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Abstract: This paper studied the corrosion resistance of W600 tool steel in artifi-
cial rainwater and 3.5 % NaCl solution. The equilibrium phase diagram was de-
termined from the material’s chemical composition, with calculations and ther-
modynamic simulations carried out using Thermo-Calc software, enabling ac-
curate prediction of stable phases as a function of temperature and composition.
According to the obtained projections, the solidification and precipitation of in-
dividual phases at characteristic temperatures was read. Following the comple-
tion of the electrochemical measurements, insight into the corrosion behavior of
the tested sample was provided. Electrochemical tests showed a decrease in
charge transfer resistance and an increased corrosion rate in the 3.5 % NaCl so-
lution, indicating inadequate resistance in a chloride-containing solution, at-
tributed to the formation of a thin oxide layer caused by the attack of chloride
ions from the solution. Metallographic analysis confirmed the occurrence of
slowly progressing pitting corrosion in chloride solution, while no significant
changes were observed after testing in artificial rainwater. The lower rate of pit-
ting corrosion was attributed to the martensitic microstructure with fine nee-
dle-like morphology with uniformly distributed carbides in the W600 tool steel.
Such investigations are essential for understanding material behavior in aggres-
sive environments and for reliably predicting its durability in real applications.

Keywords: hot work tool steel; corrosion resistance; corrosion parameters; im-
pedance; microstructure

1. Introduction

Tool steels are most frequently used in tool, spring, engine part and permanent mold production. In order

to obtain good functional properties such as hardness, wear resistance, toughness, dynamic durability, re-

sistance to oxidation and corrosion, tool steels are heat treated [1,2].

The selection of adequate metallic material is very often based on its corrosion behavior under the work

environment conditions. The corrosion process initiates at the surface and progresses deeper into the metallic

material at certain rates. Consequently, chemical composition and properties of the metallic material change at

the local level. Corrosion process can comprehend partial or complete dissolution of the material [3,4].
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Favorable functional properties of tool steel are achieved through the addition of one or more alloying
elements. There are two basic alloying systems that increase corrosion resistance of tool steel by improving the
efficacy of the protective surface layer. The first alloying system concerns reduction of non-metallic inclusion
content in oxide layer, while the other leads to more significant changes in oxide layer characteristics. Fur-
thermore, the corrosion behavior of tool steel can be influenced by the microstructure constituent’s develop-
ment resulting from chemical composition and heat treatment. Adequately applied heat treatment may en-
hance the corrosion resistance of tool steel [5,6].

Polluted urban atmospheres can have a negative effect on surface conditions and properties of metallic
materials. During storage, delivery and utilization, tool steels are often exposed to harmful atmospheric con-
ditions such as rain or chloride containing solutions. Under such conditions, an accelerated corrosion process
may occur [7,8].

Most tool steels are subjected to the development of pitting corrosion during contact with solution con-
taining aggressive ions. Pitting corrosion is a local form of corrosion that affects certain parts of the metal
surface. It occurs when the continuity of the protective surface layer is broken [9,10]. Typically, ion activity is
initiated at the inclusion—matrix interface because of the ingress of an aggressive environment. Those areas of
increased ion activity become anodic, while the rest of the protective surface layer behave as a cathode. An
aggressive medium causes rapid dissolution of the anodic areas [11-13]. Since only small damage can be ob-
served on the tool’s surface, pitting corrosion represents major obstacle during industrial application of tool
steel. Understanding tool steel’s tendency toward pitting corrosion is important in predicting the corrosion
progression for the given working conditions. In order to fully comprehend the pitting corrosion mechanism, it
is necessary to investigate the conditions under which the pitting initiates and progresses. The initial stage of
pitting refers to the formation of the first small pit due to the breakdown of the protective film and anodic
reactions on the metal surface. The progression of pitting comprehends dissolution of metal matrix or precip-
itates during reaction between ions and microstructure constituents [14,15]. The behavior of the metallic ma-
terial exposed to the specific medium for a given time interval can be evaluated using electrochemical testing.
Different electrochemical methods can be used to clarify corrosion mechanisms and characterize efficacy of
protective films based on selected corrosion parameters [16,17].

Estimating corrosion behavior of tool steel in natural water is important due to the presence of free car-
bonic acid. In this type of environment carbonic acid has a harmful effect on protective surface layer and ac-
celerates the corrosion reaction. The complete dissolution of surface layer occurs in sea water environments
containing chloride ions. For this reason, most conventional electrochemical techniques are based on the addi-
tion of compounds that influence the formation of a protective surface layer with specific properties [16,17].

In addition to electrochemical testing, the metallographic analysis is used to characterize the behavior of
different microstructural constituents in certain media, and linking the influence of chemical composition on
surface stability. Full characterization of metallic material properties enables its appropriate application, as
well as adequate protection against corrosion [18,19]. The results of corrosion testing can be used for modeling
and confirmation of chemical composition. Corrosion parameters can be used to design an optimal combina-
tion of alloying elements aimed at improving the corrosion resistance of steel. In industrial applications where
it is not possible to replace existing steel with a new one, the corrosion parameters enable selection of suitable
agent for protection against corrosion. These agents are in form of inhibitors as an additional coating on steels.
The corrosion parameters of tool steels are not widely available in the literature, especially when it comes to
steels for special applications and medias they are not usually in contact with. In the existing literature, most
studies on the corrosion behavior of tool steels in chloride-containing environments are focused on conven-
tional cold work and hot work steels, highlighting their pronounced susceptibility to pitting corrosion due to
the action of chloride ions. Previous findings indicate that chemical composition, alloying element content, and
heat treatment significantly influence resistance to localized corrosion [20-22]. However, available data on
W600 steel are limited, particularly under simulated atmospheric conditions and chloride solutions, which
further emphasizes the importance of this research in terms of comparison and expanding current knowledge.
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The goal of this research is to determine corrosion parameters for W600 hot work tool steel in normal and
very aggressive media. This will enable characterization of its corrosion behavior and prediction of micro-
structure degradation mechanism. The tests were performed in the previously prepared solution of artificial
rainwater and 3.5 % NaCl. Various electrochemical testing techniques allowed the determination of corrosion
parameters, offering an understanding of the corrosion behavior of the investigated tool steel sample. In addi-
tion to corrosion assessment, calculations of the equilibrium solidification sequence were carried out using
Thermo-Calc software, together with metallographic analysis. The utilization of those two methods enabled
correlation of corrosion parameters with microstructure constituents at the surface layer of analyzed tool steel
sample.

2. Materials and Methods

2.1. Materials
The chemical composition of the tested tool steel sample is given in Table 1.

Table 1. Chemical composition of tested W600 hot work tool steel (mas. %)

C S Si Cr Ni \Y W Co Al Fe
0.32 0.001 0.12 0.11 2.1 0.01 1.9 0.01  0.009
Cu Mn Mo P Sn Ti Nb B N balance

0.01 0.23 3.2 0.006 0.005 0.01 0.01 0.001 0.008

The W600 steel grade belongs to the group of tool steels designed for hot work applications. For the tool steel
W600, a separate international standard is usually not specified. Although it is distinctive in terms of its
composition and properties, it can be classified within the broader category of hot-work steels according to the
AISI/SAE classification of the W group, which includes steels intended for high-temperature processing with
increased hardness and wear resistance [23].

The tested steel belongs to the grade W of tool steels and is characterized by austenitization and water
quenching. The most important alloying elements in this group of steels are nickel (Ni), tungsten (W) and
molybdenum (Mo). Nickel in steel increases toughness and corrosion resistance without promoting carbide
formation. The carbide formation is promoted through the addition of W and Mo. The presence of tungsten
and molybdenum carbides enhance the wear resistance, high-temperature strength, and hardenability of steel.
Tungsten promotes the formation of FeWsC, W¢C and WC carbides, and molybdenum creates Mo2C carbides
[19].

2.2. Thermodynamic Calculations

Using the obtained chemical composition, the equilibrium solidification sequence and phase reactions in
both liquid and solid states were calculated with Thermo-Calc 2022a software. The equilibrium phase diagram
was calculated using the TCFE12: Steel/Fe-Alloys v12.0. Considering that the steel samples were heat treated,
the equilibrium thermodynamic calculations were used primarily to determine the type of carbide particles.

2.3. Sample Preparation

The standard metallographic preparation of grinding and polishing was used to achieve the appropriate
surface quality of W600 tool steel sample. To limit the effect of the corrosive medium on exposed surface, the
sample was mounted in electrically conductive mass using hot mounting device SimpliMet® 1000 [20].
Grinding and polishing were performed automatically using a PhenixBeta grinding/polishing machine
equipped with a Vector LC Power Head. After sample preparation, rinsing was performed using distilled
water and ethanol. To characterize the as-received microstructure of W600 tool steel, an extra specimen was
prepared for etching with 2.0 % Nital solution, composed of 98 mL ethyl alcohol and 3 mL nitric acid.
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2.4. Preparation of Solutions

Solutions of artificial rainwater and 3.5 % NaCl were used as test media for electrochemical measure-
ments. A solution of 3.5 % NaCl was selected to simulate a seawater-type corrosive medium. The solution of
artificial rainwater in continental parts was prepared with the addition of Na250: and NaNO:s to distilled wa-
ter. Prior to and after testing, the solution pH was determined using a laboratory pH meter and conductivity
meter. The initial pH of the 3.5 % NaCl solution was 6.82, and that of artificial rainwater was 6.46. It can be seen
that these are slightly acidic solutions. After the electrochemical measurements, the pH of the solutions did not
change significantly.

2.5. Electrochemical Tests (Ecorr, EIS, Tafel)

The corrosion performance of the material was investigated through determination of the corrosion po-
tential (Er), electrochemical impedance spectroscopy (EIS), and Tafel extrapolation analysis [20]. Experi-
mental measurements were carried out at ambient temperature (19 + 2) °C using a Parstat 2273 potenti-
ostat/galvanostat, while the acquired data were continuously recorded in digital form. Electrochemical char-
acterization was performed in a standard three-electrode glass cell arrangement, where the examined speci-
men acted as the working electrode, a saturated calomel electrode was used as the reference, and a platinum
electrode served as the counter electrode. During measurement, all three electrodes were immersed in a
working medium (artificial rainwater and 3.5 % NaCl solution; volume 200 mL).

The evolution of corrosion behavior was assessed by recording the corrosion potential (Ecrr) over a dura-
tion of 1800 s during exposure to different media. Open circuit potential measurements were performed under
open-circuit conditions, without external current flow between the working and counter electrodes.

Electrochemical impedance spectroscopy (EIS) measurements were carried out over a frequency range
from 100 kHz to 10 mHz, using a sinusoidal perturbation amplitude of 5 mV. The impedance response was
evaluated by fitting the experimental data in ZSimpWin 3.60 software, employing the equivalent electrical
circuit model R(Q(R(QR))).

Potentiodynamic polarization tests were conducted within a potential range of —250 to +250 mV vs. Ecr at
a scan rate of 1 mV/s. The obtained electrochemical parameters, including corrosion potential (Ecrr), corrosion
current density (Iorr), corrosion rate (ver), and anodic and cathodic Tafel slopes (ba and bc), were determined
using PowerCorr™ and PowerSuite 2.58 software [24,25].

To ensure statistical reproducibility, multiple measurements are typically performed. In this study, each
series of electrochemical measurements was conducted in duplicate, as the obtained polarization and imped-
ance curves exhibited excellent agreement. The low variability between repeated measurements indicates good
reproducibility of the experimental system.

2.6. Metallographic Examinations

For metallographic examination, an inverted optical microscope Olympus DP27 equipped with a motor-
ized stage was used, while image acquisition and analysis were performed using the Stream Motion auto-
mated image processing system. The microstructural analysis at higher magnifications was performed using
scanning electron microscope Tescan Vega LSH. The microstructural investigation was performed on the
samples before and after electrochemical corrosion testing. The samples before corrosion testing were analyzed
in polished and etched condition. The analysis of the samples in polished condition was used to determine the
presence of non-metallic inclusions, while the microstructural constituents were identified after etching in
Nital. Following corrosion testing, microstructural examination focused on the analysis of the exposed surface.

3. Results and discussion

Figure 1 illustrates the equilibrium phase diagram for W600 hot work tool steel, derived from its chemical
composition. The invariant reactions, together with their crystallographic properties, are summarized in Ta-
ble 2.
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According to equilibrium phase diagram, the liquidus temperature of W600 tool steel is 1490 °C, while the
solidus temperature is 1190 °C. The solid-state reactions initiate with solidification of austenite (y-phase). The
solid-state reactions relate to the precipitation of carbide particles initiating with formation of MsC carbides at
1066 °C. The following reactions result in precipitation of MC carbides at 771 °C and M23Cs carbides at 351 °C.
The Acs temperature was recorded at 786 °C, while the Ac1 temperature was recorded at 699 °C.
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== G_PHASE
1400 LIQUID+FCC_AT o
== MC_ETA
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U 1200 — MC_SHP
o uquip ]
E FCC_A1+FCC Al#2
1000 FCC_A1+FCC_A1#2+M6C BCC_A2+FCC_A1+FCC_A1#2+M6C
BCC_A2+FCC_A1+FCC_A1#2+M6C+MC_SHP
800 / BCC_A2+FCC_A1+FCC_A1#2+M6C+MC_SHP
600 BCC_A2+FCC_A1#2+MBC+MC_SHP  BCC_A2+FCC_AL+FCC_A1#2+M6C+MC_ETA+MC_SHP
+« BCC_A2+FCC_A1+FCC_A1#2+M6C+MC_ETA+MC_SHP
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B 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36
mass.% C

Figure 1. Calculated equilibrium phase diagram of W600 tool steel

Table 2. List of the stable phases from the calculation of the phase diagram using the Thermo-Calc method

List of Phases Using Thermo — Calc Method Standard Phases
LIQUID+BCC_A2 L+
LIQUID+BCC_A2+FCC_A1 L+d+vy
LIQUID+FCC_A1 L+y
FCC_A1 Y
FCC_A1+M6C Y + (Mo, Fe, W)sC
BCC_A2+FCC_A1+M6C a+7v+ (Mo, Fe, W)sC
BCC_A2+FCC_A1+M6C+MC_SHP a+v+ (Mo, Fe, W)sC + (W, Mo)C
BCC_A2+M6C+MC_SHP a + (Mo, Fe, W)sC + (W, Mo)C
BCC_A2+M23C6+M6C+MC_SHP a + (Cr, Fe, M0)23Cs + (Mo, Fe, W)sC + (W, Mo)C

Figure 2 presents how the open circuit potential of the tested tool steel varies over time in both media. In
the sample that was exposed in the solution of artificial rainwater, the mean value of the open circuit potential
of Eop = -140 mV was registered. For a sample exposed to the solution of 3.5 % NaCl, the mean value of the
open circuit potential was Eop =-478.5 mV. Based on the obtained data, the open circuit potential in the 3.5 %
NaCl solution is shifted toward more negative values, indicating greater instability of the sample in the
chloride environment.
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Figure 2. Variation of the open circuit potential over time for W600 tool steel in artificial rainwater and 3.5 % NaCl solution

The electrochemical impedance spectroscopy results are displayed using Nyquist and Bode plots (Figures
3 and 4). Impedance measurements were carried out over a frequency range from 100 kHz to 10 mHz, with a
sinusoidal voltage amplitude of 5 mV.

3.000 Lol — artifical rainwater, EIS
e S — 3.5 % NaCl, EIS
Q o s ._..-f’."'ii.kig.'”—-..,é ’
c 2,000 B : N
S
T 1L000 -
0 J
-1,000
' 2,000 4,000 6,000 8,000
Z/0 cm?

Figure 3. The comparative view of Nyquist’s EIS diagrams obtained for W600 tool steel in artificial rainwater and a 3.5 %
NaCl solution
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Figure 4. A comparative representation of the Bode EIS plots for W600 tool steel in artificial rainwater and a 3.5 % NaCl
solution
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The Nyquist EIS spectra obtained for the tested sample in both media (Figures 5 and 6) were fitted using
ZSimpWin 3.60, applying an appropriate equivalent electrical circuit model, R(Q(R(QR))). The fitted results
indicate good agreement between the simulated and experimental curves, with a deviation on the order of 104
The measurement error was below 5 %, which is generally considered acceptable for this type of analysis [26].

Model: RQQ(R(QR))), 3.5 % NaCl

E ® 7 . Msd.
200 N B Z, Calc.

160 g h . . ot

Chsq 6.35 E-04

=27/ Q

1201 @ 5
80 * -
40 ~
oLz .
-40
100 200 300 400 500 600

z/a

Figure 5. Modeling of the obtained Nyquist EIS spectrum for sample in 3.5 % NaCl solution

Model: R(Q(R(QR))), artifical rainwater

3 ® 7. Msd.
3,000 8 Z, Calc.
o ]
¢ | <
N 2,400 . . Chsq 1.45 E-03
| E R 2 3 "
E A3
1,800 .
1,200 5
600 _§
ol <
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Z/a
Figure 6. Modeling of the obtained Nyquist EIS spectrum for sample in artificial rainwater

The R(Q(R(QR))) equivalent circuit was selected based on its widespread use in the literature and its
proven suitability for modeling electrochemical behavior of steel systems, particularly in corrosion-related EIS
studies [27-29]. This model enables a detailed interpretation of complex electrochemical phenomena occurring
on the surface of hot work steels, which cannot be achieved using a simple R-C model. The selected model is
used because it provides a good description of the electrochemical behavior of systems involving a heteroge-
neous surface and the formation of a protective oxide layer. Each element of the equivalent circuit has its own
physical meaning. The resistance R represents the electrolyte resistance, i.e., the resistance of the solution be-
tween the working and reference electrodes. The element Q (constant phase element, CPE) is used instead of
an ideal capacitor to describe non-ideal capacitive behavior arising from surface roughness, heterogeneity, and
the distribution of reaction sites. The R(QR) part of the model refers to processes occurring at the phase
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boundary —the inner R represents the charge transfer resistance, while the corresponding Q describes the
capacitance of the double layer of the oxide film.

Bode's diagram is another way of showing the impedance spectra. In that instance polarization resistance
dominates at lower frequencies (f), while electrolyte resistance dominates higher frequencies. The phase angle
achieves its highest value at medium frequencies. The presentation of the Bode diagram indicates that the
metal/surface film/electrolyte system modelling also takes into account the transfer of the substance through
the surface layer [26,30]. The presented spectra after measurement show that there is a decrease in the
impedance of the system in a more aggressive medium due to the presence of chloride ions.

The Nyquist impedance plots of the sample measured in artificial rainwater and 3.5 % NaCl solution
exhibit a depressed semicircular shape, which is characteristic of solid electrode systems. This behavior
indicates non-ideal capacitive response, typically associated with surface heterogeneities and roughness. The
diameter of the semicircle reflects the charge transfer resistance, suggesting differences in corrosion resistance
between the two media. Figure 3 shows that the width of the Nyquist semicircle decreases in 3.5 % NaCl solu-
tion. This means that lower charge transfer resistance R is expected in this solution, and therefore less corro-
sion resistance compared to the solution of artificial rainwater.

These facts are confirmed by the impedance parameters obtained after the modeling of Nyquist's EIS
spectrum. The impedance parameters obtained for the tested W600 tool steel are summarized in Table 3,
together with the arithmetic mean and standard deviation of the charge transfer resistance.

Table 3. Fitted EIS parameters of the tested W600 tool steel

Medium No. Ecwrvs.SCE R le x 106 " Rox le x 106 - Rt Rct +SD
mV Qcm?2  Qlsnem2 Qcm?2  Qlsnem—2 Q cm? Q cm?
Artificial 1 -141.0 252.5 238.3 06 1767.0 27.0 1.0 6747.0 6749.0+2.8
rainwater 2. -139.0 250.0 2379 0.6 1760.0 27.1 1.0 6751.0 R
1 -480.0 10.0 1336.0 0.7 1296 444 5 0.9 353.6
3.5 % NaCl 382.1+40.3
od 2 -477.0 9.8 1329.0 0.7 12.00 372.5 0.9 410.6

SD - standard deviation

After the artificial rainwater test, the W600 tool steel sample showed higher oxide (Rox) and charge
transfer (R«) resistances, indicating the development of a thicker protective surface layer upon exposure to the
artificial rainwater. Contrarily, in the solution of 3.5 % NaCl lower values for Rerand R« were registered. This
means that the created protective layer is thin enabling aggressive ions to penetrate the metal more easily
leading to the increase in corrosion rate.

The results obtained from electrochemical impedance spectroscopy are consistent with the corrosion
parameters derived from the Tafel extrapolation method. Potentiodynamic polarization measurements were
carried out in the potential range from —250 mV to +250 mV vs. Ewr. The corrosion parameters are presented
in Table 4, together with the arithmetic mean and standard deviation of the corrosion rate, while the
polarization curves of the tested sample in both solutions are shown in Figure 7.

Table 4. Electrochemical corrosion parameters of the tested W600 tool steel

. No. Ecor vs. SCE ba be Tcorr Ocorr 1_7001'1' +SD
Medium
mV mV dec! mVdec! Acm? mmyr!' mmyr!
1. -124.14 214.89 167.90 1.58x10-6 0.07
Artificial rai t .07 +0.

riificial rainwater =, ) us 01776 16627 1s8x10e 007 0/ 2000
1. -454.51 132.55 632.66  125.89x10-¢ 2.54

3.5 % NaCl 2.53 +0.01
% Na 2. -455.55 129.00 629.18  125.89x10-¢ 2.52
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Figure 7. Potentiodynamic polarization curves of the tested W600 tool steel in artificial rainwater and 3.5 %
NaCl solution

From the data in Table 4, it is evident that the much higher corrosion current density and corrosion rate of
the tested sample vwrr was registered in a chloride medium. This indicates that W600 tool steel should not be
used in medium that is similar to seawater. It is important to note that both potentiodynamic polarization and
EIS tests were conducted after a 30-minute open-circuit potential stabilization period. Figure 8 displays the
metallographic micrographs of the W600 tool steel prior to and following Nital etching. The microstructure of
the sample in polished condition indicates the presence of non-metallic inclusions. Figure 8a reveals
non-metallic inclusions that may adversely affect the corrosion resistance of the steel and represent potential
sites for the initial phase of pitting. Since, the sample was not plastically deformed, it is not possible to deter-
mine the type of inclusions. Based on the chemical composition it can be assumed that present non-metallic
inclusions are of aluminate and oxide type. The metallographic analysis identified a martensitic structure
obtained through water quenching (Figure 8b).

s vac ravec x VEGAN TESCAN
View e 334 pm 50k RESOLUTION pacemance mrancsgace

Figure 8. Microstructure of W600 tool steel: (a) before etching in polished condition, magnification 200x (light microscopy);
(b) after etching in nital, magnification 500x (light microscopy); (c) after etching in nital, magnification 5000x (scanning

electron microscope)
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Metallographic analysis shows the needle form of martensite with the presence of secondary carbides.
According to the literature [31-33], increase in tempering temperature enables growth and spheroidization of
carbide particles. The uniformly distributed carbide particles are visible in scanning electron image at high
magnification (Figure 8c).

The metallographic images after electrochemical testing are shown in Figure 9. Exposure to artificial
rainwater did not result in any significant changes on the surface (Figure 9a and 9b). In contrast, the electro-
chemical testing in 3.5 % NaCl solution resulted in development of corrosion products (Figure 9c and 9d).
Distribution of corrosion products is characteristic for pitting corrosion occurrence.

(d)

Figure 9. Microstructure of W600 tool steel in artificial rainwater and 3.5 % NaCl solution: (a) artificial rainwater: magni-
fication 50x; (b) artificial rainwater: magnification 200x; (c) 3.5 % NaCl: magnification 50x; (d) 3.5 % NaCl: magnification
200x

It can be concluded that corrosion products and pitting corrosion resulted from chloride action. The repeated
grinding and polishing indicated that corrosion occurred locally on the surface of the sample. The performed
investigations indicate that the occurrence of pitting corrosion can cause major problems in industrial plants.
Namely, chloride can accumulate in formed pits and encourage deeper penetration into the metallic material.
In this study, carbides of the M¢C, MC, and M»3Cs types were identified using Thermo-Calc simulations, and
their precipitation was correlated with corrosion parameters and metallographic analyses. The presence of
secondary carbides and their distribution influence the formation of a protective oxide layer and the local
corrosion resistance of the material, as reflected in lower R« values and the occurrence of pitting corrosion in
an aggressive chloride medium.

Furthermore, phase equilibria and temperature dependencies obtained from Thermo-Calc diagrams enable a
better understanding of the conditions under which specific carbides form, helping to explain differences in
material behavior in artificial rainwater and in a 3.5 % NaCl solution. Based on these results, a deeper
interpretation of corrosion mechanisms is possible: an aggressive chloride medium disrupts the protective
oxide layer, whereas in less aggressive conditions (artificial rainwater), the presence of carbides contributes to

its formation and stability.
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Considering that chromium is regarded as a beneficial alloying element, it is assumed that the presence of
chromium carbides contributes to improved corrosion parameters after testing in artificial rainwater. The
obtained corrosion parameters are consistent with the visual surface analysis, thereby establishing a clear
relationship between microstructure and corrosion processes, further confirming the scientific contribution of
this research.

Since no studies of this type have previously been reported for W600 tool steel, it is particularly important to
investigate carbide precipitation that may contribute to improved corrosion properties. This is especially
relevant in the design and development of new tool steels, where the selection and content of alloying
elements can be tailored to promote the formation of desirable carbide phases.

Therefore, the main scientific contribution of this study lies in a comprehensive analysis of the corrosion
resistance of W600 tool steel in two different media — artificial rainwater and 3.5 % NaCl — with a correlation
of electrochemical results to phase equilibria and the microstructure of the material. The novelty of the

research includes several aspects:

1. Application of thermodynamic modeling (Thermo-Calc) to predict the precipitation of carbides (M6C,
MC, and M23C6) at specific temperatures, enabling a better interpretation of the material’s behavior
during experimental testing.

2. Combination of corrosive media — aggressive chloride solutions and simulated atmospheric
conditions — allowing the assessment of material resistance under conditions relevant for industrial
applications.

3. Correlation of electrochemical and metallographic analyses — changes in open-circuit potential, charge
transfer resistance, occurrence of pitting corrosion, and microstructural characteristics — providing a

detailed insight into corrosion processes and the resistance of W600 under different conditions.

Based on the obtained results, the engineering applications of the material can be clearly defined: W600 is
suitable for moderately aggressive media and environments without high chloride concentrations, while its
use in highly chlorinated conditions or during prolonged exposure is not recommended. Thus, the study
contributes to a practical understanding of the corrosion behavior of this specific tool steel and provides

guidance for its safe industrial application.

4. Conclusions

Electrochemical tests indicate significantly lower resistance of the material in an aggressive chloride medium
(3.5 % NaCl) compared to artificial rainwater, as evidenced by a more negative open-circuit potential, lower
charge transfer resistance, and higher corrosion rate.

Surface analysis further confirms the onset of pitting corrosion in the NaCl solution, while no changes were
observed in artificial rainwater. The fine-grained martensitic microstructure of the tool steel with uniformly
distributed carbide particles of types M6C, MC, and M23C6 was partly responsible for the slower process of
pitting corrosion.

In conclusion, the W600 tool steel is suitable for use in moderately aggressive media and environments with-
out high chloride concentrations. However, its application in highly chlorinated conditions or during pro-
longed exposure may lead to corrosion damage, and therefore its use under such conditions is not recom-

mended.
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