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ABSTRACT: In this study, the effects of different cold pressing pressures and sintering mediums on
microstructure, micro hardness, and corrosion behavior of steels produced by powder metallurgy
(PM) method from Distaloy SA powders, were examined. The PM samples were first subjected to
two different cold pressing pressures being 150 MPa and 200 MPa, then to the sintering process in
two different sintering mediums as aluminum and argon, for 5 hours at 1000°C. The densities and
surface roughness of sinter-aluminized and only sintered samples were measured, and it was
determined that their densities were increasing by the increase of cold pressing pressure and that their
roughness was decreasing by the increase of cold pressing pressure. The determination of
microstructural characteristics of PM samples was performed by the use of X-ray diffraction (XRD),
scanning electron microscopy (SEM), and energy dispersive spectroscopy (EDS) devices. Corrosion
tests were electrochemically conducted in 3.5 wt.% NaCl solution. It was determined that sinter-
aluminized samples showed higher corrosion resistance than samples sintered in argon medium
depending on the FexAly phases forming on the sinter-aluminized samples. Thus, the sinter-
aluminizing process is promising for using PM materials in corrosive environments.

Keywords: Powder Metallurgy, X-Ray Diffraction, Sinter-Aluminized, Corrosion.

*Sorumlu yazar / Corresponding author: selvinustabas@gmail.com

Bu makaleye atif yapmak icin /To cite this article

Turgut, S. (2022). Characteristics and Corrosion Behavior of Sinter-Aluminized P/M Steels. Journal of Materials and
Mechatronics: A (JournalMM), 3(2), 179-193.


https://doi.org/10.55546/jmm.1129943
https://orcid.org/0000-0001-6227-6182

Turgut, S. JournalMM (2022), 3(2) 179-193

Sinter-Aliiminize T/M Celiklerin Ozellikleri ve Korozyon Davramsi

OZET: Bu ¢alismada, Distaloy SA tozlarindan toz metalurjisi (P/M) yontemiyle iiretilen ¢eliklerin
farkli soguk presleme basinci ve sinterleme ortaminin mikroyapi, mikrosertlik ve korozyon
davranislarina etkisi incelenmistir. P/M numuneler; 150 MPa ve 200 MPa olmak {lizere iki farkl
soguk presleme basinciyla presleme islemi sonrasi; aliiminyum ile argon olmak iizere iki farkl
sinterleme ortaminda 1000 °C'de 5 saat sinterleme islemine tabi tutulmustur. Sinter-
aliminyumlanmis ve sadece sinterlenmis 6rneklerin yogunluk ve yiizey piiriizliiliikleri 61¢tilmiis olup
yogunluklarinin soguk presleme basimncinin artmasiyla arttigi yiizey piriizliiliigiiniin ise azaldigi
belirlenmistir. P/M numunelerin mikroyapisal 6zelliklerinin belirleme islemi X- 111 kirininmu
difraksiyonu (XRD), taramal1 elektron mikroskobu (SEM) ve enerji dagilimli X-1gin1 spektroskopisi
(EDS) cihazlar1 kullanilarak gerceklestirilmistir. Korozyon deneyleri elektrokimyasal olarak %3,5
NaCl ¢ozeltisinde gergeklestirilmistir. Sinter-aliminyumlanmis numunelerin yiizeyinde olusan
FexAly fazlarina bagl olarak argon ortaminda sinterlenmis numunelere gore daha yiiksek korozyon
direnci gosterdigi tespit edilmistir. Dolayisiyla sinter-alliminyumlama iglemi P/M malzemelerin
korozitif ortamlardaki kullanimlar1 i¢in umut vadetmektedir.

Anahtar Kelimeler: Toz Metalurjisi, X-Ismn1 Difraksiyonu, Sinter-Aliiminyumlama, Korozyon.

1. INTRODUCTION

Powder metallurgy (PM), used in producing advanced technology materials, is a technique used
for powdering metals and metallic alloys through mechanical and physicochemical methods and
producing work pieces utilizing pressure and temperature without melting the powders. It consists of
mixing and pressing the powders obtained from metals and metallic alloys and then sintering them to
form a bond among the powder particles (German, 1998; Xiao-Su and Shanyi, 2017; Wu et al., 2019).
While the pressing process is generally performed at room temperature, the sintering process is
performed under the melting temperature of the powder with the highest melting temperature among
the powders in the mixture (generally 70°C) and in a protective atmosphere (German, 1998). The
pressing process determines the mechanical and physical characteristics of the material, and the
density of the piece differs as per the applied pressing pressure and mode of action (Xiao-Su and
Shanyi, 2017).

The most critical factors in replacing conventional metal forming methods with powder
metallurgy are low energy cost, low material production costs, and availing of the material at the
maximum level. In addition, the method’s characteristics such as diversity, production of pieces in
complex forms, microstructural and microchemical homogeneity increase its importance in the
production of advanced materials (Cavdar and Cavdar, 2015). Nuclear power fuel elements,
biomedical prostheses, aircraft brake linings, high-temperature filters, gears, Tungsten filament
lamps, electric contacts, orthopedic equipment, rocket fuels, explosives, jet engine pieces may be
provided as examples of pieces produced from metal powders by the PM method (Yazic1 and Cavdar,
2017; Alshammari et al., 2019; Sharma et al., 2019; Chavez et al., 2020).

The applications on the material surface are actualized to improve the material's functional
characteristics such as physical, chemical, electrical, electronic, magnetic, or mechanical
characteristics. In this context, new materials are produced by improving the metallic and non-
metallic plating methods. In the industry, surface engineering methods based on plating processes
such as painting, dipping, sol-gel processes, cold and thermal spraying, chemical and electrochemical
methods (anodization, electroplating, electroless plating, and electrophoretic deposition), plasma-
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assisted technologies, physical vapor deposition (PVD), chemical vapor deposition (CVD) are used
in order to improve the surface characteristics of steels and alloys. The low setup cost in
thermochemical processes, and the obtainment of equivalent surface characteristics enabled the use
of this method in powder metallurgy (Erdogan et al., 2020; Turgut and Giinen, 2020).

The thermochemical process is the process of diffusion on the surface of the metal and/or non-
metal (B, N, Cr, Ti, V, Al etc.) atoms by the use of the thermal diffusion method at high temperatures
in order to change the chemical and microstructure of the material’s surface (Cavdar and Cavdar,
2015; Giinen et al., 2015). Aluminum and its alloys stand out due to their easy accessibility, low
density, chemical and physical compatibility, higher wear resistance as well as their superior
corrosion resistance in many environments (Erdogan et al., 2020). As a result, depending on the
process selected, the borides or intermetalides (aluminates, chromites) diffuse on the surface of the
material by temperature activation and cause the change of material’s surface and the formation of
new phases (Choy, 2003; Mittemeijer and Somers, 2014; Cavdar and Cavdar, 2015; Giinen et al.,
2015; Erdogan et al., 2020). This change actualizes employing diffusion, unlike the processes such
as electrolytic or vapor precipitation, and the layer covers the atoms of original material and foreign
elements diffused on it. The construct, thickness, and composition of the new phases formed change
depending on parameters such as composition and chemistry of initial materials, characteristics of
substrate materials, temperature, exposure time, and gas pressure (Medvedovski, 2016). Depending
on the atom diameter of the diffused element, two different surface modifications form. If the atom
diameter of the diffused element is small, the substrate material diffuses, and interstitial solid solution
or exterior layer forms, and if the atom diameter of the diffused element is large, a compound forms
on the surface as in the chromizing and aluminizing. Thermochemical processes are used in many
fields of application, such as machinery, automotive, toolmaking, petroleum drilling, mining, and
defense (Cavdar and Cavdar, 2015).

Thermochemical processes or plating with diffusion are divided into impregnation with non-
metals (carburizing, nitriding, nitrocarburizing, and boronizing) and impregnation with metals
(aluminizing, chromizing, siliconizing, vanadiumizing, and berylliumizing) depending on the
element diffused. The practice of aluminizing, one of the processes of impregnation with metals from
among thermochemical processes, is a preferred method due to its characteristics such as simplicity,
reliability, and economy. It was informed by many studies that the corrosion resistance of steels
increases as a result of the aluminizing process (Xiang and Datta, 2006; Lu et al., 2019). The materials
obtained from the aluminizing process have been interesting for industrial applications thanks to their
many properties. Heating element in furnaces or dryers, power units and incinerator pipes, piston
valve, exhaust manifolds, petrochemical facilities are some of the areas where these materials are
used. The aluminizing process is divided into low activity and high activity aluminizing, depending
on the temperature and activity of aluminizing. The low activity aluminizing process is actualized at
high temperatures such as 950-1050°C for preserving operation time, and the high activity
aluminizing process is actualized at low temperatures such as 700-900°C (Dubiel et al., 2008;
Mojaddami et al., 2012).

This plating compound bonds to crystal structures and sublayers by strong and short covalent
bonds with high thermodynamic characteristics. High lattice energy ensures more stability in crystal
structures and a high covalent bond in solids. It correlates with the materials’ chemical stability and
integrity in mediums that may damage the material. These platings, along with not covering free Fe
and other elements, are not in free from in the elements added. Moreover, this prevents the possibility
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of interaction of metals with the anions of the corrosive medium and ensures the increase of corrosion
resistance (Grabke and Schutze, 1998; Ladd and Ladd, 1999).

When the studies in the literature were examined, Triani et al., in order to produce iron aluminite
platings on stainless-steel substrates, obtained FeAl layers on the surface by performing the
aluminizing process through exposing the stainless-steel substrates to thermochemical process in a
slurry consisting of polyvinyl butyral, ethyl alcohol, Al, AICl3, and Al.Os for 2, 4, 6 and 8 hours at
500-650°C. By the result of the study, it was specified that the homogenous FeAl layer of excellent
ductility had formed by the increase of temperature and processing time and that this layer had
significantly improved the oxidation resistance of the alloy (Triani et al., 2020).

Furthermore, in the study performed by Liu et al. in 2008, they explained the basic technological
process of the hot-dip aluminized technique by emphasizing the features such as corrosion resistance,
high temperature oxidation resistance. In addition, they summarized the applications of hot-dip
aluminized steel in the field of engineering and gave information about its developing aspects (Liu et
al., 2008).

Wang et al. (2018) used the single-stage powder pack method to prepare AIN/aluminized
plating, having high corrosion resistance, on carbon steel. They examined the phase compositions by
X-ray diffraction (XRD), and they examined the cross-sections by scanning electron microscopy
(SEM) equipped with energy dispersive spectroscopy (EDS). They measured the corrosion resistance
of AIN/aluminized plated sample by electrochemical test and expressed that the plating had improved
the material's corrosion resistance (Wang et al., 2019).

Considering the studies performed in recent years, it has resorted to aluminizing process to
improve the oxidation and corrosion resistance of the materials. High oxidation and corrosion
resistance, provided for the material by the aluminum element, arises from the Al.O3 layer that
continues to protect the primary metal as remaining on the material’s surface. For this reason, superior
oxidation and corrosion resistance through the Al>O3 layer, obtained through plating materials with
aluminum in the medium of high temperature and different corrosive characteristics that the materials
cannot resist, has become a more and more meaningful practice. For this purpose, in this study, the
microstructure characteristics, hardness, and corrosion resistance -in different mediums- of samples
of Distaloy powders that were produced with the PM method under two different pressures and that
were sintered in different sintering mediums (Ar and Al), were examined and compared with each
other. Considering the usage areas, the hardness and wear resistance properties of the material can be
determined in further studies. In this way, the effect of the aluminizing process on hardness and wear
is determined and studies for use are carried out.

2. MATERIALS AND METHODS

Initially, commercially available Distaloy SA powders with chemical composition Fe-1.84Ni-
1.49Cu-0.8Zn-0.5M0-0.5C-0.6Zn, and 50-100 um average grain size were subjected to mechanical
alloying for 24 hours to obtain a homogeneous powder mixture. Then, the powder mixture was
weighed and cold-pressed by applying different pressures (150 and 200 MPa) to produce samples
with a diameter of 40 mm, and thickness of 5 mm. The surfaces of the cold pressed samples were
sanded with 320-1200 grit SiC paper before sintering, washed with distilled water and sonicated in
methanol to obtain clean and smooth surfaces. The samples to be sintered in an argon environment
were placed in crucibles made of stainless steel, their mouths were tightly closed and sintered at
1000°C for 5 hours. In the sintering process in aluminum environment, after the samples were placed
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in a stainless-steel crucible, all sides were covered with a powder mixture of 45 wt.% Al + 45 wt.%
Al>O3 + 10 wt.% NH4CI. Then, the mouth of the crucible was tightly closed and sintered for 5 hours
by placing it in an electric muffle furnace preheated to the aluminizing temperature (1000 °C). After
sintering in argon and aluminum environments, the crucible was removed from the furnace and the
samples were left to cool at room temperature. Finally, the aluminized samples were removed from
the crucibles and their surfaces were cleaned with a brush to remove any adhesion from the aluminum
powder.
Process parameters and exemplary nomenclature for the samples are given in Table 1.

Table 1. Sample nomenclature and process parameters used in the process

sample Sintering Sintering Pressing Pressure  Sintering
Temperature (°C) Medium (MPa) Duration (h)
Sl 150 5
S2 Ar 200 5
> 1000°C 150 5
S4 Al 200 5

The density measurements of the PM materials were determined by including the weights,
measured in air and pure water, in the Equation 1. based on Archimedes’ principle.

. Wopw
p= w, —w',

The surface roughness (Ra) of the samples was measured using a Wave System Hommelwerke
T8000 2D profilometer. Surface roughness was determined as the average of 5 measurements made
on each sample surface based on 1mm/s speed and 4mm length.

Metallographic samples were prepared with a precision cutting device for SEM, EDS, and XRD
analyses by the end of the sintering and sinter-aluminizing process. Then, the samples were subjected
to conventional grinding with 280-2500 SiC paper polished with 6 um Al>O3 and 0.25 um Al203
solution and then etched with 3 wt.% Nital solution to reveal microstructural details.

Metallographic studies were carried out on polished and etched cross-sections of the samples
using Thermo Scientific Apreo-S SEM equipped with UltraDry EDS Detector and Quasor 11 EBSD
system equipped with EDS. The thicknesses of the aluminite layers were measured by SEM, and the
presence of phases (FeAl) formed on the surface of PM samples was identified by X-ray diffraction
(XRD) analyses using a computer-controlled Rigaku SmartLab X-ray diffractometer. The diffraction
patterns were obtained with Cu Ka radiation at a wavelength of A = 0.154 nm over a 20 range from
30° to 90°. Diffraction data were collected with 2.0 deg/min speed and step width of 0.02 degrees.

Corrosion characteristics of the samples were evaluated with the CHI 608E electrochemical
workstation, controlled by a computer. A standard setup consisting of three electrodes, one platinum
counter electrode, one Ag/AgCl electrode as a reference electrode, and one working electrode (1cm?
exposed area) was selected for the corrosion assessment studies. All the corrosion tests were carried
out using 3.5 wt.% NaCl aqueous solution. Open circuit potential (OCP) measurements of the samples
were made over 3600s and plotted as a function of time after stabilization. Potentiodynamic corrosion
tests were performed in the potential range of -250mV to +250mV at a scan rate of 0.1 mV/s. The
Tafel extrapolation method was applied to reckon the corrosion current densities of the samples over
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the linear portion of the anodic and cathodic graphs. The corrosion tests were repeated three times to
ensure reproducibility, and the results were averaged.

3. RESULTS AND DISCUSSION

3.1 Density and Surface Roughness
The density and surface roughness values of Distaloy SA powder samples, which were initially
pressed under two different pressures and were sintered in two different sintering mediums (Ar and
Al), are given in Table 2.

Table 2. The density and roughness of the P/M specimens subjected to sintering and sinter-alumizing heat treatment

Sample Density Relative density Surface roughness Rz
(gr/em®) (%) (Ra, pm) (nm)

S1 5.95 76.28 2.60 10.72
S2 6.02 77.17 2.27 9.54
S3 6.13 78.59 1.93 7.86
S4 6.18 79.23 1.75 7.66

When the density and surface roughness values of samples sintered in argon and aluminum
mediums were examined as per the pressing pressures applied prior to sintering, it was determined
that while the density values increased from 5.95 to 6.02, and from 6.13 to 6.18 by the increase of
pressing pressure, the surface roughness values decreased from 2.60 to 2.27, and from 1.93 to 1.75,
respectively. The density and surface roughness values of the samples differed as per the sintering
medium. It was observed that density values were a bit higher and that the roughness values were
lower along with filling of pores with aluminum in sinter-aluminized samples compared to samples
sintered in Ar medium (Bagliuk, 2012; Sundaram et al., 2018).

The increase in the density of samples and the increase in pressing pressure may be explained
by reducing air gaps among the powder particles. Gokmese et al., by their study performed in 2013,
expressed that the density values were increasing along with the increase of pressure and that the
pores among the particles were closing as the result of the pressing pressure applied from 250 MPa
to 625 MPa on alloys prepared by the use powder metallurgy (Gékmese and Bostan, 2013).

Moreover, the surface roughness values of sinter-aluminized samples being lower compared to
that of samples sintered in Ar medium may be attributed to the filing of porosity and gaps, remaining
on the surface following cold pressing, with a secondary powder (sinter-aluminizing powder), and to
the plating layer formed on the surface following the thermochemical process.

Considering these factors that affect the density and surface roughness, as the S4 sample is a
sample that was sinter-aluminized and pressed under high pressing pressure, it has the highest density
and lowest surface roughness among all the samples.

3.2. Characterization of Microstructure

SEM microstructure images, and EDS analyses of Distaloy steel PM samples, sintered for 5
hours in Ar medium are given.
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Figure 1. SEM microstructure view and EDS analysis of produced from Distalloy powders by P/M method a)150 MPa,
b) 200 MPa pressing pressure after 5 hours at 1000 °C in Ar environment

As seen in Fig. 1, it was observed that the sample generally exhibited a homogenous
distribution, but at some parts of the microstructure, oxide areas were being the characteristic of iron-
based materials produced by powder metallurgy. Despite a decrease in the oxide contents (Fig. 1b
EDS point) by the increase of pressing pressure from 150 MPa to 200 MPa, they were not completely
removed. Due to the reduction of air gaps among powders and the increasing pressing pressure, the
porosity decreased, and the density increased. Furthermore, the chemical bond formation among
powder metal pieces is more substantial (Gokmese and Bostan, 2013; Turgut and Giinen, 2020).

Moreover, by examining EDS analyses of the samples, it was observed that the construct was
substantially comprised of iron and that low rates of carbon, oxygen, aluminum, and nickel were also
present in the construct. It was also determined that the oxide content of the samples was 2.48-7.05
wt.%.

In Fig. 2, SEM images and EDS analyses of samples of Distaloy powders, subjected to cold
pressing under 150 MPa and 200 MPa, and sinter-aluminizing for 5 hours at 1000°C, are given.
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Figure 2. SEM microstructure view and EDS analysis of produced from Distalloy powders by P/M method a) 150 MPa
b) 200 MPa pressing pressure after 5 hours at 1000 °C in a sinter-aluminizing medium

When the sectional views of samples, subjected to a sinter-aluminizing process for 5 hours
period in Al medium by the use of 10 kV energy in scanning electron microscopy (SEM), were
examined, it was observed that 3 different areas formed on the surface of the samples. These areas
were i) intense aluminizing area, ii) diffusional aluminizing area, and iii) matrix area not affected by
the aluminizing process. Moreover, EDS analyses were obtained from different points of plating
layers and the matrix of each sample. It was determined that the contents of layers located at the
plating area, being precise in the results of the metallographic examination, were exhibiting
differences (Kayali, 2013).

The FeAl layer obtained was examined in terms of content, while about 47.71-54.80 wt.% Al
was determined at the dense area, the Al rate at the diffusional area was determined as 13-21 wt.%.
It was observed that the concentration of Al element decreased from the plating layer’s outmost
surface towards the matrix and that the plating layer concentrated in places. These areas, where the
Al element concentrated, were the gray areas also observed in the results of EDS analysis, and this
status conforms with the FeAl platings obtained in literature (Maki, 2019; Perez et al., 2002).

By the end of the plating process, it was determined that the thickness and contained phases of
the plating layer formed on Distaloy SA steel did not differ. It was observed that the thickness of the
diffusion layer, formed in samples subjected to the sinter-aluminizing process, was similar to that of
samples subjected to different sintering periods. The cause of having no change in the diffusion layer
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thickness is the uniformity of sintering temperature. Diffusion speed is directly proportional with
temperature, and changes to be made in sintering temperature will change the concentration of
diffused aluminum, and accordingly, it causes changes in the layer thickness (Callister, 1991; Li et
al., 2008).

When the plating players obtained were examined in terms of morphology, it was determined
that aluminum atoms were not intense on the surface as in the aluminizing layers obtained on the
alloys produced through casting and forging. This status may be linked to accumulation at a place of
aluminum atoms among powders bonded to each other only with mechanical bonds due to powder
metallurgy process and their diffusion towards more inner parts instead of making chemical bonding
with the elements there. Hence, the obtainment of iron-aluminum layers, which were much thicker
than casting and forging alloys, supports this matter.

3.3. XRD Analyses

XRD analyses of samples produced with the PM method and sintered in Ar and Al mediums

were performed, and the phase matching of the results obtained was actualized by using the library
in PDXL software (Fig. 3).
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Figure 3. XRD diagram of samples produced from Distalloy SA powders and sintered in aluminum medium

As the result of examining X-ray diffraction (XRD) patterns, it was determined that the
dominant phases on Distaloy SA steels produced under different pressing pressures and sintering
mediums varied. As the result of XRD analyses, the primary Fe and FeAl compounds were
determined. In samples subjected only to the sintering process, Fe phase, in the 229: Im-3m space
group with card number ICDD: 01-087-0722, was dominant on the construct. This phase
corresponded to peaks at angle values 44, 64, 82 in the XRD diagram.

Moreover, in the samples subjected to a sinter-aluminizing process for 5 hours at 1000°C,
characteristic peaks of the construct, at angle values of 44, 64, and 81 of the FeAl phase with card
number ICDD: 00-033-0020, were obtained. The phase desired to form in the aluminum plating

process by the thermochemical method is the FeAl phase being present at the part rich in iron on the
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Fe-Al balance diagram. In the study performed, the presence of this phase was observed. In the
aluminizing process, it is avoided from the formation of phases with high Al content as they increase
the fragility of the aluminite layer and decrease the oxidation resistance. FeAl phase, forming on the
surface of the plating layer, has a high melting point, high resistance, high hardness, high corrosion
and oxidation resistance, high elasticity module, and high electric resistance (Martinez et al., 2006).

3.4. Corrosion Analyses
The corrosion resistance of samples produced by sintering of Distaloy SA 6906033 powder in
two different mediums (Ar and Al) was evaluated using open circuit potential measurement and
potentiodynamic polarization curve measurement. The graphs of samples’ corrosion tests, performed
in 3.5 wt.% NaCl solution is given in Fig. 4.
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Figure 4. a) OCP curves, b) Tafel curves in NaCl solution of the sintered and sinter-aluminized samples

The potential value is measured in the OCP technique while no current passes from the circuit.
The potential value, measured from an ionic solution, is the balance potential of the cathodic and
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anodic reactions. Potential difference values, forming due to metal corrosion in a corrosive
environment, are recorded as corrosion potential (Figure 4a). It is known that the corrosion resistance
of samples of curves, being closer to the positive side on the OCP graphs, is higher (Oztekin, 2014).

When Figure 4a is examined, while samples subjected to sinter-aluminizing were at the narrow
range from -0.39 to 0.42 V, it is observed that the samples subjected only to sintering continuously
decreased as beginning from -0.33 V towards the potential of -0.48 V, and that they did not reach a
stable course by the end of 3600 sec. This status revealed that the samples subjected to sinter-
aluminizing were positioned on a more positive side than the samples subjected only to sintering and
that they were more stable, and thus their corrosion potential was lower. The corrosion potential
exhibited a decrease in Ar-200; Ar-150; Al-150; Al-200, respectively.

Considering the studies in literature, it was expressed that a passive aluminum film was forming
on the surfaces of the steel samples through plating with aluminum and that it did not cause a
significant change in the anode reaction while slowing down the cathode reaction. Moreover, as a
result, they specified that a decrease occurred in the corrosion potential determined by the balance
between the two reactions (Chen et al., 2007; Heakal et al., 2011).

The semi-logarithmic current-potential curves, drawn in anodic or cathodic direction as
beginning from the corrosion potential, are known as Tafel curves. The current, where the point -on
the corrosion potential-, where the Tafel curves intersect -when their linear parts are reversely
extrapolated-, is determined, is the corrosion current (Oztekin, 2014). The extrapolation of Tafel
curves, Ecorr (corrosion potentials), Icorr (corrosion current), and corrosion speed were calculated,
given in Table 3. Ecorr value represents the samples’ thermodynamic tendency for corrosion, and
Icorr value represents the corrosion rate. The Ecorr values of Ar 150, Ar 200, Al 150, and Al 200
samples were -0.555 V, -0.520V, -0.464V, and -0.422V, respectively; and their Icorr values were
1.56x10* pAcm?, 8.52x10° pAcm, 5.54x10° pAcm, and 4.50x10° pAcm, respectively. It was
observed that the Ecorr values of samples subjected to sintering in argon medium were lower
compared to the Ecorr values of samples subjected to sinter-aluminizing. Furthermore, this indicates
that the corrosion resistance of PM samples subjected to sintering in Ar medium are lower than
samples subjected to sinter-aluminizing.

Table 3. The Ecorr (corrosion potential), lcorr (COrrosion current density), and corrosion rate values were determined from
the polarization curves

Sample Solution Ecorr lcorr Corrosion rate
\2) (nAcm?) (gr/h)

Ar 150 -0.555 1.56x10* 16.30x10°

Ar 200 -0.520 8.52x10°% 8.90x10°

Al 150 %3.5 NaCl -0.464 5.54x106 0.58x10°%

Al 200 -0.422 4.50x10° 4.70x10°

When Tafel graphs were examined, it was observed that the samples subjected to sinter-
aluminizing were positioned more to the right compared to samples subjected only to sintering as in
the OCP graphs. This status conforms with the Ecorr values given in Table 4. However, it was
observed that the Al-200 sample, which was positioned at the rightmost side in terms of Ecorr values,
did not exhibit the lowest corrosion current (4.50x107°) and that the Al-150 sample exhibited the
lowest corrosion current as 5.54x10°®. This status indicates that the samples’ log (current/A) values
are essential and their Ecorr values in corrosion losses. Because the lowest log (current/A) values
were determined in the Al-150 samples among all the samples, and it was the sample in which the
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corrosion losses were the lowest. The Icorr values of samples subjected to sinter-aluminizing were
lower than the samples subjected only to sintering, and their corrosion resistance was higher. Briefly,
in terms of the corrosion resistance of samples produced from Distaloy SA 6906033 powder by the
sinter-aluminizing process, an improvement was ensured at the range of 1.90 times (Ar-200/Al200)
and 15.34 times (Ar-200/Al-150) compared to samples subjected only to sintering.

WE% C-K 0-K Na-K Si-K w% |ck |ok |sk |sik |crx | Fer
pt-1 2.14 30.82 0.00 0.22 pt-1 | 534 | 3253 027 [oes [251 [s870
pt-2 1.67 34.21 0.00 0.07 pt-2 | 147 | 3431 020 [239 [s1863

we% | ck [ok | nNak [Ak [sik |k |Fel || we% | ck [ok |nak | Ak | sik | cik |Fel

Pr-1 139 | 2470 | 2.04 4207 | 0.50 1.70 15.08 Pr-1 227 | 1.34 0.00 1.1 0.19 0.11 94.58
Pr-2 1.35 | 0.83 0.24 8.23 0.10 0.07 | 89.08 Pr-2 837 |2569 | 7.18 0.26 0.26 11.17 | 46.87
Pr-3 227 | 5.77 30.92 | 6.24 0.26 41.44 | 13.00 Pt-3 248 |320.70 | 1.37 0.11 0.24 202 |63.08

Pr-d 0.00 |9.37 224 £6.42 | 0.24 1.52 | 0.00 Pr-4 114 | 1154 | 220 19.19 | 0.24 196 | 5345

Figure 5. a) Ar medium, b) sintered in Al medium SEM and EDS views taken after corrosion treatment in NaCl solution
of samples

When the SEM images of samples after corrosion were examined, it was observed that crevice
corrosion had formed on the surface of samples subjected to sintering in argon medium and that
pitting corrosion formed on the surface of samples subjected to the sinter-aluminizing process. For
the development of pitting corrosion, the presence of halogen ions is required in the medium. In the
study performed, NaCl was preferred as the corrosion medium, and CI ions had caused pitting
corrosion. This corrosion begins with an anodic reaction formed at any point of the metal surface,
and by the effect of environmental conditions, the anodic reaction continues by a series of
autocatalytic reactions that give rise to each other and causes the formation of the pit at that point.

The higher Ecorr values of samples subjected to sinter-aluminizing, compared to samples
subjected only to sintering, indicate better corrosion resistance. Al-150 sample exhibited the lowest
Icorr value (5.54x10°° pAcm™) attributed to the thick and relatively less porous plating surface. Al-
200 sample had a higher Icorr value (4.50x10° nAcm) than the Al-150 sample, and the reason for
this was the presence of relatively larger pores and micro-cracks on its surface.
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4. CONCLUSION

Distaloy SA 6906033 alloys were pressed with cold pressing method under the pressures of 150
MPa and 200 MPa, and they were subjected to sinter-aluminizing process and only to sintering
process for 5 hours at 1000°C. The changes in the microstructural, mechanical, and corrosion
behaviors of samples obtained were examined.

While the densities of samples, sintered in argon and aluminum mediums, increased by pressing
pressure, their surface roughness decreased. Considering the microstructure characteristics, while the
Fe phase was dominant on the construct in samples subjected to sintering in argon medium, a surface
structure forming of FeAl phase was subject in samples subjected to sinter-aluminizing. Porosity was
present in both the samples subjected to sintering and sinter-aluminizing, and porosity decreased by
the increase of cold pressing pressure, but it was not obliterated. Considering the corrosion behaviors,
the corrosion potentials of samples subjected to sinter-aluminizing in NaCl medium were lower than
those subjected only to sintering. Moreover, when evaluated among themselves, it was determined
that the corrosion potential was decreasing along with the increase of cold pressing pressure (Ar-150
> Ar-200; Al-150 > Al-200). The lowness of Ecorr values, obtained as the result of corrosion tests,
of samples subjected to sintering compared to samples subjected to only sinter-aluminizing, and the
highness of Icorr values, obtained as the result of corrosion tests, of samples subjected to sintering
compared to samples subjected to only sinter-aluminizing, indicate that these materials exhibit higher
corrosion resistance. Sinter-aluminizing of Distaloy SA 6906033 alloys positively affected the
material’s corrosion resistance as well as its structural and mechanical characteristics. The
actualization in a single step of the sintering process of the alloy along with aluminizing is essential
in terms of processing time and energy. The study results indicated that the sinter-aluminizing process
is promising in the usage of PM materials in corrosive environments.
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