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ABSTRACT

Hardfacing deposits with the additional metal powder become an intense
development in the wear resistant applications. Low carbon steel electrode with carbon and
chromium powder addition is used to improve the wear resistance of engineering components
due to its martensite microstructure. The objectives of this research are to investigate the effect
of ferro carbon, ferro chromium, and the mixture of ferro carbon and ferro chromium
powder addition to the low carbon steel electrode deposits and compared to the standard
martensitic steel type electrode without powder addition. Low alloy cast steel was hardfaced
by submerged arc welding (SAW) process. The chemical composition of the weld metal for
all conditions was studied using Optical Emission Spectrometer (OES) and Energy Dispersive
X-ray Spectroscopy (EDS). Optical Microscope (OM), Scanning Electron Microscope (SEM)
and X-Ray Diffraction (XRD) were used to analyze the metallurgical properties of the samples.
Vickers hardness test and a dry sand rubber wheel abrasion test were also conducted.
The results showed that the martensite microstructure varied with the welding conditions.
The best abrasive wear resistance was obtained in the microstructure composed of a large
martensite with dendritic ferrite, while the higher abrasive mass loss was measured in the
microstructure of martensite with retained austenite. The main wear mechanisms observed at
the worn surfaces included micro-cutting and micro-ploughing of the soft matrix and brittle
fracture of the martensite structure.

Keywords: hardfacing, submerged arc welding, microstructure, hardness, Aabrasive wear
resistance

1.INTRODUCTION

Hardfaced coatings are the best way  component where the components are easy
to improve the service life of machine to wear. The high alloy hardfacing materials
components under severe duty [1-2]. offer much better wear resistance than the
Hardfacing is applied to both new and old  original base material [3]. This material usually
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increases the service life of the components
up to two or more times compared with
components without hardfacing [4]. In the
hardfacing technologies, high carbon and
chromium alloys steel are widely used in
mining and processing industry because of a
large fraction of carbides in microstructure
[5-0]. High carbon and chromium hardfacing
showed the large area of brittle carbides,
which were easy to crack. Therefore, these
alloys have some limitation to use in the
wear-related operation, especially for the
impact wear [7].

The martensitic hardfacing electrode is
one of most useful hardfacing materials
submitted to severe wear conditions [8-9].
For the time being, martensitic steel electrode
is very suitable materials for the hardfacing
procedure to repair the single roll coal
crusher in Electricity Generating Authority of
Thailand (EGAT), Mae Moh Mine because
it has enough hardness and toughness to
resist a combination of abrasion and impact
wear. The weld hardfacing with additional
metal powder is a new hardfacing technique
to reduce the high cost of the electrode.
Powder addition in the welding procedures
has been used in various branches of mining
industry [10-11].

Several welding processes such as
shielded metal arc welding (SMAW), Gas metal
arc welding (GMAW), flux core arc welding
(FCAW) and submerged arc welding (SAW)
are used to deposit the hardfacing. The most
significant factors to select welding process
are the welding efficiency and cost of
consumables. [12-13] The most desirable
process for hardfacing and fabrication in the
industry is submerged arc welding process
because it offers several advantages such as
being able to use multiple-electrodes at the
same time and powder addition, easier
automatic application, lower welder skill
requirement, high deposition rate and safe
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operation environment [14-15].

Most researchers discussed that the
martensite microstructure can increase
hardness and wear resistance of hardfacing
deposits, as well as a lot of papers, have been
published their results on wear resistance of
martensitic hardfacing obtained using a
variety of different hardfacing processes.
However, there are very few studies
concerning the wear behavior of ferrocarbon
and ferrochromium powder addition to
producing martensitic structure of hardfacing
using submerged arc welding process.
Therefore, in this study, the wear behavior
of metal powder addition to increasing
martensitic structure of hardfacing
was investigated and compared with
hardfacing using standard martensitic
steel electrode without powder addition.
Macro/microstructure, chemical composition,
spectra of X-ray diffraction analysis, and
mechanical properties consist of hardness
and abrasive wear resistance were investigated.

2. MATERIALS AND METHODS
2.1 Materials and Welding Procedures
In this research, the size of low
chromium alloy steel (3.5% Cr steel) plates
were cut to 75 mm X 250 mm X 20 mm for
the base metal. The hardfaced deposit using
AC/DC inverter power soutce Esab Atisto
1000 AC/DC SAW with the universal
welding automat Esab A2 Multitrac A2TF
twin-wire submerged arc welding process.
The chemical composition of the base metal
shows in Table 1. Preheating temperature of
3.5 % Cr steel were maintained at 350 °C and
it depended on carbon equivalent value
of 1.247 % according to equation (1) [16].
For the first step of welding procedures,
buffer layer electrode (EN 14700: T Fel0)
was directly deposited onto the 3.5 % Cr
steel plate. After depositing the single buffer
layer three hardfacing layers were applied
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over the single buffer layer, see in Figure 1.
Four samples were welded using different
hardfacing materials. These samples named
Ms, Fe-Cr, Fe-C, and Fe-C-Cr. Martensitic
steel electrode (EN 14700: T Fe 8) without
powder addition was used to weld for the
Ms sample. Low carbon steel electrode
(EN 756 S28i) with ferro chromium powder
addition was welded for the Fe-Cr sample.
The Fe-C sample was hardfaced using low
carbon steel electrode with ferro carbon
powder addition. The last sample, Fe-C-Cr
was deposited by low carbon electrode with
the combination of ferro carbon and ferro
chromium powder addition. To obtain the
considerable hardfacing deposits, the powder
was placed on top of the welded layer along
the travel of welding head. The thickness
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metal are different. For the Fe-Cr sample is
1.5-2.0 mm, Fe-C sample is 3-4 mm and the
Fe-C-Cr sample is 5-6 mm. The flux for
submerged arc welding was employed high
basics flux. Chemical compositions of buffer
electrode, martensitic electrode, low carbon
steel electrode, additional powder and flux
from manufacturer data sheets are given in
Table 2 and 3. In this experiment, the Ms
sample was represented as the targeted
conditions in terms of chemical composition.
Therefore, the amount of additional powder
is calculated by referring to the alloying
contents of Ms sample. The different welding
conditions and the detail of welding
parameters are provided in Table 4 and 5.

Carbon Equivalent (CE) = C + %Mn +i Si

of the additional powder to deposit weld + % Ni+ 5 Cr +3 Mo + % V(%) )
Table 1. Chemical composition of 3.5 % Cr steel for base metal (wt. %0).
C Si Mn Ni Cr Mo Fe
0.38 0.40 0.52 0.17 3.42 0.30 Balance
Third hardfacing Second hardfacing
layer layer _ _
Buffer layer __FII‘ST. hardfacing
—_ ™ layer
Base metal
Figure 1. Schematic diagram of welding layers.
Table 2. Chemical composition of electrodes and additional powder (wt. %).
Materials C Mn Si Cr Ni Fe
EN 14700: T Fel0 0.10 6.00 0.50 19.0 9.0 Balance
EN 14700: T Fe 8 0.50 1.50 2.50 8.50 - Balance
EN 756 S2Si 0.10 1.00 0.20 - - Balance
Ferro chromium powder 0.04 - 2.90 34.7 0.43 Balance
Ferro carbon powder 1.2 - 0.05 - - Balance
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Table 3. Chemical composition of agglomerated flux (wt. %).

SiO, + TiO, CaO + MgO ALO, + MnO CaF,
18 35 23 22
Table 4. Welding conditions used during hardfacing.
Materials
Sample Martensitic Low carbon Ferro chromium Ferro carbon
electrode electrode powder powder
(g/ cm) (g/ cm) (g/ cm) (g/cm)
Ms 2.0 - - -
Fe-Cr - 2.0 0.6 -
Fe-C - 2.0 - 1.6
Fe-C-Cr - 2.0 2.4 1.2

Table 5. Twin-wire submerged arc welding
for hardfacing deposits.

Fixed parameter Value
Current (A) 600
Voltage (V) 30
Polarity DC+
Electrode diameter (mm) 2.4
Electrode extension (mm) 25
Welding speed (cm/min) 60
Heat input (kJ/cm) 18.0

2.2 Characterization

Chemical analysis, macro/microstructural
characterization, hardness test and wear test
were conducted on the third hardfacing
layer. The only reason why the third layer is
selected to analyze is to avoid the dilution
effect with the buffer layer. The chemical
composition was determined by Thermo
ARL 3460 optical emission spectrometry
(OES) on the top surface of the samples.
The macro/microstructure of transverse
cross-section was characterized by Catl Zeiss
Axio Scope.A optical microscope (OM).
Oxford energy-dispersive x-ray spectroscopy
(EDX) was used to qualitatively describe
chemical variation in the microstructure. The
specimens for metallographic investigation

were polished and etched with Viella’s reagent
(5 ml HCI, 2 g picric acid, 100 ml methyl
alcohol). Philips X’ Pert MPD x-ray diffraction
(XRD) of hardfaced coating were carried
out on the grinded top surface layer.

2.3 Mechanical Testing

According to ASTM E 384-11el [17],
hardness values were measured by Matsuzawa
MMT-X7B micro hardness testing under
1,000 gf and 200 gf loads of dwell time for
10 seconds. Micro hardness values of different
area were measured across the cross-section
of welding sample from the base metal to
third hardfaced layer. Furthermore, micro
hardness values were randomly taken ten
points on the top surface of hardfacinglayers.

A dry sand rubber wheel abrasive wear
test machine according to ASTM G 65-00e1
[18] was run to investigate wear resistance
of the hardfaced layers. The schematic
diagram of dry sand abrasion machine is
shown in Figure 2. Abrasion test samples
were cut to 25.4 mm X 75 mm X 12.7 mm
dimension and grinded the surface.
SiO, natural sands (212 and 300 um) was used
as abrasive particles, which was baked at
150 °C inside the furnace for 1 hr and then
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cooled to room temperature before running
the test. Parameters of wear test are given in
Table 6. Mass loss data was recorded by
Denver TB-214 instrument for all samples.
The abrasive wear resistance was calculated
as shown in equation (2) [19]. The wear
mechanisms and conditions of worn surfaces
were examined by FEI Quanta 400 scanning
electron microscope (SEM) equipped with
secondary electron detector.

Hopper —

Load

+— Nozzle

__ Sample

Figure 2. Schematic diagram of abrasion
testing machine according to ASTM G 65.

. . Wear distance (m)
Abrasive wear resistance = ————————

@

Mass loss (mg)

Table 6. Wear testing parameters.

Parameter Value
Procedure A

Load (N) 130
Velocity (rpm) 200
Sand flow rate (g/min) 250
Wear distance (m) 4309

3. RESULTS AND DISCUSSION
3.1 Macrostructure

The macrostructure of each hardfacing
deposit consist of one buffer layer and three
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hardfacing layers welded with four different
hardfacing materials are shown in Figure 3.
The area of heat affected zone and the buffer
layer in the macrographs showed no cark and
other welding defects. According to the
macrostructural results, the Ms sample has a
thickness of hardfaced layer approximately
2-3 mm. The thickness of the hardfaced
samples with powder addition are also
different. The Fe-Cr sample showed about
3-4 mm, Fe-C sample showed about 4-5 mm
and then Fe-C-Cr sample showed about
4-6 mm. The sample welded with only
martensitic (Ms) steel electrode showed
lower thickness of hardfaced deposits than
the samples welded with low carbon steel with
powder addition (Fe-Cr, Fe-C and Fe-C-Cr)
because the sample welded without powder
addition using same heat input as the powder
addition sample needed to melt only electrode
into weld pool, while the samples welded
with powder addition needed to melt both
clectrode and additional powder into weld
pool. Therefore, powder addition can increase
the deposition rate and decrease level of
dilution in the weld metal. The percent dilution
of Ms sample is about 56% while the percent
dilution of the sample Fe-Cr, Fe-C and
Fe-C-Cr are about 43%, 33%, and 21%
respectively. Welding defects such as macro
cracks, porosities, and clusters of particles
can be seen in Figure 3 (c) and (d). The
particle clusters in hardfaced deposits
occurred due to undissolved powder and
the cracks were growing through these
clusters because of the residual stresses [20].
The formation of porosities in welded metal
was also described that it was the entrapped
bubbles inside the powder.
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Porosities

Figure 3. Macrostructure of the cross-
sectional welding samples (a) Ms sample (b)
Fe-Cr sample (c) Fe-C sample (d) Fe-C-Cr
sample.

3.2 Chemical Composition

The chemical composition of each
hardfacing deposit shows in Table 7 and it
presents considerable variation among
the deposits. The chemical composition of
sample welded with martensitic steel electrode
showed the highest content of chromium,
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manganese, and nickel, but carbon content is
approximately similar to the sample welded
using the combination of ferro carbon and
ferro chromium powder addition. This
composition produced the microstructure of
martensite with retained austenite and resisted
the abrasive wear. The additional metal
powder increased the specific elements in the
chemical composition. When the Fe-Cr sample
was welded, low carbon steel electrode and
additional ferro chromium powder were
melted into the weld pool. This sample
showed high chromium content in the weld
metal. The other metal powder addition
sample also increased the chemical elements
in the welded samples. Carbon content
increased in the Fe-C sample and carbon and
chromium content increased in the Fe-C-Cr
sample. The chemical composition of Ms
sample was noticed as the standard. Therefore,
the additional metal powder in the hardfacing
layers was applied in order to get sufficient
amount of carbon and chromium in the weld
sample metal like the Ms sample using the
standard martensitic steel electrode. Carbon
and chromium played the major elements to
appear martensitic structure.

Table 7. Chemical composition of the third hardfacing layer by optical emission spectroscopy

(wt. %o).
Sample C Si Mn Ni Cr Mo A
Ms 0.44 1.12 2.24 1.02 9.09 0.42 0.30
Fe-Cr 0.12 1.08 1.21 0.76 8.75 0.03 0.02
Fe-C 0.34 0.27 0.94 0.25 0.82 0.02 0.01
Fe-C-Cr 047 0.76 0.66 0.14 7.60 0.02 0.02

3.3 Microstructure

Figure 4 and 5 show the microstructure
and energy dispersive X-ray spectra obtained
from the cross-section of third hardfacing for
four different conditions. The microstructure
of the sample welded with martensitic steel
is shown in Figure 4 (a). This figure presents

a mixture of needle-shaped martensite (dark
region) and retained austenite (white region)
in the grain boundaries with a refined pattern
of dendritic segregation [21]. EDX spectrum
for the Ms sample is depicted in Figure 5 (a).
This result gave the high amount of carbon
and chromium content. The retained austenite
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phase was formed when austenite could not
completely transform to martensite upon
the immediate cooling from very high
temperature and then the alloying elements
of manganese and nickel in the chemical
composition of Ms sample are austenite
former [22]. Figure 4 (b) shows the
microstructure of Fe-Cr deposit. In the
microstructure of Fe-Cr sample, white region
represents ferrite microstructure and dark
region represents martensite microstructure.
Increasing chromium content leads to the
formation of martensite in this hardfaced
layer, the basic reason is that the chromium
content in the matrix increases the hardenability
of the matrix. High chromium peak in EDX
spectrum of the Fe-Cr sample can be seen in
Figure 5 (b). The mixture of ferrite and bainite
microstructure and EDX spectrum of the
Fe-C sample are shown in Figure 4 (c) and
Figure 5 (c). In this image, white region
represents ferrite phase and dark region
represents bainite phase. Ferrite normally
shows the welded microstructure of
conventional low carbon steel, while bainite
structure observed in the weld metal
depended on the chemical composition and
cooling rate. Carbon prefers to produce bainite
in the multi-pass welded microstructure of
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low carbon steel because these welded
deposits experienced a full austenization
induced by heat input of welding process,
and then these deposits reheated to high
temperature when the adjacent layer was
welded. It can provide slow cooling rate.
The first-step full austenization creates bainite
or martensite microstructure. During the
second-step reheating temperature reversed
austenite preferentially nucleates at the prior
austenite grain boundary and transforms
to bainite during the cooling process [23].
The formation of bainite strongly resembles
that of peatrlite, but bainite is formed finer
with the cementite stringers more numerous
and more continuous. Figure 4 (d) shows
the microstructure of the Fe-C-Cr sample,
which contains fully martensite structure
with dendritic ferrite matrix. Carbon and
chromium were the main alloying element
for this sample to produce and enlarge
martensite structure. The martensite structure
of this welding condition expected as a mixed
lath and plate martensite. Figure 5 (d) shows
the EDX spectra of Fe-C-Cr sample resulted
in ferrite and martensite, which is an
evident to identify high carbon and chromium
of this microstructure.

(b)

Figure 4. Microstructure of the cross-sectional deposit layer (a) Ms sample (b) Fe-Cr sample

(¢) Fe-C sample (d) Fe-C-Cr sample.
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Spectrum 1
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Figure 5. EDX point scan analysis on third hardfacing (a) Martensitic steel (b) low carbon

steel with ferro chromium powder (¢) low carbon steel with ferro carbon powder (d) low

carbon steel with ferro chromium and ferro carbon powder.

Figure 6 illustrates XRD analysis results
of hardfacing deposit layers with the different
composition. The microstructure of the
deposits using martensitic steel electrode
without powder addition (Ms) showed
martensite and retained austenite [21].
XRD spectra of the Fe-C sample showed
strongly consisted of only ferrite peak. [24].
While the peak of ferrite and martensite
which were located at the coincident [25]

were detected in that of the Fe-Cr sample.
The Fe-C-Cr sample used high content of
carbon and chromium powder addition
showed an over lab of ferrite and martensite
peak as well. The austenite microstructure
can only be seen in the microstructure of the
Ms sample because the alloying element of
additional powder contained the lower
amount of austenite former elements, such
as nickel and manganese.
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Figure 6. XRD results of samples, Ms: martensite and austenite, Fe-C: Ferrite, Fe-Cr: martensite

and ferrite, Fe-C-Cr: martensite and ferrite.

3.4 Hardness

Micro hardness distributions across
the base metal (BM), heat affected zone
(HAZ), first hardfacing layer (HF 1), second
hardfacing layer (HF 2) and third harfacing
layer (HF 3) of all welded samples are
displayed in Figure 7. Table 8 shows the
average hardness values of each zone of
cross-sectional welding sample. The average
hardness of the base metal showed 190.2 HV.
The hardness distribution across heat affected
zone were different. The highest hardness in
heat affected zone revealed the sample welded
without powder addition, whereas the sample
welded with the highest content of powder
addition presented lowest hardness. Heat
input for the welding process had less effect
on the heat affected zone when the metal
powder was added. It is due to the fact that
some heat input is distributed to fusion of
the additional metal. The average hardness of
buffer layer showed 262.3 HV in accordance
with austenitic stainless-steel property.
Hardness distribution through hardfaced
deposits of the Ms sample is shown in
Figure 7(a). For the Ms sample, lower hardness
value about 439.3 HV was observed in the
first hardfacing layer due to the dilution
with the austenitic buffer layer. The average
hardness value of the second hardfacing and

third hardfacing were nearly identical and
these values were about 551.1 HV. There was
no dilution with the austenitic buffer layer
in these layers. Figure 7(b) presents hardness
profiles of Fe-Cr sample. The hardness
values about 408.9 HV showed the first to
the third hardfacing layer of the Fe-Cr sample.
The microstructure of the Fe-Cr sample
showed a large area of ferrite matrix mixed
with small amount of martensite. Thus, the
hardness values of this sample were low.
Chromium gives higher hardness because it
can combine with other element to form
the hard phase like carbide or martensite.
Dissolving chromium in ferrite has no limit
and it can mainly affect the mechanical
properties through solid solution hardening,
[26]. Hardness profile of the Fe-C sample
can be seen in Figure 7 (c), it presents a high
range of the hardness variation in harfacing.
In the third hardfacing of Fe-C sample,
ferrite and bainite microstructure gave the
lowest hardness of 264.9 HV. Figure 8 (d)
presents hardness distribution of Fe-C-Cr
hardfacing deposits. The highest hardness
values of hardfacing layer resulted in about
603.2 HV and correlated with martensite
microstructure. The hardness values of the
third hardfacing for both the Ms sample and
Fe-C-Cr sample were similar.
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Figure 7. Hardness profiles across the cross-section of samples (a) sample of Ms (b) sample
of Fe-Cr (c) sample of Fe-C (d) sample of Fe-C-Cr.

Table 8. Average hardness values of each zone of cross-sectional welding sample.

Sample Average hardness (HV )
BM HAZ BF HF 1 HF 2 HF 3
Ms 189.1 416.6 260.2 439.3 556.4 541.7
Fe-Cr 189.4 408.9 243.0 430.5 418.6 401.9
Fe-C 192.7 362.0 285.9 576.6 323.5 264.9
Fe-C-Cr 189.4 330.2 260.0 540.5 537.8 570.2
700 different hardfacing materials changed
600 the hardness values of the welded metal
= 500 significantly. The higher the additional
< 400 carbon and chromium elements led to the
E 300 higher the hardness value of hardfacing.
= 200 The hardfacing deposit of Fe-C-Cr sample
100 showed the highest hardness value, whereas
the lowest hardness value was obtained from
O e Fec Fecr  Fecqs  the Fe-C hardfacing, which contained high

Figure 8. Hardness results from the top
surface layer of third hardfacing deposits.

The average micro hardness results taken
on the top surface of hardfacing deposit is
shown in Figure 8. It can be clear that the

carbon content in the weld metal. Fe-Cr
hardfacing revealed higher hardness than
Fe-C hardfacing because of increasing
chromium content of the weld metal, that
formed martensite microstructure in the
deposit.
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3.5 Abrasive Wear Resistance and Worn
Surface

The abrasive wear resistance for
all conditions is shown in Figure 9. The
hardfacing deposits of Ms sample showed
lower abrasive wear resistance than that of
the sample welded using low carbon steel
clectrode with metal powder addition. The
austenite phase is easy to cut and remove by
abrasive particles due to its ductile properties.
Therefore, the sample using martensitic
steel electrode contained martensite with
retained austenite microstructure showed
the lower abrasive wear resistance, which
was the same result as the previous work

Abrasive wear resistance
(m/mg)
wn

-
n

Ms Fe-C
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[27]. For the powder addition samples, the
greater wear resistance was obtained because
of their unique combination of different
microstructures. Carbon and chromium
played a crucial role in the abrasive wear
resistance of hardfacing because these
elements gave a large amount of martensite
with dendritic ferrite microstructure, which
served as a barrier against the abrasive
particles cutting on the surface. The hardness
values on the top surface of all powder
addition samples showed a direct correlation
with the abrasive wear resistance. The higher
hardness gave the superior wear resistance
for all powder addition samples.

Fe-Cr Fe-C-Cr

Figure 9. Abrasive wear resistance index for all conditions.

The SEM images of the worn surface
are shown in Figure 10. Figure 10 (a) shows
the worn surface of the Ms sample. The main
mechanism of the worn surface in the
Ms sample was micro-cutting and some
area of the worn surface showed the deep
micro-ploughing grooves. These mechanisms
resulted in the lowest wear resistance.
Figure 10 (b) and (c) show the worn surface
of the Fe-Cr sample and the Fe-C sample.
Both samples were worn by micro-cutting
and brittle fracture. The Fe-C sample
presented the lowest abrasive wear resistance
compared to other powder addition sample

because its worn surface showed a large
area of the brittle fracture. In Figure 10 (d),
the worn surface of the Fe-C-Cr samples
showed the abrasive mechanism included
micro-cutting, micro-ploughing, and brittle
fracture. A large horizontal crack can be
seen in the SEM image of the Fe-C-Cr
sample. This crack was not because of
the abrasive wear operation, but because of
the welding defect. In addition, the shallow
micro-ploughing grooves were observed
in this sample. The highest abrasive wear
resistance was studied in the Fe-C-Cr
sample.
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Figure 10. Typical aspect of worn surfaces (a) Ms sample (b) Fe-Cr ample (c) Fe-Cr sample

(d) Fe-C-Cr sample.

4. CONCLUSIONS

Hardfacing deposits were produced
using submerged arc welding. The influence
of metal powder addition on the metallurgical
properties and mechanical properties of
hardfacing can be summarized as follow:

(1) Hardfacing with powder addition
presented higher abrasive wear resistance
than hardfacing by the standard martensitic
electrode.

(2) Additional ferro carbon and
chromium powder produced martensitic
and ferritic microstructure with high hardness,
resulting in higher wear resistance, while
the sample welded using martensitic steel
type wire resulted in a high hardness with
the martensite and retained austenite
microstructure, but its wear resistance was
lower.

(3) The Fe-C-Cr sample is the best
condition of the present research because this
sample shows martensitic and ferritic structure
that is highest hardness and wear resistance.
The main abrasive wear mechanisms of

Fe-C-Cr sample, such as micro-cutting,
micro-ploughing and brittle fracture were
found on the worn surfaces.

(4) All samples welded with powder
addition showed the correlation between the
top surface hardness and wear resistance of
hardfacing deposit. However, the hardfacing
of Ms sample only showed higher top surface
hardness with lower wear resistance.

(5) The most important factor for
the wear resistance of hardfacing is the
microstructure of deposits.
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