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The crystallographic aspects after air-quenching treatment and the pitting corrosion resistance 

after single tempering and double tempering treatments of AISI 420 martensitic stainless steel were 

studied using optical microscopy, Electron Backscatter Diffraction and potentiodynamic polarization 
tests. The results showed that the observed average orientation relationship (OR) was closer to the 

Greninger-Troiano (G-T) OR model with a minimum average deviation of 2.66°. The average OR 

of AISI 420 steel with respect to austenite matrix was φ1 = 3.6°, Φ = 46.0°, φ2 = 6.2° in the area 

mapped. Blocks showed variant pairs belonging to the same Bain group forming sub-blocks with 

misorientation 5.51° < 6  0 11> (V1/V4 pair), consequently, the AISI 420 martensitic stainless steel 

showed higher intervariant boundary density for the same Bain group and close-packed plane group. 

In the same air-quenching condition, the different sizes of prior austenite grain in the microstructure 
did not influence the variant selection. The air-quenching and single tempering treatments did not 
impair the pitting corrosion resistance and did not cause significant loss of hardness in relation to the 
air-quenched treatment. Therefore, the double tempering should be dispensed saving production costs.

Keywords: Martensitic stainless steel, Orientation relationship, Greninger-Troiano, Pitting 

corrosion resistance.

1. Introduction

AISI 420 martensitic stainless steel is based on Fe-Cr-C 

ternary system with 12–14% Cr and 0.15% min C and is 

applied in cutlery, valve parts, gears, shafts, and rollers1,2. 

The martensitic transformation is a displacive and athermal 

reaction in which the austenite phase shows crystalline 

structure and shape changes resulting in lath martensite 

microstructure with heterogeneities in multiple scales3-5. The 

characterization of lath martensite consists of investigating 
the microstructure and the crystallography, including variant 

selection and grain boundary misorientation6. The most usual 

OR models found in the literature are Kurdjumov-Sachs 

(K-S)7, Greninger-Troiano (G-T)8 and Nishiyama-Wasserman 

(N-W)9. The G-T and N-W ORs are close to K-S with a 

deviation of 2.7° and 5.3°, respectively4. The study of ORs 

in martensitic steel fully transformed has been performed 

using the reconstructed austenite orientation and martensite 

orientation obtained by the Electron Backscatter Diffraction 
(EBSD) technique. This method provides a higher number of 

measurement points improving the statistical significance as 

compared with transmission electron diffraction methods6,10-13. 

In addition, the representation of misorientation distribution 

functions in Euler space has shown greater accuracy when 

compared to pole and inverse pole figures14,15.

The determination of OR that describes the martensitic 

transformation in steels is essential to the characterization of 
block and sub-block boundary misorientations, consequently, 

the mechanical properties12,16,17. The intervariant misorientation 

angle/axis pairs are specific for each OR18,19. Additionally, the 

reconstruction is improved by the selection of appropriate OR, 

consequently, better information about microstructure, grain 

size and orientation of the austenite phase is obtained11,20.

In general, the tempering process is carried out to increase 

the ductility and toughness since the quenching condition 

of martensitic stainless steel is brittle. The decrease of the 

dislocation density and nucleation and growth of carbides 

occur during the tempering, which influences the pitting 
corrosion resistance. At temperatures lower than 350°C, 

the carbon from the matrix combines with the iron atoms 

to form M3C carbides due to the reduced Cr diffusivity21-27. 

It has been reported that the M3C carbides with plate shape *e-mail: ariane.neves.moura@gmail.com
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(40-50 nm in thickness) and orthorhombic or hexagonal 

structure precipitate between the martensitic laths22.

The corrosion resistance of tempered martensitic stainless 

steel in the range of 300°C – 700°C has been extensively 

studied21-26. However, the AISI 420 martensitic stainless steel 

is quenched and tempered or double tempered at temperatures 

up to 250°C in the case of cutlery application. In addition, 

to the best of our knowledge, there are no investigations in 

the literature regarding the OR that describes the martensitic 

transformation in stainless steel. In this context, the objective 

of the current study was to characterize the martensitic 
microstructure of AISI 420 steel after the air-quenching 

process. Particular attention was paid to the determination 

of orientation relationship and crystallographic analysis in 

addition to the corrosion resistance dependence with the 

single and double tempering processes at 180°C simulating 

the industrial process.

2. Material and Methods

The material used in this work was AISI 420 martensitic 

stainless steel with a chemical composition of 0.19%C, 

12.1%Cr, 0.09%Ni, 0.25%Mn, 0.41%Si, 0.01%P and 

0.001%S. The heat treatments consist of air-quenching, 

single tempering and double tempering. The samples were 

austenitized at 1050°C for 5 min in a muffle furnace followed 
by air cooling. Subsequently, the air-quenched samples were 

tempered at 180°C for two hours followed by air cooling 

(single tempering). The double tempering was performed 

under the same conditions as the single tempering.

The air-quenched, single tempered and double tempered 

samples were examined by optical microscopy on a longitudinal 

section using Villela and Groesbecker etchings. Standard 

procedures were applied in the sample preparation. The 

EBSD analysis was performed on a field emission gun FEI 
Quanta 250 scanning electron microscope equipped with 

EDAX system. The step size was 0.20 μm. The kernel average 
misorientation (KAM) was calculated using 5 neighbors 

with a maximum misorientation angle of 5°.

The prior austenite grains were reconstructed using the 

ARPGE (Automated Reconstruction of Parent Grains from 

EBSD data) software developed by Cayron28. The data points 

that have a confidence index (CI) < 0.095 were removed. 
The neighbor CI correlation was used to put in contact 

the neighboring grains. The parent grain reconstruction is 

performed in two steps namely nucleation and growth of 

parent grains. The tolerance angle employed for daughter grain 

identification was 3° based on the minimum misorientation 
between variants of 5.51° in the G-T OR. In the first step, the 
identification of the nuclei is carried out by misorientation 
between four (quadruplet) adjacent daughter grains with 

the theoretical operators28. The tolerance for parent grain 

nucleation was 3°. According to Cayron28, the tolerance 

can range from 3° to 5°. Then, the growth of the nucleus is 

conducted by calculating and comparing the misorientation 

inside this nucleus and the neighboring grains with the 

theoretical operators increasing the tolerance angle up to 

15°28. Table 1 shows the Euler angles for the K-S, G-T and 

N-W ORs selected in ARPGE.

The misorientation between the orientations of reconstructed 

austenite grains and martensite orientations was determined 

using a compute routine in MTEX software developed by 

Almeida et al.15,29. The routine calculates the 576 equivalent 

misorientations in the face centered cubic (FCC) to body 

centered cubic (BCC) transformation and selects the 

misorientations that correspond to the reduced Euler space 

delimited by 0°<φ1<10°, 40°<Φ<50° and 0°< φ2<10°, which 

contains one variant of each OR model selected15.

The average OR for all data collected was calculated 

through the mean angular deviation (Δθaverage) according to 

Equation (1):

/average i
N

Nθ θ∆ = ∆∑   (1)

where N is the number of pixels and Δθi is misorientation 

between the experimental misorientation in the FCC to BCC 

transformation and selected OR model in the ARPGE10,11. The 

MTEX software was also employed in the crystallographic 

analysis. In addition, this software was used to plot the pole 

figures according to the G-T OR model and average OR of 
the present study.

Potentiodynamic polarization tests were performed 
using a conventional three-electrode set-up comprising 

a graphite as counter electrode (CE), a saturated calomel 

electrode (SCE) as the reference electrode (RE) and the 

sample prepared as the working electrode (WE) in aerated 

3.5 wt% NaCl (pH = 6) solution. The samples were ground 

up to #600 using SiC papers and ultrasonically cleaned. The 

electrochemical measurements were repeated twice for each 

sample. The hardness was determined using Wolpert 930 

Instron durometer in accordance with ASTM E8 standard30.

3. Results and Discussion

The microstructures of the samples after air-quenching, 

single tempering and double tempering treatments are 

shown in Figure 1. The AISI 420 showed martensitic 

microstructure with M23C6 (M = Fe, Cr) carbides after 

air-quenching treatment. The austenitization process at 
1050 °C for 5 min did not cause the complete dissolution of 

M23C6 carbides formed during the hot rolling process. The 

amount of M23C6 carbides is reduced with increasing in the 

austenitization temperature27,31,32. After single tempering 

and double tempering treatments, the undissolved M23C6 

carbides during the air-quenching treatment remained in 

the martensitic matrix as expected. In addition, the fraction 

also remained constant in a qualitative approach due to 

low tempering temperature. The nucleation and growth of 

M23C6 carbides is a diffusion-controlled process occurring at 
temperatures higher than 500°C during tempering21-26. The 

hardness values were 47.7 (0.2) HRC, 47.3 (0.2) HRC and 

46.3 (0.1) HRC for the samples after air-quenching, single 

Table 1. ORs between face centered cubic and body centered 

cubic crystals.

OR
Euler angles (°)

φ1 Φ φ2

K-S 5.77 48.19 5.77

G-T 2.7 46.6 7.5

N-W 0 45 9.73
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tempering and double tempering treatments, respectively. 

Calliari et al.33 reported that the hardness decreases with 

tempering temperatures higher than 200°C for AISI 420 

with 0.19%C, 12.90%Cr, 1.0%Ni and 1.7%Mo.

The microstructure of air-quenched AISI 420 steel 

analyzed by EBSD is shown in Figure 2, where the inverse 

pole figure (IPF) map and grain boundary map superimpose 
the corresponding image quality map. Figure 2 also brings 

the misorientation angle distribution. From Figure 2a, it can 

be observed that the microstructure consisted of parallel 

or near parallel laths groups forming blocks and packets 

as described by Morito et al.34,35 and Kitahara et al.36. In 

addition, several prior austenite grains can be distinguished 

in the microstructure. The prior austenite grains are divided 

into several packets and each packet is subdivided into 

blocks. The packets are laths groups that have the same habit 

plane and the blocks are lath groups with the same variant 

orientation34-36. The distribution exhibited two main peaks 

at low (2°-10°) and high (55-63°) misorientation angles, 

which were intervariant misorientation angles (Figure 2c). In 

addition, there was a third peak at 53.7° misorientation angle. 

The low fraction (0.062) of misorientation angles between 

20° and 50° corresponded to austenite grain boundaries. Prior 

austenite grain boundaries were distinguished in Figure 2b 

by black lines (misorientation above 20° and below 50°) 

and the blocks and packets grain boundaries by yellow lines 

(misorientation above 9° and below 20° and higher than 50°).

Figure 3 shows the reconstructed prior austenite grains 

for K-S, G-T and N-W ORs selected in ARPGE. It can be 

observed a deviation in the orientation of some grains; 

consequently, prior austenite grain average diameters also 

differ when the ORs are compared. The prior austenite grain 
average diameters were 24.5 (8.9) μm, 20.5 (8.6) μm and 
24.2 (10.4) μm for K-S, G-T and N-W ORs, respectively. The 
prior austenite grain boundaries in all reconstructed maps 

showed serrated morphology, which is related to common 

Figure 1. Microstructure of the samples after air-quenching, single tempering and double tempering treatments. Left-hand side: Villela 

etching. Right-hand side: Groesbecker etching.
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and small activated variants for neighboring grains15. The 

reconstructed fractions were 0.97, 0.97 and 0.95 for K-S, 

G-T and N-W ORs, respectively. The non-reconstructed 

area has been related to the insufficient number of variants 
of small prior austenite grains that make the reconstruction 

more complex. In addition, the uncertainty degree of the 

reconstruction is increased by the refinement of prior austenite 
grain size37. The lowest area reconstructed corresponded to 

N-W OR. It was found a grain incorrectly reconstructed 

using N-W OR indicated as grain D in Figure 3, suggesting 

reduced accuracy in the reconstruction. Back to Figure 2, 

grain boundaries between 20 ° and 50 ° can be seen dividing 

this reconstructed grain. As stated in Refs11 and20, the OR 

selected significantly affects the quality of the reconstruction.

Figure 4 shows the misorientation distribution between 

the martensite and prior austenite reconstructed using K-S, 

G-T and N-W ORs represented in a reduced Euler space. The 

angular deviation distributions between misorientations and 

the respective ORs models according to Eq (1) are shown in 

Figure 5. The misorientation showed high intensity close to 

G-T OR. The OR selected in the reconstruction affects the 
misorientation distribution in the reduced Euler space15. The 

Δθaverage were 3.97°, 2.66° and 4.12° for K-S, G-T and N-W 

ORs models, respectively. Therefore, it can be concluded that 

the average OR of AISI 420 was closer to G-T OR model. The 

average OR of AISI 420 with respect to austenite matrix was 

φ1 = 3.6°, Φ = 46.0°, φ2 = 6.2° based on the misorientation 

distribution between the martensite and prior austenite 

Figure 2. Sample after air-quenching treatment: (a) inverse pole figure (IPF) map and (b) grain boundary map superimpose the corresponding 
image quality map and (c) misorientation angle distribution.

Figure 3. Sample after air-quenching treatment: reconstructed prior austenite grains for K-S, G-T and N-W ORs selected in ARPGE.
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reconstructed using G-T OR model of the area mapped. The 

increase of Δθaverage causes the degradation of reconstruction 

which explains the lowest area reconstructed and a probably 

grain incorrectly reconstructed observed when the N-W OR 

was selected, as mentioned above (Figure 3)11. It has been 

reported that the OR in steels shows a degree of scattering 

around the OR models since the OR can vary from one grain 

Figure 4. Sample after air-quenching treatment: misorientation distribution between the martensite and prior austenite reconstructed 

using K-S, G-T and N-W ORs.

Figure 5. Sample after air-quenching treatment: angular deviation 

distributions between misorientations and the respective theoretical ORs.

to another18,19,36. The austenite and transformed martensite are 

plastically deformed to accommodate the shape strain during 

martensitic transformation, consequently, the orientations 

of both phases are rotated causing the scattering around the 

OR models observed11,18,19.

Figure 6 shows the 24 martensite variants considering 

that the prior austenite orientation is (001)[100] for the 

G-T OR model and the average OR of AISI 420. Table 2 

provides the angle-axis misorientations taking variant 1 as 

the reference calculated according to the G-T OR model 

and the average OR of AISI 420. Note that the minimum 

misorientation between variants of the same Bain group 

and different blocks or packets were 5.02° and 11.21°, 
respectively, in the G-T OR model. The Bain groups are 

defined based on the compression direction of austenite 
phase during the Bain strain6. The compression along the 

z-axis, x-axis and y-axis was labeled B1, B2 and B3 groups, 
respectively, in Figure 6 and Table 2. The close-packed plane 

(CP) groups are formed by six variants that have the same 

close-packed plane with the austenite (CP1: (111), CP2: 

(1 1 1), CP3: ( 1 11) and CP4: (11 1 )). There are 16 possible 

angle-axis misorientations in G-T OR, which 13 angle-axis 

misorientations are higher than 15°; thus considered high 

angle grain boundaries. In the case of the average OR 



Alcântara et al.6 Materials Research

Table 2. 24 variants of G-T OR model and the average OR of AISI 420.

Variants

G-T OR model Present study

Close packed 

plane
Bain Mis. angle from V1 Rotation Axis in V1 Mis. angle from V1 Rotation Axis in V1

1

(111)

CP1 B1 - -

2 B2 60.23° [-0.54 0.53 0.65] 60.21° [-0.55 0.53 0.65]

3 B3 60.00° [-0.70 0.01 0.71] 59.61° [-0.47 0.51 0.72]

4 B1 5.02° [-0.67 0.00 0.74] 5.51° [-0.48 0.00 0.88]

5 B2 60.00° [-0.01 0.70 0.71] 59.61° [-0.51 0.47 0.72]

6 B3 54.99° [-0.71 0.01 0.71] 54.74° [-0.71 0.05 0.71]

7

(1 1 1)

CP2 B2 49.82° [-0.61 0.51 0.61] 52.00° [-0.61 0.52 0.61]

8 B1 11.21° [-0.69 0.24 0.69] 9.06° [-0.70 0.18 0.70]

9 B3 52.53° [-0.21 0.65 0.73] 52.41° [-0.21 0.66 0.72]

10 B2 50.60° [-0.56 0.46 0.68] 51.39° [-0.57 0.45 0.69]

11 B1 13.51° [-0.06 0.55 0.84] 12.83° [-0.06 0.47 0.88]

12 B3 57.42° [-0.20 0.66 0.72] 57.67° [-0.18 0.66 0.73]

13

( 1 11)

CP3 B1 13.51° [-0.55 0.06 0.84] 12.83° [-0.47 0.06 0.88]

14 B3 50.60° [-0.46 0.56 0.68] 51.39° [-0.45 0.57 0.69]

15 B2 55.57° [-0.66 0.24 0.71] 58.85° [-0.67 0.25 0.70]

16 B1 16.22° [-0.68 0.26 0.68] 16.04° [-0.70 0.18 0.70]

17 B3 51.38° [-0.64 0.41 0.64] 51.02° [-0.65 0.38 0.65]

18 B2 50.71° [-0.67 0.26 0.70] 51.79° [-0.65 0.28 0.70]

19

(11 1 )

CP4 B3 52.53° [-0.65 0.21 0.73] 52.41° [-0.66 0.21 0.72]

20 B2 57.42° [-0.66 0.20 0.72] 57.67° [-0.66 0.18 0.73]

21 B1 19.11° [-0.21 0.00 0.98] 18.15° [-0.29 0.00 0.96]

22 B3 50.71° [-0.26 0.67 0.70] 51.79° [-0.28 0.65 0.70]

23 B2 55.57° [-0.24 0.66 0.71] 56.85° [-0.25 0.67 0.70]

24 B1 19.08° [-0.17 0.00 0.99] 17.59° [-0.11 0.00 0.99]

Figure 6. 24 martensite variants considering that the prior austenite orientation is (001)[100]: (a) G-T OR model and (b) average OR of 

AISI 420.

observed in the present study, the misorientation between 

V1/V4 pair of the same Bain group increased 0.49°. The 

minimum misorientation between different blocks or packets 
(V1/V8 pair) decreased 2.15° in relation to the G-T OR 

model. The intervariant misorientations are in agreement 

with the three peaks observed in the misorientation angle 

distribution (Figure 2b).

Based on Table 2, Figure 7 provides the intervariant 

boundary length density distributions (boundary length per 

unit area) taking variant 1 as the reference of the complete 

map. The distributions of the grains A, B and C (indicated 

Figure 3b) are also shown in Figure 7. The deviation 

angle of 3° was adopted to avoid a significant overlap of 
different intervariant grain boundaries. The diameter of the 
grains A, B and C were 8.16 μm, 18.05 μm and 32.20 μm, 
respectively. It should be mentioned that the three selected 

grains represent the complete area of the map. The grain 

boundary length density of V1/V4 pair that belongs to the 

Bain 1 was higher as compared with V1 and other variants 

for the complete map and the grains A, B and C. The variants 
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belonging to the same Bain group were preferentially 

formed; consequently, variant selection occurred during 

the martensitic transformation. In addition, a higher grain 

boundary length density was found for the CP1. Therefore, 

the intervariant boundary was concentrated in the same Bain 

group and CP group. The variant selection of the same Bain 

group causes the formation of low angle grain boundaries; 

thus it does not improve the grain refinement of martensitic 
microstructures12,19,38,39. Studies19,39 have reported that the 

driving force of austenite transformation is a determining 

factor for the modification of variant selection from the same 
Bain group to different Bain groups or CP groups, which 
also cause martensitic/bainite grain refinement. Wu et al.39 

observed that the variant group in a single grain changes from 

the same Bain group to different Bain groups as the average 
prior austenite grain size decreases from 15 μm up to 6.4 μm. 
In this study, the decrease of prior austenite grain size in 
the same air-quenching condition did not affect the variant 
selection, consequently, a large boundary length density of 

V1/V4 pair was observed for grain diameter varying from 

8.16 μm up to 32.20 μm.
Fig. 8 provides a detailed view of the grain C reconstructed 

using the G-T model, previously displayed in Figure 2 and 

Figure  3. The crystallographic analysis of austenite grain 

was carried out in regions 1 and 2 as shown in Figure 8b 

since these regions are delimited by a grain boundary of 9°. 

The white and black lines in Figure 8 represent sub-block 

boundaries (5.51° < 6  0 11> with deviation <3°) and block 

or packet boundaries with misorientation higher than 9°, 

respectively. These values were adopted considering the 

misorientation of V1/V4 and V1/V8 pairs. The blocks showed 

variant pairs belonging to the same Bain group forming 

sub-blocks, as mentioned above and previously reported for 

low-carbon steels35,36. Inside the blocks, a higher fraction of 

5.51° < 6  0 11> rotation angle and orientation scattering can 

be observed. In addition, the intervariant boundaries were 

Figure 7. Grain boundary density distribution taking the variant 1 as reference for air-quenching treatment: (a) complete map and (b) 

grains A, B and C indicated Figure 3. Deviation: 3°.

sinuous, indicating a lower level of acicularity. Variant pairs 

belonging to different CP groups can be seen in region 1. 
In region 2, the larger blocks presented mainly the variant 

pairs V19 – V22, V20 – V23 and V21 – V24, which 

compose the CP4 group. As stated in Ref34, the formation 

of the six variants inside a packet reduces the shape strain 

of martensitic transformation. In addition, small blocks 

showed one variant, i.e. V9 and V24. The results agree with 

the conclusion that variants belonging to the same Bain 

group were preferentially formed. The sub-blocks formation 

occurs when the shape strain of martensitic transformation 

is plastically accommodated19. Note that the individual data 

points in the {001} pole figures were concentrated close 
to the ideal variant orientations according to average OR, 

which agrees with the conclusion that the average OR of 

AISI 420 steel was closer to the G-T model. In addition, it 

can be also observed a data points spread from ideal variant 

orientations36,40.

The KAM maps of the samples after air-quenching, 

single tempering and double tempering treatments are shown 

in Figure 9. The single tempering and double tempering 

treatments did not cause a significant difference in KAM 
values as compared with the air-quenching treatment. The 

average KAM values were 2.65°, 2.64° and 2.58° for the 

samples after air-quenching, single tempering and double 

tempering treatments, respectively. According to TEM 

studies21,23, the substructure of samples tempered at 300°C 

is similar to the quenching condition consisting of dislocated 

lath martensite. These founds indicate that the changes in 

the microstructure that occurred during the single tempering 

and double tempering could not be observed by EBSD.

Figure 10 shows the potentiostatic polarization curves of 
the samples after air-quenching, single tempering and double 

tempering treatments. Figure 10 also brings the correlation 

between hardness and Epit. The Ecorr and Epit values are given 

in Table 3. The undissolved M23C6 carbides during the air-
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quenching treatment remained in the martensitic matrix after 

the single and double tempering as mentioned above, thus 

the tempered carbides formed at 180°C can be considered 

one of the factors that affected the corrosion resistance in 
this study. From Figure 10 and Table 3, it can be observed 

that the samples showed a passive region followed by 

pitting at the high potential in 3.5 wt% NaCl solution for 

all analyzed conditions. The corrosion behavior showed 

practically not much difference due to the low temperature 
of single and double tempering treatments (180°C). High 

hardness and pitting corrosion resistance are properties 

required in the cutlery application. The single tempering 

showed hardness close to air-quenching treatment and did 

not impair the pitting corrosion resistance. The Epit values 

were 0.154 (0.001) mV/SCE and 0.167 (0.009) mV/SCE 

for the air-quenching and single tempering treatments, 

Figure 8. Detailed view of the grain C reconstructed using G-T model, previously displayed in Figure 2 and Figure 3. (a) IPF overlaps 

the corresponding image quality map of martensite and (b) IPF of Austenite. IPF and {100} pole figures (experimental and calculated): 
(c) Region 1 and (d) Region 2 of reconstructed austenite grain.
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respectively. This result can be attributed to the stress relief 

during tempering. The tensile stress in the surface decreases 

the mechanical integrity of the passive film, consequently, 
the pitting susceptibility41.

In contrast, the double tempering treatment did not improve 

the pitting corrosion resistance, i. e. the Epit obtained after 

double tempering was 0.131 (0.017) mV/SCE. The decrease 

of Epit has been reported after tempering temperatures up to 

300°C21-23. The nucleation of M3C carbides occurs uniformly 

in the matrix and the low diffusion rate does not cause 
accentuated growth. Therefore, the M3C carbide size may 
have slightly increased after the double tempering leading to 

a decrease of Epit value26. The M3C carbides have the same Cr 

content as compared with the matrix, thus the Cr depletion 

was not promoted by the precipitation of M3C carbides22,23. 

The reduction in Epit after tempering due to the precipitation 

of M3C carbides may have its cause in the distortion close 

to the carbides/matrix interface that renders this region 

preferential sites for pitting22. In addition, the hardness was 

reduced after the double tempering treatment. Therefore, 

double tempering treatment reduced hardness and did not 

improve pitting corrosion resistance. In the light of these 

results, it can be concluded that the production costs can be 

reduced by performing only the air-quenching and single 

tempering processes. The Icorr values were significantly low 
and close as compared with single and double tempering 

treatments. Additionally, the double tempered sample 

showed the highest Ecorr value, suggesting a higher propensity 

towards oxidation21. However, the AISI 420 steel in aerated 

3.5 wt% NaCl (pH = 6) solution showed pitting corrosion.

4. Conclusions

The martensitic microstructure of AISI 420 steel after air-

quenching treatment and the corrosion resistance dependence 

Figure 9. KAM maps of the samples after air-quenching, single tempering and double tempering treatments.

Figure 10. Potentiodynamic polarization curves of the samples after 
air-quenching, single tempering and double tempering treatments 

and the correlation between hardness and Epit.

Table 3. Potentiodynamic polarization test results.

Ecorr (mV/SCE) Icorr (A/cm2× 10−9) Epit (mV/SCE)

Air-quenching -0.170 (0.011) 5.22 (2.28) 0.154 (0.001)

Single tempering -0.230 (0.003) 10.5 (7.67) 0.167 (0.009)

Double tempering -0.179 (0.009) 4.63 (4.10) 0.131 (0.017)
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with the single and double tempering treatment at 180°C were 

investigated. The main results can be summarized as follows:
• The average OR of AISI 420 with respect to austenite 

matrix was φ1 = 3.6°, Φ = 46.0°, φ2 = 6.2° in the 

area mapped, thus closer to the G-T OR model with 

a deviation of 2.6°.

• The blocks showed variant pairs belonging to the same 

Bain group forming sub-blocks with misorientation 

5.51° <6 0 11> (V1/V4 pair), consequently, the 

shape strain was plastically accommodated and the 

variant selection occurred during the martensitic 

transformation. The intervariant boundary was 

concentrated in the same Bain group and CP group.

• Prior austenite grain diameter varying from 8.16 μm 
up to 32.20 μm showed a large boundary length 
density of V1/V4 pair, indicating that the different 
prior austenite grain size in the microstructure did 
not influence the variant selection in the same air-
quenching condition.

• The KAM values were significantly close for air-
quenching, single tempering and double tempering 

treatments, suggesting that the microstructural 

changes in the two last processes cannot be observed 

by EBSD.

• The corrosion behavior showed practically not much 

difference due to the low temperature of single and 
double tempering treatments (180°C). The single 

tempering showed hardness close to air-quenching 

treatment and did not impair the pitting corrosion 

resistance. The double tempering treatment did 

not improve the pitting corrosion resistance and 

the hardness was reduced. Thus, the production 

costs can be reduced by performing only the air-

quenching and single tempering processes for 

cutlery application.
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