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The electro-spark deposition (ESD) is used as a traditional surface
enhancement method [1]. Lazarenko B. and Lazarenko N. initiated the processing
theory, which is now widely used in surface machining processes.

Since metallurgical bonding can be achieved on metal surfaces through electro-
spark discharge [2], ESD can harden metal surfaces and improve their wear resistance
and fatigue strength. It is widely used in the generation of surface coatings on metals.
The ESD can achieve strengthening on the metal surface, such as carburization,
nitriding, sulphurisation, nitrocarburisation and aluminized surface [3].

Viacheslav Tarelnyk investigated the carbonization process using discharge
energy and graphite powder. Karavaev studied surface wear resistance with the
current and the number of machining cycles in ESD. Shevchenko analyzed the
ultrasound method in the process of carburizing.

The 45 steel had low cost and good overall mechanical properties but had poor
wear resistance.

The carburizing process was carried out by adding carbon to the surface layer
of the metal, which formed a high-strength carbide. The carburizing furnace was used
by adding gas, liquid, or solid in the traditional carburizing process.

The metal was heated to a certain temperature, maintained a particular time to
achieve, and carburized. For large equipment, carburizing required special large
equipment and high costs. For some specific structures, it was even hard to carburize.
ESD carburizing can be carried out on the surface of large machinery and equipment
outdoors without the special carburizing furnace.

The carburizing process was studied using graphite electrodes to improve the
wear resistance of 45 steel. It is particularly advantageous for agricultural machinery,
pumps, and mechanical tools. These machines are often made from 45 steel, which is
a good value for money and is used as the base material. First, No. 45 steel with a
size of 25*30mm and 2mm thick was used as a sample. Then, the surface was sanded
separately using 600-grit sandpaper to remove the oxidized layer and impurities. The
surface was cleaned with 99% ethanol. Finally, a high-speed ESD repair machine
(fig.1 Huimite HMT9500, China) was used for carburizing the 45 steel surface. The
3mm diameter graphite rod was used as an electrode, and Argon was used as a
shielding gas. A 4-factor and 4-level test was carried out using a Taguchi OA
factorial design. The process parameters are shown in Table 1.
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Fig. 1. The high-speed ESD repair machine (HMT9500) 

Table 1 – The ESD carburizing process parameters 

No. Efficiency (%) 
A Voltage (V) B Current Frequency 

(Hz) C 
Time (s) 
D 

1 20(1) 25(1) 100(1) 120(1) 
2 30(2) 35(2) 180(2) 240(2) 
3 40(3) 45(3) 260(3) 360(3) 
4 50(4) 55(4) 340(4) 480(4) 

 
Electro-spark deposition is a green manufacturing method which is more 

energy-efficient than traditional heat treatment methods and has minimal 
environmental pollution. ESD enables rapid carburization of metal surfaces by the 
graphite electrode. Thus, the wear resistance property of the metal surface is 
improved. ESD can carburize the surface of large steel structure parts in agriculture, 
improving wear resistance and service life. The traditional carburizing process costs 
much money and is difficult to achieve. ESD carburizing can save much money and 
even carburize the partial surface of the part. The traditional carburizing process 
cannot achieve these. This research employed rapid ESD equipment with rotary 
electrodes for the surface carburization of No.45 steel. 
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