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Abstract: 

Plasma gasification is a technology that utilizes high plasma energy to convert 

organic and inorganic materials into syngas. In hot plasma gasification, a plasma 

torch heats and decomposes waste into synthetic gas (syngas). This study is expected 

to improve understanding of efficient and effective plasma gasification operating 

parameters. The experimental method in this study uses variations of DC electric 

currents of 30 A, 40 A, 50 A, and 60 A, with three replicates conducted for each 

experimental condition at a constant operating pressure of 5 bar and a gas flow rate 

of 21 L/min. The highest arc length and temperature were obtained at 60A with argon 

as the plasma gas (20 mm, 563.67ºC) and with air as the plasma gas (25 mm, 215ºC). 

Electric current and plasma gas type can affect the efficiency of gasification using a 

plasma torch; higher electric current increases arc length and temperature. Air can 

be used as a plasma gas alternative to other plasma gases. This research can serve 

as a reference for developing gasification technology using a plasma torch. 
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1. Introduction 

Plasma gasification is a high-temperature conversion technology that utilizes the intense energy generated 

by plasma to convert organic and inorganic materials into synthesis gas (syngas) and other energy-related 

products. This technology has been widely investigated for waste treatment, energy recovery, and chemical 

production. Plasma is an ionized state of matter characterized by extremely high temperatures, enabling 

chemical bonds to be broken efficiently. In plasma gasification, the heat generated by a plasma torch is used 

to heat and decompose feedstock, particularly waste materials, into gaseous products. This process offers the 

potential to convert various types of waste into useful forms of energy through thermochemical conversion. 

A wide range of feedstocks, including industrial waste, medical waste, municipal solid waste, coal, and 

biomass, can be converted into syngas consisting primarily of CO, H₂, and CO₂. The resulting syngas can 

subsequently be utilised as a fuel for combustion systems, electricity generation, or hydrogen production 
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(Sanlisoy & Carpinlioglu, 2017). Plasma gasification has also been investigated for peat, municipal solid 

waste, and Indonesian low-rank coal, illustrating the applicability of plasma-assisted conversion to different 

feedstocks (Lazar et al., 2012; Sesotyo et al., 2019; Sesotyo et al., 2021). 

The plasma arc is a key component of a plasma gasification system because it generates high-intensity 

thermal energy through an electrical discharge, providing the temperatures required for the gasification 

process. Several operating parameters, including electrical current, arc length, and heat distribution, strongly 

influence plasma arc performance and consequently affect the efficiency and effectiveness of the gasification 

process. Plasma arcs can generate extremely high temperatures, enabling the thermal decomposition of both 

organic and inorganic waste while potentially minimising the formation of undesirable by-products. Plasma 

itself can be described as a high-temperature stream of ionised gas, with temperatures reaching approximately 

10,000 °C, produced by an electrical discharge that commonly forms an arc within a plasma torch. The device 

in which the electrodes are installed is referred to as a plasma torch, and the electrodes are typically made of 

copper, carbon, or other materials capable of withstanding severe thermal conditions. Previous studies have 

explained that plasma processes involve the dissociation and degradation of matter at the molecular and atomic 

levels. When applied to organic materials such as waste or biomass in the presence of a gasifying or oxidising 

agent, including air, oxygen, or steam, the energy supplied by the plasma provides the high temperatures 

required to drive the thermochemical reactions involved in the gasification process (Molino et al., 2016). 

Fundamental plasma phenomena and their applications are discussed by Nur (2011), while experimental 

characteristics of argon plasma jets at atmospheric pressure have been reported by Kinandana et al. (2015). 

Electrical current is one of the key operating parameters that affects the characteristics of a plasma arc, 

including arc length and the temperature generated. Variations in current can alter the arc temperature, arc 

length, and thermal intensity, which in turn influence the overall efficiency of the gasification process. In 

general, an increase in electrical current is associated with a higher energy input to the plasma arc. However, 

the specific effects of current variation on arc length and heat distribution still require further investigation, 

particularly in plasma gasification applications. Shie et al. (2014) investigated the gasification of a mixture of 

municipal solid waste and raw wood (MSW/RW) that had undergone steam mechanical heat treatment 

(SMHT) as a pretreatment process. The resulting material was used as the target feedstock in a plasmatron 

reactor equipped with a plasma torch operating at 10 kW. The study reported that syngas, primarily consisting 

of CO and H₂, accounted for nearly 90% of the gaseous products within approximately two minutes of reaction 

time, indicating a relatively high reaction rate. The syngas yield ranged from 88.59% to 91.84%. In another 

study, Tamošiūnas et al. (2023) investigated biomass gasification using wood pellets in a direct-current 

thermal plasma arc system operated at atmospheric pressure. The reported carbon conversion efficiency and 

energy conversion efficiency were 100% and 48.83%, respectively, while the production of 1 kg of syngas 

required an electrical energy input of approximately 1.78 kWh. Related studies have also examined the effect 

of electrical current on plasma arcs in medical-waste gasification (Gibraltarq, 2023) and simulated arc plasma 

gasification under experimental conditions (Cao et al., 2020). 

Plasma arc length is closely related to the amount of energy contained within the arc. A longer arc can 

provide a larger heating zone and increase the potential for heat transfer to the gasification feedstock. 

Therefore, variations in arc length may significantly influence heat distribution and, consequently, the 

efficiency of the gasification process. If the arc is too short, thermal energy may not be distributed uniformly 

across the reaction zone. Conversely, an excessively long arc may increase the possibility of heat losses to the 

surrounding environment. For this reason, achieving an appropriate arc length is essential for maintaining 

effective and stable heat transfer during plasma gasification. 

Optimizing plasma arc performance in a gasification system is a complex task because several operating 

parameters must be considered simultaneously, including electrical current, plasma gas composition, 

temperature, and pressure. The present study focuses on the use of a direct-current power source to investigate 

the effect of electrical current variation on plasma arc length and plasma torch temperature. Air and argon are 



 

 

Clean Energy and Smart Technology  
Volume 05, Number 01, October 2026 

DOI : https://doi.org/10.58641/ 

 

 

e-ISSN : 2964-2647 
 

 

 

 
  

 
This is an Creative Commons License This work is licensed under a Creative 
Commons Attribution-NonCommercial 4.0 International License. 41 

 

 

employed as plasma gases to examine the influence of gas type on the resulting thermal and geometric 

characteristics of the plasma arc. These parameters are important because appropriate control of current and 

plasma gas conditions may contribute to improved energy transfer and greater gasification efficiency. 

Accordingly, this study aims to determine how variations in electrical current affect plasma arc characteristics, 

particularly arc length and plasma torch temperature, and to provide a basis for improving plasma system 

performance in gasification applications. 

Plasma gasification has attracted increasing attention in waste treatment and energy recovery because of 

its ability to process a wide range of waste materials while potentially reducing the formation of conventional 

pollutants. Nevertheless, improving its efficiency and reducing operational costs require a clearer 

understanding of the relationships among the main operating parameters, particularly electrical current and 

plasma gas type. A detailed understanding of these parameters is therefore essential for determining how 

current regulation influences plasma arc length, thermal characteristics, and energy transfer within the plasma 

torch, as well as how these changes may affect the overall gasification process. In Indonesia, the potential 

conversion of municipal solid waste into electrical energy using plasma gasification has also been evaluated 

(Usmadiansyah, 2017). 

Although previous studies have investigated plasma gasification technology and the influence of 

operating parameters on plasma behavior, a direct comparison of air and argon under identical electrical 

current conditions remains important for understanding their different plasma characteristics. Air and argon 

have distinct physical and thermophysical properties that may influence arc formation, arc length, and plasma 

temperature. Therefore, comparing these gases at the same current levels provides a consistent basis for 

evaluating their responses to changes in electrical input while minimizing differences in experimental 

operating conditions. This study experimentally investigates the effects of DC electric current (30, 40, 50, and 

60 A) and plasma gas type (air and argon) on plasma arc length and temperature under controlled operating 

conditions. The specific contribution of this research is a comparative characterization of air- and argon-based 

plasma torches, highlighting differences in arc length, temperature, and their responses to increasing current. 

The findings provide experimental evidence to support the selection of plasma gases and operating currents 

for plasma torch development. However, the study focuses exclusively on plasma torch characteristics and 

does not directly evaluate gasification efficiency, syngas production, or waste-treatment performance. 

 

2. RESEARCH METHODS 

This study employed an experimental testing method to investigate the cause-and-effect relationships 

among several interrelated factors. The main experimental variable was the electrical current, which was 

varied at 30 A, 40 A, 50 A, and 60 A. Air and argon were used as the plasma gases, while the gas supply 

pressure was maintained constant at 5 bar and flow rate of  21 L/min throughout the experiments. 

Prior to the main experimental measurements, an initial performance test (pre-test) of the plasma torch 

was conducted to verify the functionality and operational readiness of the system. The testing procedure 

involved assembling the electrical system, consisting of an inverter and a high-voltage driver, connecting it to 

the electrodes, and installing the argon gas supply at a pressure of 5 bar and flow rate of   21 L/min. After the 

system was activated, its successful operation was confirmed through visual observation of the plasma arc. 

The formation of a stable plasma arc indicated that the plasma torch system was functioning properly and was 

ready for subsequent experimental data collection. 
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Figure 1. Plasma Torch Experimental Setup 

 

The plasma torch experiment was designed to investigate the effect of electrical current variation on 

plasma arc length and temperature during the gasification process, using air and argon as the plasma gases at 

a constant pressure of 5 bar. The experiment was conducted in two main stages according to the type of plasma 

gas employed. Stage I used air as the plasma gas, while Stage II used argon, with three experimental replicates 

performed for each stage. The electrical current was varied at four levels: 30 A, 40 A, 50 A, and 60 A. 

For each combination of experimental conditions, the plasma arc length was measured manually using a 

steel ruler and recorded in millimeters (mm). Plasma temperature was measured using a thermocouple 

connected to a digital multimeter and recorded in degrees Celsius (°C). All measurements were conducted 

systematically to obtain empirical data for evaluating the performance characteristics and identifying the 

optimal operating conditions of the plasma torch. The experimental setup used in this study is illustrated in 

Figure 1. Thermocouple calibration procedures in experimental measurement systems have been documented 

by Mariam et al. (2013). 

 

3. RESULTS AND DISCUSSION 

The experimental results demonstrate that electrical current has a clear influence on both the geometric 

and thermal characteristics of the plasma arc. Under a constant gas pressure of 5 bar and a gas flow rate of 21 

L/min, increasing the current from 30 A to 60 A consistently increased the plasma arc length for both air and 

argon. Based on the three experimental replicates, the mean arc length obtained with air increased from 10.0 

mm at 30 A to 15.0 mm at 40 A, 20.0 mm at 50 A, and 23.67 mm at 60 A. In comparison, the corresponding 

mean arc lengths for argon were 10.0, 15.0, 17.0, and 20.0 mm, respectively. These results indicate that a 

higher electrical current promotes the formation of a longer plasma arc, although the magnitude of the increase 

depends on the type of plasma gas used. 

 

 
Figure 2. Visual results of plasma arc length at current variations of 30 A, 40 A, 50 A, and 60 A using air as the 

plasma gas. 
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Figure 3. Visual results of plasma arc length at current variations of 30 A, 40 A, 50 A, and 60 A using argon as 

the plasma gas. 

Figures 2 and Figure 3 provide visual confirmation of the experimental results. The images show that the 

visible plasma arc became more pronounced as the electrical current increased from 30 A to 60 A. The visual 

observations are consistent with the measured values, indicating that higher current enhanced arc development 

for both plasma gases. In addition, the comparison between the two figure panels supports the quantitative 

finding that air tended to produce a longer visible arc, whereas argon produced a more concentrated and 

thermally intense discharge, especially at higher current levels. 

 

The increase in arc length can be associated with the greater electrical energy supplied to the discharge 

as the current increases. A higher current strengthens the ionization process and allows the conductive plasma 

channel to be maintained over a greater distance between the electrodes. However, different responses were 

observed between air and argon. Air produced a longer arc, particularly at currents of 50 and 60 A, whereas 

argon produced a shorter but highly repeatable arc length across all three replicates. At 60 A, the average arc 

length was approximately 23.67 mm for air compared with 20.0 mm for argon. The identical arc-length 

measurements obtained in the three argon tests also suggest that the argon plasma produced a more 

geometrically stable discharge under the investigated operating conditions. In contrast, some variation was 

observed for air at 60 A. This difference indicates that plasma gas composition plays an important role in 

determining arc development and stability. Figure 4 summarizes the relationship between electrical current 

and mean plasma arc length for both gases. 

 
Figure 4. Effect of current on plasma arc length for air and argon  
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A stronger effect of electrical current was observed in the thermal characteristics of the plasma torch. For 

air, the mean measured temperature increased from 91.0 °C at 30 A to 170.0 °C at 40 A, 183.67 °C at 50 A, 

and 213.33 °C at 60 A. Thus, increasing the current from 30 to 60 A resulted in an approximately 134% 

increase in the measured temperature. Argon exhibited a substantially different thermal response. The mean 

temperatures were 81.67 °C, 234.67 °C, 301.33 °C, and 563.67 °C at 30, 40, 50, and 60 A, respectively. 

Consequently, the measured temperature at 60 A was almost seven times that recorded at 30 A. The most 

pronounced increase occurred between 50 and 60 A, indicating a nonlinear thermal response of the argon 

plasma at higher current levels (Figure 5). 

 

 
Figure 5. Effect of current on plasma torch temperature for air and argon  

 

An interesting feature of these results is the contrasting behavior of arc length and temperature for the 

two gases. Air generally produced a longer plasma arc, whereas argon generated a considerably higher 

temperature at medium-to-high current levels. At 30 A, the average temperature obtained with argon was 

approximately 9.3 °C lower than that obtained with air. However, at 40, 50, and 60 A, the average argon 

temperatures exceeded those of air by approximately 64.7, 117.7, and 350.3 °C, respectively. This finding 

suggests that a longer arc does not necessarily correspond to a higher measured temperature. Instead, the 

thermal behavior of the plasma torch is determined by the combined effects of electrical input, plasma gas 

properties, ionization behavior, and arc stability. Argon, as an inert plasma gas, appears to provide a more 

stable discharge and becomes particularly effective in generating higher thermal intensity as the electrical 

current increases. Air, on the other hand, favors greater arc extension but produces a comparatively lower 

temperature within the operating range investigated. 

The relationship observed between electrical input and plasma temperature is generally consistent with 

previous plasma gasification studies. Ismail et al. (2019) reported that increasing plasma power resulted in an 

increase in plasma and gasification reactor temperatures, emphasizing temperature as an important parameter 

affecting gasification performance and syngas quality. Although the present study varied electrical current 

rather than total plasma power, the observed trend follows a similar physical response: increasing the electrical 

energy supplied to the plasma system increases its thermal output. Nevertheless, direct quantitative 

comparison with previous studies should be made cautiously because plasma torch design, voltage, plasma 

gas composition, gas flow rate, reactor configuration, and temperature measurement methods may differ 

substantially among experimental systems. 

The temperature measurements in this study should also be interpreted according to the measurement 

method employed. The maximum recorded temperature was approximately 563.67 °C in an individual argon 

test at 60 A, whereas plasma gasification systems reported in the literature can operate at substantially higher 
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plasma or reactor temperatures. Messerle and Ustimenko (2024), for example, reported plasma gasification 

operating temperatures over a considerably broader and higher temperature range. Therefore, the 

thermocouple measurements obtained in the present experiment should be regarded primarily as the local 

temperature detected at the specified measurement position rather than as the absolute temperature of the 

plasma arc core. The plasma core may reach temperatures substantially higher than those directly recorded by 

the thermocouple. Future studies would benefit from complementary non-contact temperature measurement 

techniques, such as optical pyrometry or spectroscopic diagnostics, particularly when the actual plasma core 

temperature is required. 

The constant gas flow rate of 21 L/min also provides useful information regarding the operational 

requirements of the plasma torch. Under the assumptions adopted in this study, an argon cylinder with an 

equivalent gas capacity of 1 m³ and a supply pressure of 5 bar was estimated to provide approximately 234.95 

min of operation. This estimate is useful for assessing gas consumption and planning continuous plasma torch 

operation. However, gas consumption should not be interpreted directly as gasification efficiency. A 

comprehensive assessment of plasma gasification efficiency would additionally require measurements of 

electrical power consumption, feedstock conversion rate, syngas yield and composition, cold gas efficiency, 

and overall energy conversion efficiency. Thus, the present results primarily characterize the geometric and 

thermal performance of the plasma torch rather than the complete energy efficiency of the gasification system. 

Overall, the results confirm that electrical current and plasma gas type are important operating parameters 

governing plasma torch characteristics. Increasing the electrical current from 30 to 60 A increased both arc 

length and temperature, but the magnitude and pattern of these changes differed between air and argon. Air 

produced a relatively longer arc, whereas argon provided a more stable arc length and substantially higher 

temperatures at higher currents. Among the tested conditions, the combination of argon and 60 A produced 

the highest measured thermal output, while air at 60 A produced the longest average arc. These findings 

indicate that the appropriate operating condition should be selected according to the thermal and geometric 

requirements of the gasification reactor rather than solely on the basis of maximum current. The results 

therefore provide an experimental basis for further optimization of plasma torch operation, particularly 

through simultaneous consideration of current, plasma gas type, arc stability, temperature, electrical power 

consumption, and syngas production performance. 

Table 1. Summary of mean experimental values (n = 3) 

Current (A) Air arc (mm) Argon arc (mm) Air temp. (°C) Argon temp. (°C) 

30 10.00 10.00 91.00 81.67 

40 15.00 15.00 170.00 234.67 

50 20.00 17.00 183.67 301.33 

60 23.67 20.00 213.33 563.67 

Data note: For the air test at 60 A, the arc-length values used in the calculations follow the tabulated data 

(23, 25, and 23 mm), because the source narrative contains inconsistent values for Tests 1 and 3. 

 

4. CONCLUSIONS 

This study investigated the effects of electrical current and plasma gas type on the arc length and measured 

temperature of a plasma torch under controlled operating conditions. The experimental results showed that 

increasing the electrical current from 30 A to 60 A was generally associated with increases in arc length and 

temperature for both air and argon at a constant gas pressure of 5 bar and a gas flow rate of 21 L/min. However, 

the temperature response was not uniform across all current intervals, particularly for air between 40 A and 

50 A, where the temperature increase was relatively small. These findings indicate that electrical current and 

plasma gas type influence the observed geometric and thermal characteristics of the plasma torch within the 

investigated operating range. 

The two plasma gases exhibited different characteristics. Air produced longer plasma arcs, whereas argon 

generally exhibited higher measured temperatures, particularly at higher current levels. At 60 A, argon reached 
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the highest individual temperature measurement of 563.67 °C. Thus, 60 A represented the condition with the 

highest measured temperature within the tested range, rather than an optimum operating condition. 

Furthermore, the reported temperatures represent measurements at the experimental measurement location 

and should not be interpreted as the overall plasma temperature or total thermal energy output. 

The present study was limited to the experimental characterization of plasma arc length and local 

temperature. Feedstock conversion, syngas yield and composition, electrical power consumption, and overall 

energy efficiency were not measured. Therefore, the results cannot establish improvements in gasification 

efficiency or waste-treatment performance. Future research should integrate plasma torch characterization 

with direct measurements of electrical power and energy consumption, long-term arc stability, feedstock 

conversion, and syngas production under actual gasification conditions. Such investigations are necessary to 

evaluate the relationship between plasma torch operating parameters, energy requirements, and gasification 

performance, and to identify operating conditions that provide an appropriate balance between thermal 

characteristics, operational stability, and energy efficiency. 
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