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| piteelLietion

+ Ammonia s eneioi themoest ValtzslENne Sl
chemicals and agrictittiraieriizesViere recenily
It Is.consideredl asia dirfect fuel o iy reren Caffies

+ Traditionally:ammeniialsisyntneszed ifem
hydrogen and nitregen gases Unees hign pressure
and temperature with the nelp ef cataly/sts IS
process (Haber process) Isitsualiy carriesrouiing
lar ge scales.

+ Thereisaclear need for a more active cataly/ilc
system or a new. routefor ammonia synthesisiat
milder operating conditiens te addressthenterest
of smaller distributed ammonia production systems,
to fully and mor e efficiently utilized thewind
energy, for example.




@] ECIVES

+Develop efficient nen-thermaifplasmai(INIF)
Systems for; Synthesis el NIH S fremireneneldlie
hydrogen such aswina hydiregen:

+Evaluate different catalysts and premetersane
thesynergy efifiect with non-thermal plasma:

«Study NT P processing parameters suchrasapphiesd
voltage, freguency, gas rratio, and residence time;




What is NTP?

+« NTP species include: energetic electrons,
photons, atoms, and molecules, highly
reactive radicals, ozone, etc. Ozone Is the
most widely used NTP species.

+ NTP:-I1s generated though electrical
discharge in gas (in atmosphere or liguid).
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EEfi:ectsiei NI e EESEoUSICOIPBUNGES

_ O+ VOCs @0), 5,0 = oYofaellcis
_ OH + VOCs @0) 5,0 oYdfaelcis
__0O,+VOCs CO, + Ho O RYRIEUUES

e+ O, + VOCs CO, + H- O ypreUUEES
depending on VOEs




Pulsed Corona Discharge Reactors

NTP Reactors
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ViiateralsaneNvieiiees

+ New appreachifior anmonapredicenNiem
ienewablelnydregenancd eneiay.

Wind Generated Electricity

v

Electrolysis of Water

v

Nitrogen ‘ NTP-Assisted NH3
Synthesis Reactor

'

Ammonia




VilaterasaneNviiEiiees

+ Schemeatic diagram| el the expeiineiicl appareits

AR

(1) nitrogen;

(2) hydrogen;

(3) mass flow
controller;

(4) dryer;

(5) gas purification;

(6) temperature
control
Instrument;

(7) inner electrode;

(8) outer electrode;

(9) catalyst bed;

(10) plasma reactor;

(11) power supply;

(12) compressor;
and

(13) ammonia
storage tanks.




VilateralsaneNviiEiiees

+Non-TermalFPiasnzayASSISIEENN 1SS
SVpligles]s

N2 — 2N(ad)

H2'— 2H(ad)

N(ad) + H(ad )— NH(2ad)
NH(ad) + H(ad) — NH2(ad)
NH2(ad) + H(ad) — NH3(ad)




Nestlles ziplel PDlsellss|on

+ Ammenia syntiesisitineerdiiieenneaiaiy/st
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Nestlles ziplel PDlscllss|on

+ Effect ol applied Vel i2eeon amimeRicNeHiizIe)
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catalyst: Cs-
Ru/MgO-
TiOZ;
frequency:
8000Hz;

N2 and H2
total flow
rate:
60mIl/min.




Nestlles ziplel PDlscllss|on

+ Ammoeniafermaien asaitceRieiempeEleE
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catalyst: Cs-
Ru/MgO-TiO2;
VN2:VH2=1:3,
N2 and H2
total flow
rate:
60mil/min,
voltage:
5000V,
frequency :
10000Hz.
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Nestlles ziplel PDlscllss|on

+ Effect of rairoroi INZ/S 2 enammonicionnaien
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catalyst:

Cs-Ru /MgO-
TiO2;

voltage :
5000V,
frequency:
10000Hz;

N2 and H2 total
flow rate:
60mIi/min




Nestlles ziplel PDlscllss|on

+ Ammonia fiormairon as altincuienieiimeliatan
NP reactior Wilthcataly/sis
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Comparison Between Traditional
Thermochemistry and NTP Assisted Catalysis.

Traditional L ow temperature and
high atmospheric pressure
Reactants temperature :
andhigh O i NTP
pressure

()N, +H, NH, - NH,
(2N, +H,0 : - NHy N,O
(3) CO+N,+H,O0 CO,, H,, NH, O N

(4) CO+H,0 CO,, H, CH,, CO,, H,




% Transmittance

2500 2000

Wavenumbers (cm-1)

FT-IR spectrum of reaction; of N2 and
H20 on Ru-Pt-Cs/MgO catalyst




I ®CH, ®WNH; OCOs

FT-IR spectrum ofi reaction of N2, CO;
and H20.




® CH, 0O CJ:

% Transmittance

FT-IR spectrum of reaction of CO and H20.




NTPFASSIsted CatalysistREACHONS

/,-n:m

Gasification

/

Biomass NTP Assisted Catalysis

\

Fhotosynthesis

NH3, CH4, other hydrocarbons




ESORCINSINS

+ [henen:themmal plasmz geqeeieaNo)y
dielectric bamerdischageceanionizeans
dissociiate N5 andi=simoelecllesioNermeleoeE
nUMbEer of actiVveated! Species, Whllch eaeh 1o

produce ammenia nolecllies,




ESORCINSINS

+ [he concentialien el ammeniapeslcEd
depends on appliedVeltage; ireaUencys
temperature, and the'caialy/siS aneieeelers:
The highesi concentralien reachedi 2 67603

this stuay.




ESORCINSINS

+ The Ru:hased calal/sthzdiignicaigiine
activity at lew temperaitire i aliseNinelcaiesd
that ammoniia synthesiswWithinenstheiiizl
plasma and! prometed cataly/stWwasimucHless
temperature dependent than Wilthiemer
catalytiC processes.




ESORCINSINS

+ Hiigh reactieniaciiVities Canise ellelineaieven
When the feed gas compesitionVeariedio e
large extent.

+ A mmonia synthesi's by ner-thermzl plasiiz
with promoeted cataly/sis'snouldiaveagrest
potentia to beceme anlinneyveative conmmercal
technology:.
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