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Abstract

In this study, the effects of titanium addition on microstructure, hardness, and wear rate of F e, 3_X)TiXB7 x=20 1,2, 3and
5) based hard surface alloy layers formed by gas tungsten arc (GTA) welding method were investigated. As a result of the
microstructure studies and phase analysis, it was determined that the structures of the coating layers consisted of a-Fe,
aFe+Fe,B eutectic, a-Fe+Fe,Ti eutectic and hard TiB, phases. In the hard surface alloy layer, as the amount of titanium
was increased, the TiB, phase density formed in the system increased and it was observed that rod-like and long sharp-
edged phases formed from the equiaxed structure. As a result of wear tests performed at different loads, it was determined
that the addition of titanium reduces the wear rates in the coating layers. In addition, scanning electron microscopy (SEM)

images of the worn surfaces showed that the wear mechanisms were adhesive and oxidative.
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1. Introduction

Hard surface alloying is a form of surfacing
commonly used to improve the surface properties of
agricultural tools, mining components, soil
preparation equipment, and other machine
components [1-3]. This process is applied to increase
the hardness and wear resistance of the substrate
material without any significant loss in ductility and
toughness. With this method, an alloy is
homogeneously deposited on the surface of a soft
material (generally low and medium carbon steels) by
various welding techniques [2].

Among these techniques, gas tungsten arc (GTA)
welding has an important place with advantages such
as high deposition rate, high maneuverability, large-
scale availability, low cost and compatibility with a
wide variety of materials [4—7]. In this regard, the
desired composition powder and the surface of
substrate material are melted simultaneously by the
GTA welding process and a layer of alloy that is
metallurgically bonded to the base material is formed
by solidification [8, 9].

Titanium borides have many advantages such as
high melting point, hardness, wear resistance and
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electrical conductivity. Titanium-boron binary phase
diagram contains compounds such as TiB, Ti,B, and
TiB, [10]. TiB, has found a wide use in ceramic
reinforced composites synthesized in-situ with iron
and steel matrix due to its high melting temperature,
low density, good thermal and chemical stability, and
high hardness [11-13]. The potential application areas
of titanium borides are quite wide, including impact
resistant armors, cutting tools, wear resistant parts,
grain refiners and all kinds of high temperature
structural materials. In addition, its high electrical
conductivity enables titanium borides to be used in
electrical discharge process. For this reason, more
experimental and theoretical research has been started
on these borides in recent years [10]. Wang et al. [11]
produced steel matrix composite coatings reinforced
with in-situ TiC-TiB, particles using argon arc
welding  technique and  investigated  the
microstructure, micro hardness, and wear properties
of the produced coatings. As a result of the
investigations, they determined that the main phases
in the coating are TiC, TiB, and o-Fe and that a
perfect metallurgical bond was formed between the
composite coating and the substrate. They have also
observed that the coating is uniform, continuous, and
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almost flawless, with the reinforcing particles
dispersed in the produced coating in a distributed
manner. They determined that with the increase of the
dispersed TiC+TiB, content in the coating, the micro
hardness and corrosion resistance of the coating
improved under normal atmospheric conditions and
room temperature. Yilmaz et al. [14] manufactured
TiB,-reinforced Fe-based coatings synthesized in-situ
by GTA welding on AISI 4340 steel substrate and
experimentally investigated the effects of process
parameters on the coating. In the investigations,
primary dendrites and complex TiB,, Fe,B borides in
ferrite (o) phase were detected on the coating surface,
and it was observed that the coated surface or
interface microstructures were formed by the
distribution of boron and titanium concentrations.
Darabara et al. [15] obtained Fe,B-TiB, reinforced
metal matrix composite (MMC) hard surface layer on
a flat steel surface using plasma transfer arc (PTA)
welding technique. For this process, five different
powder compositions were obtained by increasing the
boron content and the hard surface alloy layers were
produced from these powders. The microstructures of
the hard surface alloy layers produced were
examined, phase analyzes were made, and their
hardness was measured. As a result, it has been
determined that increasing the boron content causes
an increase in the micro hardness of hard iron boride
particles due to the presence of Fe,B.

Although there are many studies in the literature on
hardening the surfaces of steels and alloys containing
boron, studies on Fe-Ti-B hard surface alloy processes
are limited. In this study, Fe-Ti-B based coatings were
produced by using cost-effective ferro alloys by GTA
welding method on low carbon steel. The aim of this
study was to investigate the effects of titanium in the
produced alloy system on the microstructure and
mechanical properties of the coating layer.

2. Experimental procedure

In this study, SAE 1320 steel cut to size 30 mm x
70 mm x 5 mm was used as the substrate material for
the hard surface alloying process. The chemical
composition of SAE 1320 steel selected as a substrate
material is given in Table 1. The surfaces of these
plates were cleaned from oil, rust and dirt layer for
hard surface alloying process.

In the experimental studies performed, ferrous
boron, ferrous niobium alloys, and ASC100.29 coded
pure iron powder were used. Compositions of ferrous
alloys and pure iron used to form boride based hard
surface alloys are given in Table 2.

Table 1. Chemical composition of the substrate (wt.%)

Table 2. Composition of used powders (wt.%)

Powders Fe B Ti C Al

Ferro-boron 82 18 - - -

Ferro-titanium | 25.22 - 70.95 | 0.126 | 3.69

Pure iron 99.9 - - - -

Ferrous alloys which were taken as a rock form
was subjected to crushing, grinding, and sieving
processes to be less than 75 um. Pure iron powder was
only sieved. The prepared powders were determined
in the composition ratios given in Table 3 to form Fe-
B, Fe-Ti-B based hard surface alloys and mixing was
carried out.

Table 3. Combination rates of powders prepared for Fe ;.
1B, (x=0, 1, 2, 3 and 5) based surface alloys

(at.%)

Metal o .
Alloy Compositions Fe Ti B
Fe-B Fe B, 65 - 35
Fe ,TiB, 60 5 35
. Fe, TiB, 55 10 35

Fe-Ti-B -

Fe  Ti,B, 50 15 35
Fe,Ti.B, 40 25 35

Fe-Ti-B ternary phase diagram [16] was used to
determine the composition ratios. Prepared powders
were subjected to milling and mixing for 2 hours at
200 rpm in a ball mill to ensure a homogeneous
composition distribution. Powder / ball ratio was
selected as 1/3 and steel balls with 7 mm diameter
were used in the mixing process. Before mixing, the
containers and balls were thoroughly cleaned with
pure alcohol. Powder mixtures were placed on the
prepared substrates with a thickness of about 2-3 mm
and pressed under pressure of 100 MPa with the help
of hydraulic press before welding. Thus, the
negativity caused by gas pressure during GTA
welding process was eliminated.

Fe-Ti-B based mixture powders formed by
pressing on steel substrates were melted by GTA
welding method and alloy was formed on the surface.
Hard surface alloy coating processes were carried out
with Magmaweld ID 220T AC / DC Pulse TIG
inverter welding machine. After the process, the
samples were cooled in the open atmosphere and
subjected to sand blasting to remove the oxide layers
and burrs formed during welding. The welding
parameters applied during the process are shown in
Table 4.

C Cr Mn Si

Mo Fe

0.183 0.0208 1.37 0.204

Comp.

0.0177 0.0018 0.062 0.0056 98
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Table 4. Experimental Parameters of GTA Surface alloying.
Heat input Q= n.UIL/(V.1000) (kj/cm); U: voltage
(V), I: current (A), V: travel speed (cm/sec), n =
efficiency coefficient (n = 0.65 for the GTA

method) [17].
Parameter Value
Electrode Type WT-2 pct ThO,
Electrode Diameter 2.4 mm
Angle 70 degrees
Voltage 20V
Current 180 A
Heat input 20.2 kJ/em
Protective gas Type Ar (%99.9 Ar)
Flow 12 L/min
Welding speed 0.116 cm/sec

The samples were prepared according to standard
metallographic procedure by grinding, polishing and
etching with (3%) Nital reagent, respectively.
Microstructural characterization of the samples was
carried out by using a Nikon Epiphot 200 optical
microscope (OM) and JEOL-JSM-6060 scanning
electron microscopy (SEM/EDS). An X-ray
diffraction (XRD) was detected with Rigaku
XRD/D/MAX/2200/PC model X-ray diffractometer
using Cu-Ka radiation. The macro-hardnesses taken
from the outer surfaces of the alloy layers were
measured with a Rockwell (C scale) Bulut brand
hardness tester by measuring from in three separate
regions under 150 kg load. The hardness of the phases
formed in the alloyed layer, transition zone and matrix
were measured under 0.1 N load by using Future Tech
FM 700 micro-hardness tester.

The surfaces of steels alloyed by the GTA welding
method were metallographically prepared before the
wear test. For this purpose, coarse polishing process
was applied to the alloyed surfaces with abrasive
papers of 60, 120, 240, 400, 600, 800, and 1000 grit.
The wear tests of the hard surface coated samples were
carried out on the tribometer device in accordance with
the ASTM G-99 standard. Experiments were carried
out using Ball-On Disk method, using a 10mm
diameter alumina (ALO,) balls with a hardness value of
2720 HVO0.05 [18]; It was carried out under 2.5N, 5N,
and 10N loads at 200 m distance and 0.1 m/s speed,
65+5 relevant humidity, and 21+£3 °C temperature in an
open atmosphere. The volume from the wear track was
measured using the cross-sectional area of the wear
track (A), which was determined using 3D optical
microscopes (Huvitz). In the measurements, the
standard deviation on the worn track was typically less
than 10% of its average value. The wear volume, V,,

was calculated using Eq. (1) [19]:
V,=2nrA (1)

where r is the radius of the wear track, and A is the

worn track cross-sectional area that was calculated
from the profile of the wear track. Finally, the wear
track formed on the disks was examined using optical
microscopy, scanning electron microscopy and energy
dispersive X-ray spectroscopy (EDS).

3. Results and discussion
3.1. Microstructural and Phase analysis

Optical microstructure of Fe Ti;B, hard surface
alloy produced by TIG welding method is given in
Figure 1. As a result of the microstructure studies, it
was determined that the thickness of the hard coated
layer was approximately 2-3 mm and that it showed
good bonding with the substrate. It was determined
that this rather thick coating layer has a smooth
surface topography without porosity. In the examined
microstructures, a structure consisting of three
different layers such as hard surface layer, interface,
and substrate can be clearly distinguished.

SEM microstructure images of the Fe-B based
alloy (Fe ,B,) formed on the steel surface are given in
Figure 2 (a). When the microstructures were
examined, it was found that eutectic (a-Fe+Fe,B)
phases were observed together with the hypereutectic
primary Fe,B massive phase.

In the study of Eroglu [20], Fe-B based filler alloys
were selected as hypoeutectic and hypereutectic alloys
and the solidification structures were examined. He
stated that in the solidification of hypereutectic
structures, firstly FeB (few) and the primary Fe, B phase
grew by nucleation in the liquid phase and the structure
transformed into a eutectic (yFe + Fe,B) structure with
the primary Fe,B massive phase at 1174 °C. He
explained that with the decreasing temperature, the y-Fe
phase in the system transformed into martensite phase
and the eutectic (martensite + Fe,B) phases / structures
were formed with hypereutectic the primary Fe,B
massive phase and FeB (few). When the Fe-B phase
diagram is examined [21], it is seen that the
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solidification for hypereutectic compounds will be
similar to Eroglu’s explanations. However, as a result of
the analysis, FeB and martensite phases were not found
in the coating layer. It is an expected situation since the
formation of these phases will take place under out of
equilibrium conditions. In addition, the x-ray diffraction
pattern given in Figure 4 shows that the Fe ,B, based
alloy consists of o-Fe and Fe,B phases. As a result, it is
possible to say that the Fe-B coating layer formed on the
steel surface consists of the primary Fe,B block phase
and the eutectic (a-Fe+Fe,B) phase.

Figure 2 shows the locations of the produced hard
surface alloys in the Fe-Ti-B equilibrium diagram at
1000 °C. It is understood that hard surface alloys are
on the iron-rich side of the Fe-Ti-B system. According
to the isothermal diagram, possible phases that may
occur in alloys that solidify in this range are a-Fe, y-
Fe, Fe,B, TiB, and Fe,Ti.

In the SEM microstructure of Fe,, JTiB. (x=0, 1,
2, 3, and 5) alloys (Figure 3 (b- e)) ‘the presence of
primary a-Fe phases and the eutectic structure of the
a-Fe and Fe,B phases are observed. In addition, in the
microstructure studies (Figure 3 (b)), it was
determined that when 5% Ti was added to the alloy at
atomic rate, homogeneously dispersed (especially at
grain boundaries) black colored TiB, phases of
approximately 2-4 micron dimensions were formed in
the coating layer.

SEM image EDS analysis

and elemental

distribution maps (MAP) of the Fe , Ti B, sample
given in Figure 4 (a) show that the ﬁ)lack colored
block phases contain titanium and boron elements,
and the gray colored phases contain iron. For this
reason, it is thought that the block gray colored phases
are o-Fe and the black dispersed phases are TiB,. As a
result of EDS and MAP analysis (Figure 4 (b-h)), the
eutectic structure located between o-Fe phases is
thought to be composed of o-Fe and Fe,B phases. X-
ray diffraction analysis (Figure 5) shows that the Fe  ,_

o 11, B; system contains Fe,Ti phases as well as a-Fe,
Fe B and TiB, phases. As 1t can be understood from
here it was determmed that the system consists of
TiB, phases with o-FetFe,B and a-Fe+Fe,Ti
structure, which have eutectic morphology between
the primary a-Fe phases.

In the study of Zdziobek et al. [22], it was shown
that TiB, phases were formed primarily during the
solidification of Fe-Ti-B alloy at an atomic rate of 5%
Ti and 35% B. Then, it was shown that the 6-Fe phase
solidified around TiB, phases, the 5-Fe transformed
into y-Fe depending on the temperature decrease, and
v-Fet+Fe,B eutectic structure formed from the
remaining liquid as the temperature decreased.

In the microstructure studies of Fe ,, Ti,B, (x=0
1,2, 3 and 5) based alloys formed on ti1e steel surface
it is seen that the TiB, phase formed in the system
increases as the amount of Ti is increased. This is
expected when the Fe-Ti-B ternary equilibrium
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Figure 2. Hard surface coating compositions in the isothermal section of Fe-Ti-B at 1000 °C [16]
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Figure 3. SEM microstructure images of hard surface coating layers
(a) Fe,;B, (b) Fe,,TiB, (c) Fe,Ti,B, (d) Fe, Ti,B, (e) Fe/Ti.B,

diagram is examined [16]. However, in
microstructural studies, it is seen that the
homogeneously distributed equiaxed TiB, structure
appears as rod-like and long sharp-edged phase
formations besides the equiaxed structure with the Ti
content increasing to 10%. It is seen that the primary
o-Fe phase is not observed here, whereas the TiB,
phase is completely surrounded by the eutectic
structure (a-Fe+Fe,B). Again, in the microstructure,
the partial existence of Fe,B block phases apart from
the eutectic structure was also detected.

As can be seen from the Fe-Ti-B equilibrium
diagram, increasing the amount of Ti causes a
decrease in Fe,B and an increase in TiB, phase. In

addition, depending on the temperature, o-Fe or y-Fe
solid solution is located next to these phases. When Ti
amount increases to 15% atomically, the amount of
TiB, phase formed increases and the eutectic structure
(o-Fe+Fe,B) decreases while primary a-Fe increases.
However, when Ti content increases from 15% to
25%, TiB, increases a little more, and Fe,Ti phase
occurs instead of Fe,B. In addition, the primary a-Fe
phase is also included in the system. Again, when the
structure is examined, the eutectic structure (o-
Fet+Fe,Ti) shows itself as small islets in the
microstructure. Since the system includes melting and
rapid solidification processes, it includes a-Fe, TiB,,
and Fe,Ti phases as well as a-Fe+Fe,B eutectic islets
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Figure 4. (a) SEM image (b-d) EDS analysis and (e-h) elemental distribution maps
of the hard surface alloy layer of Fe,Ti;B, sample
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that should be in the equilibrium diagram.

Generally, as the Ti ratio increases, the TiB, phase
increases while the Fe,B phase ratio decreases, and if
titanium reaches very high rates, the Fe,Ti phase
emerges in the eutectic structure. This situation is
compatible with the Fe-Ti-B equilibrium diagram and
is similar to the study of Zdziobek et al. [22].

3.2. Hardness Measurements

Figure 6 shows the HRC hardness wvalues
measured from the surfaces of the hard surface
alloyed samples. As a result of the hardness
measurements, the hardness of the HRC was obtained
from the surface of the Fe-B based hard surface alloy
layer was determined as 42.3 £ 1.7. The surface

hardness values of Fe-Ti-B based hard surface alloy
layers were changed between 46,3+4,1-57,245,1
HRC. The highest hardness value for this group of
materials was observed in the composition of
Fe,Ti,B,. When the macro hardness curves seen in the
figure are examined, it is observed that the hardness
values of the alloy layer increase with the increase of
the Ti element. Durmus et al. stated in their study that
the hardness of hard surface coatings depends largely
on the fraction of primary hard phases and
microstructure [23]. Gou et al. found that the hardness
of the primary carbides was much higher than that of
the eutectic matrix, and found that the increase in the
volume fraction of primary carbides / borides
increased the hardness of hard surface alloys [24].
There is a similar situation for the Fe-Ti-B based hard
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Figure 5. X-ray diffraction pattern of Fe ; \Ti,B, (x= 0, 1, 2, 3 and 5) based hard surface alloyed steels
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surface alloy system. It is seen that with the increase
of the Ti ratio in the system, the amount of hard TiB,
phase increases and the surface hardness increases in
accordance with the above explanations.

In Figure 7 (a), the microhardness results of the
produced coatings from the substrate to the surface
are given at 0.1 mm intervals. The microhardness of
hardfacing coatings is highly dependent on the
volume fraction of the hard phases such as carbides
and borides in the microstructure [21, 25, 26]. In
general, it is seen from the graph that the
microhardness increases with increasing Ti amount.
This result can be explained by the presence of TiB,
and eutectic phases, which have much higher
hardness than a-Fe. It is also seen that there are partial
fluctuations in the microhardness results. The reason

for these fluctuations is due to the small hard phases
such as TiB, in the microstructure [27]. On the other
hand, according to the graph, it is seen that the
microhardness values increase from the substrate to
the coating layer. This is an indication that the
coatings are carried out with the appropriate welding
current value and the dilution is low.

Figure 7 (b) shows the phase hardness values
obtained from the microhardness measurements of Fe-
B, and Fe-Ti-B based hard surface alloys. As a result of
the measurements, the hardness value of the substrate
(SAE 1320 steel) was determined as 185+ 9 HV . The
hardness values of iron boride phases in Fe-B based
hard surface alloys are 1901 + 127 HV,,, the hardness
of the eutectic structure (a-Fe+Fe,B) is 897+ 82 HV
and the transition zone hardness is 369 = 76 HV , as
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Figure 7. (a) Microhardness distribution from substrate to surface (b) phase hardness of Fe, Ti,B,
(x=0, 1, 2, 3 and 5) based hard surface alloyed steels
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determined. The hardness of Fe,B phase varies between
1100-2000 HV values [14, 20]. The measured hardness
values are consistent with the data in the literature.

The hardness values of the titanium boride phases
in the Fe-Ti-B based hard surface alloyed surface
layer formed on the steel surface by GTA welding
vary between 3804+291-4272+241 HV,, The
highest hardness value for this phase was observed in
Fe, Ti,B, and Fe/Ti.B, compositions. As a result of
the literature reviews, the hardness values of the
titanium boride phases vary between 2300-3930 HV
[10, 14, 28]. It was observed that the hardness values
measured were consistent with these studies. As a
result of the measurements, there was no significant
change in the hardness values with the increase in Ti
ratio. The hardness values of the eutectic structure in
the hard surface alloy layer changes between
1054+92-1148+43 HV, . The hardness values of the
transition zone in hard surface alloys vary between
484+12-537+76 HV,

0.01°

3.3. Wear Behavior

The change of wear rates of Fe-B and Fe-Ti-B
based hard surface alloy layers depending on the
applied load is given in Figure 8. When the wear rate
graph is examined; as stated in Archard equation [29],
the increase in the load resulted in an increase in the
rate of wear. In addition, it is seen that as the amount
of Ti added increases, wear rates decrease for all
applied loads. As a reason, it is thought that there is an
increase in the amount of hard metal (Ti and Fe)
boride phase in the hard surface alloy layer. Buytoz
and Eren stated in their study that the increase in the
amount of reinforcement in composite materials

decreased the wear rate values [30]. As stated in the
microstructure explanations, it is seen that the amount
of high hardness TiB, phase increases due to the
increase in the Ti ratio in the coating layer. The values
obtained as a result of the hardness test clearly show
that the macro hardness values of the samples increase
with the increase of the Ti ratio. In accordance with
these explanations, the wear performance of the
coating layers increased with the increase of the Ti
ratio. Among the coating layers, the lowest wear rate
values were determined in the composition of
Fe,Ti,B, for 2.5N, 5N and 10N loads.

While a 100% increase in load (from 2.5N to 5N)
causes an increase in wear rate of 73.8% for Fe-B
based hard surface alloy; When the increase in load is
300%, the increase in wear rate is 303.4%. This value
caused an increase in the wear rate for (Fe ,  Ti B))
x =1.2.3 and 5 at the rates of 142.7-501.8%, 123.1-
445.4%,  125.6-403.9% and  142.6-419.6%
respectively, depending on the increase in Ti ratio.
Increases in value generally take place close to each
other. As can be seen from the graphic, the increase in
the amount of Ti has significantly decreased down to
69.6 %.

The SEM microstructure of the worn surfaces of
Fe-B and Fe-Ti-B based hard surface alloys, which
are subjected to wear tests under 0.1 m/s and 5N load,
is shown in Figure 9. On the worn surface of the
Fe ,B, composition given in Figure 9 (a-b), a small
amount of abrasive wear mechanism was observed
together with the adhesive wear. In addition, it is seen
that the hard regions remain intact as the peak and the
soft phases are eroded. In the Fe-Ti-B based hard
surface alloy system given in Figure 9 (c-h), the main
wear mechanism is adhesive, but there is also abrasive
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Figure 8. Change of wear rates of Fe-B and Fe,, Ti\B, (x=0, 1, 2, 3 and 5
) based hard surface alloy layers depending on load
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wear. Particularly, it is seen that the areas where the
hard TiB, phase is present remain intact and the soft
phases are eroded. Also, delamination wear was
observed on the worn surfaces. SEM images showed
that the worn debris oxidized due to friction,
accumulated in hollow areas and plastered on the

13 YIEEL"

188 10

188 [BBam

alloy layer. Therefore, it was observed that the worn
surfaces of all samples were oxygen in EDS analysis
(Figure 10). It was possible to say that the main wear
mechanism had an adhesive and oxidative character.
However, abrasive, delamination, and polishing wear
were also detected on worn surfaces.

%

Dxde region. -

E
u

Abrazion

Figure 9. The SEM micrographs of worn surfaces of samples tested at 5 N load: (a-b) Fe, B, (c-d) Fe,,Ti,B, (e-f)
Fe, Ti.B, (g-h) Fe/TiB,
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Figure 10. (a) SEM microstructure image and (b-d) EDS analysis of Fe,,TiB,
hard surface alloy worn surface under 5N load

4. Conclusions

In this study, the effect of Ti element on
microstructure and wear resistance in Fe ;; 'Ti B, (x=
0, 1, 2, 3 and 5) based hard surface alloy layers was
investigated. In line with the researches and
experiments, the following results were reached:

1. The thickness of the coating layers produced by
the TIG welding method was approximately 2-3 mm,
and showed good bonding with the backing. It also
has a non-porosity and smooth surface topography.

2. The Fe-B based alloy (Fe ,B,) was composed of
a hypereutectic primary Fe,B massive phase and
eutectic (a-Fet+Fe,B) phases. In Fe-Ti-B alloys, as the
amount of Ti increases, the TiB, phase density formed
in the system increased and the TiB, phase
transformed from an equiaxed structure to a rod-like
and long sharp-edged structures. In addition, when
titanium reached very high rates, the Fe,Ti phase was
formed in the eutectic structure.

3. X-ray diffraction analysis showed that the
system included o-Fe, Fe,B, TiB, and Fe,Ti phases.

4. With the increase of titanium in the alloy

composition, both macro and micro hardness values
increased. The TiB, phase had a significant effect on
the increase in the hardness of the coatings.

5. It was seen that as the amount of Ti added to the
hard surface alloy layers increased, the wear rates
decreased for all the applied loads. Among these
alloys, it was determined that the best wear resistance
belonged to the Fe,Ti,B, sample. In addition, the wear
rate values of Fe ,; TiB, (x=0, 1, 2, 3 and 5) alloy
layers were lower than the wear rate values of Fe ,B,
hard surface alloy layer.

6. The wear test results were directly related to the
hardness of the hard surface alloys. Scanning electron
microscope images of the worn surfaces showed that
the main wear mechanisms were adhesive and
oxidative. However, abrasive, delamination, and
polishing wear were also seen on worn surfaces.
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UTICAJ SADRZAJA TITANIJUMA NA MIKROSTRUKTURU I PONASANJE PRI
HABANJU Fe , Ti B, (x=0-5) LEGURE ZA TVRDO NAVARIVANJE
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Apstrakt

U ovoj studiji je ispitivan uticaj dodavanja titanijuma na mikrostrukturu, tvrdocu, i stopu habanja cvrstih povrsinskih
slojeva legure na bazi Fe,, TiB, (x = 0, 1, 2, 3 i 5) formiranih metodom zavarivanja elektrolucnom volframovom
elektrodom (GTA). Nakon ispitivanja mikrostruktura i faze analize, utvrdeno je da se strukture prevlaka sastoje od a-Fe,
oFe+tFe,B eutekticke, a-Fe+Fe,Ti eutekticke i tvrde TiB, faze. U tvrdom povrsinskom sloju legure, kako je kolic¢ina
titanijuma povecavana, tako se i gustina TiB, faze u sistemu povecala, i primeceno je da se iz ekviaksijalne strukture
formiraju Stapicaste faze i faze dugih ostrih ivica. Kao rezultat ispitivanja habanja izvrsSenih pri razlicitim opterecenjima,
utvrdeno je da dodavanje titanijuma smanjuje stopu habanja u sloju previake. Uz to, slike ishabanih povrsina dobijene
skenirajucim elektronskim mikroskopom (SEM) pokazale su da su mehanizmi habanja bili adhezivni i oksidativni.

Kljuéne reci: Tvrdo navarivanje; Legiranje povrsine; Fe-Ti-B legura; Borid; Tvrdoc¢a; Habanje
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