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THE EFFECT OF SHIELDING GAS COMPOSITION ON MICROSTRUCTURE AND ABRASIVE WEAR RESISTANCE

FABRICATED WITH PTA ALLOYING TECHNIQUE

WPLYW SKEADU GAZU OSLONOWEGO NA MIKROSTRUKTURE I ODPORNOSC NA SCIERANIE POWEOK

WYTWORZONYCH TECHNIKA PTA

In this study, SAE 1020 steel surfaces were separately alloyed with preplaced high-carbon-ferro-chromium (FeCr),
ferro-molybdenum (FeMo) and ferro-titanium (FeTi) powders by using plasma transferred arc (PTA) heat source. By using
three different types of shielding gas compositions during the alloying process, the study investigated the effects of modified
shielding gas composition on the microstructure, hardness, and abrasive wear resistance of specimens. The most homogenous
microstructure and the highest wear resistance was obtained in the gaseous environment which included 3% of H,. Increasing
this rate to 5 % in the shielding gaseous composition caused gaps and pores in the microstructure and caused a decrease in
the wear resistance. The x-ray examinations of the specimens identified ferro-molybdenum and ferro-titanium solid solutions,
ferrit, austenite and martensite phases in their microstructure as the first phase and FeC, Cr;C;, Cr;C,, Fe;C, Fe;C;, MoC and
TiC phases as the second phase. As a result, it was concluded that changes in shielding gas composition in surface alloying
process affected specimens’ microstructure and abrasive wear properties.
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Powierzchnie stalowe SAE 1020 byly oddzielnie stopowane z wcze$niej natozonymi proszkami wysokoweglowego zelazo-
chromu (FeCr), zelazo-molibdenu (FeMo) i zelazo-tytanu (FeTi) za pomocg techniki PTA. Dzieki zastosowaniu trzech réznych
typéw gazu ostonowego w trakcie procesu wytwarzania stopu, badano wptyw modyfikacji sktadu gazu ostonowego na mikro-
strukture, twardo$¢ i odporno$¢ na Scieranie prébek. Najbardziej jednorodng mikrostrukture i najwyzsza odporno$é na $cieranie
otrzymuje si¢ w Srodowisku gazowym, ktdére zawiera 3% H,. Zwigkszenie zawarto$ci H, do 5% w skladzie gazu ostonowego
spowodowalo powstanie luk i poréw w mikrostrukturze oraz spadek odpornosci na Scieranie. Badania dyfrakcji rentgenowskiej
probek pozwolily zidentyfikowaé roztwory state zelazo-molibdenu i Zelazo-tytanu, ferryt, austenit i martenzyt jako pierwsza
faze w ich mikrostrukturze, oraz FeC, Cr;C;, Cr;C,, Fe;C, Fe;Cs, MoC i TiC jako drugg fazg. W zwigzku z tym stwierdzono,
ze zmiany w skladu gazu ostonowego w procesie stopowania wplynely na mikrostrukture probek i wiasciwosci Scierne.

1. Introduction flame spray and plasma spray can fabricate a relative thicker

coating [3-12].

For moving metallic mechanical components wear is the
most common failure mode. Wear can also be defined as a
problem results in loss of material from surfaces where in-
teraction between two surfaces [1]. The use of surface en-
gineering enable forming microstructure, chemical composi-
tion and state of internal stresses [2]. From both economic
and technological points, producing a coating which has a
high-performance wear-resistant on the surface of tribological
components with appropriate surface engineering technology
is one of the most efficient approaches to enhance the tribolog-
ical performance for many moving mechanical components.
Between the widely used surface engineering technologies,
laser cladding, plasma transferred arc (PTA) weldsurfacing,

In arc welding, the composition of a shielding mix-
ture connects generally to the kind of material to be weld-
ed. The determination of the shielding gas should consider
chemical-metallurgical processes between the gases and the
molten pool that occur during welding [13]. Hydrogen is prone
to turbulent flow at the exit from the blowpipe nozzle due to
thermal buoyancy also hydrogen is 10 and 20 times less dense
than argon. Argon gas density is 1.669 kg/m?, whereas density
of hydrogen in 15°C is 0.085 kg/m> [14].

Hydrogen as a shielding gas is used as an addition to
argon, helium and nitrogen [15]. The addition of hydrogen
also significantly increases the volume of molten material
in the weld pool due to the higher thermal conductivity of
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argon-hydrogen mixtures at temperatures at which molecules
of hydrogen dissociate [16-17]. In the welding of high-alloy
stainless steels hydrogen has only lately been added to argon.
In TIG and MIG welding applications an argon—-hydrogen mix-
ture may be used [14]. The argon-hydrogen mixture has been
recently increasingly used as a shielding gas in arc welding of
austenitic stainless steels, ferritic and martensitic steels. The
majority of the authors who studies on shielded-gas welding
recommends 0.5%-5% hydrogen in argon. Hydrogen prevents
the oxide formation on the surface of the layer of the weld.
Weld appearance is therefore nicer. On the other hand the ad-
dition of hydrogen to a shielding atmosphere may create some
difficulties. Hydrogen solubility in molten metals is very high.
Therefore in steels and other metals hydrogen may produce gas
bubbles and cracks [13].

Both TIG (Tungsten Inert Gas) and PTA (plasma trans-
ferred arc) methods are employed in surface modification ap-
plications [18-20]. In previous study which was implemented
by using the TIG method, the effects of two different types
of shielding gas on welding pool was investigated [21]. In
this study, three different types of shielding gas were used
and surface modification was applied with PTA method. The
present study investigated the effects of changes in shielding
gas composition on the microstructure and abrasive wear char-
acteristics of coatings in specimens surface-alloyed with FeCr,
FeMo and FeTi.

2. Experimental

High-carbon-ferro-chromium, ferro-molybdenum and
ferro-titanium coatings were carried out on low carbon steel
(SAE 1020) plate by using plasma transferred (PTA) arc. The
operating principle of PTA melting used was schematically
shown in Fig. 1.
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Fig. 1. Process diagram of plasma transferred arc welding

Surface coating procedure was realized 80 amperes weld-
ing currents and three different shielding gas composition. Pa-
rameters of the PTA deposition were given in Table 1.

TABLE 1
PTA experimental parameters

Arc current (A) 80

Energy input (kj/mm) 0.65

Arc voltage (V) 18

Shield gas flow (Ar,Ar+H,, 1/min) 25

Plasma gas flow (Ar, 1/min) 0.8
Diameter of electrode (mm) 4.7
Travel speed (mm/s) 2.2
Torch gap (mm) 3

Low carbon steel plates of 100x20x10 mm in dimension
were cut and then polished down to 1200 grit abrasive paper
and finally rinsed with ethyl alcohol before coating. The pow-
ders mixed with sodium silicate were then drayed in hot air
to obtain regular surface deposition and not to scatter around
the powders on the surface under the pressure of shielding gas
during arc-melting. A groove, 1.5 mm in depth and 10 mm in
width, machined on the surface of the substrate by a milling
machine and mixed powders were applied into this groove
and dried in hot air. Chemical compositions of substrate and
coating material were presented in Table 2. Plasma arc was
used as the heat source to melt the coating layer and substrate.

TABLE 2
Chemical compositions (wt. %) of welding specimen and powders
for surface alloying

C Si |Mn| P S Cr | Ti |Mo| Fe
ISOAZ}(E) 0.185]0.281|0.518{0.024|0.034| - - - |Balance
FeCr | 7.65 | 0.65 | - ]0.016]/0.050(67.18 - |Balance
FeMo [ 0.15| 156 | - [0.05]|0.15| - - | 68 |Balance
FeTi | 1.25 | 1,19 | - |0.025|0.031| - |[73.45| - |Balance

Following surface alloying, the samples were cut from
the alloyed specimens for micro-structural examination and
hardness measurements. The samples were prepared for metal-
lographic examination by grinding on SiC wheels followed by
polishing. The microstructure of the samples was etched by a
solution containing 5 ml HNO3 200 ml HC1 65 gr FeCl,. Con-
ventional characterization techniques, such as scanning elec-
tron microscopy (SEM), energy dispersive spectrograph (EDS)
and X-ray diffraction were employed to study the microstruc-
ture and elemental analysis of the alloyed zone. The wear
resistances of the alloyed surfaces were determined at room
temperature by a two body pin-on-disc wear tester. Abrasive
wear tests were performed on samples with the dimensions of
10x10x10 mm, impinging vertically on a rotating disc coated
with the 80 mesh SiC. The wear specimen moved in a spiral
path on the disc so that the specimen always moved over fresh
abrasive. The abrasive papers were changed after each use. A
load of 10-30 N was applied to the specimens. The frictional
distance of a wear specimen on the disc was 20 m.



1139

TABLE 3
Welding and process parameters
Specimen Coating Thickness Energy Hardness Shielding Shielding
number Powder Coating-mm Intensity (HRc) Gas Composition Gas label
1 FeCr 1.50 80 A 64 Argon P,
2 FeCr 1.50 80 A 58 Argon+ 3 % H, P,
3 FeCr 1.50 80 A 56 Argon+ 5 % H, P;
4 FeMo 1.50 80 A 51 Argon P,
5 FeMo 1.50 80 A 53 Argon+ 3 % H, P,
6 FeMo 1.50 80 A 44 Argon+ 5 % H, P;
7 FeTi 1.50 80 A 40 Argon P,
8 FeTi 1.50 80 A 45 Argon+ 3 % H, P,
9 FeTi 1.50 80 A 38 Argon+ 5 % H, P;

3. Results and Discussion

3.1. Composition and microstructure of the alloyed zone

In this study, FeCr, FeMo and FeTi powders were alloyed
on the surface of AISI 1020 steel using the PTA welding
method. Three different types of shielding gas mixtures were
used in the alloying process. Shielding gas compositions of
the samples used in the surface modification operation was
given in Table 3.

These compositions were labelled with short letters in
(P1-P3) order to provide convenience within the text. Mi-
crostructure of the specimen 1 which was subject to surface
modification by using FeCr powder in P; composition was
given in Fig. 2a-b.

It was observed that the plate type of the microstructure
was made of martensite and retained austenite. In P, and P;
compositions, it was observed that the microstructure changes
after the alloying operation performed by using FeCr pow-
ders. It was observed in both P, and P3 compositions that
the microstructure forms as carbide eutectic between dendrites
Fig. 3.

Mag= 1.50KX WD= 16mm EHT=20.00kv  Signal A= SE1

LEd

10 um

115
SE MAG: 5285 x HV: 20.0 kV_ WD: 12.8 mm

Fig. 2. a. SEM micrograph of the alloyed zone microstructure of
specimen alloyed with FeCr powder (pure argon)

b. SEM micrograph of the alloyed zone microstructure of specimen
alloyed with FeCr powder (pure argon)

Mag= 500KX

Fig. 3. SEM micrograph of the alloyed zone microstructure of spec-
imen alloyed with FeCr powder (pure argon+ 3% H, gas)

However, it was seen in the modification applied in P,
composition that the dendrites are finer. The reason of this can
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be linked to the difference in the cooling rates of the samples
depending on the rates of the shielding gas as will be explained
below. It is possible to associate the fact that the structure is
martensite in P; composition with the feature of argon gas,
because argon gas has lower heat conduction compared to
hydrogen gas. Consequently, the lower energy input occurring
in the sample welding pool causes the sample to cool faster.
Therefore, it allowed the martensite phase to obtained. The
reason of the change occurring in the microstructures due to
the change in shielding gas composition can be associated to
H; gas. Physical-chemical properties of each of the two gases
are very different. Hydrogen gas enthalpy is higher than that
of argon almost in the entire temperature range. Enthalpy of a
shielding gas affects arc formation, arc shape, and temperature
distribution in the arc as well. For the thermal conductivity
of H, gas can increase tenfold depending on heat, while the
thermal conductivity of argon gas is very low. Addition hy-
drogen addition to argon increases voltage drop in the arc,
and consequently arc power due to high thermal conductivity
of hydrogen. The arc gets narrower and energy concentration
in it increases, which entails a deeper penetration. The effect
of melting increases with increasing H, gas rate in shielding
argon gas used in the PTA welding method [11-12].

10pm

LED
Fig. 4. SEM micrograph of the alloyed zone microstructure of spec-
imen alloyed with FeMo powder (pure argon)

Mag= 3.00KX WD= 16mm EHT =20.00kv  Signal A= SE1

Mag= 300KX WD= 16mm  EMT=2000Kkv  Signal A= SE1

LED .

Fig. 5. SEM micrograph of the alloyed zone microstructure of spec-
imen alloyed with FeMo powder (pure argon+ 3% H, gas)

The microstructure of the specimen 4 which was exposed
to surface modification operation by using FeMo powders in
P; composition is given in Fig. 4. The microstructure was
formed as a eutectic of ferrite and molybdenum. Microstruc-
ture photograph of the Specimen 5 which was exposed to
surface modification operation in P, composition is given in
Fig. 5.

It was observed that the sample demonstrated a more ho-
mogeneous and fine microstructure after the operation. It was
also observed that MoC phase which is rich in the element Mo
settled in the boundry of grain. Since the other processes were
kept fixed during the surface modification, it would be correct
to evaluate this change in the microstructure with shielding gas
composition. It was found by Tusek and Suban [11-12] also
reported that the melting efficiency of TIG welding increases
with increasing current intensity and hydrogen content in ar-
gon hydrogen, even with the same welding current, welding
under shielding media, which contain hydrogen, causes more
heat input into the welding zone. Adding H, to argon protec-
tive gas changes the static characteristic of welding arc and
increases the fusing efficiency in the welding bath. A similar
case was also observed after the operation performed by using
the PTA method. With the effect of hydrogen in the welding
pool, a more intense energy input occurs and the coating ma-
terial obtains a more homogeneous and fine-grained structure.
The carbide phase, which is formed as strips and places in the
grain boundary, supports the adequate heat formation. It was
observed that the surface modification performed in P3 compo-
sition causes gaps or cracks and porosity in the microstructure
of the sample (Fig. 6a-b).

o, Meg= 250KX

127
SE MAG: 5000 x HV:20.0 kV WD: 10.3 mm

Fig. 6. SEM micrograph of the alloyed zone microstructure of spec-
imen alloyed with FeMo powder (pure argon+5% H,gas)



It was also seen that the cracks occurred between the
MoC phase which places in the grain boundry and FeMo sol-
id solution which constitutes the matrix. The porous structure
occurred in the FeMo solid melt matrix, because H, which is
trapped in higher amounts in the welding bath could not have
the time to leave the environment.

Figure 7 shows the SEM microstructure photograph of
the coating of specimen 7 following surface alloying using
FeTi powder in P; gas composition. As is clear from the mi-
crostructure photograph, titanium element was not allowed a
homogeneous distribution in the main mass and thus, some
areas were rich in titanium content, while some remained as
poor of titanium and rich of iron solid solution (ferrite).

Signal A= SE{

LEd

s S
o EHT = 20.00kV

Mag= 1.00KX WD= 11mm

Fig. 7. SEM micrograph of the alloyed zone microstructure of spec-
imen alloyed with FeTi powder (pure argon)

This could be attributed to insufficient heat in the weld-
ing pool and therefore, insufficient energy input. These can
be related with the fact that operating current is low and al-
so explained with the fact that argon gas has lower enthalpy
and thermal conductivity compared to hydrogen. Following
the surface modification process by changing the shielding
gas composition P,, it was observed that the microstructure of
specimen 8 changed (Fig. 8).

11 mm EHT =20.00 kv

LED
Fig. 8. SEM micrograph of the alloyed zone microstructure of spec-
imen alloyed with FeTi powder (pure argon+ 3% H, gas)

Signal A= SE1

The microstructure of the specimen reveals two different
phases. The first is the main phase that dominates the mi-
crostructure and the other is the phase that forms in the first
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phase in the form of cells, and rods. Change in the microstruc-
ture could be attributed to the addition of hydrogen into argon
shielding gas because hydrogen influences the static character-
istics of welding current [11-12]. Hydrogen addition to argon
increases voltage drop in the arc, and consequently arc power.
Due to high thermal conductivity of hydrogen, the arc gets
narrower and energy concentration in it increases, which en-
tails a deeper penetration [12]. Thus, as a result of sufficient
and high temperature in the welding bath due to high energy
supply, titanium and carbon elements reached a higher diffu-
sion speed and with slower cooling process TiC was formed in
the microstructure. It was observed in the sample performed
in the P53 protective gas composition that micro spaces formed
between phases as in the specimen 9. The influence of exter-
nal hydrogen would be affected by the adsorption of surface
hydrogen and thetransportation of hydrogen to the embrittled
region see Fig. 9.

EHT=2000kv  Signal A=SE1

Mag= 350KX WD= 18mm
a

Fig. 9. SEM micrograph of the alloyed zone microstructure of spec-
imen alloyed with FeTi powder (pure argon+ 5% H, gas)

XRD spectra were performed in order to determine the
phases occurring in the samples. Moreover, EDS analyses were
implemented in order to determine the chemical composition
of these phases. The XRD spectra of the specimen 2 were ex-
amined (Fig 10), revealing that the microstructure composed
of retained austenite, Cr;Cs, Cr3C, and FeC, carbides in the
martensite matrix.
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Fig. 10. X-ray diffraction spectrum taken from specimen alloyed with
FeTi powders (pure argon+3% H, gas)

EDS analyses were performed on samples from the den-
drites and intradentritic area on the coating of specimen 2 (see
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Fig. 3). Of the (black) area marked with “’a” on the photo-
graph, 89.45% consisted of Fe, 8.85% of Cr, 0.36 of Si and
1.34% of C (see Fig. 11a), while of the (white) area marked
with “’b”, 59.21% was composed of Fe, 38.26% of Cr and
2.37% of C (see Fig. 11b).

1 Element wt. %
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Fig. 11. a. EDS analysis of A point (89.45% Fe, 8.85% Cr, 0.36 Si
and 1.34% C); b. EDS analysis of B point (59.21% Fe, 38.26% Cr
and 2.37% C)

The XRD spectra of the specimen 5 (Fig 12) demonstrat-
ed that the microstructure consisted of carbides MoC, Fe;C5
and carbides in the ferro-molybdenum solid solution matrix.
As sufficient energy input was formed in the welding bath due
to the shielding hydrogen gas, some of the carbon atoms com-
bined with Mo element and were formed on grain boundaries,
while the rest combined with Fe element (see Fig. 5).
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Fig. 12. X-ray diffraction spectrum taken from specimen alloyed with
FeTi solid solution powders (pure argon+3% H, gas)
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The chemical composition of the phases formed in the
grain boundry (see Fig. 5), showed that this area contained
2.77% C, 38,69% Fe and 58.54% Mo (see Fig 13). An ex-
amination of the XRD spectra from the coating of specimen
9 revealed that the microstructure was composed of Fe;C and
TiC carbides in ferrit matrix (Fig 14).
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Fig. 13. EDS analysis of grain boundry (2.77% C, 38,69% Fe and
58.54% Mo)
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Fig. 14. X-ray diffraction spectrum taken from specimen alloyed with
FeTi solid solution powders (pure argon+5% H, gas)

An analysis was performed on the matrix area marked
with “a” on specimen 9 (see Fig. 15a), the results of which
showed that the area contained 94.53% Fe, 3.79% Ti and
1.67% C, while the results from the band area marked with ‘“b”
(see Fig. 15b) revealed that it contained 39.56% Fe, 54.02%
Ti and 2.73% C.
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Fig. 15. a. EDS analysis of a point (94.53% Fe, 3.79% Ti and 1.67%
C); b. EDS analysis of b point (39.56% Fe, 54.02% Ti and 2.73% C)

3.2. Hardness measurement

Volume hardness values of the coating layers of the sam-
ples which were exposed to surface modification are given in
Table 3. The highest hardness was observed in the Specimen 1
among the samples which were exposed to FeCr powders. As
explained in the microstructure section, rapid cooling occur-
ring in the sample due to low energy input causes formation
of the martensite phase which is hard and resistant. Although
the hardness values of specimens 2 and 3 vary, this difference
is not very high. Microstructures of the samples emerged in
the Fe solid melt as a homogeneous and fine textured dendrite
which contains M;C;5 eutectic hard carbides. Dendrite sizes
of the specimen 3 emerged larger. Because hydrogen addition
into the shielding media causes excessive heat input. This can
be attributed to the fact that hydrogen makes the arc more
conductive to conduct heat during welding. A high amount of
heat input leads to a lower hardness because of longer cool-
ing time obtained in PTA welding in different shielding gas
composition.

When the hardness values of specimens 4-6 which are
exposed to surface alloying operation by using FeMo powders
are compared, it was found that the specimen 5 has the highest
hardness value. Coaxial, fine grained homogeneous matrix of
the sample is covered with MoC phase in the grain boundary.
In the specimen 4 in the same group, since not enough heat
input was provided in the welding pool, the hardness of the
ferro-molybdenum solid solution emerging with rough grains
was lower. In the specimen 6, it is thought that gaps emerged
due to the increasing rate of H, in the schielding gas, and this
affected the hardness.

When the hardness values of the specimens 7-9 which
were exposed to surface alloying operation by using FeTi pow-
ders are compared, the highest hardness value was found in
the specimen 8. TiC carbides, emerging as homogeneous and
fine-grained in the matrix due to adequate heat input increased
the hardness value of the sample. In the specimen 7 in the
same group, since the adequate amount of heat input of phase
rich in element Ti could not be provided, it emerged as FeTi
solid solution. In the specimen 9, it is thought that the pores
occurred due to the increasing H, rate in the protective gas,
and this affected hardness.
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If all samples would be compared among each other, the
highest hardness value would be seen in FeCr alloyed sam-
ples, and this is followed by FeMo and FeTi alloyed samples.
If the hardness values based on protective gas mixture would
be evaluated, P3 in FeMo and FeTi alloyed samples affected
the sample hardness values negatively. P, mixture gas affected
homogeneous microstructure formation, therefore the hardness
positively in all samples. P3 mixture gas affected the hardness
negatively in samples other than FeCr alloyed specimens.

3.3. Wear assessment

Figure 16 shows the graph representing the mass loss-load
relationship of the specimens on which abrasive wear tests
were performed after the surface alloying process.

Mass loss (g)

Specimen 1
Specimen 2
Specimen 3

Specimen 4

Load (N)

Specimen 5
Specimen 6
Specimen 7
Specimen 8
Specimen 9

Fig. 16. Variation of mass loss with normal load for all specimens
tested 80 mesh SiC

Amongst the arc-melted specimens (specimens 1-3), the
lowest mass loss occurred in specimen 1. This lower mass loss
in specimen 1 is directly related to the great amount of the
martensite in the microstructure (see Fig. 2a-b). When exam-
ined specimen 2, the high wear resistance in this sample could
firstly be attributed to its fine-grained microstructure. More-
over, Cr;Csz, Cr3C, carbides formed in dendrites and Fe;Cs
carbides formed in Fe matrix also increased the sample’s hard-
ness and thus, its wear resistance. The increased mass loss in
specimen 3 might be associated with its low surface hardness
due to its coarsening microstructure.

An examination of the abrasive wear values of the sam-
ples surface-alloyed with FeMo shows that specimen 5 has
a better wear resistance. This is due to the formation of a
homogenous and fine-grained microstructure containing MoC
and Fe;C; carbides as a result of sufficient energy supply in the
welding pool. Yet, no homogenous microstructure was formed
in specimen 4 owing to insufficient energy supply. specimen
6 demonstrated the worst wear resistance among the FeMo
alloyed samples, because as it can be seen in microstructure
photo, the H, gaps emerging both in the grain limits and within
the grains decreased the wear resistance of the sample.

A similar argument can also be made for the specimens
surface-alloyed with FeTi. Among these specimens, the best
wear resistance was again obtained in specimen 8, the sample
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treated with surface alloying process in a shielding gas compo-
sition with an addition of 3% hydrogen. Adequate heat supply
in the weld pool depending on the content of the shielding gas
resulted in a homogeneous microstructure and formation of
TiC particles in the microstructure. These rather hard particles
formed in a soft matrix highly decreased the abrasive’s cutting
energy and energy of penetration into the matrix. Contrarily,
the wear resistances of the samples exposed to processing in
P3 environment decreased substantially, because the increasing
rate of H, in the protective gas created porosity in the mi-
crostructure between the matrix and TiC phase and decreased
the strong adhesion of TiC phase to the matrix. Therefore,
hard abrasive separated the TiC phase from the matrix with
lower energy and caused more harm.

If the wear surfaces are analyzed in order to determine
the wear mechanisms coming from the samples, it can be seen
that the specimen 1 demonstrates an abrasion in type of mi-
croscratch and it has a smooth surface morphology due to the
surface hardness it has (Fig. 17). It was seen in the specimen
2 that microscratch type abrasion (Fig. 18).

Mag= 250X WD= 11 mm EHT=20.00kv  Signal A= SE1

Fig. 18. Wear surface of the specimen 2 at 30 N load

It can be thought that this occurred because of tearing the
hard eutectic carbides apart from the soft matrix. When the
surface wear photographs of the specimen 6 which was sub-
ject to processing in P3 composition is analyzed, it was found

that the sample was exposed to extreme plastic deformation
(Fig. 19). Micro scratch, local plastic deformation and micro
abrasion was seen in specimen 9 (Fig. 20).

Mag= 400X WD= 11 mm EHT =20.00 kv Signal A = SE1

100pm Mag= 400X WD= 14mm  EHT=2000kV  Signal A= SE1

Fig. 20. Wear surface of the specimen 9 at 30 N load

In the occurring of deformation mechanism, the features
of the material which is worn are also effective as well as
the type, form of the abrasive and the force applied. The wear
resistances of the fine and homogeneously distributed matrixes
with high hardness are higher. The pores occurring both in the
matrix and between the matrix and the second phase of the Fig.
no. 6 and 9 decreased both hardness and the wear resistance
of the samples. Moreover, the gaps between the phases caused
heavy plastic deformation in the matrix during the detaching
of the hard phase from the matrix.

4. Conclusions

Low-carbon steels were surface-alloyed with FeCr, FeMo
and FeTi powders using the TIG welding method in two differ-
ent shielding gas environments and the following results were
obtained.

1. The changes in shielding gas composition affected the
changes in the specimens’ microstructures. The microstructure
of the coating of the specimen alloyed with FeCr powders



was composed of Cr;C3, Fe;Cs carbides, while MoC, Fe;C
and FeC carbides were observed in the specimen alloyed with
FeMo powders. The specimen with FeTi content consisted of
TiC, Fe;C phases.

2. The most homogenous microstructure and the high-
est wear resistance were obtained in the gaseous environment
which included 3% of H,. Increasing this rate to 5% in the
protective gaseous environment caused gaps and pores in the
microstructure and caused a decrease in the wear resistance

3. Among the specimens, the highest hardness value was
obtained in the specimens alloyed with FeCr, followed by the
specimens containing FeMo and FeTi. Among the specimens
other than those alloyed with FeCr, surface hardness values
were higher in the specimens treated in 3% H,+ argon gas
environment.

4. The lowest mass loss of wear was obtained from the
surface of the specimen alloyed with FeCr powders and this
was followed by the specimen with FeMo and FeTi.

5. The most homogeneous microstructure among all sam-
ples was obtained in P2 (Ar+3%H,) protective gas mix-
ture, and this was followed by P1 (pure Ar.). In the samples
processed in P3 (Ar+5%H;) environment, gaps and pores oc-
curred.
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