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INVESTIGATION OF HARDFACING DEPOSITS OBTAINED BY USING SUBMERGED ARC WELDING FLUXES
CONTAINING HIGH-CARBON FERROCHROMIUM AND FERROBORON

Hardfacing deposition processes were carried out using unalloyed S1-EL12 welding wire and submerged arc welding fluxes
produced by agglomerated method containing 4-16 wt.% ferrochromium and 2 wt.% ferroboron to achieve wear-resistant of hard-
facing deposits on common steel substrates via submerged arc welding. Typical parameters such as slag detachment behaviour,
measurements of weld seam widths and heights, microstructural examinations, and hardness and wear tests of hardfacing deposits
were characterized. End of the characterization processes, with the increase of chromium, carbon, and boron transition from welding
fluxes to hardfacing deposits, the welding seam widths, and heights were determined to increase from 14.12 mm to 15.65 mm and
6.14 mm to 6.50 mm, respectively. Besides; carbide and boro-carbide ratios in the microstructures increased, the hardness values
increased from 43 HRC to 61 HRC and the wear losses decreased from 5.79 to 4.43. (107 mm?® (N m)™).

Keywords: Submerged arc welding; Hardfacing deposit; Carbide; Boro-carbide; Welding flux

1. Introduction

Worn and corroded materials encounter mechanical losses
during their lifetime. Renewal of such kinds of materials with
a new material poses a problem in terms of both production
processes and costs [1]. Accordingly, damaged materials are
coated to extend service life using a variety of methods, such
as thermal spray (HVOF) [2], laser [3], electric arc welding
[4], and the like. In the thermal spray method, special powder
particles prepared for coating are aimed to fill worn surfaces
under high pressure, speed, and temperature. While this method
is advantageous in terms of being a fast process and applying to
different types of materials, it has a disadvantage in terms of its
high cost and low filling capacity. In laser applications, metal-
lic materials and compounds in powder form are adhered to the
surface of the material to be coated by using various methods
such as gas atomization, and a coating layer is formed on the
surface via laser energy. While this method has advantages such
as speed and compatibility with fabrication, high cost is the most
important disadvantage of the method. In electric arc welding
methods, it is aimed to obtain hardfacing deposits by the use
of alloyed electrodes and/or metallic powders. In some cases,
while electric arc welding methods are advantageous in terms of
having a relatively high filling capacity and cost-effectiveness,

the need for operator experience and the limited number of al-
loyed or cored wires for each technique are the disadvantages of
the method. But, in electric arc methods such as submerged arc
welding, the main advantage is the minimum heat loss during the
process, which is, at the same time it is the main disadvantage,
due to the high dilution and the wide heat affected zone under-
neath. Therefore, all arc welding techniques can have advantages
and disadvantages. The studies using the electric arc welding
method in the literature have been conducted by the techniques
such as Gas Tungsten Arc Welding (GTAW) [5], Gas Metal Arc
Welding (GMAW) [6], Flux Cored Arc Welding (FCAW) [7],
plasma transferred arc (PTAW) [8] and Submerged Arc Welding
(SAW) [9]. In the studies conducted using the electric arc weld-
ing methods, hardfacing deposits are generally carried out by
using alloyed welding wires [7]. In these hardfacing deposits, the
welding wire (electrode) plays an important role in determining
the character, microstructure, hardness, and wear resistance of
the hardfacing deposits. In the literature, the researchers aiming
to apply hardfacing deposit via electric arc welding method have
preferred to perform hardfacing deposit by using the welding
techniques other than submerged arc welding technique. In the
limited number of hardfacing deposition studies conducted by
submerged arc welding technique [4,9-12], the researchers have
performed the hardfacing deposits by using alloyed/unalloyed
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wire and unalloyed welding flux combinations by laying metal-
lic powders on the surface to be coated. In these types of ap-
plications, the most important problems are laying the metallic
powders on the surface to be coated at the optimum level and
mixing the powders homogeneously, especially in circular cross-
section materials. In addition, laying metallic powders on the
surface to be coated causes an extra-time loss and experimental
setup requirement [4,9,10,12]. For these reasons, this study
aims to obtain hardfacing deposits by using alloyed submerged
arc welding fluxes (powders) produced via the agglomeration
method [13]. As it is well-known, the main task of submerged arc
welding fluxes is to protect the welding bath from the harmful
effects of air and to determine the geometry of the welding metal
by forming slags during the welding process. In addition to these
tasks, the aim of this study is also to contribute to the hardfacing
deposit production by using ferroalloys in submerged arc welding
fluxes. Due to the use of unalloyed welding wire in the hardfac-
ing deposition processes, it is mainly intended to pass alloying
elements from the welding fluxes to the hardfacing deposits. In
this context, the feasibility of hardfacing deposits obtained using
welding fluxes containing increasing amounts of ferrochromium
and ferroboron was investigated on iron-based materials, which
are thicker than 3 mm and have flat and circular geometry.

2. Experimental procedure

2.1. Agglomerated welding flux production

Submerged arc welding fluxes are produced by using
melting or agglomeration methods [13]. In the present study,
submerged arc welding fluxes for the aim of hardfacing deposits
were produced by the agglomerated submerged arc welding flux
production method due to the ease of production and the avail-
ability of using ferroalloys. The flow chart of welding fluxes
production is given in Fig. 1. The agglomerated submerged arc
welding fluxes were produced by using silicon dioxide (SiO,),
magnesium oxide (MgO), aluminum oxide (Al,O3), calcium
fluoride (CaF,), calcium oxide (Ca0), titanium dioxide (TiO,),
manganese oxide (MnO), potassium oxide (K,0), sodium oxide
(Na,0) and the ferroalloys ferromanganese (FeMn), ferromo-
lybdenum (FeMo), ferrochromium (FeCr) and ferroboron (FeB)
(TABLE 1). To reduce the production costs, the slag waste of
the ferrochromium plant of Elazig, Turkey contains 31.2 wt.%
Si0,, 33.7 wt.% MgO, 29.9 wt.% Al,0O3, 2.6 wt.% Cr,03,

1.45 wt.% CaO, 0.9 wt.% FeO was added into the welding flux
mixtures. The formulated welding fluxes compositions and
basicity index given in TABLE 1 have been preferred since the
slag forming powder components are more compatible with
ferroalloys and the slag formers can fulfill the welding powder
duties optimally. Besides, to give the hardfacing character to the
welding fluxes, 4-16 wt.% FeCr and 2 wt.% FeB were added
into the flux mixtures and welding fluxes were produced. Fer-
rochromium and ferroboron alloys have been preferred since
economical compounds occur from iron, chromium, carbon,
and boron with high wear resistance and high hardness up to
1400-1600 HV can be obtained by using ferroboron and ferro-
chromium in welding powders [13]. The used ferroboron, fer-
rochromium, ferromanganese, and ferromolybdenum chemical
compositions are given in TABLE 2.
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Fig. 1. FLow chart of welding fluxes production for hardfacing deposits

TABLE 1
Chemical compositions of welding fluxes prepared for hardfacing deposits
Flux Basicity Chemical composition (wt.%)
numbers | index* CaF, CaO TiO, MnO Na,0 + K,0 Slag FeCr FeB FeMn FeMo
# 1 1.28 10 5 6 5 1.5 63.5 4 2 2 1
#2 1.30 10 5 6 5 1.5 59.5 8 2 2 1
#3 1.35 10 5 6 5 1.5 55.5 12 2 2 1
#4 1.39 10 5 6 5 1.5 51.5 16 2 2 1
* The basicity index was calculated with the help of the following Boniszewski formula.
BI = (CaO + CaF, + MgO + K,0 + Na,O + Li,0 + BaO + SrO + 0.5MnO + 0.5Fe0) / (SiO, + 0.5A1,05 + 0.5TiO, + 0.5ZrO,)
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TABLE 2
Chemical composition of ferroalloys used in flux production
Material Chemical composition (wt.%)
FeCr Cr C Si S P Fe
65(+2) 8(£0.5) 1.1(+0.1) 0.004(+0.001) 0.010(+0.005) Bal.
Material Chemical composition (wt.%)
FeB B C Si Al Fe
18(%0.5) 0.25(+0.01) 0.25(+0.01) 0.07(+0.01) Bal.
Material Chemical composition (wt.%)
FeMn Mn C Si S P Fe
74(+2) 1.5(£0.1) 1.2(x0.1) 0.022(+0.001) 0.12(+0.01) Bal.
Material Chemical composition (wt.%)
Mo C Si S P Fe
FeMo
63(+2) 0.1(£0.01) 1(£0.1) 0.04 (max) 0.05 (max) Bal.

In the production of agglomerated welding fluxes, firstly,
the flux components were reduced to —100 micron grain size
via the crushing, grinding, and sieving processes, respectively
[14]. Then, the welding fluxes reduced to —100 micron grain size
were mixed to be as homogeneous as possible for ten minutes
in the compositions given in TABLE 1. The fluxes mixed in
a special mixer were agglomerated by using a sodium silicate
(Nay(S10,),0) binder at a rate of 15 wt.% of the flux mixture. Af-
ter this process, these fluxes were sintered for one hour at 750°C
[13]. Agglomerated fluxes, which reached the targeted flux
strength by sintering, were subjected to re-crushing, grinding, and
sieving processes in the range between +200 um-1500 pm. The
fluxes with +200 um-1500 um grain sizes have a hygroscopic
character and this behavior affects the welding quality negatively.
Therefore, these agglomerated welding fluxes were preheated at
350°C for 1 hour before the hardfacing deposition process [13].

2.2. Hardfacing deposition processes

Hardfacing deposition processes were performed by using
a Magmaweld MZC-1000 model submerged arc welding ma-
chine with a ZD5-1000B model power unit. In all hardfacing
deposition processes, welding wire (electrode) which was ob-
tained from Magmaweld company in Turkey, had a 3.2-mm wire
diameter, and was coded with SW 701 in AWS/ASME SFA-5.17
EL12 standard (EN ISO 14171-A S1) were used. The chemical
composition of this wire [15] is given in TABLE 3. This weld-
ing wire was used together with submerged arc welding fluxes
during the hardfacing deposition processes.

TABLE 3

Chemical composition of AISI 1020 steel and S1 welding wire
used in hardfacing deposition processes

Material Chemical composition (wt.%)
AISI 1020 C Si Mn P S Fe
steel 0.15 0.28 0.64 0.03 0.03 Bal.
Material Chemical composition (wt.%)
S1 welding C Si Mn Fe
wire 0.07 0.05 0.50 Bal.

Hardfacing deposits were applied on AISI (American Iron
& Steel Institute) 1020 steel surfaces in sizes of 10x30x600 mm,
the chemical composition of which is given in TABLE 3. The
steel material surfaces were cleaned from all kinds of dirt and
rust before the hardfacing deposition processes. In all the hard-
facing deposition processes, the welding parameters specified
in TABLE 4 were used. Before the chemical and microstruc-
tural analyses, superficial crack and porosity examinations were
performed by using the Liquid Penetrant Test method [16]. In
addition, the seam width and height, and the melting depth of
the hardfacing deposits were measured by using a metallurgi-
cal microscope interfaced with an image analysis system. On
the other hand, the slag properties of the welding fluxes and
the surface properties of the hardfacing deposits were checked
by visual analyses with the naked eye.

TABLE 4
SAW machine parameters used in hardfacing deposition processes
Current | Voltage Welding 'ere Electr?de Stick-out
(A) ) speed diameter | polarity (mm)
(em'min™") | (mm) (%)
500 28 50 3.2 + 32

2.3. Microstructure, XRD, and chemical
composition analyses

Dimensionally and visually examined hardfacing deposit
samples # 1-4 were cut in sizes of 14x10x10 mm to determine
the chemical composition and microstructure analyses without
allowing any thermal effect in the Tronic brand EcoCut 85V
model laboratory type wet cutting and turning machine (Fig. 2).
The samples # 1-4 cut was subjected to sanding, polishing, and
etching processes via classical metallographic methods. In the
etching process, nital (98 vol.% ethyl alcohol + 2 vol.% nitric
acid) solutions were used and the range time for etching of each
sample lasted 5 minutes on average. In the microscopic exami-
nations of the etched samples, Nikon branded Eclipse-MA200i
model optic microscope and Jeol branded JSM-7001F Inca X-Act
model scanning electron microscope (SEM-15 kV) were used. To
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Fig. 2. The preparation of test samples and their application points

determine the phases in the microstructures, X-ray analyses were
performed by using the Rigaku brand RadB-Dmax2 model de-
vice with CuKo radiation at room temperature. Similarly, induc-
tively coupled plasma atomic emission spectrometer (ICP-AES),
and Jeol brand JXA-8230 model EPMA-EDS devices were used
for the analyses of the chemical composition. I[CP-AES samples
were prepared in powder form and used to determine the percent-
age amounts of elements other than carbon, while EPMA-EDS
samples were prepared in bulk form and used to determine the
percentage amount of carbon.

2.4. Hardness and abrasive wear tests

To measure the Rockwell and Vickers hardness of the
hardfacing deposits with an average weld seam length of 20 cm,
2 samples with the cross-sectional dimensions of 12x10%10 mm
were prepared. The prepared samples were taken from the mid-
points of the coatings. Rockwell hardness measurements were
performed under 150 kgf loads according to the C scale of the
Rockwell hardness measurement method (HRC) by using an
EMCO M4U-025 model hardness measuring device. The Vickers
hardness measurements were made under 200 gr loads (HV,)
via the Leica MHT-10 hardness measuring device. Rockwell
hardness measurements were performed by calculating the
mean of the hardness values taken from 10 different zones of
the hardfacing deposits. Vickers hardness measurements were
made according to the measurements taken from 10 different
transverse and longitudinal areas (Fig. 2).

For abrasive wear tests, samples # 1-4 were cut in the
size of 12x10x10 mm (Fig. 2) and they were subjected to the
ASTM-G132-96 pin-on-belt abrasive wear test method [17].
A schematic representation of the pin-on-abrasive belt wear test
method was given in Fig. 3. The hardfacing deposits for wear
tests were dimensionally equalized by using cutting and turning
machines such as hardness test samples. In the wear tests, band

| Welding | Microstructure
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i " composition

i i analysis point in
l mm

Hardfacing
deposit

7.5mm

37 Preparation of
| Vickers hardness
| and pin-on-belt
abrasive wear test
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AISI1020

sandpapers with a length of 920 mm and a width of 100 mm were
used and the wear tests were performed by using the Buehler
Surfmet I device. The wear tests were performed under 80 mesh
sandpaper, 20-newton load, 50 m sliding distance, and 300 rpm
speed with room temperature. Wear losses were calculated by
measuring the weights before and after the experimental tests,
comparisons were made by taking the wear rate as a basis, and
new sandpapers were used in each test. Since the surfacing lay-
ers are considered an average iron alloy, the hardfacing deposit
densities were determined as 7.85 (gr-cm™).

Load

Sample

B %
elt Moving direction

Fig. 3. Schematic representation of the pin-on-belt abrasive wear test
method

3. Results and discussion
3.1. Visual and dimensional analysis results
Fig. 4a-d shows images of the hardfacing deposits obtained

by welding fluxes containing ferrochromium and ferroboron with
increasing rates. When the agglomerated fluxes given in were
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Fig. 4. Images of hardfacing deposits and slags. a) sample # 1, b) sample # 2, ¢) sample # 3, d) sample # 4

examined, it was observed that the grain sizes of welding fluxes TABLE 5
were in the range of +300-500 pm according to Rosin-Rammler

distribution [18] and they had similar sizes. This situation was

Welding seam widths and heights, and melting depths
of hardfacing deposits

associated with the use of a 15 wt.% binder in all the welding -
a . havi imil .. ith h oth Hardfacing | Mean values Mean values Mean values
ux mixtures and having similar compositions with each other deposit | of welding seam | of welding seam | of melting depth

except for ferroalloys. Also, it was observed that the fluxes had samples width (mm) height (mm) (mm)

a characteristically similar appearance since all the fluxes were #1 14.12+4 6.14+3 44243

produced via the agglomeration method and were subjected to #2 14.26+5 6.18+4 4.36+2

the same grain sizing process. #3 15.11+4 6.38+3 4.25+4
When the hardfacing deposit samples # 1-4 were examined #4 15.65+6 6.50+5 4.17+3

via the Liquid Penetrant Test and the naked eye in terms of su-
perficial cracks and porosities, it was determined that there were
no cracks or porosities in all 4 hardfacing deposits. This situation
was correlated to the good preservation of the hardfacing layer
by the welding fluxes, the suitability of the grain size of the
fluxes, the suitability of the deoxidizing ferroalloy amounts in
the fluxes, and the suitability of the flux formulas.

When the welding seam widths and heights of the hardfac-
ing deposit samples # 1-4 were compared, it was determined
that the welding seam widths and heights partially increased
with the increase of FeCr and FeB compounds in welding fluxes
(TABLE 5). The widths of the welding seam increased from
14.12 mm to 15.65 mm and the heights of the welding seam
increased from 6.14 mm to 6.50 mm were determined as an aver-
age. Similarly, the increase in the amount of alloying elements
in the fluxes caused the melting depth to decrease from 4.42 mm
to 4.17 mm. These results were also compatible with the com-
mercial product technical specifications obtained by the brands
such as Lincoln Electric, ESAB, and Magmaweld (Oerlikon)
which are leading in the welding industry [19-21]. On the other
hand, the homogeneity of the welding seams partially decreased
depending on the increasing alloying element percentages in
hardfacing deposits. This phenomenon was associated with the
characteristics of the ferroalloys in hardfacing deposits.

When samples # 1-4 given in Fig. 4a-d were assessed
in terms of the self-removal characteristic of the slag, it was

determined that the self-removal characteristic of the slags
was decreased in general due to the increasing percentage
of ferroalloys in welding fluxes. In particular, at the highest
ferrochromium-ferroboron rates (welding flux example # 4),
it was observed that the slag had difficulty detaching from the
hardfacing deposit and had a tendency to stick to the hardfacing
deposit. This phenomenon was associated with the ferroalloy
behaviour, interfacial tension, and phase transformation during
the cooling [22]. On the other hand, in samples # 1-3, it was
observed that there were no obvious problems with the removal
of slags from the weld metals (hardfacing deposits) spontane-
ously. But, the removal times of the slags from the weld met-
als increased with the increasing percentage of ferroalloys in
welding fluxes and this situation did not cause such a problem
as in sample # 4.

3.2. Chemical composition, microstructure,
and XRD analysis results

TABLE 6 shows the chemical composition analysis results
obtained from the hardfacing deposit samples # 1-4. According
to TABLE 6, 1.54-6.84 wt.% chromium, 0.38-0.44 wt.% boron,
and 0.87-1.08 wt.% carbon transition from welding fluxes to
the hardfacing deposits were determined. While the highest
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TABLE 6

Chemical composition analysis results of hardfacing deposits
obtained by ICP-AES and EPMA-EDS

Hardfacing Chemical composition (wt.%)
deposit numbers | Cr C Mn Mo Si B Fe
#1 1.54 | 0.87 | 1.03 | 0.16 | 0.20 | 0.38 | Bal.
#2 3251098 | 0.88 | 0.17 | 0.21 | 0.41 | Bal.
#3 545 | 1.03 | 1.02 | 0.16 | 0.21 | 0.43 | Bal.
#4a 6.84 | 1.08 | 1.03 | 0.19 | 0.19 | 0.44 | Bal.

chromium, boron, and carbon transition was observed in hard-
facing deposit obtained with welding flux containing 16 wt.%
ferrochromium and 2 wt.% ferroboron, the lowest chromium,
boron, and carbon transition was observed in hardfacing deposit
obtained with welding flux containing 4 wt.% ferrochromium
and 2 wt.% ferroboron. Furthermore, it was determined that
all the hardfacing deposits contained an average of 0.20 wt.%
silicon and 1 wt.% manganese and molybdenum. The amount
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of alloying elements transferred to the hardfacing deposits was
associated with the reducing potential of carbon in deoxidant
character at high temperature and the use of deoxidants ferro-
manganese and ferrosilicon in flux bodies [23-25].

The microstructure images of the hardfacing deposits
samples #1 and # 4 were shown in Fig. 5-8, respectively.
Phases formed in the microstructures were austenite (y iron),
Fe;C (cementite), (Fe,Cr),3Cg, and (Fe,Cr);BC,. These phases
forming in the microstructures were supported by XRD (Fig. 9),
chemical composition analyses (TABLE 6), and the literature
[4,6,9,26-30], and it was determined that these and similar
phases could be formed depending on the quantity of iron, chro-
mium, boron, and carbon. Since a great majority of the studies
in the literature were carried out by the arc welding techniques
other than the submerged arc welding technique, the results
of the present study were correlated with the results of studies
carried out with different arc welding techniques and also a lim-
ited number of studies carried out with submerged arc welding
technique.

Optical
microscope

Optical
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Fig. 6. Optical microscope and SEM microstructure images of hardfacing deposit sample # 2
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Fig. 8. Optical microscope and SEM microstructure images of hardfacing deposit sample # 4
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In microstructures, it was seen that carbides and boro-
carbides containing iron and chromium were formed and these
structures were sequenced near the austenite particles. The
amount of these carbides and boro-carbides increased by the in-
crease in the amount of ferrochromium and ferroboron in welding
fluxes were determined. While the lowest density of carbides and
boro-carbides was observed in the hardfacing deposit obtained
by welding flux containing 4 wt.% ferrochromium and 2 wt.%
ferroboron, the highest density of carbides and boro-carbides
was observed in the hardfacing deposit obtained by welding
flux containing 16 wt.% ferrochromium and 2 wt.% ferroboron.

In the microstructures of the hardfacing deposits, different
phases formed depending on the percentages of iron, chromium,
carbon, and boron in chemical composition analyses. During the
solidification of hardfacing deposits, very hard, primary carbides
(boro-carbides), (Fe,Cr);BC, formed in the welding pool as a first
due to the presence of boron and relatively lower rates of chro-
mium, iron, and carbon. After the primary carbides, the metallic
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Fig. 10. Rockwell hardness results of hardfacing deposits
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matrix, austenite (y iron) phases solidified from the remaining
melt, while secondary carbides, (Fe,Cr),3Cq formed in the areas
rich in iron and chromium and relatively lower rates of carbon via
solid-state transformations. Similarly, eutectic carbides formed
with eutectic reactions. The remaining chromium, boron, and
carbon from these carbides and boro-carbides dissolved in the
austenite phase as a retained austenite and formed the latest mi-
crostructures. All the austenite matrix was sequenced around and
near the carbides and boro-carbides and took their places in the
microstructures with different dendritic structures [9,27,29,30].

3.3. Hardness test results

The Rockwell hardness measurement results taken from
10 different areas of the hardfacing deposits and calculated
as mean values are given in Fig. 10 and the Vickers hardness
results measured by taking from 10 different transverse and
longitudinal areas are given in Fig. 11. In Rockwell hardness
measurements, while the highest hardness value (61 HRC) was
observed in a hardfacing deposit obtained with welding flux
containing 16 wt.% ferrochromium and 2 wt.% ferroboron, the
lowest hardness value (43 HRC) was observed in a hardfacing
deposit obtained with welding flux containing 4 wt.% ferrochro-
mium and 2 wt.% ferroboron. As can be seen from the results of
the Rockwell and Vickers hardness examinations, the hardness
of the hardfacing deposits also increased by the increasing of
chromium, carbon, and boron content in hardfacing deposits and
accordingly, increasing of carbides and boro-carbides distribu-
tion in hardfacing deposit microstructures. As the percentages
of chromium, carbon, and boron transitions from welding fluxes
to the hardfacing deposits increased, the rates of carbide and
boro-carbide phases in microstructures also increased. Thus,
the hardness linearly increased due to the increasing rates of
hard phase distribution in hardfacing deposit microstructures.
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Fig. 11. Transverse and longitudinal Vickers hardness results of hardfacing deposits



In Fig. 12, while the carbide and boro-carbide phases present
in the hardfacing deposits had a hardness-increasing effect, the
austenite phase had a hardness-decreasing effect were determined
[6,9,27-29]. Researchers in the literature conducted hardfacing
deposits containing chromium, carbon, and boron via welding
techniques and obtained similar hardness results to this study
[6,9,27-29]. However, in the literature, no study using ferroal-
loys such as ferrochromium and ferroboron in submerged arc
welding flux was found.

Fig. 12. Phase Vickers hardness measurements performed on hardfac-
ing deposit sample # 2

As aresult of the microhardness measurements taken from
the hardfacing deposits, a homogeneous hardness distribution
was obtained almost in all hardfacing deposit samples. This situ-
ation was associated with the austenite phase which was stable
at room temperature and the presence of austenite phases that
were tightly spread near the carbide and boro-carbide particles.
The presence of very hard carbides and boro-carbides particles
arranged in a very tight and grifted manner to austenite phases
led to similar hardness results and thus, homogeneous results.
Similarly, the presence of the austenite phase as a single phase in
the microstructures of hardfacing deposits at room temperature
contributed significantly to homogeneity. The absence of a phase
such as a martensite [31] formed depending on the cooling rate
in the hardfacing deposit microstructures contributed to obtain
more homogeneous results. Similarly, the effects of high heat
input on hardfacing deposits were minimal due to the absence of
a phase such as martensite. In addition, the fact that all the phases
in the microstructures were intensely located near the austenite
particles contributed to obtaining more homogeneous results.
The hardness difference between the phases in the hardfacing
deposits caused partially non-homogeneous microhardness re-
sults by forming local differences in the microhardness results.
This situation is seen in the hardfacing deposit sample # 4.

3.4. Abrasive wear test results

Fig. 13 shows the wear rate results of hardfacing deposits
and Fig. 14 shows the SEM images obtained from the worn
surfaces. When the wear rate results were examined, it was de-
termined that the highest wear rate of 5.79 (10" mm> (N m) ")

903

was observed in a hardfacing deposit obtained with welding
flux containing 4 wt.% ferrochromium and 2 wt.% ferroboron,
the lowest wear rate of 4.43 (107" mm> (N m)™") was observed
in hardfacing deposit obtained with welding flux containing
16 wt.% ferrochromium and 2 wt.% ferroboron. Carbides and
boro-carbides have hardness increasing effect, while austenite
has a hardness-decreasing effect. Thus, with the increasing rates
of carbides and boro-carbides in the microstructures, hardness
values increased, and accordingly this situation caused a decrease
in the wear losses by increasing the wear resistance in parallel
with the effect of the elastic modulus and friction coefficient
[4,6,9,26-28]. However, this comparison was carried out by
ignoring the elastic modulus and friction coefficient.
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Fig. 13. Wear rate results of hardfacing deposits

When the worn surfaces in Fig. 14 were assessed in terms
of the wear type, it was seen that wear types occurred as micro-
cutting and micro-ploughing. The existence of such types of
mechanisms was confirmed with the formation of continuous-
discontinuous scratches and the crater gaps (cavities) due to the
resistance of metallic matrix, hard carbides, and boro-carbides
to the cutting and ploughing. When the SEM photographs of the
worn surfaces were examined in terms of the surface character-
istics, the presence of dense continuous scratches on the worn
surface was observed in Fig. 14-sample # 1. In Fig. 14-sam-
ple # 2; the continuous scratches partially decreased and the
presence of discontinuous scratches and numerous craters on
the worn surface was observed. In Fig. 14-sample # 3; also
dense discontinuous scratches and craters on the worn surface
were observed. In Fig. 14-sample # 4; the scratches became very
thin and that there were numerous crater dents were observed.
Differences in wear scratches and the formation of craters are
related to the number of carbides and boro-carbides in hardfac-
ing deposits. Hardfacing deposits containing low percentages
of chromium, carbon, and boron in chemical compositions have
lower hardness and relatively lower wear resistance due to low
carbide and boro-carbide ratios in microstructures. Thus, wear
scratches formed in these types of hardfacing deposits mainly
consist of continuous scratches, partially discontinuous scratches,
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Fig. 14. Worn surface SEM images of hardfacing deposits

and craters. Hardfacing deposits containing high percentage of
chromium, carbon, and boron in chemical compositions have
higher hardness values and higher abrasion resistances due to the
high carbide and boro-carbide ratios in microstructures [26-28].
For this reason, wear scratches formed in these types of hard-
facing deposits mainly consist of thinner continuous scratches,
discontinuous scratches, and more crater cavities.

4. Conclusions

Within the scope of the study, submerged arc welding fluxes
containing increasing amounts of ferroalloys were produced for
hardfacing deposit purposes. By using such welding fluxes pre-
pared, hardfacing deposition processes were carried out on AISI
1020 steel surfaces. After the hardfacing deposition processes,
slag properties of welding fluxes and surface properties of the
hardfacing deposits were investigated. Besides, chemical compo-
sition, microstructure, hardness, and wear tests were performed
to the characterization of the hardfacing deposits were carried
out. According to these results;

1. All the welding fluxes had +300-500 um particle size on
average, and there were no faults such as porosities and
cracks affecting the welding quality on the hardfacing
deposit surfaces were determined.

2. With the increasing of ferroalloy percentages in the weld-
ing fluxes, the tendencies of the slags layer formed after
welding processes to adhere to the weld metals increased
and the separation times of the slags from the weld metals
increased were observed.

3. The amounts of 1.54-6.84 wt.% chromium, 0.87-1.08 wt.%
carbon, and 0.38-0.44 wt.% boron transition from welding
fluxes to the hardfacing deposits were observed.

8 Sample #2

4.  The structures targeted in the produced hardfacing deposits
such as carbides and boro-carbides were observed.

5. With the increasing ratios of phases such as carbides and
boro-carbides formed in hardfacing deposit microstructures,
hardness results increased from 43 HRC to 61 HRC.

6. Due to the high wear resistance and high hardness value
(61 HRC) of hardfacing deposit sample # 4, this hardfacing
deposit can be used in wear applications requiring very high
hardness values were recommended.
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