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Abstract

The modified Ca6NM cast martensitic stainless steel (MSS) was subjected to heat treatment to
explore the effect of tempering temperature and cycle on its corrosion behavior in a 3.5% NaCl
solution. The metallographic observation, open circuit potential (OCP), potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS) were conducted to analyze the
microstructure and corrosion behavior of the tempered samples. As a result of OCP and
polarization test, the more positive free corrosion potential (~160 mV) and the larger
passivation (~703 mV) were obtained by single tempering at 500°C (ST-500), meaning the
better stability of passive layer formation. In general, the corrosion rate decreases as the
temperature rises at single tempering, reaching a maximum at 550°C (0.004 mmpy), and then
gradually rises in high temperature. Contrarily, double tempering tends to decrease with the
temperature rising both in single and double tempering. However, double tempering has
detrimental effects and barely increases the pitting resistance since the absence passivation.
Conforming to the EIS analysis, the higher Ret value (244 kQ) and broader arc radius directly
correlate to the oxides and hydroxides layer on the surface. The SEM observations shown that
a single tempering process created the perforated pit cap at low temperatures, and the pit wasn’t
really visible after ST-550C.
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Introduction

The effectiveness and performance of steam turbines for generating the electrical energy
depends heavily on their blades. The blades are straightforwardly performed in a corrosive
environment with high pressure and temperature (nearly 500°C). For achieving the optimum
performance efficiently with fewest susceptibility failures at high temperatures, blades are
expected to have acceptable outstanding mechanical/corrosion resistance capabilities, as
strength, ductility, weldability, toughness, pitting resistance. The blades’ failure is
dominantly associated with fatigue, stress corrosion cracking, corrosion, and/or combination
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of these factors [1, 2]. A 12Cr martensitic stainless steels are commonly used for this
application.

CAG6NM is a cast martensitic stainless steel (MSS) with 13% Cr, 3.5-4.5% NI,
0.4-1.0% Mo, and carbon up to 1.2% [3, 4]. Molybdenum focuses on the improving pitting
and crevice corrosion resistance in a chloride environment, improving creep strength
temperature, and lowering temper embrittlement [4]. However, the quench-temper process
Is necessary for CabNM steel to improve its corrosion and mechanical properties. The
corrosion resistance of martensitic stainless steel is closely affected by the austenitizing
temperature [5-7], certain element addition and environment control [8, 9], tempering
temperature [10, 11] for delivering the passive layer on the metal surface. Several parameters
influenced the hardness reduction and ductility-toughness enhancement during a single
tempering process. These behaviors are caused by the differences in volume fraction, size,
and type of carbide precipitation, which includes M3C, M,Cs, and M23Cs [10]. Additionally,
Escobar et al. [12] concluded that the double-step tempering cycle heavily reduced hardness
and increased the austenite reversion. As per NACE MRO0175/1SO15156-2, for instance, the
optimum temperature for first tempering performed between 650—690°C while the second
temper was completed impressively between 593—-621°C [13].

As previously stated, the double tempering process and alloy addition are needed for
CAG6NM steel. In the present work, electrochemical measurements in 3.5% NaCl solution
are used to examine the corrosion properties of modified CA6NM at various temperatures
and tempering cycle.

Materials and Method

The modified CA6NM martensitic stainless steel was manufactured by induction melting
followed by casting the liquid steel ina'Y block ceramic-mold. CA6NM’s main composition
included 2 wt.% Mo — 0.1 wt.% N, and the chemical composition for the modified steel is
listed in Table 1. To explore the tempering effect, the modified CA6NM steel was treated in
three stages. All samples were first austenitized for three hours at 1050°C before being oil-
quenched to achieve complete martensite phase at room temperature. Then, Tempering | was
conducted by heating the metal at temperatures ranging from 100 to 700°C for three hours
and then quenching it in oil. The temperatures of the first tempering were 100, 200, 300,
400, 500, 550, 600, 650, and 700°C. To determine the effect of a repeated tempering process,
the steel that has been tempered at 700°C was re-heated (second tempering) at 625, 650, and
675°C for three hours. ST coded samples represent single tempering, whereas DT coded
samples represent double tempering.

Table 1. Chemical composition of the modified CA6NM martensitic stainless steel (wt.%).

C Mn Si P S Cr Ni Mo N Fe

0.04 0.35 0.35 0.019 0.009 13.07 4.09 2.14 0.11 Bal.
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Potentiodynamic and EIS experiment

All samples were prepared by cutting to 1x1 cm size dimension for a specimen in the
polarization test. According to ASTM G61, each sample was soldered with copper wire to
ensure an electrical connection. Afterward, all samples were resin-mounted and wet-ground
with SiC abrasive paper (#80—1200 grit) to provide the fresh surface area. The corrosion test
was conducted on a three-electrode cell system using Gamry G-750 Instruments
Potentiostats. The Gamry will keep records of the increasing potential value as a function of
applied current. The circuit cell system for corrosion test consists of steel sample with
varying conditions as a working reference, the saturated calomel electrode (SCE) as a
reference electrode, and the Platinum wire as a counter electrode, respectively. Three
electrodes were held together by a caps rubber stopper and connected to the potentiostats.
All tests were performed in 3.5% NaCl solution at room temperature. Before the
potentiodynamic test, the specimen was immersed for 600 seconds to measure the open
circuit potential (Eocp). The potentiodynamic experiment was undertaken with 5 mV/s scan
rate and polarization scan range of -0.5Vto 1 V.

In comparison, EIS with swept frequency ranges 0.1 Hz—100 kHz and sinusoidal AC
amplitude of 10 mV/rms was used to generate an impedance spectrum. DC voltage of 8 volts
and an initial delay of 200 s were applied to remove any existing oxide layer in the sample.
All potentials in this paper were referred to the open circuit potential (Vocp).

Result and Discussion

A. Microstructure observation

It has been known that if the CAG6NM steel is quenched to room temperature from high
temperature austenite state, the microstructure will consist almost completely of martensite
phases with a small fraction of untransformed (retained) austenite in small fraction. The
subsequence tempering of the steel transforms the martensite into typically tempered
martensite, the relaxed type martensite due to carbon diffusion out of the BCT structure of
the martensite. The degree of relaxation increases as the temperature and time of tempering
are increased. In addition, the metallic carbides are precipitated during tempering, as the
outgoing carbon reacts with carbide forming elements of Fe or Cr. The double or second
tempering is usually conducted for CA6NM steel to reduce the un-tempered martensite or
retained/reverse austenite. With respect to this work, the microstructure of the modified
CAG6NM steel after single and double tempering taken by optical microscope are shown in
Figure 1. It can be seen from Figure 1(a) that the microstructure of the steel with single
tempered at 550°C displays mostly tempered martensite phase. The retained austenite and
carbides may exist in the microstructure in very small fraction. Other phase with an island-
like shape located in some area of the microstructure is observed, i.e., delta ferrite. The delta
ferrite is formed during non-equilibrium solidification from high temperature or as a result
of inappropriate chemical composition of the steel. At a higher tempering temperature of
700°C as shown in Figure 1(b), the martensite has experienced large strain relaxation which
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results in ferrite phase and larger sized carbides exist in the microstructure. In addition, the
reverse austenite was characterized by white phase emerges in reasonable portion within the
tempered martensite phase. Based on the literature, the existence of austenite was observed
in the peak portion after tempering at 650—700°C [14]. The fresh martensite was formed
from the cooling austenite when the sample being tempered at 700°C and 625°C for the first
and second tempering, as presented in Figure 1(c). At a higher temperature of 675°C, second
tempering results in the microstructure almost similar to that of previous first tempering at
700°C with larger size of austenite.

| sﬁf Ni i

Figure 1. Microstructure of the modified CAG6NM steel after single tempering at (a) 100°C,
(b) 550°C, (c) 700°C, and (d) after double tempering at 675°C.

B. OCP and potentiodynamic analysis

The corrosion behavior of modified CA6NM steel was performed using OCP,
potentiodynamic, and EIS tests. The open circuit potential (OCP) curve of modified CA6NM
which subjected to tempering at various temperature is shown in Figure 2.

The OCP indicated that the total anodic current is equivalent to the cathodic current,
concerning placed reference electrode in the electrolyte. Based on Figure 2, the shapes of all
curves OCP were similar, slightly dropping towards lower values with time increased as a
consequence of the interaction between metals and electrolytes. As the temperature
tempering increases, the OCP curve of the single tempered steel (Figure 1a) was shifted
upward to positive and reaches a maximum value at 500°C. On tempering over 500°C, the
OCP was found to drop respectively. The tendency of the OCP curve was similar to the result
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from Rajasekhar [15]. OCP peak ST-500C has the highest OCP value in positive potential
(160 mV to 18.72 mV), indicating the lower corrosion rate for further increased corrosion
resistance. The more negative OCP, the greater the corrosion occurrence. The increased
value of OCP for ST-500C might be attributed to the decreased volume fraction of martensite
phase, increased fraction of austenite reversion, and tempering temperature increased
[12, 16]. The higher the tempering temperature, the faster the reversion kinetics, resulting in
a higher amount of reverted austenite before cooling. In addition, the chromium carbide,
which precipitated at a maximum temperature of 500—550°C, was more electropositive than
steel matrix and initiates localized corrosion [15]. Compared to ST-550C, the ST-500C steel
sharply decreases the OCP value. So, a stable free corrosion was obtained by ST-550C.
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Figure 2. OCP of modified CA6NM steel subjected to (a) Single and (b) Double Tempering.

Double tempering has negative effects on corrosion behavior, specifically decreasing
an OCP value. The curve was dramatically shifted downward as the temperature of doubles
tempering increased. The curve has been stable at —320.3 mV, —346.5 mV, and —388.5 mV
for 625, 650, and 675°C of double tempering temperature, respectively. Previous work
concluded that the results of the microstructure of the single (around at 600—700°C) and
double (approximately at 620—-630°C) tempering processes are light similar to those of
quench tempering, namely, the structure of finely tempered martensite with the ferrite phase
and retained austenite island [17]. The finer microstructure causing a larger surface area for
corrosion site and lead to higher corrosion rate. Also, sensitization might occured at
tempering temperatures above 450°C due to the initiation and growth of chromium carbide
[18].



Int. J. Corros. Scale Inhib., 2022, 11, no. 4, 1652—-1667 1657

1,0 4
0,8

0,6

Potential (Vsce)

0,4
0,6

0,8 -

0.4
0,2
0,0

0,2 4

——S8T-100C
——ST-200C

T T T T T T T
1E-8 1E-8 1E-7 1E6 1E-5 1E4 0,001 0,01 01

Current (A)

(a)

Potential (V/sce)

'110 T T T T T T T
1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 0001 0,01

1,0
0.8
0,6
0.4
0.2
0.0

024

Potential (V,gcg)

0,4 1
0,6 1

0,84

— ST-500C
ST-600C
—— ST-650C
—— ST-700C

T T T T T T T
1E-9 1E-8 1E-7 1E-6 1E-5 1E4 0,001 0,01 01

1 ——Without DT —— DT-625C
084 ——DT-650C ——DT-675C

Current (A)

(c)

0,1

Current (A)

(b)

Figure 3. Potentiodynamic Curve of (a) Single Tempering 100—500°C, (b) Single Tempering
550-700°C, and (c) Double Tempering.

Potentiodynamic curve recorded for CA6NM with various temperature of single and
double tempering in the 3.5% NaCl solution are illustrated in Figure 3, respectively. The
corrosion parameters of modified CA6NM, including the corrosion potential (Ecor),
corrosion current (leorr), and corrosion rate, are summarized in Table 2 and 3. In the cathodic
zone of all samples, a pseudo plateau due to oxygen reduction in a uniformly active surface
IS observed, indicating the most of oxides was reduced [19]. Figure 3(a, b) shows that
modified CA6NM-single tempered steel has a small tendency for passive region formation,
followed by pitting (transpasive mechanism). A double-tempered sample did not have a clear
passive zone (Figure 3c). Based on Table 2, the passivation potential (Epass) values were
followed: 315 mV, —140.4 mV, 79.3 mV, -219.3 mV, -244.4 mV, 356.4 mV, —-176.2 mV,
—140.1 mV, and —160 mV for single tempered process. The vast passivation potential (Epass)
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increased with the increasing temperature and reached a maximum value at 400°C of single
tempered temperature, was started from —219.3 to 251.9 mV at 17.8 uA/cm? of current
density. The ST-550C has greater and wider passivation potential in postive potential
(around 703 mV) indicating the better stability of passive layer and lower corrosion rate on
it’s steel surface [9]. A 13% Cr provided the chromium-rich of inner passive layer on the
surface metals. Besides that, the 2 wt.% Mo addition in CA6NM steel has a positive effect,
likely, inhibited the pit initiation, rendered the passive layer more stable against breakdown,
and facilitated the re-passivation in alkaline electrolyte [20].

Table 2. The potential and current density of passivation, pitting, and dissolution of modified CAG6NM in
3.5% NacCl.

Sample (m57§scs:E) wbisrsnz (mVE/gitCE) (Eﬁ/%&)
ST-100C 315 585 4578 4238
ST-200C 1404 3.43 1003 264
ST-300C 79.3 - -
ST-400C 2193 458 251.9 470.9
ST-500C 2444 3.68 104.2 353
ST-550C 356.4 164 703.8 _
ST-600C 1762 0.84 3135 368.3
ST-650C 1401 0.47 92.22 1214
ST-700C 160 0.08 7519 234.4

In addition, pitting corrosion occured in the positive potential for the samples of 100—
500°C single tempered, while for temperature tempering above 500°C samples, pitting
occured in negative potential, inversely. The fluctuations of potentiodynamic electrochemical
curve can be attributed to the solubility of an element in the matrix and related to the
formation, growth, re-passivation of metastable pits as active site in terms of inclusion form
[5, 21]. The decreased of Eg value, from 457.8 mV (ST-100C) to —75.19 mV (ST-700C),
was caused by the M3C carbide precipitated in the matrix and the size growth as increasing
the temperature temper. The M3C carbide, which has more localized Cr content and lead to
chromium depletion in the grain boundaries, acts as a preferential site for pitting formation
[18, 22]. A sharp curve increased after the transpassive region, indicating the breakdown of
passive layer by chloride ions attack and further leading to the higher carbide dissolution and
accelerating the active corrosion [18]. The current density increased rapidly after the
potential reached the pitting potential (E,i)), known as the trans-passivated zone. Double
tempering did not improve the pitting corrosion resistance due to the absence of passivation,
as shown in Figure 3(c). As the temperature increased in double tempering, the corrosion
rate increased to 1.177 mmpy.
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Table 3. OCP and Potentiodynamic Result of CA6NM-2%Mo in 3.5% NaCl Solution.
Potentiodynamic
. Heat OCP .
Materials treatment (mV/SCE) Ba Ecorr lcorr CO:I;:ZIOI’] Ref.
(mV/decade) (MmV) pA/cm?
(mmpy)
ST-100C -170.6 to —242.2 214.7 -309.3 0.622 0.284 *
ST-200C ~120.4 to —156.7 210.1 -330.4 0514 0.235 *
ST-300C —261.1t0 —174.6 309.8 -270.3  0.405 0.185 *
CABNM- ST-400C -166.1to —49.5 50.42 -383.0 0.449 0.105 *
Single ST-500C 18.7 to 160 96.49 -399.2 0.184 0.084 *
Tempering o1 g50c ~14.0t0 41.9 130.1 253 0.068  0.004 *
ST-600C -271.5t0-185.4 100.4 -291.0 0.301 0.137 *
ST-650C —57.4t0 -25.2 70.91 -220.1  0.073 0.033 *
ST-700C -0.077 to —0.039 61.72 -220.1 0.014 0.006 *
CABNM- DT-625C -0.32 t0 -0.27 116.4 -354.2  3.567 1.63 *
Double DT-650C -0.35t0 -0.24 107.0 -723.6  4.874 2.227 *
Tempering  pre75c  —0.39t0 —0.30 115.0 8514 2576 1.177 *
Anneal
13%Cr 850°C + -250 to Not
(MSS) austenitizing —0.25t0-0.175  Not reported _o00 0002 reported [5]
980-1130°C
Austenitizing
X46Cr13 1000— Not reported Not reported _740,52 5_1,‘2 Not [6]
o —-680 x10 reported
1200°C
3Cri3 Qggéai Not reported Not reported _Oigll 95410 Not [10]
(MSS) tempering P P 0.493 20-10°  reported
280-600°C '
Tempering Not 0.0087
13Cr3Mo 625°C for 1 h Not reported 244.4 repc(j)rte 2.09 mmpy [23]

*The present work; **versus Ag/AgClI electrode.

C. EIS study

For detailed analysis of the passivation behavior of CA6NM-2%Mo in 3.5% NaCl solution,
EIS measurements were performed by Nyquist, Bode modulus, and Bode phase plot, shown

in Figures 4, 5.
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Figure 4. Nyquist plot of modified CA6NM after (a) single tempering at 100—500°C (b),
single tempering at 550—700°C, (c) double tempering at 625—-675°C, and (d) equivalent
electrical circuit for all samples.

Nyquist plot of CA6NM-2%Mo in Figure 4 shows that the real impedance |Z’| versus
imaginer |Z”| of all tempered samples exhibited an un-finished semi-circle curve with single
capacitive loop at low frequency, which was associated with solution resistance (Rs) and
capacitance of double layer CPE (Yy), charge transfer resistance (R) at the metal-electrolyte
interface. The temperature-tempering variation affected the size and radii angle, but their
value fluctuated in single tempered sample (Figure 4a,b). The larger arc diameter and higher
Zimaginer |Z”| were obtained by ST-300C sample, while ST-500C and ST-550C received the
larger arc radii, indicating their condition could tend to be more significant passive film and
decreasing the corrosion rate. The elevated R value is 244 kQ for ST-500C and 227 k< for
ST-550C. The higher of R; value was directly linked to the oxides and hydroxides compound
in the surface film formation [10]. The impedance has been fitted to determine the best
equivalent electrical circuit (EEC) models and to predicted a corrosion mechanism for
CA6NM-2%Mo in 3.5% NaCl solution. The best fitted electrical circuit is shown in
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Figure 4d, consisting of the solution resistance (Rs) in series with a parallel-connected
element (constant phase element and charge transfer resistance, CPE//IR.). CPE is typically
modeled for the uniform distribution current with high surface roughness due to
inhomogeneity in the passive layer of stainless surface [8]. This circuit has been proposed
by Lu et al. [5] and Lian et al. [10] for NaCl solution and by Nikitasari [24] for CA6NM
modified in geothermal brine.

As is shown in Figure 4c, the diameter and radii angle of the impedance of DT-625°C
was significantly larger than other temperature, and the diameter decreased with the
temperature, indicating that the lower temperature of double tempering (DT) could form less
stability of passive layer and reducing the corrosion resistance of CA6NM-2%Mo in
3.5% NaCl.
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Figure 5. Bode (a) Modulus and (b) phase in Single Tempering; Bode (c) Modulus and
(d) phase in Double-Tempering.

Figure 5 shows that the Bode Modulus (freq vs. Z curve) and Bode phase plot (Freq vs.
phase angle curve) have similar impedance diagram for single and double tempering sample.



Int. J. Corros. Scale Inhib., 2022, 11, no. 4, 1652—-1667 1662

Bode Modulus (Figure 5a dan 5c) shows that the impedance |Z| of all samples drops slightly
towards the lower value with a slope close to —1 at low-middle frequency parts (f<10 Hz).
The impedance spectra at high frequency are most related to protective passive layer
response or not [25]. ST-400C has a different pole in module impedance; it’s more stable for
low-high frequency, indicating the higher self-passivation. The high modulus impedance
under low frequency ranges from 10* Q to 10° Q, typically passive film and related to the
interface polarization resistance [25]. In addition, the phase angle increased near zero
degrees at low frequency (f<10 Hz), indicating the capacitive behavior is dominated in
mechanism, and the CA6NM-2%Mo surface is resistant to aggressive species (Cl-), further
leading to the protective of oxide layer formation [24].

Table 4. The fitting result of Impedance spectra for CA6NM-2%Mo in 3.5% NaCl solution.

Rp Rs YO

Material kD) © (") N
ST-100C 62.3 853 6.19x10° 0.8773
ST-200C 23.1 11.89 2.79x10° 1
ST-300C 54.1 1.077 8.79x10°1 0.9738
ST-400C 86.9 7.222 6.78x107° 0.8092
Single o1 50c 244 278 4.08x10°5 0.9389
Tempering
ST-550C 227 447.4 1.56x107° 0.833
ST-600C 20.1 14.56 9.80x107° 0.9356
ST-650C 85.6 272.8 2.83x10° 1
ST-700C 61.8 219.1 1.71x10°° 1
DT-625C 14.8 425 7.54x10° 0.85
Double 5
: DT-650C 2.52 16.98 3.92x10 1
Tempering
DT-675C 1.97 11.07 1.37x10* 0.92

The value of n indicates the nature of CPE, namely n=1 for an ideal capacity, n=0 for
resistance, and n=-1 for pure inductance. The n value varies in the ranges of 0.833-1,
indicating the CPE is in good agreement with capacitive behavior. A smaller Y, value can
be associated with the thicker or more homogeneous passive layer [6, 23]. But some
researchers have concluded that the effective capacitance (Ces) is proportional to Y,". As
mentioned in Table 4, the smaller of Y, values were obtained at ST-300C and ST-550C,
approximately 8.79x10s"Q ! and 1.56x107°s"Q. However, ST-300 has no pitting
tendency at high potential (Figure 3a) and a moderate corrosion rate (0.185 mmpy). So, the
ST-550C has better corrosion resistance. A thickening of the passive film of Cr oxides is
contributed by the presence of Mo** and Mo®* [20].
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D. SEM analysis

The effect of tempering temperature on the pit growth behavior of the modified Ca6NM
surface was observed by scanning electron microscope (SEM) and depicted in Figure 6. The
circular of closed pit was obtained by ST-400C and ST-500C (Figure 6a—c). The perforated
pit cap indicated the passivity breakdown on the oxide layer of the Ca6NM surface, and the
cathodic reaction with lower current density (B,) occurs near the pit mouth, which reduces
the corrosion rate to ~0.084 mmpy. The passive film involved the precipitated thin salt
(Figure 6b) from a porous outer layer [26]. On the contrary, as shown in Figure 5d, the pit
was clearly invisible, indicating the tempering process at 550°C given better pitting
resistance due to the high positive of the potential pit (E,ii~703.8 mV). As the temperature
was above 550°C, the Eg; shifted towards the negative direction (Table 2), the pit size
increased, and the perforated caps were removed to give an open hemispherical pit [26]. The
imperfect-open pit was obtained by ST-600C and ST-700C (Figure 6e—f). Combining of CI~
and Fe?* hydrolysis can accelerate the dissolution of the passive film and result in a pitting
attack [27].

20kV X100 100pm 0000 1360 BES 20KV | X1,000 10im = 0000 1360 BES X100  100ym 0000 14 60 BES

20kV X100 100um 0000 1660 BES 20kV X100 100pm 0000 1160 BES X100 100um 0000 13 60 BES

d e f

Figure 6. Morphology of corroded samples (a) ST-400C, (b) red box area or salt precipitate
(c) ST-500C, (d) ST-550C, (e) ST-600C, and (f) ST-700C after polarization test in NaCl 3.5%
solution.

In addition, EDS analysis was subjected to investigate further the effect of tempering
temperature on the passive film formation of Ca6NM surface. As shown in Figure 7, the Cr,
Ni, and Mo level were slightly increased along with the tempering temperature increased
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and reached its maximum by ST-500C. Then, it decreased approximately to ~16.54%,
1.01%, and 1.45% for Cr, Ni, and Mo content, respectively. The results suggested that the
tempering temperature above 500°C has significant tends a passive layer’s porous and
increases the dissolution rate of salt film inside the pit [22, 28].
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Figure 7. Effect of tempering temperature on the Cr, Ni, and Mo content of the oxide layer.

Conclusion

The single and double tempering with varying temperature influenced the microstructure,
which in response had an impact on the corrosion behavior of Modified Ca6NM steel. As a
tempering result, the microstructure consists of almost fully tempered martensite with
modest amounts of delta ferrite, retained austenite, and carbides. As the temperature of
temper increases, the martensite relaxation increases due to the faster carbon diffusion out
of the BCT structure and martensite fraction decreases, which improves the corrosion
resistance. In terms of corrosion behavior, the Modified Ca6NM that single tempered at
550°C exhibits most excellent corrosion resistance (0.004 mmpy) due to the self-passivation
reaction in the metal surface. The E, shifted towards the negative direction, the pit size
expanded, and the perforated caps were removed to reveal an open hemispherical pit as the
temperature of the single temper process rise above 550°C. Furthermore, the double
tempering (DT) process increases corrosion rate, notably lowering the OCP value. The
corrosion rate increases as the temperature rises, 1.177 mmpy for DT-675 sample. The
polarization curve is dramatically shifted downward as the temperature of doubles tempering
increased to 675°C due to the finer microstructure outcomes. Additionally, the greater the
radius and the reduced the diameter of the arc EIS further confirm the lowest stability of the
passive layer and the poorer corrosion resistance.
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