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SUMMARY

MICROWAVE PLASMA SOURCE (MPS)

GDAÑSK

P
A N

In argon plasma the rotational temperature of OH radicals ranged from 1500 up to
3100 K depending on the location in the plasma, the microwave absorbed power and
argon flow rate.

Stable operation with various gases as well as wide range of parameters make MPS
an attractive tool for different gas processing at atmospheric pressure and high
flow rates.

INTRODUCTION

Development of microwave plasma technology
at atmospheric pressure and high gas flow rates

he plasma gas temperature
from the rotational temperature of the heavy species [1]

Determination of plasma parameters e.g. t
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Spectroscopic study of electron number density and rotational and vibrational temperatures
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EXPERIMENTAL SETUP
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The sketch of  MPS
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MICROWAVES
Frequency:
Power:

2.45 GHz
600 - 5500 W

Comparison of the measured and simulated emission spectra of
OH(A-X) in argon plasma (P – 1 kW, argon flow rate - 50 l/min,

25 mm below the electrode end)
A

b)

Gas processing:
production of hydrogen via hydrocarbons decomposition [2]

hazardous gas treatment [3]
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Gas outlet

Quartz cylinder

( 26, 30)f f
IN OUT

Waveguide
WR 430

Discharge
igniter

Plasma length

Gas
(swirl flow)

Gas
(swirl flow)

Reduced height
section

Cylindrical
electrode

( 12, 20)f f
IN OUT

en  d

Working gas
(axial flow)

Tapered section

Cylindrical brass

shield ( 48)f
IN

MicrowavesTo movable plunger

Magnetron head
( )2.45 GHz, 6 kW

Movable plunger

MPS

Directional coupler
with diode heads

Nitrogen inlet
(swirl flow)

Gas
outlet

Argon/nitrogen/methane
inlet (axial flow)

Optical
lens

Spectrometer

CCD
camera

Screens
with pinholes

Microwave
power meter

PC
computer

Shield with slit
for visualization

(quartz cylinder inside)

H O

vaporizer
2

MW power
control unit

Spectrometer (DK-480, 3600 g/mm and 1200 g/mm)
with ST - 6 CCD sensitivity calibrated camera

Microwave power meter Agilent E4419B with
E9301A heads and directional coupler MEGA IND.
069Y7 (70dB)

Measuring devices:

Discharge ingniter

D
is

ta
n
ce

 B
IE

E

Ar
50 l/min
4000 W

Ar
50 l/min
600 W

N
200 l/min
1000 W

2 CH
88 l/min
4000 W

4 CH
200 l/min
4000 W

4 CH
200 l/min
1100 W

4N
200 l/min
4000 W

2

100

200

[mm]

0

100

200

[mm]

0

300 350 400 450 500 550 600

0.0

0.2

0.4

0.6

0.8

1.0

without water vapour
with small amount of
water vapour

NH (A-X)

In
te

n
si

ty
[a

.
u
.]

Wavelength [nm]

OH (A-X)

Ar I lines
N

2
second positive

H
b

N
2
+ first negative

300 350 400 450 500 550 600

0.0

0.2

0.4

0.6

0.8

1.0

Zn lines

In
te

n
si

ty
[a

.
u
.]

Wavelength [nm]

N
2
second

positive N
2
+ first negative

N
2
first positive

300 350 400 450 500 550 600

0.0

0.2

0.4

0.6

0.8

1.0

CN Violet

Cu I lines

In
te

n
si

ty
[a

.
u
.]

Wavelength [nm]

C
2
Swan

Zn I line
Cu I lines Cu I lines

306.5 307.0 307.5 308.0 308.5 309.0 309.5 310.0

0.0

0.2

0.4

0.6

0.8

1.0

In
te

n
si

ty
[a

.
u
.]

Wavelength [nm]

Measured spectrum
LIFBASE [4]: OH (A-X) band T

rot
- 1900 K

3600 gr/mm
Dl

I
= 0.05 nm

506 508 510 512 514 516

0.0

0.2

0.4

0.6

0.8

1.0

In
te

n
si

ty
[a

.
u
.]

Wavelength [nm]

Measured spectrum

Specair [9]: C
2

Swan

T
rot

- 4000 K Tvib - 5000 K

464 466 468 470 472
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

In
te

n
si

ty
[a

.
u
.]

Wavelength [nm]

Measured spectrum

Specair [9]: N
2
+ first negative

T
rot

- 5500 K Tvib - 5500 K

Argon

Nitrogen

410 412 414 416 418 420 422

0.0

0.2

0.4

0.6

0.8

1.0

In
te

n
si

ty
[a

.
u
.]

Wavelength [nm]

Measured spectrum

LIFBASE [4]: CN violet
T

rot
- 5400 K Tvib - 5400 K

Microwave plasmas for Ar, N and CH at different microwave absorbed powers and axial gas flow2 4
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DESIGN

Measured emission spectrum of argon plasma
(P – 1 kW, argon flow rate - 50 l/min,

25 mm below the electrode end)
A

Measured rotational temperatures of OH radicals and electron
number density as a function of distance below inner electrode end

(Distance BIEE) (P - 1 kW, argon flow rate - 50 l/min)A

Measured H line profile and the Voigt function fitted to the

experimental points (P - 1 kW, argon flow rate  - 50 l/min,

25 mm below the inner electorode end)
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Measured emission spectrum of nitrogen plasma
(P – 4 kW, nitrogen flow rate - 50 l/min,

25 mm below the electrode end)
A

Comparison of the measured and simulated emission spectra of

nitrogen flow rate - 50 l/min, 25 mm below the electrode end)

N + first negative system in nitrogen plasma (P – 2 kW,2 A

Measured rotational temperatures of OH radicals, N + ions and N

molecules as a function of distance below inner electrode end
(Distance BIEE) (P - 2 kW, nitrogen flow rate - 50 l/min)
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Measured rotational and vibrational temperatures of OH radicals,
N + ions and N  molecules  as a function of microwave absorbed

power P (nitrogen flow rate - 50 l/min,

25 mm below the electrode end)
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Methane

Measured emission spectrum of methane plasma
(P – 3 kW, methane flow rate - 88 l/min, 15 mm below the

electrode end)
A

Comparison of the measured and simulated emission spectra
of CN Violet system in methane plasma

(P – 2 kW, methane flow rate - 88 l/min, 15 mm below the

electrode end)
A

Comparison of the measured and simulated emission spectra
of C  Swan system in methane plasma (P – 2 kW, methane flow

rate - 88 l/min, 15 mm below the electrode end)
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Measured rotational and vibrational temperatures of CN and C

molecules as a function of microwave absorbed power P

(methane flow rate - 88 l/min, 25 mm below the electrode end)
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MPS was successfully used for hydrogen production via hydrocarbon conversion [2]
and for Freon destruction [3] owing to high plasma gas temperature.

In nitrogen plasma rotational and vibrational temperatures ranged from 4000 to
6000 K and from 4500 to 6500 K, respectively, depending on the location in the
plasma, the microwave absorbed power and nitrogen flow rate. OH radicals and
N + ions provided comparable results. N molecules in all cases provided sligtly

lower temperatures. The rotational and the vibrational temperatures of N + ions and

N molecules were in equilibrium in nitrogen plasma.
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In methane plasma rotational and vibrational temperatures ranged from 4000 to
5700 K and from 5000 to 6000 K, respectively, depending on the microwave
absorbed power. CN molecules provided higher rotational temperature than
C molecules. The vibrational and the rotational temperatures of CN molecules were

in equlibrium. In case of C molecules in such plasma the vibrational temperature

were 10 – 30 % grater than the rotational.
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Electron number density:
GKS theory [7]
Gig-Card theory [8]
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Obtained electron number density in argon plasma ranged from 5.5 * 10 to 1.4 * 10

cm , depending on the location in the plasma, the microwave absorbed power and
argon flow rate.
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