
Abstract
Objective: The main aim of this project is to modify the surface of LM 25 ingot in order to have a refined microstructure, 
improvement in hardness and in the wear rate of the modified region. Methods: Surface modification of LM 25 is carried 
out using GTA method. Argon flow was minimised and simultaneously pure nitrogen (99.999%) was introduced into the 
environment. Microstructural observation was carried out using Zeiss Axiovert 25CA metallurgical microscope and the 
hardness was measured using Mitutoyo Vicker’s hardness testing machine. Wear test was carried out for the substrate 
and the modified region using pin-on-disc wear tester. EDAX analysis was carried out to find the presence of intermetalic 
compounds. Findings: From the microstructure, it was observed that there is grain refinement in the modified region. The 
hardness for the substrate was found to be 80.6 HV and 764.4 HV for the modified region. The wear rate in the substrate 
was 49.34x10-4 mm3/m and 7.9x10-4 mm3/m for the modified region. As the hardness increases, wear rate decreases. EDAX 
report confirms the presence of intermetalic compound in the form of silicon nitride (Si3N4). The presence of the silicon 
nitride is not reported previously using GTA as heat source on surface modified LM25. The increase in the hardness and 
decrease in the wear rate is attributed to the presence of silicon nitride in the surface. Application/Improvements: Due 
to the presence of silicon nitride it can be used as an insulator and chemical barrier in electrical circuits etc. It can also have 
wider automobile and aeronautics applications as its hardness has increased.
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1. Introduction
Aluminium is the second most abundantly used metal. 
Aluminium and its alloys have a large number of applica-
tions due to its advantageous properties. The alloy shows 
poor mechanical properties. This can be overcome by 
modifying properties in bulk or in surface. Modifying 
the bulk properties consumes large quantity of material. 
Researchers have suggested a technique known as surface 
refining/modification to improve the surface property for 
the required application. Many researchers have worked to 
improve the surface properties using various techniques 
like Physical Vapour Deposition (PVD), Chemical Vapour 
Deposition (CVD), Laser, E-beam and coatings. The 

researchers have analysed and proved that the  properties 
increase. Coatings are effective on the top layer of the base 
metal whereas modification using a heat source effect the 
surface and near surface as layers thereby improving the 
properties to a desired depth which is known as Surface 
Modification Process (SMP). The surface material is heated 
using a suitable heat source to form the molten pool. The 
molten pool is allowed to solidify quickly as the heat source 
moves on the base material1. In their study of optimising 
laser transformation hardening process have reported that 
the controlled formation of microstructural refinement will 
have great impact and improve the properties of the mate-
rials like hardness and wear2. Have observed in their study 
that nitride layers get formed when treating aluminium 
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in nitrogen atmosphere. The alloy’s major compositions 
are Al -99.3%, Fe-0.4%, Si-0.25% and Cu-0.05% (in wt%). 
The authors found the hardness of the base metal to be 80 
HV and had increased to 690 HV in the modified region3. 
Performed their study on AlN coatings using Laser Surface 
Modification. They came to a conclusion stating that the 
formation of nitrides in the base metal will help to improve 
the hardness and wear resistance of the metal4. On his study 
on 4 and 5 wt% Cu-Al alloy using lasers as heating source 
observed that the materials treated via rapid solidification 
tends to show better refined microstructure. The formation 
of cellular dendritic structure was observed on the surface 
and near surface region (upto 5 µm) which is theoretically 
believed to improve the surface hardness5. On remelting 
with Al-Cu(32.7wt%) eutectic alloy the microstructure 
becomes is regular and lamellar at a solidification rate of 
20cm/s , this causes a potential effect in practical applica-
tion6. Reported that laser surface melting of Al-Cu (Cu 
15wt%) improves the microstructure and yields a higher 
surface hardness. The maximum hardness observed in 
their investigation was 210 HV7. Experimented on invest-
ment cast D357 aluminium alloy and found out that the 
fatigue strength of GTAW repaired aluminium alloys have 
decreased. The alloy composition is Al -91.5%, Si-6.5%, 
Mg-0.55% and Fe-0.15% (in wt%). The decrease in fatigue 
strength was due to the formation of defects during the pro-
cess and not due to the process chosen. This can be avoided 
by choosing proper parameters for the GTA process8. 
Conducted an experiment on Aluminium 2219 alloy for 
grain refinement through arc manipulation process using 
GTA welds and reported that severity of weld defects if the 
solidification structure is refined9. Conducted experiment 
on Al -11wt%Si to investigate the wear and corrosion resis-
tance it was observed that the hardness has been increased 
from 55VHN to 87VHN10. In conducted an experiment 
on Al - 12wt%Si to study the microstructure and corro-
sion properties and he observed that the structure changes 
from eutectic to dendritic structure. Investigated the effect 
of surface refining on Al - 7.3%Si alloy and observed a 
hardness of 120 HV compared to the 80 HV of the base 
metal11. High power CO2 and YAG lasers have been used 
to produce laser conducting welds on AA5083 with gauge 
size 2mm and 3mm with the help of defocused beams12. A 
ceramic mixture of Al2O3-SiC-C is fabricated by carbother-
mal reduction fly ash13. Compared to the other experiments 
GTA produce much cleaner weld in presence of nitrogen 
gas and is comparatively cheap. In this study an attempt 
was made in LM25 to increase the hardness and wear rate 

by Surface Modification Process (SMP) using GTA as heat 
source under nitrogen environment.

It’s been observed from the earlier studies that the 
different surface modification processes such as CVD, 
PVD, e-beam and laser surface melting refine the micro-
structure which improves the surface properties. A few 
researchers have suggested that employing GTA as heat 
source was an inexpensive method for surface modifica-
tion process. The motivation for this study was to identify 
the presence of nitrides when LM25 was surface modified 
under nitrogen environment using GTA.

2. Experimental Procedure 
LM25 ingot was acquired. The composition found out 
using arc spectrometry test is mentioned in Table 1.

The ingot was sliced and melted in a graphite crucible 
at 750 oC in a furnace, in inert atmosphere. The molted 
alloy was sand cast and the cast bar was machined to a 
size of 150x30x30 mm using face milling machine. The 
surface of the bar was modified using GTA as heat source. 
The parameters considered for the GTA process are 
 tabulated in Table 2.

The arc was initiated using argon as the shielding gas 
and nitrogen was introduced into the argon environment 
by slowly minimizing the argon flow rate. 

Figure 1 shows the experimental setup. The surface 
modified specimen was wire cut along the cross sectional 
area, polished metallurgically and etched using Keller’s 
reagent solution. The microstructure was observed under 
Zeiss Axiovert 25CA metallurgical microscope was used 
to observe the dissimilarity between the substrate and the 
modified region.

Table 1. Composition of substrate

COMPONENT Al Si Fe Cu Mg
Wt% 89.5 8.2 0.9 0.5 0.4

Table 2. GTA parameters

PARAMETERS VALUE
Current 150 A

Travel speed 2 mm/s
Arc length 3 mm

Electrode tip angle 180o

Argon flow rate 12 L/min
Nitrogen flow rate 18 L/min
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region as the experiments were carried out in nitrogen 
 environment. The presence of nitrides in the modified 
region has influence in the enhancement of the surface 
hardness and reduction in the wear rate. 

3.2 Hardness
The hardness profile along the different layers of depth 
is shown in Figure 5. It can be seen that the hardness 
decreases in depth direction. The increase in hardness is 

Figure 1. Experimental equipment.

Figure 2. Microstructure of the substrate.

 Figure 4. SEM image of the modified region.

2.1 Hardness Testing
The hardness on the surface, the modified layer and the 
substrate was measured using MitutoyoVicker’s hardness 
testing machine. A indenter made out of industrial diamond 
was used to indent the surface of the modified region and 
the substrate with an applied constant load of 100 gm for a 
dwell time of 15 s were used for hardness measurements.

2.2 Wear test
The wear rate was measured using pin-on-disc wear testing 
apparatus and the parameters were fixed in accordance with 
the ASTM G99 specification. Parameters for the testing 
were track diameter-110 mm, load - 20 N, speed - 424 rpm 
and time - 600 s. the material used for the counterpart is EN 
31 hardened steel disk of 60 HRC and the surface roughness 
0.15 Ra. The wear rate for the substrate and the modified 
layer was calculated from the wear vs. time graph.

3. Result and Discussion

3.1 Microstructure
Figure 2 shows the microstructure of the substrate where 
the silicon was found as globular structure which were 
dispersed in the α-Al matrix. Figure 3 shows the micro-
structure of the modified region. From Figure 3 it can be 
confirmed that the formation of finely dispersed globular 
eutectic silicon by GTA process under nitrogen environ-
ment was observed. On observing the microstructure of 
the modified region, it was observed that the grain size 
has been refined results in improvement in hardness in 
the modified region. 

Figure 4 shows the Scanning Electron Microscope 
(SEM) image. From Figure 4, it is observed that the 
 formation of nitride compounds in the modified 

Figure 3. Microstructure of the Modified region.
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phases of silicon and nitride. 40.28 wt% of N and 59.72 
wt% of Si composition was found near the top surface 
in the modified region. This composition was identified 
to be Silicon Nitride(Si3N4). Figure 8 shows the EDAX 
report15. reported that silicon could undergo nitriding 
to form β-Silicon Nitride(Si3N4) when heated to about 
1450°C in nitrogen atmosphere. It could also be formed 
by decomposing α-silicon nitride at temperatures greater 
than 1850°C15. From their study concluded that silicon 
nitride(Si3N4) is a stable compund. They performed XRD 
analysis on N-Si alloys eqilibrated at 1100 to 1700°C and 
confirmed the formation of Si3N4

16,17. It was also men-
tioned that the formation of other silicon nitrides like 
silicon sequinitide(Si2N3) and silicon mononitride(SiN) is 
very less as they are unstable at low temperatures.

3.4 Wear Rate
Figure 8 shows the wear rate graph. From the graph the 
wear rate of the modified region was calculated to be 
7.9x10-4 mm3/m which is significantly less when compared 
to that of the substrate 49x10-4mm3/m. This is due to the 

due to the change in the microstructure which was due 
to the formation of nitride layers. The highest hardness 
of the nitride layer was about 764.4 HV on surface of the 
modified region which is found to be higher than that of 
the substrate which was measured to be 80.65 HV.

 Noted as the depth increases, the amount of nitro-
gen that gets diffused to form nitrides reduces. This result 
shows the gradient in the hardness value14.

3.3 Phase Identification 
Figure 6 shows the EDAX setup. The composition in the 
modified region was analysed using EDAX testing facil-
ity. The focus was to find the availability of nitrides in 
the modified region. The analysis was carried out at spe-
cific points in the modified region. Figure 7 shows the 
EDAX analysis which confirms the presence of different 

Figure 5. Hardness VS Depth (mm).

Figure 6. SEM and EDAX equipment.

Figure 7. EDAX report.

Figure 8. Wear (micrometer) v/s time (s).
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formation of the nitride layers. As the hardness increases 
the wear rate decreases. This statement is in agreement 
with the Archard’s theory (1953). 

3.5 Coefficient of Friction
Figure 9 shows the marginal increase in coefficient of 
 friction.

4. Conclusion
Surface modification of LM25 in the presence of  nitrogen 
environment yielded a higher surface hardness and 
reduced wear rate. The rapid cooling associated with 
GTA process causes the formation of highly refined grain 
structure. Presence of nitrogen during surface modi-
fication process using GTA results in the formation of 
nitrides in the surface layers. The refined grain structure 
and the presence of hard nitrides are identified to be the 
reasons for enhancement in surface hardness and for the 
 reduction in wear rate. 
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