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Introduction: Nitrogen Fixation (NF)
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Introduction: Challenges

Energyintensive Reliance on fossil fuels.
Huge quantity of H 5% natural gas.
Environmental iIssug0.4 billionton CO2 /year 8NH,Y 3CO,

Efficiency confined30 GJNTH H ntN.D Wk
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Introduction: Solutions
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Introduction: N2 — Applied
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Introduction: BirkelandEydeprocess
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Introduction: BirkelandEydeprocess

In an alternating current (see Fig. 2), all the arcs with a positive direction Birkeland-Eydeprocess video

of current run one way, while all with a negative direction run the opposite
way, presupposing the magnetising being effected by direct currents. In
this way, a complete, luminous, cirCular disc is prg:sented to the eye.

Birkeland K. (1906). Transactions of the Faraday Society 2(2):-:QDER 8/36



Introduction: Nitrogen Fixation in Plasma
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Introduction: Overview of NO production

A A.Fridman, Plasma Chemistry, 2008 A Y. B. Zeldovich 1947

6.1.1. Fundamgntal and‘ApPIigd Aspegts of NO Synthesis iq Air Plasma O + N2 Y NO + Ea &J 3. 27 eV/ mc

The synthesis of nitrogen oxides in air plasma is one of the “old timers™ in plasma technology.

This endothermic plasma-chemical process is usually presented simply as N + 02 Y N O +Ea D 0. 3 eV/ mol
I l
=N, 4+ =0, > NO, AH ~ 1¢V/mol. (0-1) . -
272 N,+ O, Y 2NO Combustion

Henry Cavendish and Joseph Priestly were the first scientists who investigated this pro-
cess, In the eighteenth century. Industrial implementation of the plasma technology was N2 (1 3 ;— ’ U) N Ek — N2 ( A3 2’ 83 Hé é

performed in 1900 by Kristian Birkeland and Samuel Eyde. Birkeland and Eyde developed

' How to make the plasma process more economical ?
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Cutline

Air plasma for NF: insights from reducirignergy Cost
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Experimental Setup
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Specific energy cost calculation

Calculation of energy cost of plasma nitrogen fixation

Piis X ¢
X CNo, X 107°% x 14 g/IIlOl

X 1073

EN}, — v

24 [, / mol

E, IS energy expended per unit cdactive N (GJIN) MJImol kWh/kg
P, IS theplasma power consumptiorfW) (only for plasma)
V is the volume of chamber (L) or gas flow into the chamber

Cnoy IS the concentration of N({ppm)
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Results: DBIQSurface Micralischarge)
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Results: DC glow discharge
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Results: ngulse spark discharge
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Results: ns pulse spark discharge
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Results:The Propeller Arc

Rotating cathode, driven by a motor, fixed anodes
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Results:The Propeller Arc
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Results:The Propeller Arc
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Results: PA energy cost
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Results: PA energy cost
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Results: Average electric fields
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Results: The. factor
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Cutline

Air plasma coupled with heterogeneous catalysis
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Reduce energy cost by coupling with heterogeneous catalysis

Packed DBD plasma reactor
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Air plasma combined catalyst for NF
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Influence of catalyst
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Influence of catalyst
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Plasma jet coupled with catalyst
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Air plasma jet coupled with catalyst

3.5
) 460
Va 120 kQ Vdis 3'0_\M\WN;TM\ 5 OW ?
] - 150 <
. 2.5 1 £
. 1 140 = .
Gasinlet 5 20] 13 ytic effect
=z 154 130 3 >
<—IA\lr ; ]0_- 120 %
o Voltage 1 =<
. 10 «»
0 1800 - 140
000 15 1o —— Only plasma jet - =
/-\500_ @® Plasma jet + ALO, 1500 1 120
€450 ] 1 3.
Plasma 6 . 1200%- 100
=400 1 : o .
Q 4900 = 4 80 ©
S = 2
5,350 1 S 2
5 1600 ' 4 60
. = 300 1 S
Aﬁerglow - ' 2]
1 250 4300 a7 40
’Y—A1203 200 T T T T T v T T T T T O Z = 20
| I | supported by Q-wool 20 30 40 50 60 70
FHR I, (MA) 32/36

Pei X. K. et al., J. Phys. D: Appl. Phys. (Preparing to submit).



Influence of N2/O2 ratio
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Fluidized catalyst Magnet to stabilize
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