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ABSTRACT

In the present research a detailed effect of carbon-ions implantation in-aluminum alloys (Al-Cu 2118 series) specimens at the room temper-
ature by using a mathertype plasma focus device, operated with methane (a new process of plasma carburizing). Same treatment condition
which has been reported in this study, fired at 15 kV giving a peak discharge current of about 150 kA over multiple focus shots. The results
obtained indicates that the variation in focus shots has a significant impact on the surface hardness number of the Al-Cu 2118 series. The
surface hardness number of the specimen increases continuously by increasing the ion content to 15 focus shots during the plasma carbu-
rizing process and reaches a maximum surface hardness number of 160 Kg.m™, which is almost six times compared to the surface hardness
number of Al-Cu 2118 series which is untreated. Enhanced surface hardness can be associated with the formation of Al,C; and amorphous
carbon phases. Based on this investigation, a plasma carburizing device was found to be an efficient device to obtain a harder aluminum
alloy surface in a room temperature

INTRODUCTION

Aluminum and its alloy like that Al-Cu 2118 series are popular for their extensive use in automotive piston, rail, marine and aero-
space industries. It is widely used in electrical shielding, electronic circuits and devices making, food and pharmaceutical packaging,
water treatment and house decoration owing to its nonmagnetic, very low sparking, less trashing, nontoxic and noncombustible be-
havior Febry et al., (2018) and Subbiah et al., (2018). It’s outstanding properties of light weight, good malleability and formability,
high corrosion resistance, excellent electrical and thermal conductivity, better light reflectivity and good recyclability are making the
Al-Cu 2118 series an essential and ideal metal for today’s advanced technological world. However, its insufficient wear resistance
with low surface hardness number thermal and chemical stability limits its use for commercial and industrial purposes Li et al.,,
(2019) and Pirizadh jrandoost et al., (2012) . The high surface hardness number and high strength to weight ratio of Al-Cu 2118
series for its application in the area of sliding machine parts for height saving purpose but its tensile strength and the low surface
hardness (lower than that of mild steel and iron alloyed materials mainly used for these parts at present) offer a major barrier. There-
fore surface modification of Al-Cu 2118 series, to improve wear and corrosion resistance, surface hardness and lower coefficient of
friction, is intensively required to enhance its utilization in all fields of interest. Presently, nitriding, oxidizing and carburizing of alu-
minum by employing different techniques are commonly used to obtain tribologically and mechanically improved aluminium surface.
Nitriding of aluminum is the most studied and investigated process for surface modification to achieve desired combination of physi-
cal and chemical properties. like high hardness, excellent wear resistance, high electrical and corrosion resistance, very good optical
properties, and high thermal and chemical stability. For example Ghulam et al., (2009) , Patama et al., (2003) and Balanovski et al.,
(2017) reported that formation of hard aluminum nitride (AIN) layer on the surface can prolong the life time of aluminum. In spite
of all the properties the Al-Cu 2118 series the surface of AIN layer is often morphologically rough containing deep grooves and cracks
and is considered unsatisfactory for industrial application. Also the physical parameters’ effects on tribological and mechanical prop-
erties of AIN are not yet well understood. Carburizing of aluminum however could provide a suitable alternative of nitriding for im-
proved mechanical and tribological properties in a similar way as in the case of iron and steel Leyland et al., (2003) and Afza et al.,
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(2019) .This inspired to study the ability of plasma focus for carburizing of Al-Cu 2118 series.

MATERIALS AND METHODS FOR EXPERIMENT

Aluminum alloys (Al-Cu 2118 series) specimens before treatment was tested by spectrometer with objective to understand consist-
ence of material specification of Al-Cu 2118 series where standard ASTM can be seen in Table 1.

Table 1. Chemical Composition of Al-Cu 2118 series without treatment

Element %

Si 0.01
Fe 0.1089
Cu 1.133
Mn 0.0162
Mg 1.8635
Zn 5.8113
Ti 0.0916
Cr 0.0916
Pb 0.0015
Sn 0.004
Al 90.75

The Plasma focus system consists of a coaxial electrode assembly with an anode of aluminium rod having an
effective length of 100 mm and a diameter of 15 mm located at the centre surrounded by six equidistant
symmetrical copper rods forming cathode with cathode to anode radius ratio of 3.5, shown in Figure 1. The anode is
slightly tapered towards the open end to enhance the emission of charge particles. A Pyrex glass insulator sleeve of 23
mm breakdown length, with an external diameter of 24.5 mm and wall thickness of 2 mm, is used to separate the anode
from the cathode base plate. A field distortion type spark gap is used to transfer energy from the capacitor bank to the
electrodes of plasma focus system. The system is operated in a gas flow mode to get rid of the impurities.
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Figure 1. Plasma Carburizing Layout
RESULT AND DISCUSSION

Good carburizing plasma is obtained at a pressure of 0.5 mbar methane gas at a filling voltage of 15 kV. Optimal charging voltage and
charging pressure values are kept constant during the experiment. 10 x 10 x 0.3 mm aluminum specimens are mechanically polished
to the mirror surface before being positioned at an axial distance of 8 cm from the anode end. Al-Cu 2118 series aluminum alloys are
placed between the ion sources which are used to avoid the effects of the ion beam emitted during conditioning shots. Rapid re-
sponse photo conductive GaA detectors closed with 50 um diameter pin holes are used at a distance of 8 cm in front of the anode
end to measure the ionic energy emitted from plasma carburizing. The spatial distribution of the ion beam reaching the specimen is
obtained by placing a CR-35 trace detector at a distance of 5 cm in front of the tip of the central anode. The performance of a plasma
carburizing device with a sharp focus and energetic ion emissions is the most important in this type of experiment. Signals from GaA
detectors, voltage probes, and Rogowski coils are continuously monitored with a Gould 3072 A oscilloscope with four-channel digital
storage.

Figure 2. Al-Cu 2118 Series Surface Specimens After Plasma Carburizing Treatment
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Furthermore, ion energy is generated around 25-250 keV. The trace on the surface of the specimen shown in figure 2. is the result of
etching the detector for four hours in a dilute solution of 6N-NaOH at 75 oC. Based on Figure 2. it appears that the ion distribution is
largely uniform. It can be observed that several ionic populations with different energy values also exist. Track density found varies
from about 6 x 10* tracks mm for directions 0 ° to 5 x 10* tracks mm for directions + 30 °.

Surface Hardness Number Results

The surface hardness as a function of the indentation depth is measured with Vickers micro hardness tester, as shown in the Figure
3. The loads 500 gr are applied to obtain micro hardness.

Vickers Hardness Number (Kg.m2)

2 i
Depth from Surface {(pm) 0 )

Figure 3. Surface Hardness Number Speciment with Plasma Carburizing

The surface hardness number of the specimen increases continuously by increasing the ion content to 15 focus shots during the
plasma carburizing process and reaches a maximum surface hardness number of 160 Kg.m, which is almost 6 times compared to
the surface hardness number of Al-Cu 2118 series which is untreated. Enhanced surface hardness can be associated with the
formation of Al,C; and amorphous carbon phases. A slight decrease in surface hardness number occurs. When the sample is treated
with more than 15 focus shots, a decrease in surface hardness number is observed. This may be caused by poor formation of the
crystalline phase and damage to the carbide phase due to increased ion irradiation.

The Results of SEM Test

Figure 4. are the surface morphology of pristine and plasma carburized samples is studied by obtaining micrographs using a JEOL
JSM-5910 scanning electron microscope (SEM). Based on observations, no significant features except the fine scratches induced by
polishing are observed for a pristine sample. The surface smoothness seems to increase with increasing number of focus shots upto
15.1t is assumed that upto 15 focus shots, in addition to Al4C3 phase and C-C clusters formation, the energy density of ions is
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suitable to remove certain voids, asperities and rough particles by sputtering and etching processes and a smooth carburized surface
is achieved. When the number of focus shots reaches to 20, surface layer becomes slightly rough with wavy wrinkle-like structure,
which represents a thin superficially molten layer of the substrate. High doses of carbon and unbound carbon result in surface
swelling of substrate increasing its roughness as in the case of nitriding. Surface treated with 25 focus shots shows rough surface and
some micro-cracks with low density small pores. It is assumed that high fluencesof ion, generated by stable and strong focusing
action, deliver excessive energy to substrate, causing sputtering and etching and hence resulted in surface damage and roughness
along with a very few small pores. The quenching after the transient temperature rise with short pulse ion beam resulting in the
brittleness of the sample may be the reason behind the development of micro cracks

a b g

d g f

Figure 4. The Result of SEM Test Specimen with Plasma Carburizing. a.Untreated b. 5 Shots
c. 10 Shot c. 15 Shot d.20 Shot

The variation of carbon and oxygen concentration with increasing number of focus shots is obtained by EDX attached with the SEM .
The oxygen peak in the untreated sample is present because of native oxide layer. The concentration of oxygen is reduced by ion
sputtering process with increasing number of focus shots but a negligible amount remains present. This may be due to re-oxidation
of near surface region by residual gas and by the process of ion beam mixing. The concentration of carbon increases with increasing
number of focus shots as expected.

CONCLUSIONS

The Plasma Carburizing process with methane using a plasma focus device Mathertype in a double focus shot can increase the sur-
face hardness number of Al-Cu 2118 series. These results suggest the parameters for a plasma carburizing device to obtain a quality
carburizing aluminum alloys surface. About six times the increase in surface hardness is caused by the hexagonal Al,C; phase.
Based on this investigation, a plasma carburizing device was found to be an efficient device to obtain a harder aluminum alloy sur-
face in a room temperature environment and shorter time.
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