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Abstract

In-situ synthesized TiBg, Fe2B reinforced coating was fabricated on AISI 430 steel sub-
strate by using plasma transfer arc (PTA) and FeB, FeTi, FeW powders. The effects of powder
type and powder ratio on the wear rate of coating were investigated experimentally. SEM, EDS
and XRD analyses were used to differentiate the effect of coating parameters on the micro-
structure, which characterize the coated surfaces. Primary ferrite (o) phase and complex TiBa,
Fe2B borides were detected on the subsurface microstructure. Abrasive wear tests were per-
formed on the coated surface of specimens to examine the influence of the size-vol.% of borides
and microstructural changes on the wear rate. Depending on the results, it is seen that the
specimens coated by (FeB-FeTi-FeW) ferro-alloy powders mixture have the lowest wear rate.
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1. Introduction

The plasma transferred arc (PTA) surfacing pro-
cess is characterized by extremely high temperatures,
excellent arc stability, low thermal distortion of the
part, and high coating speed [1]. The PTA process
has an advantage of using two independent arcs (i.e.,
non-transferred arc as pilot and transferred arc as
main arc). This advantage may play a role in al-
lowing proper microstructural development, and is
used in the present study to investigate its effect on
the resulting coating properties. Argon gas passing
through an inert annulus between the cathode and
anode is ionized, forming a constricted plasma arc
column. This ionized gas provides a current path for
transferred arc [2]. PTA process is widely used for
the surface treatment of materials and developed as
a modification of the plasma arc welding method
[2]. Fe-based metal matrix composites have extens-
ive applications in tools, dies and wear as well as
high temperature oxidation resistance components.
Ferrous matrix composites have a wide range of ap-
plications because of the combination of high mech-
anical strength. Serious techniques are used to pro-
duce high performance composites to improve the in-

terfacial compatibility and to avoid serious interfacial
reactions.

In-situ technique is being used as a new technique
for productions of ceramic particle reinforced metal
matrix composites (MMCs) [3, 4]. In-situ processing
technique depends on a basic principle. Thermody-
namically stable phases are formed by an exothermal
reaction between elements and compounds within the
metal matrix. This process has some advantages; the
reinforced surface generated in-situ tends to remain
free of contamination, such as gas absorption, oxid-
ation and other detrimental surface reactions. The
mentioned advantages produce an improved reinforce-
ment matrix interface bond. In addition, the compos-
ites produced by the in-situ process exhibit improved
mechanical strength, hardness as well as enhanced
wear resistance [5, 6].

Titanium diboride (TiB2) is the most inert, stiff,
and hardest of all the borides [7], and has high mech-
anical strength and high resistance to wear and high
tensile strength at high temperatures. In contrast to
most ceramics, it is electrically and thermally con-
ductive [7, 8]. These properties suggest that TiBs is
a potential reinforcing material for the wear applic-
ations where stiffness and high thermal conductivity
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are important. These properties lead to the titanium
and boron use in shields elements. The major ad-
vantage is that they eliminate the interfacial incom-
patibility of matrices with reinforcements by creating
more thermodynamically stable reinforcements based
on their nucleation and growth from the parent mat-
rix phase. Recently, the in-situ synthesis of TiB, rein-
forced metal matrix surfaces composite materials was
reported. TiBy particles were successfully synthesized
in microstructures [9]. It is desirable that the surface
layer of components is reinforced by TiBs particles to
offer high wear resistance to them whilst they retain
the high toughness and strength [10-15].

The objective of this study is to produce a coated
surface having maximum amount of TiBs hard phases
with a minimum production cost in a Fe-based surface
coating by evenly depositing B, Ti and W based alloy
powders and by using the PTA process, and, in addi-
tion, to establish relationships between the chemical
compositions and microstructure on wear resistance
under high stress abrasive conditions.

2. Experimental procedures

A powdered mixture of ferroboron (FeB), ferroti-
tanium (FeTi) and ferrowolfram (FeW) was used as
the coating material. Ferro alloys were used as alloying
powder due to their price and low melting temperat-
ure. Rectangular plates of ferritic stainless steel (AISI
430, 120 mm long, 50 mm wide and 10 mm thick) were
used as substrates in the quenched and tempered con-
ditions. The surfaces of the specimens were thoroughly
cleaned, dried and finally rinsed with acetone. The
main chemical compositions of FeB, FeTi, FeW are
listed in Table 1. The average size of the ferro-alloy
particulates was less than 50 um. In order to obtain
a homogeneous distribution of particulates, the com-
bined powders were attrition-milled for 1h using an
agate ball mill with an agate container, and the balls
were operated at 300 rpm. The milled mixture with
a thickness of 1 mm was fed under the plasma arc
(Table 2). Coating was conducted to produce a stable
arc by using the PTA process and tungsten electrode
of 3.2 mm in diameter. Table 3 lists the parameters of
the coating process.

The energy given to the surface was controlled
as 5 Jem™2. Specimens were cut from the alloyed
specimens for microstructural examination and hard-

Table 1. Chemical concentration of the powders used for
coating (wt.%)

W Ti Si S Fe B C P

Feli - 7 05 003 Bal - - 0.03
FeB - - 15 004 Bal. 8 7 0.04
FeW 8 - 0.5 - Bal. - - 0.04

Table 2. Portions of the powders used for coating (wt.%)

Specimen number  FeTi (%) FeW (%) FeB (%)
Si1 90 - 10
S1.2 80 - 20
S1.3 70 - 30
Si1.4 60 - 40
S2.1 80 10 10
S2.2 70 10 20
S2.3 60 10 30
S3.1 70 20 10
Ss.2 60 20 20
S3.3 10 10 80

ness measurements. The specimens were prepared for
metallographic examination by grinding on SiC wheels
followed by polishing and etched with a solution of
alcohol and 2 % nitric acid. Scanning electron mi-
croscopy (SEM) equipped with an energy dispersive
X-ray spectrometer (EDS) and X-ray diffraction
(XRD) were employed for studying the microstruc-
ture and elemental analysis of the coatings. The micro-
image analyses with microprocessor were used to de-
termine the hard phase volume fraction and particle
size in the coatings. The average hard phase size
and volume fraction were determined by quantitat-
ive metallography using a digital image analyzer Leica
Q550.

The abrasive wear tests were performed by using a
pin-on-disc type apparatus. Before the wear tests, each
specimen was ground to grade 1200 abrasive paper.
Abrasive wear tests were carried out under the load of
10, 20 and 30 N on a grade 80 abrasive paper attached
to the grinding disc, which rotated at 320 rev min—!.
A fixed track diameter of 160 mm was used in all tests,
and the duration of the abrasion test was 60 s. Each
test was performed with a fresh abrasive paper, and,

Table 3. PTA operating parameters

Current Plasma gas flow Shielding gas flow Traverse speed Nozzle diameter
(A) (1min~—1) (Imin—1) (m min~1) (mm)
130 0.8 20 0.01 3.2
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Fig. 1. The SEM micrographs of the coated surfaces of
specimen Si.1.

for each test condition, a minimum of three runs were
performed. Wear rates W (mm?3 m~1!) were obtained
by measuring the mass of the specimens before and
after wear tests. Wear losses were obtained by determ-
ining the mass of the specimens before and after wear
tests. The wear rates were calculated by converting
the mass loss measurements (to the nearest 0.1 mg)
to volume loss by using the respective densities:

5 _1,  mass loss (g) / density (g mm™?)
W (mm m ) = 105 % 320 (m)

(1)

3. Results and discussion
3.1. Microstructure of coating

The exothermic dispersion technology [16] was
used by applying the PTA to produce a new modi-
fied surface in the form of a composite having com-
plex borides (MB3-MsB) reinforcement particulates.
This process utilized the melting of the mixture of
the ferroalloy powders together with substrate sur-
face under PTA. Melting of these mixtures on the
surface of the substrate resulted in exothermal in-
teraction between the components and through these
reactions, fine hardening particles could form in the
solvent phase as 20-75 vol.%. In some studies [16-18],
where Ti-B was used, the reinforcement particulates
resulted in the formation of TiBy with a size of 1—
10 pm. Specimen S;; was coated by FeTi/FeB = 9
ratio. Figure 1 shows the representative microstruc-
tures of the coated surface of specimen S; i, where
the thickness of modified surface was seen as 1-3 mm.

The X-ray diffraction pattern of the coated sur-
face showed that two types of borides were present,
Ti-based and Fe-based borides (Fig. 2). The Fe-based
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Fig. 2. XRD analyses results of the specimen Si ;.

Fig. 3. The SEM micrographs of the coated surfaces of
specimen Si 4.

borides phase mixture distribution at grain boundar-
ies may be ascribed to the interaction between the
particles and the advancing solid-liquid and liquid-
-liquid interface. During solidification of the mol-
ten pool under the arc, the rapid movement of the
solid/liquid interface limits in-situ synthesis of Fe;B
particles, and brings about a phase mixture of FesB-
-FeB-Fe3B borides in an intergranular form. For dif-
ferentiation of the effect of the chemical concentration
of the coating powders on the hard phase ratio, we
have decreased FeTi/FeB ratio. This change of coat-
ing powder mixture did not affect the morphology of
the coated surface microstructure. The increase of the
boron at coating solution saturated matrix and dif-
fused boron to grain boundaries during solidification,
which then affected the Ti/Fe boride ratio of coat-
ing. However, the general microstructures of the first
group of the specimens are similar to each other. Fig-
ure 3 shows the microstructures of the surface coatings
of specimen Sp 4, on which the matrix is ferrite (a-Fe)
having TiB, particulates homogeneously distributed,
and the grain boundaries are the Fe borides. It is seen
from the elemental distribution that Ti concentration
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decreased coming closer from the coated surface to
the steel side, on the other hand, TiB, borides ho-
mogeneously distributed inside the matrix phase of
S1.2 (Fig. 3), and the concentration change of clad-
ding powder material decreased the concentration of
Ti in coating surface. Under the PTA, the fine ferro-
boron particles are melted and merged into streamlets,
which arrive at the ferrotitanium particles. During so-
lidification of molten pool, the solidified iron nucleus
is surrounded by a thick layer of a crystallized liquid
whose composition is close to the composition of the
Fe 4+ FeyB eutectic melt. Upon solidification of this
melt, the Fe, FesB, and FeB phases could be found on
the corresponding sites of the coating surface (Fig. 3).
It is thought that the ferroboron melt covered solid
ferrotitanium particles by increasing FeB in volume
of coating powder mixture; at the sites of contact,
these particles began to penetrate into the FeTi +
Ti and Fe;Ti + Fe eutectics. The figure consists of
the FeB grains separated by the eutectic FeB + FeB
interlayers at grain boundaries. This shows that boron
intensely dissolves in the ferroboron melt, which is
a high-boron melt under the PTA. After the ferroti-
tanium particles are melted completely, the ferroboron
and ferrotitanium melts in the coating surface. A layer
of titanium diboride continuously forms between the
melts, one part of which dissolves as the temperature
increases, the other part is carried away by convect-
ive liquid flows and is distributed in the form of fine
particles in both melts. It seems that the titanium-
-boron interaction is accompanied by the formation
of a contact between a-Fe + TiB,. By the moment of
crystallization, quite a homogeneous melt forms in the
coating surface, which solidifies to form equilibrium
TiBs particles against the background of the TiBs +
Fe eutectic melt. Thus, three types of titanium borides
are identified in the final product: primary particles,
equilibrium particles and eutectic particles (Fig. 3).
In some studies based on Fe-Ti-B systems, (Ti, Fe)Bo
and TiBs phases were detected in the microstructure
[16-19], however, we observed basically a Fe;B phase
in the grain boundaries for the first group of the spe-
cimens.

The fracture toughness of Fe;B borides is not
sufficient for abrasive wear applications. For this
reason, the chemical composition of coating material
must be adjusted appropriately to decrease Fe based
borides/TiBz borides ratio [9]. For this reason, ferro-
wolfram (FeW) was added to the (FeTi + FeB) clad-
ding powder mixture, and the specimens coated by
FeTi + FeB + 10 wt.% FeW were called as Sa group
(Table 2). The XRD pattern of the surface composite
coating of the specimen Sj 3 is shown in Fig. 4, which
indicates that the phases present in the coating are
mainly rectangular TiBa, a-Fe and WB3 intermetallic
compounds, and the micrograph of the coated surfaces
of this specimen is given in Fig. 5. The EDS microana-
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Fig. 4. XRD analyses results of the specimen Sz ;.

lysis showed that there was iron in the titanium bor-
ide particles having a changed microstructure. This
points to the solid phase character of the initial stage
of the titanium boron interaction (Fig. 5). It clearly
confirms that TiBs particulates can be synthesized by
a direct reaction between FeTi and FeB in the pres-
ence of 10 wt.% FeW, where W was detected at matrix
as 0.2 wt.%, and rather it was found as dissolved in
hard boride particulates as 0.6-0.7 wt.%. The results
show that the intermetallic compounds form dendrit-
ically during the late stages of solidification. A small
change of Ti/B ratio changes the chemical composi-
tion of liquid solution, causing a shift in the structure
from TiBs-Fe binary phase equilibrium to TiBs-Fe-
-FeoB [20]. This hypothesis was approved; the chem-
ical composition of Ti in TiBs phase decreased from
78 to 40 wt.% by decreasing the FeTi powders in clad-
ding powder from 80 to 70 wt.% (Table 2).

As described, it is thought that the solidification
systematic of the first group of the specimens is sim-
ilar to the second group of the specimens. By using the
considered solidification sequence, one can determine
the processes in the coating of the second group of
specimens from the metallographic results. The final
product is a result of the solidification of the melt, as
in the first case, the appearance of the liquid phase
in the coating is due to the contact melting of the
charge components and substrate. When considering
the structure formation in the coating, we assumed
that the liquid phase formed on the sites of coating
powder particles contact as a result of contact melt-
ing according to the diffusion-free mechanism. It im-
plies that the following two factors are sufficient for
the liquid phase to appear in the coating: the con-
tact between the powder particles and the corres-
ponding temperature [8]. The liquid phase forms at
the sites of contact between the ferrotitanium and
ferroboron particles. The first portions of the liquid
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Fig. 5a,b,c. The SEM micrographs and EDS microanalysis
of the coated surfaces of specimens S2 3.

phase appear in the system when the temperature cor-
responds to the FeTi low-temperature eutectic melt.
Possibly, when the temperature corresponding to the
second FeyTi + Fe eutectic melt is reached, the li-
quid phase of another composition forms at the con-
tact sites. After the appearance of the liquid phase
in the system, the ferroboron-ferrotitanium interac-
tion occurs via the contact melt in which iron, boron,
titanium and wolfram dissolve as the temperature in-
creases. When the liquid phase forms a partial dis-
perse on of ferroboron, ferrotitanium and ferrowolfram
particles are observed. The fine initial and dispersed
FeB particles dissolve rapidly in the ferrotitanium

Fig. 6. The SEM micrographs of the coated surfaces of
specimen Ss.

melt, saturating it with wolfram and boron. The ferro-
boron particles are gathered by the contact melt in the
molten pool. At the interface between these particles
and the melt, the TiBy layers form. Ferrotitanium
dissolves completely in the intermediate melt, which
contacts extensively with the rest of the ferroboron
particles. In Fig. 5, the ferroboron regions bordering
the melt are light coloured. As the analysis shows,
these are the regions of almost pure iron which were
formed as a result of the intense diffusion of boron into
an “intermediate” melt. The Fe-borides and the grain
interfaces, where the diffusion flows primarily occur,
are depleted of boron, too. After the rest of the ferro-
boron has melted completely through the intermediate
melt, near the region, a concentration-inhomogeneous
melt forms; this melt crystallizes to yield titanium bor-
ides and several types of structure: WoB5, WBs, W3 B,
FeWB, WB, and Fe3B.

Regarding the third group, the concentration of the
FeW in coating powders increased from 10 to 20 wt.%.
In other words, the specimens coated with cladding
material containing FeTi-20wt.%FeW-FeB were called
as Sz group. The SEM micrographs of the coated
surface of the S3 group specimens that were coated
with cladding powders mixture of the FeTi-FeW-
-FeB are given in Fig. 6. As seen from the micro-
structure, W was significantly dissolved in the mat-
rix (Fig. 7). The existing phases of the coated surface
of the third group are mainly TiB,, WBs and «-Fe
(Fig. 7). The intermetallic compound Fe;B was not
observed for the specimens coated by FeW-FeB-FeTi
powders mixture. The TiB, phase was formed homo-
geneously and in rectangular form. The diborides of
IV-VI group metals dissolve at temperatures of 2000—
3000°C, and the atomic size difference between the
elements decreases the dissolution temperatures [20].
For this reason, it is thought that W activated the
formation of (Ti, Fe)Bz. The analysis shows that the
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Fig. 7. XRD analyses results of specimens S 3.

Table 4. EDS analysis taken from the surface of sample
S2.3

B Ti Cr Fe W

Matrix 3.83 021 1496 77.10 3.90
Fe-Boride wt.% 5.01 0.28 13.60 63.41 1.02

hard particulates are (Ti, Fe)By when the concentra-
tion of cladding powders is about 70 wt.% FeTi. But
the decrease of FeTi powder concentration in clad-
ding powders from 70 to 60 wt.% changed the type of
the boride from (Ti, Fe)Bs to (Fe, Ti)3B. Depending
on the elemental analysis, Tiwt.% at hard particu-
lates is 65, 19.23 and 3.61 for specimens S31, S3.2,
S3.3, respectively. Depending on these changes, one
can infer that the concentration of the FeTi in clad-
ding powder mixture has determinative effect on the
formation of titanium diboride. The TiBy phase can
be present together with FeB, FesB, o or 7-Fe, FeTis
and FeTi phases, and the borides which were formed
by transition metals have lower melting temperatures
[20]. The specimens coated with W have shown that
W decreased the total hard phase ratio; on the other
hand, TiB; ratio in hard phases increased. Three types
of borides: (Ti, W)Bsy, (Ti, W)Bs and (W, Ti)3Bs,
can form at Ti-W-B system [19]. However, (Ti, W)Bs
phases were not observed in specimens S31-S3.2-S3.3
in this work. The best material balance for maximum
TiBs and minimum FeB, phases was seen as the com-
position of S3 ..

3.2. Hardness of the coating

The hardness of the coated surface reinforced by
TiBs, WBy and Fe;B borides was determined along
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Fig. 8. Hardness via layer depth of the PTA processed
coating.

the depth of the irradiated surface; all the data was
an average of three measurements. The variations of
the hardness across the transverse cross section of the
coating are presented in Fig. 8 demonstrating that
the presence of FeW and FeTi in the coated sur-
face produce an increase in hardness. The hardness
of the coating progressively decreased from the sur-
face to the substrate. It is noted that there is no sud-
den transition from the coating to the substrate in
the hardness, which indicates an absence of a sharp
demarcation in materials properties across the inter-
face. Furthermore, the average hardness of the coating
gradually increased with an increase in the content of
TiBs and FesB, which was partly due to the form-
ation of more particles during PTA processing. The
highest hardness value was obtained from the coated
specimen having 39 vol.% hard phase ratio. The mat-
rix hardness also changed depending on the chemical
concentration. The reported hardness value of TiBs
varied from 2900 HV [21] to 3400 HV [22]. The meas-
ured hardness value of TiBs fell within the reported
range. The measured hardness of Fe;B matches with
the literature value [22-24].

3.3. Wear characterization of the coatings

The effect of the load on the wear rate of the speci-
mens is given in Fig. 9a—d. The figure emphasizes the
role of applied load between wear rate and loading in
a polynomial function. The specimen Ss; shows the
lowest wear rate for the second group of the specimens
(Fig. 9b), and the specimen Sz ; shows the lowest wear
rate for the third group of the specimens (Fig. 9c).
The wear rate of the specimens did not change in a
great difference, and between the three groups of the
specimens, the lowest wear rate was seen for the spe-
cimen S3 1. The wear rate of the specimens was in-
creased by the decrease of the FeTi/FeB rate of the
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Fig. 9. The effect of the load on the wear rate of the specimens: a) S1 group, b) Sz group, ¢) S3 group, d) comparison of
the groups.

coating powders, and the addition of the FeW to clad-
ding powder mixture FeTi + FeB decreased wear rate
of the coated surfaces (Fig. 9d).

The wear resistance of a composite surface depends
on hardness, microstructural parameters (volume
fraction, size, shape, and distribution of embedded
particles, properties of matrix), and the interfacial
bonding between the phases [24]. The overall depth
of the plastic deformation of coated surface under
the abrasive grits during wearing related linearly to
the applied load and the grit dimensions. Further-
more, the tribological behavior of a coated surface de-
pends on the microstructural properties of the surface
and the type of loading-contact situation [5]. Behind
these tribo-mechanical situations considering Fig. 9,
the specimen S; ; having the highest Ti concentration
in matrix of coated surface demonstrates a lower wear
rate than other specimens in the first group of spe-
cimens. The deviation of the wear rate for the first
group of the specimens is attributed to the content of
boron/titanium ratio and the boride vol.% with the
boride size.

The relationship between the wear rate and the
boride properties of the coated surfaces is given in
Fig. 10a,b,c. The wear rate decreases with an increase
on Ti level in hard phases, and this means that the
wear rate decreases with increase of boride volume

fraction and boride size. A comparison between the
change of Ti in the matrix of the specimens shows
that a significant increase in the Ti concentration pro-
motes the formation of thicker and harder coatings
and melted regions over the substrate. The decrease of
the FeTi concentration in coating powders decreased
boride vol.%, boride size and Tiwt.%, where these
three ingredients increased the wear rate (Fig. 10c).
Among these parameters, it will be difficult to determ-
ine the most effective major factor on the wear rate,
but depending on the change of the hard phase ratio
(from 40 to 25 vol.%), it can be said that the change of
FeTi/FeB ratio is more predominant on the wear rate
by changing the hard phase ratio. The change of the
cladding powder concentration affected the type and
vol.% of the borides. It is supposed that the mech-
anical and tribological properties of the coatings hav-
ing boride reinforcement structure depend strongly on
the hard phase ratio with boride distribution and the
chemical concentration change, whereas the wear be-
havior operates differently depending on the orienta-
tion of the borides with respect to the wear surface of
coating. In the coated surface of the specimens, having
the borides oriented transverse to the abrasion direc-
tion, and with the long axis of the borides perpendicu-
lar to the wear surface, the borides bend and fracture
very near the surface. In this case, it was considered
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that the tangential forces applied by the moving abras-
ive particles caused bending. During bending, tensile
stress develops on the backside of boride, leading to
fracture. However, as the boride size decreases, bend-
ing and fracture become more difficult under the same
applied tangential force. Both the TiB, and FesB hard
phases may act as reinforcements in the composite like
coated surface, and the increase of the boride size de-
creased wear rate in a parabolic function (Fig. 10b).
Harder borides (TiB3) in the coated structures ap-
pear more resistant to deformation and fracture dur-
ing wearing, which emphasizes that the concentration

of the borides changes at the coating matrix of the
specimens, and the difference of the boride concentra-
tion has brought a difference in wear behavior, it has
changed from matrix to the borides. It is considered
that the abrasive wear results can form an opinion
about the effect of the boride volume fraction on the
wear behavior and wear resistance of the coated sur-
faces [9]. We have seen that the boronwt.% of the
borides have not an effect on the wear rate alone.
The effect of the size of the borides must be con-
sidered as well. The surfaces having high TiBs and
low Fe;B are expected to be more resistant to abra-
sion. It can be concluded that the boride structure
in these coated surfaces is un-influential on abrasive
tribo-environment. In addition, the nature of the mat-
rix surrounding the boride has also a profound ef-
fect on the performance of borides. The results of this
study clearly demonstrate that the orientation of bor-
ides in the wear of specimens having TiBs and FesB
microstructure influences the wear rate significantly.
The hardness of TiB, particles in the surface is higher
than 3000 HV. Khrushov et al. [25] suggest that the
higher is the hardness of the reinforcing particle, the
better the wear resistance is. As seen from the wear
rates of the specimens and the surface hardness of
the specimens, a qualitative difference was not found
between the hardness and the wear rates. But the
wear rate of the specimens having hard matrix sug-
gests less sensitivity to the load (Figs. 8, 9d). The
delay of the load effect can be attributed to the pres-
ence of hard phases and their vol.%. On the other
hand, the hard reinforcements have the deleterious ef-
fect on the wearing the counter face more than the un-
reinforced material. In addition, spalls detached from
cracks might propagate and behave as third-body ab-
rasion, worsening wear behavior. The micrographs of
the wear surfaces of the specimen S;; and Sz are
given in Fig. 11a,b to compare the size of the wear
debris of the best and worst wear resistant specimens.
From the wear debris of the specimens it is seen that
the size of the debris is not different desperately. For
this reason, it is thought that the impact strength of
the hard phase has an effect on the wear results.

4. Conclusions

1. The formation of the FesB in the microstructure
decreased the wear rate significantly. The wear rate of
the specimens was increased by the decrease of the
FeTi/FeB ratio in the coating powders.

2. The usage of FeW powders together with FeTi
and FeB activated formation of TiBs, and formed
mainly spherical TiB; and interdendritical FesB as
~ 30 vol.% TiBs.

3. The increase of the FeW/(FeB + FeTi) ratio in
cladding powder dissolved Ti and W in the matrix,
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Fig. 11. a) Wear micrograph of specimen S1.1, b) specimen
Ss.1 (X75).

and TiBs and Fe;B phases enhanced the hardness of
the coatings.

4. The highest TiBs vol.% was obtained from the
specimen coated by 20 FeW + 60 FeTi + 20 FeB clad-
ding powders mixture.

4. The presence of the FeW in the cladding powders
with FeB + FeTi decreased wear rate, and the best
wear resistance was obtained for the specimen coated
by a powder having (20 FeW + 60 FeTi + 20 FeB).

5. The decrease of the wear rate by addition of FeW
to FeTi-FeB is attributed to the presence of B wt.% in
matrix, the increase of vol.% and size of the borides.
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