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Microstructure, Corrosion and Wear Properties of
FeCrNiMo Based Coating Produced on AISI 1040 Steel
by Using Laser Coating Technique
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his study aims to investigate microstructure, hardness, corrosion and wear properties of
FeCrNiMo-based coating produced on AISI 1040 steel by using laser welding method.
Microstructure properties and phase formation were examined by SEM-EDS and XRD. The
hardness measurement was made by using a microhardness device along a line from the upper
surface of the coating to the substrate. The wear tests of both the substrate and coating layer

were made with a scratch test device. SEM examinations showed that the coating layer had a
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dendritic microstructure and was uniformly bonded to the substrate. The coating layer was

harder than the substrate. According to wear tests, the friction coefficient of the coating layer

was lower compared to the substrate. Substrate and coating layer were immersed in an aque-

ous solution of %3,5 NaCl for potentiodynamic measurements. Corrosion results showed

that coating of the AISI 1040 steel with FeCrNiMo increased the corrosion resistance.
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INTRODUCTION

he wear and corrosion of machine parts is the le-

ading problem encountered in the industry. Sur-
face coating process is widely used to increase cor-
rosion and wear resistance. Many coating methods
are used to improve the properties of the surfaces.
Basically, coating methods are classified as welding-
based coating methods [1,2], thermal spraying [3]
and chemical and physical vapor deposition methods
[4,5]. Welding-based surface coating methods gene-
rally include plasma-transferred arc, gas tungsten
arc, laser beam, submerged, electro-slag and electron
beam welding processes [6-8]. Laser coating is a uni-
que process that produces a coating metallurgically
bonded to the substrate, which finds an increasing
application in surface engineering field. A laser beam
having a high energy density is a heat source used to
melt the coating material and a limited portion of the
substrate. The coating materials are in the form of
powder, bar or layer. Compared to other coating tech-
niques, laser coating has many advanced properties.
These include a metallurgical bonding between the
coating and the substrate, a very fine grained mic-
rostructure, a low melt rate and a limited heat-affec-
ted zone (HAZ) [9-11]. Due to its high corrosion resis-
tance and high wear resistance, the FeCrNiMo alloy

is often used under atmospheric conditions in acidic
and tribological environments [12]. In this study, a
FeNiCrMo based alloy wire was produced as a coa-
ting layer on AISI 1040 steel surface by laser welding.
Microstructure, phase formation, corrosion and wear
properties of the produced coating were investigated.

EXPERIMENTAL STUDIES

AISI 1040 steel in the dimensions of 20 x 10 x 80 mm
was used as the substrate material in the surface coa-
ting processes. Prior to the laser coating method, the
surface of the steel material was cleaned with acetone.
Alloy wires with a 0.6 mm diameter were coated on
AIST 1040 steel surface by using an Or-Laser brand
laser welding machine with the power of 200 Watts.
Table 1 shows the chemical composition of the wire
and the substrate used in the coating. Fig. 1 shows the
the surface coating process with laser welding. The
laser coating process was performed in the form of
coating passes.

The samples were taken in the dimensions of 10
mm x 10 mm x 10 mm from the middle zone of the
coating material for the microstructure examinations
and wear test. Coating materials passed through the
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Table 1. Chemical composition of substrate and coating wire (wt.%)

Materials  Cr Ni Mo Mn Co Si c Fe
Substrate - - - 0.85 - 0.20 0.42 Balance
Coating 18 10 3 25 1.5 1 0.1 Balance
wire

Laser beam
Wire

Substrate

Coating layer

Figure 1. Principle diagram of laser coating process

metallographic processes were etched in 5 ml HNO, + 200
ml HCI + 65 g FeCl, solution for 10 seconds by dipping [13].
SEM-EDS was used for microstructure examinations and
XRD was used for phase analysis. The hardness measure-
ment was performed with Future-Tech FM 700 brand mic-
ro-hardness device with 200 gr load at 10 sec. waiting period
at intervals of 50 pum along a line from the upper surface
of the coating to the substrate. Prior to the wear test, the
samples were sanded to 1200 mesh sandpaper and their
surfaces were polished with a diamond solution and then
ultrasonically cleaned. Cleaning was performed with
Elma MF3/130KHz device in distilled water for 10 mi-
nutes at 35 KHz. Bruker UMT-2-SYS model mechanical
test device was used in the wear tests (Fig. 2). The wear
was made in the form of micro scratches. A Rockwell in-
denter was used as the abrasive tip. The scratch size was
chosen as 2 mm for all samples. Max 10 N was selected
as the load.

Figure 2. Micro scratch wear device

Corrosion measurements were obtained by using a
system consisting of a Reference 3000 Potentiostat / Gal-
vanostat / ZRA corrosion system (Fig. 3). Corrosion expe-
riments were carried out after the samples were left waiting
for 1 h at room temperature in a 3.5 wt.% NaCl solution (pH
3). A conventional three-electrode cell was used for all the
electrochemical measurements. A saturated calomel elect-
rode (SCE) was used as a reference electrode, platinum foil

as a counter electrode and coatings as the working electro-
de. Potentiodynamic sweeping was performed in range of +
0.25 V and 1 mV/s sweeping rate. The polarization resistan-
ce values were calculated by using Stern and Geary equation.

Figure 3. Corrosion system

RESULTS AND DISCUSSION

Fig. 4 shows SEM images of the FeCrNiMo-based coating
produced on the AISI 1040 steel surface by the laser wel-
ding. The coating thickness was observed to be about 250
um (Fig. 4a). It is also clearly seen in the same SEM image
that the coating layer was composed of overlapped mul-
ti-passes. Coating layer formed of cellular structure and
dendritic structure. Dendrites occurred in the opposite
direction of the heat flow (Fig. 4b). This coating microst-
ructure contained austenite and o-ferrite. Approximate
ratio of these structures was determined by means of the
Schaeffler diagram in Fig. 4c. These structures formed
as solid solutions. No pore or crack formation was found
in the coating layer. MAP-EDS analysis was carried out
to see how the element distribution in the coating layer
is, which is shown in Fig. 5. There was a homogeneous
distribution in the coating layer. No oxide formation oc-
curred.
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Figure 4. (a) Coating and substrate, (b) coating area (X area) and (c)
Schaeffler diagram

Fig. 6 shows the regional EDS analysis of the coating
layer. The basic element of the coating layer was iron. The
other elements were Cr, Ni, Mo, Mn, and Co. The chemical
composition of the coating layer was similar to the chemiv-
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Figure 5. MAP-EDS analysis

cal composition of the selected coating wire. This indicated
that the coating process reached its goal. In order to show
the elemental difference between the coating layer and
substrate, line EDS was performed between the coating and
substrate. Fig. 7 shows line EDS. Cr, Ni, and Mn elements
increased significantly in the coating layer.

00 20 40 60 m 100
Elements | Weight % | Atomic % | Net Int. Error % | Kratio | Z R A F
CrK 17.63 19.02 4,112.44 | 2.65 0.21 1 0.99 1097 |1.22
MnK 2.20 225 407.93 5.15 0.02 0.9810.99 |0.98 |1.09
FeK 65.88 66.18 10,211.89 | 1.99 0.63 1 1 0.92 | 1.04
CoK 1.31 1.25 178.29 11.25 0.01 098 |1 0.92 | 1.04
NiK 10.03 9.59 1,128.97 | 4.27 0.08 102|101 |08 1.04
MoK 2.95 1.72 16.42 58.63 0.04 1087]1.04 099 |145

Figure 6. EDS analysis of the coating layer
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Figure 7. ELine EDS analysis between coating and substrate

Fig. 8 shows the XRD analysis of the coating produced
on the AIST 1040 steel surface by the laser welding. The co-
ating layer consisted of a-Fe (ferrite), y-Fe (austenite) and
M23C6 phases. The letter M represents the elements Fe, Cr,
and Mo. While austenite peak occurred at the angle of 43.6,
50.6 and 74.7 26 angles, the ferrite peak occurred at the ang-
les of 64.9 and 81.9 20. The intensity of the M23C6 carbide
peak was very low compared to the other two phases. The
phases occurring in this study are also similar to those in
the literature [14]. Since the coating layer had Cr-Ni content,
no oxide phase was found. This shows that it is corrosion
resistant.

Fig.9 shows the hardness of the coating layer. The mic-
rohardness measurement of the coating layer was carried
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Figure 8. XRD graph of laser coated layer
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Figure 9. Hardness transition from the coating layer to substrate and
the red line transition border

out depending on the distance. There was a significant inc-
rease in hardness value of the coating layer compared to the
substrate. While the hardness of the substrate was about
210 HVO0.2, the hardness of the coating layer was measured
as 475 HV0.2. The increase measured was 2 times compa-
red to the substrate. The increase in the hardness of the co-
ating layer was associated with the effect of the mechanism
increasing the solid solution strength and the dispersion
strengthening of the carbides.

Wear test of the coating layer and the substrate was
conducted in the form of micro-scratches. A Rockwell in-
denter was used as the abrasive indenter. The scratch size
was chosen as 2 mm in both samples. Fig. 10 shows wear
graphs showing the friction coefficients of the coating la-
yer and substrate. The applied load was measured as 9.55 N,
which was maximum. The wear test was completed in 14
seconds. Friction coefficient graphs were also drawn as fric-
tion coefficient versus time. When the graph was examined,
it was understood that the friction coefficient of the coating
layer (~0.17) was lower than the friction coefficient of the
substrate (~0.23). This decrease was associated with the so-
lid solution strengthening and the dispersion strengthening
of the carbides. Fluctuations were observed in the friction
coefficient values of the coating layer. This was related to
the fact that the phases were not homogeneously distributed
in some regions of the coating. Fig. 11 shows optical images
of the wear marks. It was seen that plastic deformation was
more intense in the substrate. Flaking was observed in both
wear marks. Gong et al [15] presented a study on influence
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Figure 10. Time-dependent coefficient of friction graph of the samples

of heat treatment on microstructure and mechanical pro-
perties of FeCrNi coating produced by laser cladding. The
results of the study showed that as the heat treatment tem-
perature increased, the wear resistance decreased although
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Figure 11. Wear tracks; (a) the substrate and (b) the coating

the maximum tensile strength was obtained.

The potentiodynamic polarization curves of the subs-
trate and coating layer are illustrated in Fig. 12. The corrosi-
on measurement data are summarized in Table 2. Corrosion
potential (E_ ), anodic and cathodic Tafel slopes (3, and B ),
corrosion resistance (Rp), corrosion rate and corrosion cur-
rent (I ) were found from Tafel curves. Rp was calculated

by the Stern and Geary equation [16].

ﬂa'ﬁc
2303xR, (B, + 5.

where I is the corrosion current density in pA cm?,

Icorr =

R is the corrosion resistance in kQ cm? and 3, and f_are
the anodic and cathodic Tafel slopes in V or mV, respecti-
vely. The corrosion potential (E_ ) values of the substrate
and coating layer are slightly different. While Ecor of subs-
trate is -435 mV, Ecorr of coating layer is -293 mV. The (R of
the substrate and coating layer are 20,70 kQ.cm? and 25,57
kQ.cm?, respectively. R of the coating layer was increased
by about 23,4 % compared to that of the substrate. The key
element that determines the corrosion resistance of the coa-
ting layer is chromium. Cr forms a very thin film on the sur-
face of the material against corrosion attacks. The protective
film called passive layer or passive film [17]. The Ni element
has a regulatory effect on the ductility and toughness pro-
perties of the material. The Mo element provides the conti-
nuity of the passive layer formed to protect from corrosion
[18, 19]. Qiao et al [20] studied the corrosion behavior of
HVOE-sprayed Fe-based alloy coating in various solutions.
It has been observed that the coating layer exhibits different

corrosion resistances in different solutions. However, it has
been reported that the coating layer has higher corrosion
resistance than the bottom layer. Our study showed similar
results with these results.
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Figure 12. The potentiodynamic polarization curves of substrate and
coating layer

Table 2. Electrochemical results of substrate and coating layer

Icor 8a 8c Corrosion ~ Rp

. E
Materials cor

(mV)  (uAcm?)  (mV) (mV) rate(mpy) (kQ.cm?)
Substrate  -435 2.35 201.8 2352 990.2 20.70
Coating . P
wire 293 2.01 235.1 2383 945.1 25.57
CONCLUSION

1. In this study, FeCrNiMo based alloy wire was success-
fully coated on AISI 1040 steel surface with the laser wel-
ding technique.

2. It is seen from the SEM images that the coating had
dendritic and cell morphology. This shows similarity
with the literature. According to the XRD analyses, a-Fe
(ferrite), y-Fe (austenite) and M23C6 phases formed as
phases in the structure. It was also found by the Schaeff-
ler diagram that these phases can form. Majority of the
structure had an austenite character.

3. The hardness of the coating layer was about two ti-
mes more than that of the substrate. This increase in the
hardness was caused by solid solution and M23C6 carbi-
des formed in the structure.

4. Wear tests of the coating layer and the substrate were
made in the form of micro-scratches. A decrease was ex-
perienced in the friction coefficient of the coating layer
compared to the substrate. This was caused by strength
increasing mechanisms.

5. The corrosion potentials of the substrate and coating
layer are slightly different. Coating of FeCrNiMo on AISI
1040 steel has increased corrosion resistance by 23,4 %.
Cr contributes directly to the corrosion resistance, whe-
reas Mo contributes indirectly.
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