]. This type of transfor-

mation not only improves the formability but also 

enhance damping property of AISI 301LN (EN 

1.4318) grade austenitic stainless steel [25]. 

During cold rolling strain induced α/-martensite 

phase transformation arisewhich indirectlyretard 

crack propagationduring embrittlement from in-

ternal hydrogen diffusion. Low Ni, High C and 

High Mn grade austenitic steelspossess more 

tendency towards delayed cracking rather than 

AISI 301LN (High Ni, Low C &Mn) grade austen-

itic stainless steel due to cohort of volume ex-

panded metastable strain induced martensite 

and enlargement of high residual stress as well 

as hindrance of cross slip from low stacking fault 

property of low Ni content stainless steel[26]. 

Plastic deformations and strain induced marten-

site formations are interrelated. It was observed 

by researchers that high strain rate have nega-

tive effect on formation of strain induce marten-

site due to adiabatic heating [27]. The earlier 

stated transformations of FCC austenite to BCT 

austenite and followed by BCC martensite due 

to external stress is also happened for AISI 

301LN grade austenitic stainless steel during 

cold rolling, depicted schematically in the Figure 

5, revealing that there is definitely a relation be-

tween (111)γ and (110)α
/ planes of those crystals 

[28]. Effect of cold rolling on high nitrogen aus-

tenitic grade stainless steels were investigated 

by few metallurgists.Itwas exposed from their re-

search that increasing cold reduction (10% to 

70%) improves the mechanical strength from 

1001-2236 MPa and simultaneously falls the 

ductility from 86.6% to 12.3% due to formation of 

bulk thin nano-twins instead of thick width micro 

twins’ or shifting from slip with twins to drossy 

twins[29]. Static strain ageing improves the yield 

strength and ductility of cold rolled AISI 301LN 

grade austenitic stainless steel due to Suzuki 

locking of dislocations [30]. 

Hall - Petch Relation and Grain Refinement 

by Thermomechanical treatments of AISI 

301LN (EN -1.4318) Grade Austenitic Stain-

less Steel 

AISI 301LN austeniticstainless steel has excel-

lent corrosion resistance property, moderate 

yield strength (approximately 350 MPa) with 

good ductility at hot rolled condition. But draw-

back is its poor yield strength for structural and 

automotive applications which can be improved 

by advanced thermomechanical treat-

ments.Simple Cold rollinggenerateslarge 

amount of hard deformation induced martensite 

(DIM) phase which enhance the strength nearly 

by 1500 MPa with reduced ductility. Grain refine-

ment (as small as ~0.54µm) of AISI 301LN grade 

austenitic stainless steel was occurred by se-

vere plastic deformation (~63% CR) with subse-

quent annealing at 8000C, 9000C, 10000C for 1-

100 seconds shows superior mechanical prop-

erties (Y.S.-500-750 MPa, U.T.S.- 900-1050 

MPa, Elongation-45%-35%) as observed from 

TEM micrograph at Figures 6 (a) to (d)respec-

tively [31]. Heavily cold rolled AISI 301LN grade 

steel consists of dislocation cell and lath type 

martensitic structure along with shear 

bands.These are converted to nano/submicron 

scale ultra fine grains (nearly 200nm) austenite 
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structure upon annealing at 6000C for 100 sec-

onds and 7000C for 1 second respectively with 

fine chromium nitride (≈ 20 nm) precipitation as 

depicted in the TEM image of Figures 2.26 (e) to 

(h)[32]. As the Ms (Martensite Start) temperature 

of AISI 301LN steel lies below ambient temper-

ature, martensite transformation will not able to 

take place by normal quenching process. During 

cold rolling, the austenite phase (FCC) to BCC –

α/martensite phase (DIM) transformation occurs. 

This induces volume expansion of nearly 2.6% 

and simultaneously develops internal stress 

which is released upon annealing at high tem-

peraturescausing formation of fine grain recrys-

talizedaustenite [33]. High and low stacking fault 

energy AISI 301LN grade austenitic stainless 

steelexhibit cellular and planer dislocation struc-

tureswhich after annealing at high temperatures 

(say 7000C-8700C) were converted partially or 

fully to recrystalizedultra-fine grains structure 

(~0.2-0.5 µm) or bimodal grains(0.5-2µm) struc-

ture of austenite in the texture orientation of 

{110}<112>, {113}<211> for austenite and 

{111}<112>, {121}<101> for martensite as em-

bodied in the Figures 7 (a) & (b)[34].   

After cold rolling of AISI 301LN grade austenitic 

stainless steel the tensile strength increases 

steadily due to formation of strain induced mar-

tensite and hardened austenite.But it adversely 

affects the ductility of this steel. So to get the op-

timum mechanical properties of this steel, differ-

ent percentage combinations of cold reductions 

and annealing were applied frequently.The re-

sults were explored the generation of ultrafine 

grain submicron structure of austenite from mar-

tensitic shear or diffusion transformation. AISI 

301LN grade austenitic stainless steel were sub-

jected to 45%, 60% and 75% cold rolled at room 

temperature withannealing at 5000C-9000C tem-

perature range and the best mechanical proper-

ties (Y.S.-918 MPa, U.T.S.-1119 MPA, elonga-

tion-30%) were achieved for the steel where 

60% cold reduction at 250C along with annealing 

at 7000C for 10 seconds was imposeddue to 

strong austenite texture orientation in the Brass-

Goss direction rather than Copper-S direction 

[35]. Nowadays there is tremendous demand for 

developing 3rd generation ultra-high strength 

austenitic grade stainless steel by advanced 

thermomechanical treatments.High strength as 

well as high elongation is dictated by the large 

grain boundary area of nano/sub-micron grains 

structure of austenite. Along with ultra-fine 

grains austenite structure from reversion anneal-

ing of 62% cold rolled AISI 301LN grade austen-

itic stainless steel at 8000C, some micro twins, 

dislocations, micro bands and stacking faults 

were observed due to partial emission of dislo-

cation from grain boundariesof nano-crystaline 

structure [36]. Strain rate and nano-twins have 

dominant effect on strength and ductility of this 

steel. Strain induced martensite generally form 

in coarse grain austenitic stainless steel.On the 

other hand,mechanical twining along with stack-

ing faults wereobserved for nano/ultra-fine grain 

steel and these types of microstructures inhibit 

dislocation movement extensively during defor-

mation,causing highermechanical strength of 

those steels.The critical grain size was 0.543 µm 

for nucleationof lamellar nano-twins instead of 

slip bands for AISI 301LN grade steel as found 

inFigures 8 (a), (b), (c) and (d)[37, 38]. For AISI 

301LN grade austenitic stainless steel, nano-

grains structureswere found helpful for generat-

ing mechanical twining as well as stacking faults 

by hindering lath martenisite formation in re-

duced space fine grains austenite structure [39]. 

This is beneficial to enhance the elongation 

property of this steel. There is a growing interest 

of the researchers to develop advanced high 

strength  AISI 301LN grade austenitic stainless 

steel for metro coach  

and other structural applications by cold rolling 

and controlled phase transformation process in-

ducing generation ofnano/submicron grains 

structures. A very good combinations of strength 

as well as ductility were foundfor this steel like 

751-921 MPa Y.S., 1001-1151 MPa U.T.S., 

elongation in the range of 34%-35% when 45% 

severe plastically deformationwith short anneal-

ing at the temperature of 7500C for 80-160 sec-

onds were imposed[40, 41]. Ferritoscope, XRD 
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(X-Ray Diffraction) and EBSD (Electron Back 

Scattered Diffraction) techniques are frequently 

employed to quantize the formation of 

percentage of martensitein cold rolled and an-

nealed AISI 301LN grade steel.

 

 

 

 

Figure 1(a), (b) Edward Budd and It’s Zephyr train (c), (d), (e) Stainless Steel made Timber and 

Tank trailers (Reprinted from [3, 4]). 
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Figure 2(a) AISI 301 made Rail Structure (b) Schematic Advantages Stainless Steel Car (c), (d) AISI 

301LN Stainless Steel made Vehicle components (e) Position of EN 1.4318 grade in terms of 

Strength and Ductility (Reprinted from [3-8]). 
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Figure 3Plot of Strength and Ductility with Crystal structure and Percentage of Austenite (Reprinted 

from [13]). 

 

 

 

Figure  4(a), (b), (c) Plot Changes of Mechanical Properties AISI 301LN steel with Different Cold 

Reduction (d), (e), (f) Microstructure of AISI 301LN steel with Deformation (Reprinted from 

[14,15,18]) 
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Figure 5(a) FCC Austenite (b) FCC Austenite to BCT Austenite Conversion (c) & (d) BCT Austenite 

to BCC Martensite Conversion from BAIN Strain Deformation (Reprinted from [28]) 
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Figure 6TEM microstructure of 63% Cold Rolled -annealing at (a) 8000C (b) 9000C (c)  & (d) 10000C 

-1  & 100 seconds, (e) to (h) TEM image of Dislocation, Lath Martensite, Shear Band, Nitride Pre-

cipitate (Reprinted from [31, 32]). 

 

Figure 7Schematic of microstructure changes during (a) warm rolling with annealing and (b) Cold 

Rolling with annealing processes (Reprinted from [34]). 
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Figure 8TEM micrographs of (a) fine needle like lath martensite with slip bands for coarse grain (b) 

and (c) Stacking faults with dislocation and nano-twins lamella for fine grain AISI 301LN steel (d) 

Dislocation pile up at Twin boundary (Reprinted from [37,38]). 

 

 

Figure 9TEM micrographs of (a) M23C6 Carbide Precipitates (b) Lath & Dislocation Cell Type Mar-

tensite with SAED pattern (c) Schematic Conversion of Lath to Dislocation Cell Martensite (d) Per-

centage of Lath and Dislocation Cell martensite with Cold Deformation and (e) Extremely fine grains 
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cryorolled with annealing at 7500C for 30 minutes of AISI 301LN Austenitic Stainless Steel Grade 

(Reprinted from[43, 47, 53]). 

 

Figure 10(a) Schematic of Laser Heat Treatment Process (b) Variation of mechanical properties 

with laser treated annealing temperatures ranges (Reprinted from [55,56]). 

 

 

Figure 11SEM image of Crack for (a) Cold rolled + Annealed (b) Only cold Rolled AISI 301LN sample 

(c) Broad range of martensite transformation zone during Crack Propagation for Annealed sample 

as compared to Cold rolled AISI 301LN grade steel (Reprinted from [60]). 
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Figure 12 (a) Large Pits at Cold Rolled and (b) Small Grain Boundary Pits at Coarse Grain Structure 

of AISI 301LN Grade Steel (c) Plot of Weight loss due to corrosion for different Nitrogen content 

AISI 301LN steel with room as well as elevated temperatures (Reprinted from [70,71]). 

Table: Physical & Mechanical Properties of As-Received, Cold Rolled and Annealed AISI 301LN 

Grade Austenitic Stainless Steel[18, 29, 31- 32, 34 - 36, 40 – 41, 44 - 45, 49, 53]   

Sl. 

No. 

Applied Thermomechanical Treat-

ments 
Physical Properties Mechanical Properties Remarks 

1. As Received Material 
Mostly Austenite Phase 

Present 

Y.S. - 670 MPa, U.T.S. - 

922 MPa, Elongation - 

23%-24%, Vickers Hard-

ness (HV10) - 264  

chemical composition 0.02% C, 17% 

Cr, 7% Ni, 1.2% Mn, 0.4% Si, 0.12% 

Mo, 0.12% Nitrogen 

2. 10% - 70% Cold Rolling 

Mixture of Austenite & Dislo-

cation Cell as well as Lath 

type Martensite Phases, 

Drossy Nano Twins 

Tensile Strength – 1001 to 

2236 MPa, Elongation – 

86.6% to 12.3% 

Increase plastic deformation reduced 

width of Twins 

3. 

63% Cold Reduction + Annealing 

at 8000C, 9000C, 10000C for 1-100 

seconds 

Ultra fine grains (≈ 0.54 µm) 

Austenite Structure  

Y.S.-500-750 MPa, 

U.T.S.- 900-1050 MPa, 

Elongation-45%-35% 

Grain Fineness depends on percentage 

of cold rolling, annealing temperatures 

and holding time during annealing 

4. 

Cold Rolling + Annealing (6000C 

for 100 seconds/ 7000C for 1 sec-

ond) 

Nano grains (≈0.2 µm) aus-

tenite + 20 nm size Chro-

mium Nitride Precipitates  

- 
Increased Annealing temperature re-

duce the holding time 

5. 
80% Cold Rolling + Annealing at 

7000C – 8700C for Small Period 

Mixture of small (≈ 0.2-

0.5µm) and large (≈ 0.5 – 2 

µm) recrystalized austenite  

- 

Bi-modal grain size distribution, texture 

orientation at {110}<112>, {113}<211> 

for austenite and {111}<112>, 

{121}<101> for martensite 

6. 

45%, 60% and 75% Cold Reduc-

tion as well as annealing at 5000C-

9000C 

Fine grain Austenite with 

Brass-Goss Texture 

Y.S.-918 MPa, U.T.S.-

1119 MPa, elongation-

30% 

 

7. 
62% Cold Rolling + Annealing at 

8000C 

micro twins in multiple direc-

tions, scattered disloca-

tions, micro bands, stacking 

faults 

- - 

8. 

45% Severe plastic deformation + 

Annealing at 7500C for 80-160 sec-

onds 

- 

751-921 MPa Y.S., 1001-

1151 MPa U.T.S., elonga-

tion 34%-35% 

- 

9. 
60% cold rolled and annealing at 

7000C for 10 seconds 

submicron grains along with 

partial reversion of marten-

site 

900 MPa Y.S., 1100 MPa 

U.T.S., 30% elongation 
- 

10. 
20% cold rolled and annealed at 

7500C for 10 minutes 
Ultra fine grains structure 

749 MPa Y.S., 1010 MPa 

U.T.S. and 33% ductility 

36% enhance fatigue properties due to 

formation of nano grains structure 

11. 

80% cold reduction at ice-water or 

in liquid nitrogen temperature and 

annealed at 6500C-9000C for 1 to 

20 or 7500C for 30 minutes 

Very ultra fine grain (≈ 0.74 

µm) structure formation of 

austenite 

830 MPa Y.S., 953 MPa 

U.T.S., 36% elongation/ 

Y.S. 970 MPa and 24% 

elongation 

Best possible mechanical properties 

achieved for this grade steel 
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It exhibits that 50%-58% martensite formation 

were took placewhen 63%-72% cold rollingwere 

applied and 0.2%-1% martensite were formed 

after annealing that rolled material (10000C/200 

seconds-CG, 8000C/1 second-UFG)[42]. Se-

verely deformed (≈90% at room temperature) 

AISI 301LN grade austenitic stainless steel were 

composed of lath and dislocation cell martensite 

and after annealing in the temperature range of 

6000C-9000C for 30 minutes, were converted to 

fine austenite grains (0.28µm-5.85µm) as well 

as(Fe, Cr, Mo)23C6 fine carbides precipitates as 

observed form Figure 9 (a)[43]. Excellent 

strength and ductility (nearly 900 MPa Y.S., 

1100 MPa U.T.S., 30% elongation) property 

were achieved for AISI 301LN grade steel when 

it was subjected to 60% cold rolled and annealed 

at 7000C for 10 seconds due to formation of sub-

micron grains structure[44]. Researchers found 

that EN 1.4318 or AISI 301LN grade austenitic 

stainless steel when 20% cold rolled were show-

ing 926 MPa Y.S., 1113 U.T.S, 24% elongation 

and that cold rolled material after annealing at 

7500C for 10 minutes were showing 749 MPa 

Y.S., 1010 MPa U.T.S., 33% ductility with 36% 

improvement of fatigue property [45]. Stacking 

fault energy (SFE) has a great influence on twins 

and shear bands formation and it can be altered 

by changing temperature as well as stress induc-

ing different types of thermomechanical treat-

ments. It was observed that tensile characteris-

tics of the AISI 301LN grade austenitic steel are 

depending on the width of the extended stacking 

fault, micro bands and micro twins [46]. After 

small cold deformation the AISI 301LN grade 

steel was composed of lath and dislocation cell 

martensiteas elucidate by spot and ring patterns 

respectively in the Figures 9 (b) and (c). When 

the cold reductions wereexceeded 45%, the per-

centages of dislocation cell martensite were in-

creased in comparison to lath type martensite as 

shown in the Figure 9 (d).Severe plastic defor-

mationgreater than or equal to 70% of this steel 

were created more dislocation cell type marten-

site which were converted to ultra-fine grain aus-

tenite (0.6 µm-1µm) nano/submicron austenite 

structure after annealing at 8000C for 1 second 

and this treated steel was producing 880 MPa 

proof strength, 1000 MPa ultimate tensile 

strength with nearly 30%-40% elongation prop-

erties [47]. A broad range cold reduction (10%-

80%) were employed to AISI 301LN grade aus-

tenitic stainless steel and best mechanical prop-

erties (approximately 1000 MPa tensile strength 

with 25% ductility) wereachieved after 30% se-

vere plastic deformation with annealing at 6500C 

for 5 minutes due to increased texture intensity 

in the Brass{110}<112>, Goss{110}<001>direc-

tions[48]. Similarly 10% to 80% cold reduction 

were given at 00C in a ice-water mixture with an-

nealing at 6500C-9000C for 1 to 20 minutes and 

the best tensile properties (830 MPa Y.S., 953 

MPa U.T.S., 36% elongation) were obtained af-

ter 80% cold rollingand annealing at 7000C for 

20 minutes due to formation of ultra fine grain 

(~0.74µm) austenite structure [49]. Several ther-

momechanical treatments were applied to opti-

mize the recrystalization process of cold rolled 

with annealed AISI 301LN grade austenitic 

stainless steel to get the best possible mechani-

cal and microstructure advantages. In this re-

gards repeated cold rolling and annealing treat-

ments were recently applied in different stainless 

steel grades like AISI 301, 304 and 304L to opti-

mize the size of submicron grains austenite 

structure [50-52]. Cryorolled with annealing at 

7500C for 30 minutes of AISI 301LN grade aus-

tenitic stainless steel showedY.S. 970 MPa and 

elongation 24% as depicted in the Figure 9 

(e)[53].   

Recently local laser heat treatment were applied 

to 50% cold rolled AISI 301LN grade austenitic 

stainless steel at >7000C or <7000C to get com-

pletely or partially recrystalized fine grains 

(0.9µm-2µm) or ultra-fine grains (average 

0.6µm) austenite and it was exhibiting tensile 

properties approximately 605 MPa to 858 MPa 

Y.S., 860 MPa to 994 MPa U.T.S. and corre-

sponding elongation properties in the range of 

42%-24% respectively [54]. Local laser heat 

treatments of deformed materials were adopted 

in the year 2012-2013.Scan laser beams locally 
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were impinging on the cold deformed martensitic 

phase as depicted schematically in the Figure 10 

(a) to convert the strain induced martensite to ul-

tra/nano/ submicron grain austenite structure 

[55]. Generally Ytterbium doped or Yttrium-Alu-

minum Garnet laser was applied as a heat 

source element on 60% cold rolled AISI 301LN 

grade austenitic stainless steel with scan rate 

from 7.5 mm/sec - 10.5 mm/sec in the tempera-

ture range 8200C - 5900C and the treated steel 

exhibited 400 MPa to 1000 MPa Y.S., 800 MPa 

– 1100 MPa U.T.S with ductility 10% - 45% re-

spectively as elucidate in the Figure 10 (b)[56]. 

So from the above study it can be concluded that 

optimum plastic deformation and corresponding 

annealing temperature as well as annealing time 

can drastically improve the mechanical proper-

ties of AISI 301LN grade austenitic stainless 

steel.The mechanical and physical properties 

were achieved to this grade steel by different 

thermomechanical treatments are summarized 

in Table.  

Fatigue, Fracture Properties of Thermomechan-

ically Treated AISI 301LN Grade Austenitic 

Stainless Steel 

Deformation inducedhigh cycle fatigue tests 

were applied to AISI 301LN grade austenitic 

stainless steel which was exhibiting martensitic 

platelet formation [γ (FCC)  € (HCP)  α/ 

(BCC)] predominantly along the shear bands in 

the {111} austenitic plane [57]. Some research-

ers studied the fatigue crack growth rate (FCGR) 

in different microstructural conditions.They 

showed that martensite formation from austenite 

induced micro cracks or micro voids was respon-

sible for detrimental fatigue failure and it may 

avoid by generation of rough crack by annealing 

of the cold rolled AISI 301LN grade austenitic 

stainless steel [58,59]. Martensitepredominantly 

generated for cold rolled + annealed metastable 

steelrathersimple cold rolled AISI 301LN grade 

austenitic stainless steel which reduce fatigue 

crack growth rate as observed from the Figures 

11 (a), (b) and (c)[60].For that reason fatigue 

limit aregenerally increased for reducing the 

grain size of AISI 301LN steel like 350 MPa 

fatigue limit (FL) for coarse grain structure to 630 

MPa (FL) with 4×106 cycles for ultra-fine grain 

structure[61-63]. Low cycle fatigue of the above 

mentioned steel was found higher for fine grain 

structure rather than coarse grain structure alt-

hough shot pinning on cold rolled steel improves 

fatigue limit [64,65].Fractographic study re-

vealed that with increasing strain induced mar-

tensite formation the dimple densitieswerein-

creased and dimple diametersweredecreased 

[66,67]. 

Corrosion Properties 

Stainlesssteelparticularly austenitic grade like 

EN 1.4318 or AISI 301LNgrade steel have excel-

lent corrosion resistance property due to gener-

ation of Cr2O3 (Chromium Oxide) “passive film” 

on the surface of the material. But with different 

thermomechanical treatments crystalline struc-

ture of AISI 301LN grade austenitic stainless 

steel changes which is the causes of pitting and 

intergranular corrosion due to break down of 

passive film. But it was observed that nano- crys-

talline structure of this steel improves pitting cor-

rosion resistance [68]. On the contrary,ultra-fine 

grain structures of other austenitic grade stain-

less steels show different behavior to resist pit-

ting corrosion in different chloride and sulphuric 

acid environment [69].   

Pitting corrosion resistance of cold rolled austen-

itic stainless steel is poor due to formation of-

martensite.Althoughultra-fine grain austenitic 

stainless steel improves corrosion resistance 

property  by 75% as compared to 45% for simple 

cold deformed steel in NaCl and HCl solution as 

observed from large pits for severe plastically 

deformed AISI 301LN grade austenitic stainless 

steel inFigure 12 (a)and small grain boundary 

pits for coarse grain structure in Figure 12 

(b)[70].Investigation shows that the number of 

pits increases with more percentage of cold de-

formation due to generation of more α/-marten-

site formation from metastable austenite for EN 

1.4318 or AISI 301LN austenitic grade stainless 

steel [72]. Metallurgists found that AISI 301LN 

grade austenitic stainless steel is subjected to 

less intergranular corrosion or sensitization due 



Debasish Chatterjee., IRJMSA, 2020; 3:9 

Https://escipub.com/international-research-journal-of-materials-sciences-and-applications/      16 

to containing low C and high Nitrogen which de-

lay the early precipitation of Cr23C6 and it was 

also revealed that with increasing Nitrogen con-

tent (0.10%-0.173%) for AISI 301LN-1 to AISI 

301LN-4 grade austenitic stainless steel, pitting 

attack was decreasedat room temperature and 

was enhanced at high temperature due to in-

creased acid reactivity observed from Figure 12 

(c)[71]. 

Model development and Predictions of Thermo-

Physical Properties of AISI301LN Grade Aus-

tenitic Stainless Steel 

Model is an integral part of several metallurgical 

researches. Because it helps to predict as well 

as quantify important metallurgical parameters. 

Here, strain induced martensitephase of BCC 

(Body Center Cubic) crystal structure is formed 

due to external application of deformation load 

on the FCC (Face Centered Cubic) crystal struc-

ture of austenite which has been numerically de-

fined by Equation (2) for AISI 301LN grade aus-

tenitic stainless steel.  

])(exp[1
max

m
pf

f D
−

−−=  -- (2) [73] 

f is Volume fraction of strain induced martensite 

in a plastic strain of €p, D and m are respectively 

material parameters, fmax is maximum volume 

fraction of deformation induced martensiteat that 

particular temperature. 

Conventional isotropic kinematic model ex-

plained in Equation (2) was not sufficient to ex-

actly quantify martensite phase transformation 

for AISI 301LN grade austenitic stainless steel. 

For that reason anisotropic phenomenological 

hardening model were proposed by metallur-

gists to better explain as well as quantify this 

phenomenon as proposed in Equation (3).   

Where, C is martensite phase fraction, Cmax is 

90% martensite phase, n=3, D=4 are the model 

parameters, €0 is initial strain to generate say 

24% martensite, €p= strain are required to for-

mation of more than 80% strain induced marten-

site by cold rolling. 

A finite element plasticity model in isothermal 

condition was also developed computationally 

which can predict the γ-α/ transformation kinetics 

as well as the mechanical properties of the AISI 

301LN grade austenitic stainless steel in the roll-

ing and cross rolling condition.In this connection, 

higher tensile stress in cross rolling condition 

(Y.S.-1000 MPa, U.T.S.-1150 MPa, ductility-

12%) rather than initial rolling condition (Y.S.-

800 MPa, U.T.S. - 1000 MPa, elongation-12%) 

was observed by researchers [75].A realistic 

model was also numerically proposed which will 

able to predict actual martensitic transformation 

and its corresponding stress generation by mod-

ifying the well-known Olsen-Cohen kinetic model 

[76].It was also found that combination of neu-

tron diffraction and magnetic measurement play 

a vital role to predict this transformation accu-

rately [77]. Another kinetic law was showed that 

high nitrogen diffusion and heavy cold rolling is 

responsible formartensite nucleation at α/-γ in-

terface [78].  

Conclusions 

It is noticed from above study that AISI 301LN 

grade austenitic stainless steel is a popular 

structural material which presently extensively 

are usingin metro rail coach as well as other 

transport commercial vehicles like buses, trucks 

etc. So this steel hasenormous scope to be a 

valuable structural material for future transport 

applications. Recently cold rolling and annealing 

treatments are applying to improve its mechani-

cal properties by generation of ultra-fine / nano 

grains (0.2µm to 2 µm) austenite structure with 

lath and dislocation cell martensite. In this con-

text researchers are observed that bimodal 

grains formations, dislocation structures, large 

twin microstructures as well as blocking of dislo-

cations at twin boundaries have great effect to 

enhance the tensile and ductility of this particular 

stainless steel. It was also observed that en-

hanced Brass {110} <112>, Goss {110} <001> 

texture intensity helps to achieve the desired 

mechanical properties. Average 600 MPa to 

1100 MPa tensile strength with moderate ductil-

ity in the range of 15% to 40% is possible to 

]74)[3(})]([exp{1
0max

−−−−−+−−=
−−

n
pC

C D 
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achieve by several thermomechanical treat-

ments. Cold rolling and annealing improves the 

fatigue limit of AISI 301LN grade austenitic stain-

less steel by avoiding formation and propagation 

of detrimental micro cracks. It wasalso observed 

by researchers that pitting corrosion can be re-

duced by generation of nano crystalline structure 

of this steel by cold rolling, warm rolling and an-

nealing treatments. Numerical modeling has 

been introduced to predict the ‘BAIN’ strain de-

formation and quantify the volume of strain in-

duced martensite formation from plastic defor-

mation of this great future structural material. 

Overall this review article have explored a brief 

idea about several metallurgical aspects of AISI 

301LN grade austenitic stainless steel so that 

more superior mechanical properties of this steel 

can be produced by advanced thermomechani-

cal treatments as a future scope. 
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