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PM-H300 : Plasma monitoring system
Wavelength — 350 ~ 440 nm
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% 3 EEg=v BAY] Asds)d 2 g 231
Measurement point: 0 mm from torch exit
Discharge gas
flow rate (L/min) 10 12 14 16
Measurement 6,029 6,160 6,201 6,438
temperature (K) +461 +211 +159 +200
Calculation 6,946 6,982 6,916 6,904
temperature (K)
Difference (%) 13 12 10 7
Measurement point: 10 mm from torch exit
Discharge gas
flow rate (L/min) 10 12 14 16
Measurement 5,315 5,627 5,929 6,128
temperature (K) +579 +625 +1,074 +1,079
Calculation 6.392 6,449 6,406 6,413
temperature (K)
Difference (%) 12 14 13 4
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16000 - Measurement point(Based on ZIG) :
- 8 mm, 13 mm,
~ 14000 - —— 18 mm, 23 mm,
721
N L 28 mm
o
= 12000 -
— L
= 10000 -
h -
& 8000 -
£ 6000
: L
S 4000 -
= L
= 2000}
300 400 500 600 700 800
Wavelength (nm)
29 7 Az EFepznh AR A As w2 sy W A
16000 - N, Flowrate : —— 10 L/min, —— 12 L/min,
16 L/min,

i —— 14 L/min.
14000 ”— 18 L/min

p—t
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e

< 10000

8000 |-

6000

4000

Intensity (arb. units)

2000

0 | 1
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Measurement point X : Based on zig
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Measurement point X : Based on zig
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Measurement point X : Based on zig
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Optical Diagnostics of Methane Pyrolysis Process

Using Thermal Plasma

Hye Young Ko

Department of Energy and Chemical Engineering
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Abstract

Thermal plasma, characterized by high temperatures and an abundance
of reactive species, 1S garnering attention for its role in methane
pyrolysis processes that produce turquoise hydrogen without emitting
carbon dioxide. To effectively operate such processes, diagnostics of the
thermal plasma state i1s crucial. There are two diagnostic methods:
electrical and optical. Electrical diagnostics, using probes inserted into the
plasma, directly affect the process and are unsuitable for
high-temperature core diagnosis in the thermal plasma jet. on the
contrary, optical methods diagnostics the light emitted by the plasma and
do not affect the process. Optical diagnostics not only enable the
diagnostics of the high-temperature region at the core of the plasma jet
but also measure reactive species within the plasma jet. In this study,
we applied optical diagnostic methods to analyze the temperature and

reactive species of thermal plasma jets, specifically utilizing the



Boltzmann plot method using the wavelength range of N,  rotational
energy levels to calculate the temperature of the plasma jets. To validate
the developed optical diagnostic method, numerical simulation using the
magnetohydrodynamics code, DCPTUN code, was conducted. The results
showed a difference of approximately 1096 when comparing the measured
and calculated temperatures for a single thermal plasma torch. The
established optical diagnostic method was effectively utilized in a triple
thermal plasma reactor during a methane pyrolysis process. It confirmed
the internal distribution of nitrogen plasma jet reactive species and
temperature variations based on discharge gas flow rates and plasma jet
positions. Additionally, variations in reactive species distribution and
temperature in the thermal plasma jet were investigated according to
methane flow rate and plasma jet positions during the methane pyrolysis

process.
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