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ABSTRACT: One way to harden steel surfaces is through transforming their microstructural features within the 

top region by fusing high energy arc inputs. The main reason to have only a little depth layers to be hardened is 

because to increase their surface wear resistance.  In this work the AISI 4340 low alloy steel surface was modified 

by the TIG arc source without and with the incorporation of TiC particles.  Defects, microstructures and 

microhardness examined from those tracks were reported. No cracks were observed on both samples. The without 

reinforcement track showed columnar and equiaxed features on the resolidified melt while the heat affected zone 

was with the martensite. Both structural features from the unreinforced resolidified melt and heat affected zone 

gave track microhardness values constantly between ~ 500 HV to ~ 600 HV before reaching the undisturbed 300 

HV substrate. Dissolution of TiC particle resulted precipitation of TiC particles at sizes, shapes and population. 

Embedded TiC particles within the molten pool improved microhardness between ~ 700 HV to ~1000 HV.  In this 

work, increased of hardenability up to 3 times than the substrate is augmented to improve the wear resistance. 
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1.0 INTRODUCTION 

 

This surface modification via melting is a technique to create a hard layer on the metallic 

surface for the reason to reduce wear. Surface modification can be made either by using lasers, 

electron beam or TIG techniques. Either these high energy inputs, the properties of the formed 

surface can be tailored without or with the incorporation of reinforcing material. In the 

absence of reinforcing material the formed layer would entirely depend from the rapid 

solidification of the melt involving only microstructural changes. In contrast, adding 

reinforcing material while melting changes the composition content and microstructural 

features that far different than the substrate [1]. 

 

Successful results were reported from many research either without and with the 

incorporation of reinforcing material. Exceptional qualities were achieved when carbide were 

incorporated within the thin modified layer and so with the only modified layer via surface 

hardening [2-11]. Increasing the heat intensity increases the depth to width ratio of the melt. 
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Shorter interaction time between the energy source and the substrate was obtained with high 

heat intensity, whilst preserving the melt quality. Heat inputs control the melt track property 

and defects [2,12] . Not only the interaction time that governs the melt pool sizes, the weaving 

pattern to disperse the melt is another technique to extend their geometry sizes [6]. The 

recommended strategy to harden the steel surface was by increasing the diode laser power at 

high speed. Adding alloying elements improvised the melt hardenability [3]. Dendritic 

features were prevailed on steel injected with nanosteel Fe-Cr-B powder under laser [5].   

Microstructural refinement was successfully made via plasma transferred arc melted on the 

surface of ductile cast iron [11] With TIG melting hardness improvement was successfully 

made by the embedment TiC powder on steel surface [6] Entered SiC particle during surface 

melting lead carbon to oust and combined with titanium forming TiC. Remained silicon 

formed titanium silicide [8]. Due to the difference of densities, the lighter TiC than the heavier 

steel caused TiC to float to the top. Because of this hardness was higher near the melt pool 

surfaces than the bottom [10] TiC was successfully formed to reinforce magnesium alloy [13], 

titanium [14,15], graphite cast iron [16], stainless steel {17] ,bronze [18; 19] and aluminum [20].  

 

Our investigation found no evidence of comparative analysis conducted on the 

microstructural and microhardness features of the without and with TiC incorporated low 

alloy steel. How far improvision and changes by embedding TiC on the steel surface against 

without the addition is yet to be explained. Changing only the surface layer without and with 

the addition of TiC are anticipated to increase the surface hardenability whilst saving the 

softer interior to serve energy absorption purposes. Therefor an investigation was conducted 

to compare the only surface hardened of the AISI 4340 steel under the TIG arc input against 

the same substrate with the incorporation of TiC particles. TiC was choosen because of its high 

hardenability, good in corrosion resistance, compatible with steel, low in thermal coefficient 

of expansion and low in thermal conductivity. Results pertaining to the melt sizes, defects, 

microstructural features and microhardness of between those samples were reported. 

 

 

2.0 EXEPRIMENTAL WORK 

 

The substrate used in this work was the AISI 4340 low alloy steel.  This metal was cut to the 

dimension of 40 mm x 100 mm x 15 mm using an automated cutting saw machine. The 

chemical composition of that the AISI 4340 low alloy steel substrate is shown in Table 1. To 

prevent unnecessary injuries, sharp corners and burrs were removed by filling The steel was 

grounded using SiC abrasive paper and cleaned thoroughly to remove surface contaminants 

Rough surface by grounding is admired for preplacement because it facilitates the particulates 

adherence against the metal. The TiC particle size used in this investigation was between 45 

µm to 100 µm and this property was provided by manufacturer. Their appearance was rather 

sharp and angular and non of them rounded as shown in Fig. 1. 

                         
Table 1. Chemical composition of the AISI 4340 low alloy steel 
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The particles weighing at 1 mg/mm2 was added with PVA liquid and alcohol to form slurry. 

The mixture was preplaced on the surface of the cleaned substrate. Spreading was done using 

a thick plastic film by twirling the paste evenly across the surface. This was followed by 

placing the prepared substrate in the oven at 80oC to remove the moisture from the mixture. 

Telwin and Miller TIG 165 was used to melt both without and with TiC particles sample.  The 

energy used for melting was at 1344 J/mm  (35V with 80A at 1 mm/s traverse speed) on both 

the without and with the TiC preplaced samples.  Equation (1) was used to calculate the heat 

input of the produced tracks where the volt and current were denoted as V and I respectively.  

The TIG torch travelling speed was denoted as S. The heat absorption efficiency ;ղ,  by the 

substrate during melting was at 48% [21]. The gas flow rate used to shield the melt pool 

against excessive oxidation was below than 20 lit/min. The illustration of melting the 

preplaced powder together with the substrate under the torch is shown in Fig. 2. The 

produced tracks were halved at the midway using the EDM wire cutting machine followed 

by grounding them up to the finest available SiC abrasive paper. The scratches were finally 

removed by polishing on the special cloth added alumina. Polishing was considered complete 

when a mirror-like surface appeared on the worked samples.  Nital solution was used to etch 

both samples. Xoptron X80 series microscope and JEOL-5600 scanning electron microscope 

were used to determine the track defects and the microstructures. Microhardness test was 

conducted using Wilson Wolpert microhardness testing machine of 500 gf at 10 second 

indentation delay. 

 

                             (1) 
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Figure 1. The morphology of the TiC particle 
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3.0 RESULT AND DISCUSSION 

 

Figures 3 and 4 exhibit the cross sectioned surface of the without and with TiC reinforced 

samples respectively. In general, no cracks were observed with these two tracks suggesting 

that TIG melting technique without and with TiC addition were compatible for surface 

transformation hardening. It is to be noted that the melt surface consists3 regions which are 

the (A) molten zone, (B) heat affected zone and (C) substrate in Fig. 3.  In this work, the highest 

arc intensity at the middle of the molten pool showed the greatest melt depth of all and as the 

intensity decreases towards the edges, the melt depths become shallow on both tracks. The 

highest heat intensity in the middle can be seen from the mostly dissolved TiC particles as 

shown in Fig. 4 by a white arrow. With the reinforcement, particles were refrained from 

dissolution when the heat was less at the edges and because of this they remained 

agglomerated. This can be seen from many undissolved particles in dark spots in a box of Fig, 

4. The farthest from the arc source lead viscous melt from the insufficient heat to dissolve just 

above the melt matrix interphase with remnants of embedded TiC particles. Obvious 

microstructural dissimilarity can be seen from the absence of precipitation took place without 

TiC added surface between Figs. 3 and 4. 

 

 
Figure 3. The micrograph of the without TiC track depicting (A) the resolidified melt, (B) HAZ and (c) 

undisturbed substrate. 

 

Figure 2. Traversed substrate to form the track under the TIG arc 
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Figure 4. The track with TiC incorporated. The box indicates the agglomeration consisting 

undissolved particulates.  Black arrow showing a pore. 

 

The microstructural features of the surface hardened layer without the incorporation of TiC 

particle is shown in Fig. 5. This micrograph was an observation made at just above the melt 

matrix interphase in Fig. 3. It consisted of equiaxed (i) and columnar structures (ii). It was 

reported that the columnar and equiaxed sizes depended on the heat input and type of the 

melting methods [5]. The presence of these features is a clear indicator of fast melt 

solidification from the liquid state. The microstructural features of the TiC embedded within 

the low alloy steel matrix near the arc source is shown in Fig. 6. This was observed in Fig. 4.   

Successful dissolution of particles of the as-received 45 to 100 µm in sizes was seen from many 

reprecipitation below than 25 µm either in the form of globular (i) or flower (ii) types structure. 

Their presence and dispersion made the low alloy steel to be strengthened. The TiC growth is 

limited because of the rapid solidification by this TIG process. More TiC growth can be 

achieved if dissolution of particles at the edges and just above melt matrix interphase 

permitted by the introduction especially of higher energy inputs. Apart from sufficient time 

to allow precipitation, carbon and titanium concentration play an important role to expand 

TiC sizes, type and population.  

 

This work showed that porosity was absent with the unreinforced sample and presence in 

places with the reinforced one. With a black arrow, Fig. 4 shows a large pore embedded within 

the TiC melt track. Pores were explained from the trapped gasses caused by the burnt binder 

during solidification. Formation of pores were also reported in several works [6,9].  Increasing 

the amount of binder increases the pore percentages [22,23]. Reducing the binder content or 

increasing the energy input to allow more time for the liquid to solidify are ways to reduce 

the porosity content. 
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Figure 5.  Micrograph of the without TiC addition showing the  (i) equiaxed and (ii) columnar 

structures. 

 

 
Figure 6.  location near the arc source showing many reprecipitation of TiC structures with (i) of a 

flower type of TiC and (ii) globular. 

 

With the powder preplacement technique, the track width and length deters the amount of 

powder being incorporated within the molten pool. Greater track width and length assures 

for more particles or powder embedded on the substrate surface. In this work, the TiC metal 

matrix composite layer was at an average of 3.3 mm width with a length of 38 mm. The 

preplaced powder was at 1 mg/mm2. With this powder amount and track melted surface area, 

it is presumed that the incorporated TiC was 125.4 gram. This is why obvious clad height 

developed upon melting because of the carbide particle addition compared to the without 

TiC. Clad height in this work is described by the volume of metal observed above the substrate 

surface. The  work used an estimated area to describe how much powder being embedded. 

Greater amount of powder weight over an area would provide more embedment across the 

track. The substrate is heavier either by extending the melt track lengths, increasing the 

number of multipass or by reducing the overlapping distances. In the preplacement 

technique, the amount of powder is fixed, dislike powder injection or by spool wire where 

their amount can  changed during the melting process. 

 

The microhardness profile of the sample without and with the incorporation of TiC particles 

fused under the TIG arc is shown in Fig. 7. The result showed that hardenability can be 

successfully increased at least over than 1.5 to ~ 3 times without and with the TiC 
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incorporation than the 300 HV low alloy substrate. An about 2 times hardness than the 

substrate was associated with no weight gained of that the only the surface modified layer. 

However, the result showed up to about 3 times with an evitable of little escalated substrate 

weight gained because of TiC addition. In this work, the without TiC reinforcement showed 

no microhardness disparity between the melt zone and the heat affected zone.  A consistent 

trend of ~ 500 to 600 HV was recorded  from the melt surface followed by the heat affected 

zone  up to 2.2 mm depth before the 300 HV undisturbed substrate. The columnar with 

equaixed within the melt pool and martensite across the heat affected zone evident the 

dissimilarity of hardness values than the substrate. Since hardness developed between 500 

HV to 600 HV for the without TiC, it is possible to have only substrate quenching which can 

be achieved by lowering the interaction time between the heat input and substrate surface. 

Melting is crucially needed for dissolving and dispersing the introduced reinforcement or 

otherwise that the quenching could be preferable.   Compared to the hardened steel layer 

using the diode laser, the TIG hardened depth in this work was about 4 times deeper [3]. 

 

 
Figure 7. The microhardness profile of the without and with TiC addition of the Surface of the low 

alloy steel. 

 

When the produced track is reinforced with TiC particles, the three groups of microhardness 

disparity was observed. The first group is the molten zone found between ~ 700 HV to ~ 1000 

HV up to 0.6 mm of depth as shown in Fig. 7. Away, the heat affected zone and substrate 

received ~ 500 to 600 HV and ~ 300 HV respectively. The incorporation of TiC showed 

remarkable hardness improvement compared to the without the incorporation TiC sample 

and the substrate.  The dispersion and reprecipitation into types, sizes and population TiC 

gave microhardness ~ 700 to ~ 1000 HV than the columnar/equiaxed with the martensite 

structures of ~ 500 HV to ~ 600 HV. Microhardness of TiC is at 3000 HV and when the particles 

is less, microhardness is reduced as can be seen in Fig, 7 

 

Seeing the similar hardenability along the melt pool and the heat affected zone (without TiC), 

it is clear to reinforce the top layer with TIG which in our case by adding TiC particles. Adding 

TiC made further improvement of hardenability rather than without reinforcement [23,24]. 

Increased of microhardness increases the wear resistance [25]. 
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4.0 CONCLUSION 

 

In this experimental work the AISI 4340 low alloy steel surface was successfully modified 

using the TIG process without and with the incorporation of TiC particle. Crack free layers 

were achieved without and with the incorporation of TiC particles. Adding TiC increases the 

track weight evident from the high clad height compared to the without TiC addition. Surface 

hardening without the incorporation of TiC particles gave columnar and equiaxed structures 

within the resolidified zone while the heat affected zone had the martensite. The 

microhardness developed were at about 500 to 600 HV from the surface reaching the 

undisturbed 300 HV for the hardenend surface without TiC. Dissolved TiC particles dispersed 

the carbide mostly with the precipitated ones near the arc source with many remaining 

agglomeration at the edges and melt matrix interphase. Microhardness developed for the TiC 

metal matrix composite was about 700 to 1000 HV. Both samples showed increased of 

hardness between 1.5 to 3 times than the AISI 4340 low alloy steel substrate. 
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