Acta Metallurgica Sinica (English Letters) (2019) 32:495-505
https://doi.org/10.1007/s40195-018-0797-2

@ CrossMark

Hot Deformation and Corrosion Resistance of High-Strength Low-Alloy
Steel

Wilasinee Kingkam' - Cheng-Zhi Zhao'? - Hong Li' - He-Xin Zhang'? - Zhi-Ming Li3

Received: 24 May 2018/ Revised: 25 June 2018/ Published online: 16 August 2018
© The Chinese Society for Metals and Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

The hot deformation characteristics and the corrosion behavior of a high-strength low-alloy (HSLA) steel were investigated
at deformation temperatures ranging from 800 to 1100 °C and strain rates ranging from 0.1 to 10 s~' using an MMS-200
thermal simulation testing machine. Based on the flow curves from the experiment, the effects of temperature and strain
rate on the dynamic recrystallization behavior were analyzed. The flow stress decreased with increasing deformation
temperature and decreasing strain rate. With the assistance of the process parameters, constitutive equations were used to
obtain the activation energy and hot working equation. The hot deformation activation energy of HSLA steel in this work
was 351.87 kJ/mol. The work hardening rate was used to determine the critical stress (strain) or the peak stress (strain). The
dependence of these characteristic values on the Zener—Hollomon parameter was found. A dynamic recrystallization
kinetics model of the tested HSLA steel was constructed, and the validity of the model was confirmed by the experimental
results. Observation of the microstructures indicated that the grain size increased with increasing deformation temperature,
which led to a lowered corrosion resistance of the specimens.

Keywords Dynamic recrystallization - Potentiodynamic polarization - Hot deformation - Flow stress - High-strength low-
alloy steel

1 Introduction good combination of weldability and mechanical perfor-
mance [1-4]. However, considering the material require-
ments for use in transport pipelines, improvement in the

corrosion resistance of HSLLA steel in seawater is neces-

High-strength low-alloy (HSLA) steels are important
structural materials that contain small amounts of alloying

elements such as niobium, titanium, vanadium, and alu-
minum, which enhance the strength of the steels through
the formation of stable carbides, nitrides, and carbonitrides
and provide greater resistance to atmospheric corrosion
than conventional carbon steels. These steels are widely
used in oil pipelines and transport industries and exhibit a
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sary. Chloride ions in seawater have been reported to cause
pitting corrosion of carbon steel, which can lead to a sig-
nificant reduction in the lifetime of the steel. Chloride ions
can penetrate through the corrosion product layer, espe-
cially via defects, and can reach the base metal surface
[5-7]. The presence of chloride ions frequently causes the
passive film formed on the metal surface to break down
[8, 9] and exacerbates stress corrosion cracking (SCC)
failures for most martensitic stainless steels and HSLA
steels [10].

The corrosion behaviors of HSLA steel have been paid
much attention [11-14], but few investigations have
focused on the effects of variations in microstructure on the
corrosion behavior. The inhibitor efficiency of the corro-
sion layers is closely related to the microstructures of alloy
steels. The microstructure evolution during deformation at
an elevated temperature affects the strain and strain rate
heavily and properties of HSLA steel [15]. The dynamic
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recrystallization (DRX) is an important mechanism for
microstructure control during hot deformation [16, 17].
Predicting the critical conditions for the initiation of DRX
is also significant in modeling industrial processes. Several
researchers have predicted DRX phenomena during
deformation. For example, Ryan and Mcqueen [18] sug-
gested that the initiation of DRX can be identified from
changes in the slope between the work hardening and the
flow stress. Saadatkia et al. [19] proposed work hardening
rate plots that are used to determine the critical conditions
for the onset of DRX. However, there have been few
research studies on the hot deformation behavior and
dynamic recrystallization of HSLA steel that is conducive
to optimizing the process parameters and improving the
corrosion resistance of steel through hot deformation.

In this study, the components of the material constants
for the Arrhenius equation are investigated using flow
stress data and quantitative equations to predict the kinetic
of DRX behavior based on the hot deformation parameters,
and the effects of DRX and deformation temperature dur-
ing hot deformation on the corrosion resistance of HSLA
steel are discussed.

2 Experimental

The chemical composition (Wwt%) of the HSLA steel used
in this investigation was as follows: 0.01 C, 0.213 Cr, 0.14
Si, 1.38 Mn, 0.514 Ni, 0.39 Cu, 0.135 Mo, 0.027 Nb, 0.009
V and balance Fe. The HSLA cast steel was cut into
cylindrical specimens with size ®8 x 15 mm. The longi-
tudinal direction of the cylindrical specimens was parallel
to the axial compression direction. Hot compression of the
cylinders was performed from 800 to 1100 °C with strain
rates of 0.1, 1 and 10 s~ on an MMS-200 thermal simu-
lation testing machine. The specimens were heated from
room temperature to 1250 °C at a heating rate of 20 °C/s
and held for 5 min. Compression tests of all the specimens
were carried out to a total true strain of ~ 0.65, and then,
all the specimens were immediately quenched in water.
Schematic illustrations of the uniaxial compression tests
and the specimen geometry are shown in Fig. 1.

The electrochemical tests of the HSLA steel were con-
ducted using the Zennium electrochemistry workstation
(ZAHNER-Elektrik. GmbH & Co. KG, Germany) with a
standard three-electrode cell with the specimen as the
working electrode, a platinum foil as the counter electrode
and a silver/silver chloride electrode (Ag/AgCl) as the
reference electrode. The polarization curves were measured
in 1 mol/L NaCl solution at room temperature, between
—1.6 and 0.2 V, with a scan rate of 1 mV/s. All specimens
acting as working electrodes were embedded in epoxy
resin.
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3 Results and Discussion
3.1 Flow Curves Behavior

The true stress—strain curves for the HSLA steel that were
obtained at various strain rates in the deformation tem-
perature range of 800-1100 °C are shown in Fig. 2. All of
the flow curves are sensitively dependent on temperature
and strain rate; the flow stress decreases with increasing
deformation temperature and decreasing strain rate. The
flow stress curves are composed of three stages: stage I
(work hardening stage), stage II (softening stage) and stage
III (steady-state stage) [20, 21]. In the first stage, the flow
stress exhibits a rapid increase to a critical value and the
number of dislocations continually increases and then
rapidly accumulates, resulting in work hardening. Mean-
while, the dynamic recovery (DRV) effects during this
stage are too weak to balance the effects of the work
hardening. In the second stage, the flow stress increases at a
decreasing rate until a peak value or an inflection of the
work hardening rate is reached, which shows that the
thermal softening due to dynamic recrystallization (DRX)
and dynamic recovery (DRV) becomes increasingly dom-
inant, eventually exceeding the effects of the work hard-
ening. In the softening stage, the accumulated dislocation
density exceeds a critical strain, and DRX takes place. The
nucleation and growth of dynamic recrystallized grains can
cause dislocation annihilation, which decreases the flow
stress. In the third stage, the flow stress reaches steady state
due to a dynamic balance between the work hardening and
dynamic softening [22, 48].

The effects of strain rate and deformation temperature
on flow stress can be explained in terms of dislocation
mechanisms and DRX, which are mainly affected by the
deformation mechanisms. At the strain rate of 0.1 sfl, the
flow curves show a single peak followed by decreasing
stress and finally reach a plateau, which implies that DRX
occurs. At the strain rates of 1 and 10 s™!, the flow curves
show dynamic recovery (DRV) character without peak
stress. The results indicated that there was not sufficient
time for the nucleation and growth of new DRX grains or
for dislocation annihilation at higher strain rates and lower
temperatures [23-25]. Thus, it is seen that the HSLA steel
has negative temperature sensitivity and positive strain rate
sensitivity [26].

3.2 Constitutive Modeling

Constitutive equations are widely used to model metals and
alloys during hot deformation at elevated temperatures and
strain rates. The constitutive model is related to tempera-
ture, flow stress and strain rate and can be expressed by the
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Fig. 1 Schematic illustrations of a uniaxial compression tests, b specimen geometry of HSLA steel
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hyperbolic sine function form of the Arrhenius type
equation [27, 28] as follows:

i = Af (o) exp(— R%)
g

where ¢ is the strain rate (s_l), o is the flow stress (MPa),
Q is the activation energy of hot deformation (kJ/mol™h),
T is the absolute temperature (K), A is a material constant,
R, is the universal gas constant (8.31 J/(mol K)) and f(0) is
the stress function, which can be expressed as follows:

(1)

oM (05 <0.8)
fo) = eplfo) (o0 > 1.2), )
[sinh(ae)]"  (all o)

where f3, ny, o and n are material constants. The correlation
between strain rate and temperature for hot deformation

behavior can be expressed by the Zener—Hollomon
parameter as follows:

Z= éexp(%),

where Z is the Zener—Hollomon parameter and o = fi/n; is
a stress multiplier. At low (oo < 0.8), high (2o > 1.2), and
all stress levels, substituting (the power law and exponen-
tial law) Eq. (3) into Eq. (1) with the suitable function and
taking the natural logarithm of both sides leads to Egs. (4)-
(6) as follows:

Iné =n;lnoc+1InA — Q/(RT),
Iné = fo+1nA— Q/(RT),
Iné =InA + nlin[sinh(ao)] — Q/(RT).

(3)
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According to Egs. (4) and (5), the values of n; and f§ can
be obtained from the slopes of Iné — ¢ and Iné — Ina, as
shown in Fig. 3a, b, by using linear regression and aver-
aging with the resulting constant values as follows:
n; =14.89, f=0.094 and o = 0.0063. For all stresses
(including low and high stress levels) in Eq. (6), the slopes
of the linear regression fits for the In ¢ — In[sinh(a0)] plots
can be obtained, as shown in Fig. 3c. The average value of
the materials constant (n) is 11.05.

For a given strain rate and temperature condition,
together with the linear relationship between In[sinh(oo)]
and 1000/T and Eq. (6), the activation energy (Q) can be
obtained from the following equation:

aln[sinh(rxa)]} |

Q=Rn[ ™)

o(1/T)
The values for Q can be calculated using the slopes of the
linear regression fits for the In[sinh(ac)] and 1000/T plots
in Fig. 3d. The average value for Q is 351.877 kJ/mol. It is
well known that Q values for hot deformation are a func-
tion of chemical composition. Compared with the previous
research, the Q value from the current work is comparable
with that of Fe-0.5C-2Cu steel (low-carbon steel) and
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microalloy steels with a range of Q values from 353 kJ/mol
to 375 kJ/mol [29, 30]. The activation energy is sensitive to
any change in the chemical composition of alloyed steels,
and the value of Q increases with increasing carbon
content.

From Eq. (7), the intercepts of the linear regression fits
of the In ¢ — In[sinh(«o)] plots can be used to calculate the
values for InA. With the assistance of the calculated
parameters mentioned above, the value of material constant
A is determined to be 2.81 x 10'. Then, substituting A, n,
o, O and R into Eq. (1), the hot working equation for
describing the relationship between ¢, T and o can be
expressed as follows:

é = 2.81 x 10'2[sinh(0.00635)]1'1%% ex 351877
P RT ’

(3)

3.3 Work Hardening Rates of Flow Stress Curves

Work hardening characteristics during hot deformation
processing indicate complex behavior from the effects of
deformation parameters such as the stress, strain rate
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sensitivity, and temperature. The work hardening behavior
is usually analyzed by investigating the variation of the
work hardening rate (6 = do/de) with true stress and true
strain measurements [31]. Moreover, the work hardening
behavior is used to identify different characteristic points in
the flow curves that correspond to mechanisms of
microstructure evolution. Several characteristic parame-
ters, such as the critical stress (¢.) and critical strain (g.),
for the initiation of dynamic recrystallization are deter-
mined from changes in the shape of the work hardening
curve. Likewise, the quantified parameters related to DRX
behavior are the key factors considered in the construction
of the DRX kinetics model.

Figure 4 shows the 0—a¢ curves for HSLA steel
deformed at strain rates ranging from 0.1 to 10 s~'. From
this figure, the work hardening curves linearly decrease
with increasing stress at low stresses due to dynamic
recovery. When flow stress increases, the curves gradually
decrease in slope and then drop toward 0 = 0 at peak stress
[32]; then, the work hardening rate curves intersect with
the true stress (o) axis again, and flow stress becomes
steady-state stress. The relationships between work hard-
ening and true strain at a strain rate of 0.1 s~ ' are shown in
Fig. 5. In all cases, the work hardening decreases with
increasing strain in the initial stage and then saturates with
increasing strain. The critical stress (a.), critical strain (e.),
peak stress (o), peak strain (&) and onset of steady-state
stress (ggs) can be determined using the curves from the
relationships between 0—o and 60—e. The values measured
for critical stress and critical strain are listed in Table 1.
When the deformation temperature is constant, the
parameters for work hardening increase with increasing
strain rate. When strain rate is constant, these parameters
decrease with increasing deformation temperature. Fig-
ure 7 shows the relationship between o, (¢.) and o, (gp).
The correlations between the critical parameters and the
peak parameters can be determined by linear regression
analysis, and the following equations are obtained:

o. = 0.780,, 9)
g = 0.42¢,. (10)

Previous researches [33—35] have reported that the ratio
of critical strain and peak strain is generally between 0.6
and 0.8. However, lower values in the range of 0.37-0.5
have also been reported for some steels, such as vanadium
microalloyed steel, X7 pipeline steels, and low-carbon
vanadium-nitride microalloyed steel [36-38]. Therefore,
the result in this paper is in reasonable agreement with the
previous research mentioned above, which indicates that
the chemical composition of alloy steel has a minimal
effect on these parameters. According to Fig. 6, the nor-
malized critical stress and strain are expressed by g /o,
= 0.83 and ¢./¢, = 0.307, respectively.

The relationships between critical stress g, (strain &)
and Z and peak stress o, (strain &) and Z are shown in
Fig. 7. The Ino. (Ine.) and Ing,, (Ing,) versus InZ relation-
ships are linear. By linear regression analysis, the follow-
ing equations are obtained:

g, =9.682"97, (11)
o = 9.0252%%7 (12)
&, = 0.0332°01 (13)
&. = 0.0032%9%, (14)

An increase in the value of Z leads to higher values for
Ing, (Ine.) or Ing,, (Ingp). Therefore, the occurrence of DRX
is probably difficult [38]. On the other hand, DRX can
occur at smaller strains with decreasing values of the
Z parameter.

3.4 DRX Kinetic Model

The DRX volume fraction (Xy) is often calculated from the
peak strain obtained from the flow curve, which indicates
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Table 1 Values of critical strain and critical stress under various
deformation temperatures and strain rates

Temperature Strain rate (s™')
(O]

0.1 1 10

I & O & Oc &
800 160.95 0.151 1855 0.172 184.58 0.199
900 131.14 0.104 159.72 0.15 153.44 0.17
1000 97.37 0.07 100.44 0.121 139.2 0.152
1100 7435 0.04 96.09 0.102 100.66 0.11

the onset of kinetic DRX, which continues to the steady-
state strain point and is expressed as follows:

xy= "% (15)
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During hot deformation processing, dislocations con-
tinually increase and accumulate to such an extent that at a
critical strain, DRX nuclei form and grow near grain
boundaries, twin boundaries, and deformation bands. It is
well known that the conflicting forces of the multiplication
of dislocations due to continual hot deformation and the
annihilation of dislocations due to DRX coexist. When
work hardening corresponding to the former and DRX
softening corresponding to the latter are in dynamic bal-
ance, flow stress stays constant with increasing strain,
while the deformation enters a steady-state stage in which
the DRX grains are completed. In general, the kinetics of
DRX can be described in terms of S-curves of the recrys-
tallized volume expressed as a function of time [49].
Therefore, the kinetics of DRX evolution can be predicted
by using an Avrami model as follows [39, 40]:
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Xg=1—exp {(k) : (6 ;psp> m],

where k and m are material constants, which can be
determined by taking the natural logarithm on both sides of
Eq. (16) and rearranging as follows:

(" —Ink+min[ %)
l—Xd &p

According to Eq. (17), the linear relationship between
the plots of In[In[1/(1—X4)]] and In[(¢—e.)/e,], as shown in
Fig. 8, can be used to calculate the values of m and k by
regression analysis. The averages values of m and k are
determined to be 2.11 and —0.957, respectively. Then, the
DRX kinetics model of the HSLA steel is as follows:

2.11
Xg=1—exp [(—0.975) : (8 . 8") 1
p

(16)
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The effects of deformation temperature, strain and strain
rate on the recrystallized volume fraction are shown in
Fig. 9a—c. All the curves exhibit S-shapes. The volume
fraction of DRX increases with increasing temperature and
stress, due to the increase in the driving force for DRX
when the stress rate decreases and deformation temperature
increases; the volume fraction of DRX enters the steady-
state stage when a constant value of X4 =1 is reached,
which represents a completely new DRX process. Com-
paring these curves with one another, the DRX volume
fraction increases with increasing temperature, which is
consistent with the effect of temperature on the peak values
of the flow curves. In contrast, for a fixed temperature, the
deformation strain required for the same DRX volume
fraction increases with increasing strain rate, which also
means that DRX is delayed for a longer time. This effect
can be attributed to the decreased mobility of grain
boundaries (growth kinetics) with increasing strain rate and
decreasing temperature. Thus, under higher strain rates and
lower temperatures, the deformed metal tends toward
incomplete DRX, that is to say, the DRX volume fraction
tends to be less than 1. Furthermore, the experimental
curves are also presented in the dot form to facilitate the
comparison. A good agreement is recognizable, which in
the present work also confirms that the kinetics model can
predict DRX volume fractions of the HSLA with high
accuracy.

Figure 10 shows the microstructures of HSLA steel at
the strain rate of 0.1 s~' and various temperatures. The
grain sizes increase with increasing deformation tempera-
ture. At deformation temperatures of 800-900 °C, the
grains are broken and elongated, as shown in Fig. 10a, b.
DRX has partially occurred, and the grain distribution is
heterogeneous. Most recrystallized sites are composed of
necklace structure, which is strongly dependent on the

@ Springer
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crystallographic orientation of the grain. Since the gradi-
ents near the grain boundaries provide potential nucleation
sites for DRX, DRX generally initiates at grain boundaries
and eventually replaces the original grains [41]. At a
deformation temperature of 1100 °C, DRX is completely
finished, and the DRX grains have a homogeneous distri-
bution, as shown in Fig. 10d. Combining with the DRX
volume fraction in Fig. 10, the condition at deformation
temperature range of 1000-1100 °C and strain rate of
0.1 s~" are appropriate for hot deformation of the experi-
mental HSLA steel and can be confirmed by the DRX

@ Springer

volume fraction increases with increasing deformation
temperature and decreasing strain rate [42] as shown in
Fig. 10.

3.5 Corrosion Behavior

The electrochemical corrosion behavior of a metallic sur-
face is extremely complex and depends on the metallur-
gical microstructure and surface morphology factors.
Microstructure plays a role through the electrochemical
behavior of constituent intermetallic particles, while the
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morphology of the surface, particularly roughness, pro-
vides sites of enhanced reactivity as well as occluded sites
for corrosion [43]. Figure 11a shows localized corrosion on
HSLA steel at a deformation temperature 800 °C and a
strain rate of 0.1 s™' after a potentiodynamic polarization
test in 1.0 mol/L. This form of corrosion is extremely
localized corrosion or pitting-type corrosion and manifests
as holes on the metal surface, and as included in Fig. 11b is
the model for the pitting mechanism. Pitting corrosion may
occur due to the breakdown of a protective film (passive
oxide film). It is well known that the corrosion of HSLA
steel is a dissolution process that involves a cathodic
reaction and anodic reaction. The reaction equations are
listed as follows [44]:

Fe — Fe’* 4 2e,
2H,0 + O, +4e~ — 40H™.

(19)
(20)

The dissolution of iron into ferrous cations in concen-
trated NaCl solution can be described as follows:

Fe + H,0 — Fe(OH) + HT, (21)
Fe + CI- — Fe(Cl7), (22)
Fe(OH) + Fe(Cl™) — Fe + FeOH' + CI~ +2e~,  (23)
FeOH™ + H* — Fe?* + H,O0, (24)

The equations for the formation of the corrosion prod-
ucts are as follows:

Fe + 1/20, + H,O — Fe(OH),,
Fe(OH); — FeOOH + H,O0.

(25)
(26)

According to the behavior of iron in a high concentra-
tion of Cl~, the presence of Cl™ is conducive to the for-
mation of FeOOH (rust) [45]. The formation of iron oxides
as the product of the chemical reactions presented by
Egs. (23)-(26) is possible for the HSLA steel specimen in
1 mol/L. NaCl solution.

The effects of increasing the deformation temperature
during hot compression processing of the HSLA steel in
1 mol/LL NaCl solutions are investigated using potentio-
dynamic polarization measurements. The potentiodynamic
polarization curves obtained for the HSLA steel after hot
deformation at various compressive parameters in 1.0 mol/
L NaCl solutions are shown in Fig. 12. No obvious active—
passive transition potential peaks are observed in the NaCl
solution, which indicates highly aggressive behavior from
the solution. The anodic current varies significantly with
increasing cooling rate. The fitted electrochemical corro-
sion kinetics parameters, including anodic Tafel constants
(Ba), cathodic Tafel constants (f.), corrosion potentials
(Ecorr), corrosion current densities (i.), and corrosion
rates (Rcor), are presented in Table 2.

The potentiodynamic polarization curves shift toward
higher corrosion current density values with increasing
temperature. The specimens deformed at low temperature
show lower values of i... than those of the specimens

0.2
0.0
0.2
0.4
S-064
W oos]

1.0

——800°C

——900°C

127 q000°C

149 ——1100°C

-16 L L L T LI LA L |

6 5 -4 -3 -2 -1 0 1 2
log(i (mA/cm?))

Fig. 12 Potentiodynamic polarization curves for HSLA steel at a
strain rate of 1 s~ in 1.0 mol/L NaCl solution (E: potential; i: current
density)

(b)

H,0 0,
H,0 Na* -

, Na )
OH cr 0, OH
Fe**

N\ | 9
HSLA Steel

Fig. 11 a Localized corrosion on HSLA steel after potentiodynamic polarization in 1.0 mol/L NaCl, b schematic for pitting mechanism

@ Springer



504

W. Kingkam et al.

Table 2 Potentiodynamic . N . >
polarization parameters Condition (°C) Ecorr (mV) icorr (MA/cm®) Ba (Videc) B (Videc) Reorr (mpy)
obtained from curve fitting of 800 ~369.63 10.642 0.080 0.786 4.67
HSLA steel at strain rate of
0] ot 900 —395.31 11.419 0.081 0.616 5.02

1000 ~532.84 14.194 0.457 0.146 6.24

1100 —692.11 16.705 0.501 0.101 7.34

deformed at high temperature. The specimens deformed in
compression tests at 800 °C and a strain rate of 0.1 s~
have the lowest i.., value of 4.67 uA/cmz, while the
specimens deformed at higher temperatures of
1000-1100 °C have the highest i, values of 6.24 and
7.34 pA/cm?. Deformation at low temperature may
improve the corrosion resistance of specimens, which
would be consistent with the results in Ref. [46], that
inhibiting recrystallization possibly enhances stress corro-
sion resistance in AlI-Zn—-Mg—Cu—Zr alloys. As discussed
in the section above, more crystallized grain structures with
large grain boundaries are formed at 1000 and 1100 °C. In
general, an increase in the quantity of grain boundaries
leads to an increase in anodic reactions, which affects the
occurrence of DRX during deformation [27, 47]. Thus, the
large number of grain boundaries contributes to the low
corrosion resistance, and the corrosion rate of specimens
also increases with increasing corrosion current density.

4 Conclusion

Hot compression tests on HSLA steel were performed
under various deformation conditions. The stress—strain
data, dynamic recrystallization characteristics, and corro-
sion behavior were carefully analyzed. The main conclu-
sions drawn are as follows:

1. The true stress—strain curves of HSLA steel under
various conditions show characteristic dynamic recrys-
tallization behavior in relation to the strain rate and
temperature. The flow stress increases with decreasing
deformation temperature and increasing strain rate.

2. The activation energy 1is calculated to be
351.87 kJ/mol, and the relationships between the
characteristic points o, (&), 0, (¢p) and o and the
Z parameter are identified. The peak strain (e,) and
stress (o) can be expressed as power-law functions of
Z and are determined to be o, =9.68 7% and
&, = 0.033 Z°%°" for the HSLA steel.

3. The final optimized deformation process conditions to
obtain a completely recrystallized and homogeneously
distributed microstructure include a deformation tem-
perature in the range of 1000—1100 °C and a strain rate
of 0.1 s™'. The DRX kinetic model of HSLA steel is

@ Springer

obtained. The volume fractions of DRX grains calcu-
lated by the model are in good agreement with those of
the experimental results, indicating that the model is
suitable for predicting the DRX process of the steel.

4. The corrosion behavior of HSLA in 1.0 mol/L NaCl

solutions was investigated using potentiodynamic
polarization measurements. The specimens deformed
at low temperatures (800-900 °C) are more corrosion
resistant than the specimens deformed at high defor-
mation temperatures (1000—-1100 °C).
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