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ABSTRACT The abrasive wear resistance of soil tillage tools is important for the agricultural equipment industry
because abrasive wear caused by hard particles in the soil can shorten the lifespan of these parts. In this study, surface
modification using FeCrC, FeTi, and Ni powders was carried out to improve the hardness and wear resistance of AISI
1040 material reversible spring tine cultivator points. The GTAW (Gas Tungsten Arc Welding) method was chosen
for the energy input in the surface modification process due to its simplicity and efficiency. Microstructure studies
were conducted using an optical microscope (OM), scanning electron microscope (SEM), energy-dispersive X-ray
spectroscopy (EDS), and X-ray diffraction (XRD). Additionally, microhardness measurements and wear tests were
performed. It was found that the hardness values for all three coating types were higher than the ones measured in
the substrate material. The maximum microhardness was 726.1 HVO0.2 for the coating with a 70FeCrC + 30FeTi
composition ratio. As a result of the increased hardness in the coating layer of the specimens, the wear resistance also
increased. Abrasive wear tests were conducted under loads of 5 N, 10 N, and 15 N at distances of 400 m, 800 m, and
1200 m, respectively. The weight loss of the substrate was about 13 times higher compared to the coating containing

70FeCrC + 30FeTi. After the laboratory tests, cultivator points were coated and field tests were carried out.
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1. Introduction

The general problem experienced in tillage tools used in
the agricultural industry is the wear of the points. Material
engineers and researchers have experimented with differ-
ent methods to increase the wear resistance of agricultural
equipment points. In recent years, surface coating tech-
nologies have been widely preferred (Singh et al., 2021;
Singh and Singh Chatha, 2020; Kostencki et al., 2019).
Wear is a continuous loss of material that occurs on a
surface (Sabet et al., 2011; Cheng et al., 2008). There are
different types of wear cases according to the basic mate-
rial loss and wear mechanisms. According to their wear
mechanisms, they can be divided into adhesive wear, abra-
sive wear, fatigue wear and wear caused by tribochemical
reactions. In addition, one or more wear mechanisms may
occur on the contact surfaces at the same time (Axen et al.,
2001). For years, machinery manufacturing products have
been widely used in numerous fields such as building,
mining and emergency rescue. However, parts operating
in harsh operating conditions can be damaged quickly due
to wear in a short time (Chen et al., 2018). Zabala et al.
(2019) evaluated the influence of surface roughness in
steel on wear using a pin-on-disc test. They concluded
that abrasion of the fixed components was decreased when
the roughness of the moving surface was increased. Wear
affects the life of the parts, their dimensions and conse-
quently the quality of the parts produced. Wear is of high
importance in many parts and components that need to be
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constantly replaced and repaired (Burwell, 1957).

Abrasive wear is one of the most common mechanisms
for material losses caused by wear in the industry (Binder
et al., 2017; Blau and Dehoff, 2013; Eyre, 1976) and it
constitutes one of the main problems of tillage machines
in the agricultural sector (Kang et al., 2017; Bayhan, 2006;
Kang et al., 2014; Singh et al., 2021; Sundstrom et al.,
2001; Zdravecka et al., 2014). Wear in the agricultural
industry causes loss of time, labor and energy as well as
equipment replacement costs (Kang et al., 2017; Kaldcska
et al., 2020). In addition, tools working under the ground
are also exposed to high-impact loads due to the stones in
the soil. For this reason, the materials of these tools must
be resistant to both abrasion and impact loads (Kang et al.,
2017).

Cultivators are widely used in tillage. The reason
for this is that they are not complicated, quite simple
to use, and cost-effective (Polat et al., 2012; Gokcebay,
1998). Cultivator points have high importance among
tillage tools. Since they are exposed to intensive abra-
sion in the soil, they are required to have high abrasion
resistance (Gulec and Altuntas, 2013).

A technique known as specifically targeted surface
modification has been proposed by researchers to improve
the surface properties of materials (Nair et al., 2018).
The coating process provides superior properties such
as strength, hardness, and resistance to abrasion and cor-
rosion in materials. It can be separated according to the
purpose of the coating, the type of material, the thickness
of the coating, the cost of the applied method and the
ease of application (Orhan, 2008). Many researchers have
used traditional coating techniques such as physical vapor
plating, chemical vapor plating, spray plating, chrome
plating, etc. In addition, the surface is modified by using a
laser, electron beam and GTAW method as the heat source.
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The benefit of these methods is the formation of a whole
piece with the substrate after solidification compared to
traditional methods (Nair et al., 2018).

Researchers have conducted studies on improving the
wear resistance of tillage tools. Some of the methods used
in these studies are manual metal arc welding (MMAW)
(Singh et al., 2021; Singh and Singh Chatha, 2020; Kang
et al., 2017), laser cladding method (Bartkowski and
Bartkowska, 2017), thermal spray coating (Kang et al.,
2012) and arc PVD method (Malvajerdi et al., 2019).

Recently, the use of the surface modification technique
with the GTAW method has been the subject of interest by
many researchers (Yilmaz, 2006; Iwaszko, 2006; Liu et al.,
2008; Erdogan et al., 2010; Kumar et al., 2017; Ardeshiri
et al., 2017; Ya-long et al., 2018; Mithun et al., 2018).
Tungsten Inert Gas (TIG) or Gas Tungsten Arc Welding
(GTAW) method is a process where hard surface coatings
can be made with low heat input because of the economi-
cal and easy adjustment of welding parameters (Yilmaz,
2009). The fact that the GTAW method is cheaper than
laser and electron beam makes it stand out (Ardeshiri
et al., 2017). In the surface modification using the GTAW
method, the penetration of the powders adhered to the
substrate material is ensured by the energy transferred to
the welding area with the non-melting tungsten electrode
(Islak and Yildirim, 2009). Until now, many powders have
been used as coating powder in the surface coating process
such as WC, Cr3C,, MoSi,, WC, Co, Fe, Si, NiCrBSi,
Ti, and FeCrC for the coating process (Yilmaz, 2006; Liu
et al., 2008; Erdogan et al., 2010; Ardeshiri et al., 2017;
Ya-long et al., 2018; Mithun et al., 2018; Ghadami et al.,
2015).

In this study, the coating ability of the surface of the
s-tine cultivator point, which is one of the most used tools
in the agricultural industry (Gulec and Altuntas, 2013),
was investigated by the GTAW method to improve the
wear properties. FeCrC, FeTi and Ni powders were used
as coating powder in the experiments. The substrate is
AISI 1040 steel. Studies were carried out both in field
and laboratory conditions. Microstructure images were
examined under laboratory conditions. In addition, micro-
hardness and wear tests were carried out. In the field tests,
in addition to carrying out the abrasion tests according
to the weight-loss method, the changes in the cultivator
point dimensions based on their profiles were examined
with the 3D scanning processes.

2. Methods

The research was carried out in two stages: laboratory
tests and field tests. The purpose of the laboratory tests
was to determine the abrasion performance of the powders
before the field tests, in order to ensure that the field ex-
periments could be more accurately interpreted. Middle-
carbon steel AISI 1040, a material commonly used in
cultivator points, was used as the substrate in the labo-
ratory tests. The chemical compositions of the powders
and the substrate are shown in Table 1. The specimens
were cleaned with sandpaper and acetone to remove dirt
and rust from their surfaces. A small amount of sodium
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silicate was used to fix the powders in the 8 mm channels
with a 1 mm depth that were opened on the 10 mm part of
the specimens (Fig. 1). The specimens were then dried in
an oven at 100 °C for 30 minutes to remove moisture. The
powders were prepared from a mixture of FeCrC, FeTi,
and Ni powders and applied to the material surface us-
ing the water-cooled ‘Lincoln Invertec® V205-T AC/DC’
TIG welding machine as an external energy input. To
avoid using a thorium electrode, which is radioactive, a
1.5 % lanthanum alloy tungsten electrode was used instead.
The coating process parameters are given in Table 2. The
GTAW process (Can et al., 2022) was used in the weld-
ing setup to ensure the continuity of the surface coating
processes.

The coating powder mixture ratios of the specimens
are given in Table 3.

The mechanism used was PLC-controlled, allowing
for easy control of parameters such as welding speed
and torch height, which are difficult to adjust manually.
The specimens were ground using 320, 480, 600, 800,
and 1000 mesh SiC sandpaper and then polished with
3-micrometer diamond paste. The polished specimens
were washed with water and dried. To obtain images
using an optical microscope, the specimens were etched
with a solution of 5 mL FeCls, 15 mL HCI, and 50 mL
distilled water for 30-45 seconds. The specimens were
then dried with hot air and the standard metallographic
specimen preparation processes were completed. The mi-
crostructure and chemical composition of the cladding
layer were observed using optical microscopy and scan-
ning electron microscopy (SEM). The crystal structures of
the cladding layer were identified using X-ray diffraction
analysis. Hardness values were taken from the upper sur-
face of the coating area at 0.5 mm intervals under a 200 gf
load, with a 10-second wait time. The abrasive wear test
was conducted on a device designed according to ASTM
G174-04 standard using 80 mesh SiC sandpaper as the
abrasive. A new piece of sandpaper was used for each
wear test. The tests were conducted over wear distances of
400 m, 800 m, and 1200 m under loads of 5 N, 10 N, and
15 N. To shorten the duration of the tests, the speed was
kept high and the time-dependent path was calculated as
400 m per minute based on the motor speed. After the lab-
oratory tests, surface modification was performed on the

30

Figure 1: Dimensions and schematic view of specimens
with powder adhered to its surface used in coatings for
laboratory test.
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Table 1: Chemical compositions of substrate and powders (wt. %).

Material C Mn P S Si Cr Ti Al Ni Fe
Substrate 04 0.6 0.04 005 025 - - - - Balance
FeCrC 6.2 - 0.03 0.02 1.5 64 - - - Balance
FeTi 0.11 - - 0.008 0.05 - 7035 3.86 - Balance
Ni - - - - - - - - 99.99 Balance
Table 2: Coating process parameters.
Process parameters Unit Value
Electrode diameter mm 2.4
Current A 160
Voltage v 16.4
Welding speed mm/min 100
Shielding gas flow rate L/min 14
Distance between electrode mm )
and workpiece Figure 3: Cultivator points, a) Worn points, b) Coated
Electrode tip angle Degree 180 points by GTAW.

Table 3: Coating powder mixture ratios of the specimens
(wt. %)

Specimen FeCrC FeTi Ni
S1 100 - -
S2 70 30 -
S3 64 16 20
— 18 . —
1

Figure 2: Dimensions of cultivator points.

cultivator points, specifically on the tips where wear typi-
cally begins. All the procedures applied to the specimens
prepared for the laboratory tests were also applied man-
ually to the cultivator points. 3.5 g of powder was used
in the coatings, which were applied to an area of approxi-
mately 300 mm? by mixing the powders homogeneously
with sodium silicate (Fig. 2). In the preliminary field tests,
it was observed that the cultivator points were wearing

Figure 4: Spring cultivator used in studies and location of
points.

from their tips. Farmers typically reverse the worn points
and use the other sides (Fig. 3a). Figure 3b shows cultiva-
tor points coated with GTAW. Field tests were carried out
for 3.5 hours on an area of 60 decares with a clay-loam
soil structure on the campus of Tekirdag Namik Kemal
University. The latitude and longitude coordinates of the
test field are 40.997452 and 27.592737, respectively. Soil
compaction was measured using a hand-pushed electronic
cone penetrometer (Eijkelkamp Penetrologger 06.15.SA)
and was found to be in the range of 1.5-2 MPa. In the field
experiments, an Aysan AYK-21 model spring cultivator
with 21 feet was used. The placement of the cultivator
points is shown in Fig. 4. In order to observe the wear
behavior of the cultivator points, their weight was mea-
sured before and after the field tests, and 3D scanning was
carried out using the GOM Atos Compact model optical
scanner.
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Figure 5: Images of coated specimens.

3. Resulis

Figure 5 shows images of the coated surfaces of the speci-
mens. It can be seen that the melting occurred well, the
coating layer had a smooth structure, and there were no
defects such as pores or macro cracks.

An optical microscope image of the S1 specimen is
shown in Fig. 6a. The high energy input caused signif-
icant melting of the substrate material, resulting in den-
dritic solidification due to the rapid cooling of the struc-
ture. (Yilmaz, 2006) stated in his study that solidification
in coatings made with FeCrC powders using the GTAW
method occurs in a dendritic manner. When the SEM im-
ages of the specimen were examined, it was observed that
the martensite phase formed in the transition region in a
needle-like shape due to the rapid cooling that caused the
transformation of the austenite phase into the martensite
phase. The martensite phase is a hard and brittle structure,
which makes it a potential starting point for cracks and
therefore it is not preferred in the welding of carbon steels
(Fig. 6b). Figure 6¢ shows the result of the EDS analysis
of the S1 specimen, which demonstrates that solidification
occurred as a dendritic structure with a eutectoid structure
formed between dendrites. This is considered a hypoeutec-
toid structure (Dalmis et al., 2018). According to the EDS
results, the eutectoid structure (Fig. 6¢, Point B) had a
higher Cr concentration than the dendritic region (Fig. 6c,
Point A). Figure 6d shows the graph of the EDS analysis
of the coating layer. The compounds forming the coating
layer of the S1 specimen are shown in Fig. 7. M7C3 (M =
Cr, Fe), a-Fe, and a-M;C3 phases were detected in the
coating layer.

FeTi was added to FeCrC powders to reduce and ori-
ent the grains in the modified region of the S2 specimen.
In Fig. 8a, it can be seen that coaxial grains were formed
with the effect of the Ti element. The Ti element de-
creases the activation energy, reduces the surface tension,
and increases the nucleation rate during the solidifica-
tion of metallic materials. Ti significantly reduces grain
sizes by increasing the nucleation rate of carbides in the
microstructure (Teker et al., 2014). It also provides a ho-
mogeneous distribution of carbides in the structure. In
this process, with the addition of Ti, the grain size was
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Figure 6: Microstructure of S1 a) Optical image, b) SEM
image, c) SEM image and EDS analysis, d) EDS analysis
of coating zone.
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Figure 7: Phase composition of S1.

reduced and a multi-grained structure was formed. Fig. 8b
shows the SEM image of the S2 specimen. With the effect
of FeTi powders added to FeCrC powders, cubic titanium
carbides (TiC) were formed in the grain. In the literature,
it has been stated that free titanium forms small cubic
TiC particles after the solidification of high carbon melts
(Teker et al., 2014). Figure 8c and Fig. 8d show the SEM
image of the coating layer of the S2 specimen and the
graph of the EDS analysis, respectively. The Ti element’s
core-forming feature resulted in a fine-grained microstruc-
ture. SEM, EDS, and XRD analyses showed that complex
carbides formed at the grain boundaries. The compounds
forming the coating layer of the S2 specimen are shown
in Fig. 9. The XRD analysis results showed the presence
of a-M7C3, TiC, M7C3-TiC, FeCr, a-Fe, FeCr-TiC, and
a-TiC phases in the coating layer.

When the optical microscope image of the S3 spec-
imen was examined (Fig. 10a), a fine-grained dendritic
solidification was observed. The addition of Ni decreased
the amount of carbide and made the grains smaller. Ni
shortened the distance between the secondary dendrite
arms (Bal et al., 2019). The distance between the sec-
ondary dendrite arms is an important factor in the strength
and toughness of the material (Ghassemali et al., 2017).
It was determined that the addition of Ni reduced the
distance between the secondary dendrite arms by approx-
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Figure 8: Microstructure of S2 a) Optical image, b) SEM
image, c) SEM image and EDS analysis, d) EDS analysis
of coating zone.
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Figure 10: Microstructure of S3 a) Optical image, b) SEM
image of the transition zone, ¢) SEM image of the coating
layer, d) SEM image and points taken EDS analysis.

imately 30-40 %. Theoretically, considering the strong
relationship between the distance between the secondary
dendrite arms and material strength and hardness, it was
thought that the addition of Ni increased the strength and
hardness of the modified region on the surface. The den-
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Figure 11: EDS analysis of coating zone for S3 specimen.
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Figure 12: Phase composition of S3.
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Figure 13: Microhardness results.

drite growth rate and heat capacity are directly propor-
tional, while the melting temperature is inversely propor-
tional. It was thought that the morphology of the dendritic
structure changed as the addition of Ni increased the heat
capacity of the structure. Figure 10b shows the SEM
image of the transition region of the S3 specimen. In
addition to FeCrC and FeTi powders, Ni powders were
added to the S3 specimen to increase its toughness. The
SEM image shows that a narrow transition zone is formed
in the specimen, and the coating zone consists of fine-
grained dendrites (Fig. 10c and Fig. 10d). EDS and
XRD analyses showed that chromium, which was pushed
to the grain boundaries due to nickel, formed complex
chromium carbides at the grain boundaries. Figure 10d
shows the results of the EDS analysis of the region. Fig-
ure 11 shows the compounds forming the coating layer
of the S3 specimen. The XRD analysis results showed
the presence of a-FeCr, M¢C, TiC, Ni-M;C3, M7C3, and
Ni-a phases in the coating layer.

Microhardness values of specimens are given in Fig-
ure 13. The average microhardness value in the coating
area of S1 specimen was 469.96 HV », S2 specimen was
642.29 HV( > and S3 specimen was 382.9 HV( . Maxi-
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Figure 14: Wear results in laboratory tests, a) 5 N, b) 10N, ¢) 15 N.

mum microhardness values for S1, S2 and S3 were 593.4
HVo2, 726.1 HV(> and 396.1 HV 7, respectively.

According to the results, the addition of FeTi to FeCrC
powders caused a significant increase in hardness. With
the addition of Ni powders, a decrease in hardness was
observed compared to S1 and S2. The hardness values of
the coated areas are higher than the ones measured in the
substrate material with an average microhardness value of
220 HVg .

In Fig. 14a-c, weight losses are shown graphically
under 5 N, 10 N and 15 N loads. As result, it was seen
that the weight loss of the substrate was higher than the
weight loss of all three coated specimens. The tribological
properties of coatings depended on the type of phases,
grain size, distribution of hard carbides, and elemental
concentration (Erdogan et al., 2010). It is thought that
the weight loss was reduced because the hardness of the
carbides formed in the coated specimens was higher than
the hardness value of the substrate.

Among the coated specimens, the composition coated
with 70 FeCrC + 30 FeTi (% wt.) powders, which was
the 2"¢ specimen gave the best abrasion resistance. Under
a load of 15 N, the S2 specimen lost 0.4995 g of mass
at the 1200 m wear distance, while the substrate AISI
1040 steel lost 6.3569 g of mass. The substrate material
was worn out approximately 13 times more than the S2
specimen. The second-best result was obtained in the 1%
coating made with FeCrC powder (S1). In the wear tests
performed under 5 N, 10 N and 15 N loads, the weight
loss of the substrate material was approximately 2 times
higher than the S1 specimen. (% wt.) In the coating S3
made with the mixture of 64 FeCrC + 16 FeTi + 20 Ni
powders, the weight loss was higher than S1 and S2. This
was thought to be due to the reduction of carbide content
in the structure. It was observed that the S3 had better
abrasion resistance than the substrate material. It was
determined that the weight loss of the substrate material is
approximately 1.7 times higher than for the S3 specimen.

The weight losses of the specimens after the field test
are shown in Fig. 15. It was noted that the weight loss of
all coated specimens was lower than that of the uncoated
specimen. Unlike the laboratory tests, it was observed that
the least worn specimen in the field test was S3. Previous
laboratory tests have established an inverse relationship
between the hardness of the test samples and their wear
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rates. However, in the field tests, it was observed that
there was a direct relationship between hardness and wear
amount.

Field tests can be useful for evaluating the perfor-
mance of a product or system in a more realistic setting,
but they do not offer the same level of control as labora-
tory tests. One disadvantage of field tests is that it is often
difficult to control for all of the variables that may affect
the results. This can make it difficult to compare the wear
performance of different test samples in a controlled way,
as there may be other factors that are contributing to the
wear rate.

The field tests revealed a diversity of wear patterns on
the surface of the cultivator points, including scratching,
ridging, chippings, and fatigue wear, caused by the impact
of loose abrasive particles as shown in Fig. 16. Despite
the higher hardness of the coated steel, microcutting traces
were still observed, possibly owing to the alignment of
the abrasive particles’ sharp edges with respect to the
abraded material. Comparison of samples S1 and S3,
which had similar hardness, revealed that they displayed
similar wear patterns and lower ploughing and chipping
intensities than sample S2. Despite its higher hardness,
sample S2 displayed more wear.

The variations in mass loss observed among the test
specimens can be attributed to the distinct wear patterns
that developed on their surfaces. Specifically, the speci-
men designated as "S2" (which also had the hardest coat-
ing surface) displayed higher wear in field tests compared
to laboratory tests. Field tests involve more impact forces

20 17
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Figure 15: Weight loss of cultivator points in the field test.
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worn in the field test: 1-ploughing, 2-microcutting, 3-
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Figure 17: a) Wear in the tip of points, b) Changes in the
lengths of the specimens process, c) The cross-sections
obtained after the 3D scanning processes, d) Cultivator
point after the field test.

compared to laboratory tests, which highlights the im-
portance of both toughness and hardness in tillage tools,
especially in field tests where impact forces are more
prevalent. The results of the tests suggest that the hard-
ness of the samples may have been a disadvantage in field
tests, likely due to the presence of uncontrollable impact
forces, which made the field test abrasive and damaging
to the wear surface of the specimen leading to higher wear
compared to laboratory tests.

In Fig. 17a, the wear in the tips of the model obtained
after 3D scanning of the uncoated substrate specimen is

54(1): 45-53 (2024)

presented. According to the detailed pictures presented in
the figure, the difference between the used and unused tips
after wear is seen. Changes in the lengths of the specimens
are shown in Fig. 17b. The cross-sections obtained after
the 3D scanning processes to determine the wear areas of
the cultivator points are given in Fig. 17c. It was seen that
the greatest wear occurred in the substrate, and the lowest
wear occurred in the S3 specimen. In Fig. 17d, an image
of the cultivator points worn as a result of the field test is
given.

4. Conclusions

This study aimed to investigate the wear behavior of cul-
tivator points made of AISI 1040 steel under field and
laboratory conditions. The conclusions obtained from the
study are as follows:

* It was observed that AISI 1040 steel and cultivator
points produced from this steel could be success-
fully coated by the GTAW method using FeCrC,
FeTi and Ni powders.

* No micro or macro cracks were observed in the
coating layer and coating interfaces.

* The depth of the coating layer was appropriate due
to the high heat input and the corresponding in-
crease in the melting density.

* The hardness values of all coated specimens were
higher than the hardness value of AISI 1040 steel.

¢ The maximum microhardness value (% wt.) was
measured as 726.1 HV > in the specimen coated
with 70 FeCrC + 30 FeTi powders. The highest
average microhardness value was also measured in
the same specimen as 684.73 HV».

* The highest abrasion resistance under laboratory
conditions was obtained in the specimen coated
with 70 FeCrC + 30 FeTi powders with the highest
hardness (% wt).

* A homogeneous coating layer was formed in all
specimens. While the specimens coated with (% wt.)
100 FeCrC and (% wt.) 64 FeCrC + 16 FeTi + 20 Ni
powders solidified dendritic, the specimen coated
with (% wt.) 70 FeCrC + 30 FeTi powders solid-
ified to form coaxial grains with the effect of Ti
element.

* It was seen that the microhardness increase in the
specimens and the corresponding improvement in
the wear values were caused by the formation of
hard compounds such as M;C3, MgC and TiC in
the coating layers.

* According to the abrasion results obtained in the
field tests, it was observed that the weight loss of
all coated specimens was significantly less than the
substrate.

* This study showed that there is a need for a new test
method that includes factors such as humidity and
impact to more accurately simulate field conditions.
The current laboratory test used in this study does
not adequately reflect real-world field tests.
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