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corrosive conditions. Because of the wear and corrosion
problems, metallic parts are prone to loose their accuracy
stability thus making the application of that utilized
component to progressively fail. To prevent this, many
researches have been conducted to identify ways so that
the shelf life of the bulk material could be prolonged and
protected against these failures (Abboud et al., 1991,
Pfohl et al., 1999, Ji et al., 2000, Wang et al., 2006,
Mridha et al., 2007 and Chao et al., 2008). TiC has been
known to possess exceptional characteristic to give high
surface resistance particularly against wear condition, and
various processing technique have been introduced to
consolidate this reinforcing material on surface of the
substrate (Das et al., 2002). An alternative method was
developed using conventional TIG torch melting for
surface modification work (Mridha et at., 1999, Mridha et
al., Buytoz et al 2005, Webin et al., 2007). In this
method, the TIG torch with adequate power density, is
scanned over the material which melts a thin layer of the
substrate surface by absorbing heat energy from the torch
in a short time interval; the melt matrix interface moves
toward the substrate at a rate which depends on the
scanning speed, and creates a melt pool. Upon
solidification, the resolidified layer creates a
metallurgical bond with the substrate material. In a
previous work (Mridha et at., 2011), the TiC incorporated
composite layers on AISI 4340 low alloy steel gave
hardnesses between 2.5 to 4 times the base metal
hardness (300 Hv).

ABSTRACT
Surface alloying with ceramic powder uses a high energy
input to create composite coating that provides protection
against wear and corrosion. In this work TiC incorporated
composite coating was created by melting single tracks in
1.0 mg/mm2 TiC powder preplaced on alloy steel
surfaces using a conventional TIG welding torch
produced at 80 ampere current with a voltage between 30
to 55V and a constant traversing speed of 1.0 mm/s. The
effect of voltage, used to generate TIG torch for melting,
was investigated in terms of geometry, microstructure
and hardness of the processed track.
The TIG torch produced with different voltages created
melt pool of hemispherical shape with varying track
dimensions. The melt dimensions increased with
increasing voltage. Glazing with 30 V created a melt pool
of 3.10mm wide and 0.80 mm deep; the maximum width
of 3.96mm and depth of 0.97 mm was produced at 55 V
and 45 V, respectively. Tracks produced under different
conditions were free from cracks but pores were seen in
places. The melt microstructures consisted of partially
dissolved and unmelted TiC particulates along with
dendrites of a variety of TiC precipitates. Agglomeration
of TiC was apparent at the edges. The population of TiC
precipitates and partially dissolved TiC particulates
increased when glazed at high voltage torch. Hardness
development was lowest when glazed at 30 V and it
increased by glazing at 35 and 45 V. The population of
TiC particulates and their sizes were seen to influence the
hardness and this phenomenon is also similar for the
precipitated particles.

The increase of powder content with low energy input
caused less particle dissolution and those particles were
evenly dispersed in the melt pool (Mridha et al. 2011).
Wang et al., 2006 observed Ti and other alloying element
were greater near the surface and this amount gradually
decreased with increase of melt pool depth. Using 1.2
mm thick preplaced TiC powder, the microhardness was
found to be over 1200 Hv and this hardness value was
below 800 Hv using the 1.8 mm coated layer sample. The
presence of micro-cracks, porosity and incomplete fusion
with bonding strength reduction were identified for the
cause of hardness reduction. Wang et al., 2008 found that
laser processed sample using a mixture of Fe-Ti, FeCrBSi
and graphite powder preplaced on AISI 1045 steel
substrate improvise the interface bonding strength

Keywords: Tungsten inert gas (TIG) torch, Voltage, Low
alloy steel, Composite layer, Agglomeration of TiC,
Hardness
1. INTRODUCTION
The success of having acceptable clad layer in
manufacturing field is by incorporating optimum powder
volume fraction and fused by low energy input producing
surface layers that are able to resist extreme wear and
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between the TiC and the resolidified matrix. They also
found that the precipitated TiC are not easily pulled out
under the wear test and have higher resistance to plastic
deformation. Wang et al., 2006 observed increased
hardness with FeTi and graphite powder fused by
multiple pass; the single pass produced hardness of 900
Hv at a melt depth of 0.5 mm from the surface. The
highest hardness values were at the average of 1400 Hv
to the depth close to 0.75 mm. They presumed that the
increased fraction of TiC is responsible for hardness
increment. However, lesser amount of TiC particles in the
overlapped zone is also reported to reduce hardness
compared to the non-overlapped ones (Wang et al.,
2007). Generally the precipitated microstructure consists
of TiC that formed into a variety of shapes (Wang et al.,
2007 and Mridha et al., 2011).

oxidation using streamed argon gas at 20 L/min. Nital
solution was used to etched the polished cross section of
the track. Nikon measuring microscope mm-400/L and
JEOL JSM 5600 scanning electron microscope were used
to analyze the sample topography and microstructure,
respectively. Microhardness measurements across the
melt depth were conducted using Wilson Wolpert testing
machine at the load of 500 gf with 10s delay. The heat
input was calculated using an expression in literature
(Easterling, 1992) and Table 2 shows the calculated
values at different processing conditions used in this
investigation.

In arc welding, current and traversing speed are main
variables to change the energy density for melting while
the voltage remains constant to a low level (<40 V) for
safety reason. However, with increasing voltage the arc
diameter is known to increase. The arc is conical in shape
Mridha et al., 1999 so melt width depends on the position
of the specimen below the arc; normally it is very close
(~1 mm) in order to avoid arc extinction. In contrast, the
sample can be placed at any defocused distance in laser
processing. No work is yet reported on the characteristics
of composite layers processed using powder
preplacement and melting under the TIG torch generated
at different voltages.

All processed tracks created melt pools and the surfaces
of the resolidified tracks formed rippling marks both in
radial direction and also elongated in glazing direction
(Fig. 1). The tracked glazed at 55 V with highest energy
input of 2112 J/mm is relatively smoother than others and
it may be related to the increased melt fluidity with
vigorous melt mixing. These can be the reasons for
increased melt waves with greater rippling marks upon
solidification. The 30V track glazed at 1152 J/mm is
likely to have low fluidity and that reduced to create high
melt waves and hence less ripples on the surface. The
ripple marks are reported by other works processed under
TIG torch and laser (Mridha et al., 2007 and Dyuti et al.,
2011).

3. RESULTS AND DISCUSSION
3.1 Surface Topography and melt dimension

The voltage affects the power and size of the arc. This
paper describes how the variation of voltage in producing
the arc influences the dimension, microstructure and
properties of TIG melted composite track.
2. EXPERIMENTAL
The TiC particulates having 99.5% purity ranging from
45 to 100 µm supplied by CeraoTM Incorporated from
Milwaukee Winsconsin was used as the reinforcing
powder preplaced on the AISI 4340 low alloy steel
substrate. The base metal size was cut to the dimension of
100×40×15 mm and ground using emery paper followed
by degreasing using acetone solution. The standard
composition of the base metal is 0.38-0.43%C, 0.600.80%Mn, 0.15-0.30%Si, 0.04%S, 0.035%P, 0.700.90%Cr, 1.65-2.00%Ni, 0.20-0.30%Mo and balance is
iron. Weighed powder at 1.0 mg per millimetre square
area was mixed with PVA binder and evenly spread
across the surface of the base metal. This sample was
dried in the oven at 80oC for 1 h to remove moisture.
Single tracks were melted at different processing
conditions as shown in Table 2 using TIG 165 welding
machine with 2.4 mm diameter thoriated tungsten
electrode. The tracks were protected against excessive

30 V

35 V

45 V

55 V

Fig. 1 Topography of the track processed und the TIG
torch produced with different voltages.
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Table 1: The processing conditions and melt dimension s.
Voltage I
[V]

[A]

TiC Energy Width
[mg
/mm2] [J/mm] mm

Depth

HAZ

mm

mm

30

80

1.0

1152

3.10

0.80

1.28

35

80

1.0

1344

3.20

0.88

1.17

45

80

1.0

1728

3.30

0.97

1.10

55

80

1.0

2112

3.96

0.94

1.29

The track dimensions in Table 2 clearly show that the
melt width increased with increasing voltage. This is
probably related to the larger arc diameter generated at
higher voltage. The melt depth is also seen to increase
with higher voltage and it is associated with the increased
energy density of the arc according to the equation in
literature Easterling, 1992). The maximum melt depth of
about 1.0 mm and width of nearly 4.0 mm was produced
when glazed und the arc generated at 45 and 55 V,
respectively. The geometric size of the melt pool,
together with the heat affected zone, decreases with a
reduced energy input, which is in agreement with other
published research (Baker et al., 1994, Mridha et al.,
1999 and Dyuti et al., 2011).

(c) 45 V

3.2 Melt Microstructure
(d) 55 V
Fig. 2 Microstructure of the melt tracks processed under
the TIG torch generated at different voltages.
The tracks processed with 1 mg/mm2 TiC addition under
the TIG torch generated at different conditions produced
hemispherical shape melt pools as shown in Fig. 2. The
Gaussian energy distribution which has been generally
known to have high energy intensity in the middle region
and gradually decreases to the edges are responsible for
producing this hemispherical melt shape and this are
commonly observed in laser processing (Mridha et al.,
2007), and also in TIG surfacing work (Wang et al.,
2006, Li et al., 2011 and Dyuti et al., 2011). All tracks
had good metallurgical bonding between the substrate
and the added TiC powder. However, the tracks glazed at
35 and 45 V produced flat cross sections compared to
other tracks with 1mg/mm2 TiC powder. The flatness of
the cross section suggests that it will require less grinding
for use in services. The other tracks produced equally
good composite cross sections but they were less flat.

(a) 30 V

It is the Marangonian convectional force that stirred the
liquid melt surging the powder away from the surface
into the bottom of the melt pool, see Fig. 4b. This force is
also believed to accelerate the dissolution of the TiC
particulates. Greater energy input caused high dissolution
of the TiC particulates and also more dilution of the base

(b) 35 V
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Glazing at 45 V produced track with right temperature to
stir the liquid melt thus created a flat cross section
without much solidification shrinkage at the middle zone
(Fig. 2c). The microstructure consisted of densely
populated partially dissolved TiC particulates and
different types of TiC precipitates which formed upon
solidification of the melt. These types of microstructures
are also reported by other researchers (Wang et al., 2008,
Zhang, 2010 and Li et al., 2011). When melted at 35 V
(1344 J/mm) it produced relatively low temperature fluid
which solidified fast without much surge of the liquid and
this created increased height at the middle zone; the
distribution of TiC appeared to be more uniform (Fig.
2b). Melting at 30 V created very viscous melt of low
temperature which allowed almost no melt mixing and
thus produced more TiC agglomerated microstructure.

metal. The melt was more fluid and created a depression
at the middle zone (Fig. 2d) upon solidification of the
high temperature melt. This track, produced at 2112
J/mm (55 V) with 1 mg TiC powder, had more melt
dimension (Table 2) with greater precipitation of a
variety of TiC particles in many places.

(a) Dendrite of precipitated TiC (30 V)

(a) Partially dissolved TiC (45 V).

(b) Flower and globular type TiC precipitates (35 V)

(b) TiC agglomerate at the melt boundary (55 V).
Fig. 4 (a) Partially dissolved TiC particulates in the melt
and (b) agglomeration at the melt boundary by vigorous
mixing.

(c) EDS from the melt matrix showing Ti in solution
Fig. 3:TiC precipitates and EDS analysis.
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Precipitated TiC particles of different types including
dendrite were also seen in this track (Fig. 3a). Pores are
seen in many tracks and more so with those tracks glazed
at low energy inputs. Pore formation is observed in most
surface modification research which used powder
preplacement and melting techniques (Abboud et al.,
1991, Baker et al., 1994, Mridha et al. and 1999, Mridha
et al., 2007). Because of the high energy intensity melting
at the middle region, more TiC dissolutions and
precipitation of either cubic or globular type of TiC
microstructure are likely to take place in this high
temperature region. Greater precipitation of carbides
were found in the middle upper region of most tracks
because of the presence of high melt fluid that needs
longer cooling time for solidification (Fig. 3b).

and uniform distribution of TiC (Figs. 2b and 3b)
compared to other tracks, see Fig. 2.

Dissolution and dissociation of TiC particulates are
evident from presence of these TiC precipitates. EDS
analysis of the melt matrix in Fig. 3c containing titanium
suggests dissolution and dissociation of TiC particulates
during melting operation. The low temperature meltmatrix regions are observed to have more TIC
particulates than those in the middle. The low energy
melting condition produces low temperature viscous melt
giving more agglomerations especially at the edges.
Microstructure in Fig. 4a shows partial dissolution and
agglomeration of TiC in the 45 V track. Melting at higher
energy of 2112 J/mm beam (55 V) likely to produce high
temperature melt and that vigorous melt mixing and
surged the ceramic particulates at the melt bottom, see
Fig. 4b.

Fig. 5 Hardness profile of the composite layer processed
under TIG arc generated at different voltages.
Glazing at 1728 J/mm (45 V) energy input created larger
melt pool with maximum hardness of 1000 Hv and it
reduced to 950 Hv when glazed at 2112 J/mm energy
input (55 V), Melting at higher energy input generated
more dilution, causing less dispersion of the TiC particles
which may be the reason for low hardness development
for these tracks. The high dissolution of TiC particulates
may have also contributed to decrease these hardness
values. The measured hardness values in tracks
containing thinly distributed TiC particulates have larger
melt zones compared to those tracks glazed at a low
processing energy input (Table 2). However, with the
incorporation of TiC particulates, the maximum hardness
in the melt zone increased from 800 to 1200 Hv,
depending on the processing conditions and the profile is
shallow; the corresponding hardness of the martensitic
HAZ varies between 500 to 700 Hv, compared to the
base steel substrate hardness of 300 Hv. However,
processing with 55 V torch gave the highest hardness. It
is to be noted that melt size increases with increasing the
voltage used to generate the arc which will require fewer
multipass to create wider composite layer.

3.3 Hardness
The hardness profiles of the tracks containing 1.0
mg/mm2 TiC addition and processed under the TIG arc
generate at 80 ampere current and with different voltages
are shown in Fig. 5. The results show a variation of melt
hardness when glazed with varying voltage. The track
processed at 30 volt with the constant current and
traversing speed having lowest energy input of 1152
J/mm gave lower hardness development compared to
other tracks glazed at higher voltages with increased
energy inputs. The lower hardness in this track is
considered to be related to defects and less bonding of the
TiC particulates within the melt zone (Fig. 2a) due to a
very viscous melt generated by the low energy beam
melting. Wang et al., 2006 also suggested reduction of
hardness due to micro-cracks and incomplete fusion of
the added particulates.

4. CONCLUSIONS

The track glazed with energy input of 1344 J/mm at 35 V
produced the highest hardness of 1200 Hv up to a melt
depth of 0.6 mm. (Fig. 5). This happened because of the
melt microstructure contained a higher TiC concentration
143

·

Composite layers of about 0.8 to 1.0 mm thickness
were successfully produced on AISI 4340 steel
surfaces by placing 1 mg/mm2 TiC powder and
melting under TIG torch generated at 30 to 55 V.
Melting at higher voltage created larger melt
geometry.

·

The melt pool was hemispherical in shape and the
microstructure contained partially melted TiC
particulates and a variety of TiC precipitates together
with dendrites. Some porosity was present.
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·

The concentration of TiC particulates was greater in
tracks glazed with lower energy input.

·

Melting the 1.0 mg/mm2 TiC powder at 1344 J/mm
(35 V) energy input produced densely distributed
TiC particles in the composite layer and that gave the
highest hardness of 1200 Hv in this investigation.

·

The maximum hardness in the processed composite
layer is about 2.5 to 4 times the base hardness of 300
Hv, depending mainly on the processing conditions.
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