KAUST IFS Workshop Plasma-chemical kinetics of NH, cracking s sl | Clean Combustion

et | Research Center

Seunghwan Bang, Ramses snoeckx, Min Suk Cha

Introduction Results

‘ " : ' . u 0 ] [ ] ] [ ] ]
ZE)) S - NH, as an energy carrier Conversion of 1-mol% NH, Reaction sensitivity analysis
e e R e | H ducti ) _
;B W ) Eﬁ - Fp production 100 | Exp. // Mech-1// Mech-2 // Mech-3 | 1.00 - (a) PCMech-1 1.00 1—=—(R1) e+N, — e +N+N (b) PCMech-2
H = | - DT, S _ _ = //----/ ---- /I ---- AsinReference = ' 1@ (R11) NH+NH,(+M) — N,H,(+M)
H = wm) §i00 + ) SR -4 - Direct combustion ' /| —— || —— /I —— Presentstudy /], o  075- 0.75 {—A—(R6)  NH,+H+M — NHy+M
g Wﬂ ; )
S ‘ ‘ ] . . . ? 80 B Y ’? i
w o | | ni = ﬁél - Limits of NH; cracking = | E X 0.50 - | 0.50 &D
g - (10 — | i /D
ippi H, transport : . o o
) i | [P o -, - Conventional thermal cracking Z o 2Z 0.25- 0-25- = —
g o g2 o S P
’-::.. = " ] ] ] ] o .; o —~
| E o e CO, emission, inflexible scale o 29 jo0dla—— 0001 — = —
é’- a.. 0O ° g ” storage_: .18/MWh p . . _9 5 c .9 {4 .
> i i - Catalytic cracking ® 40} 3D o0 S 095 -+
Renewable Ener Storage & Distribution — r% . . . d>, O C>J o | s i
. : Hard operation, expensive material c = '
(MacFarlane et al, 2020) (UK Government, 2020) o] = O -0.50 - -0.50
O 20 0% c O _ —F— NH,+H — NH+H, _
1000 g 0.75 - —— (R1) e—+N2 — e +N+N —— NH2+NH2 N NH3+NH 0.75 - —A— H2NN+H — NNH+H2 — e‘+N2 — e‘+N2(BB)
§ "~ |—@— (R11) NH,+NH,(+M) — NyH,(+M) —A— NH,+NH — N,H,+H T [0 NoHa#NGHy — 2NH N, —O— e7+N, — e7+Ny(CY)
M et h Od O I o Of—= 100 —A— (R6) NH,+H+M — NH;+M —P»— NH,+*M — NH+H+M 1.00 —I“S— H2NNI+H - Nz'}'z""" _IA— (R3) INz(A3)+N|I'|3 — N2+’|\1H2+H
' T g T g T g T g T g T g T ' T - 1. I ' J T I ' I ' I ' I ' I . ' ' ' ' ' '
g y 400 600 800 1000 1200 1400 1600 1800 300 400 500 600 700 800 900 300 400 500 600 700 800 900
Temperature, T, (K) Temperature, T, (K) Temperature, T (K)
Experiment KAUSTKIN | PCMech 100 Chtect 100 - pCect
Exp. // 1 /I 2 /I 3 | Exp. /1 I 2 | Exp. /1 N 2 |
p > p > 70 —@— ) —— || —— || —— 20 W ® // —— /| —— Altinay & Macdonald. [38] (Present study) ® /[ —— [ —— w/ N,H,reactions (Present study) ,
NH; KAUSTKin :\; 50 A —— [ —— ]| —— 10W 80 L /[ — = - [/ — — - Davidson et al. [37] 80 I Il = —=- 1 - —=- w/oN,H, reactions /’
Moderator ~— B /s | eeeees | eeeees 5\W g _ . /
~ent : : ' : T o | ~ | NH, recombination: (R6) NH,+H+M <> NH,+M N,H, reactions )/
E/N; EEDF 0D plasma-chemical kinetics T,; Arrhenius form 2 _ % 60 L 60
S Y
Species equation Constant volume Species equation O 40 | o
ELECTRIC FURNACE Energy equation or constant pressure Energy equation c - S
MEC | - BOLSIG+: reaction constants ) . ) - ) % 30 L ® 40 |- 40
@
. L o B >
NHs, N, | Durlng At, Q>J 20 g
I . Function generator g i O L 20
10 |
. O .
= - . =z 7
Readout Oscilloscope HV probe o € = ="
Ehas | ————— - - =-==°- P,.=20W
A ¢ Input | ' | | | | | | 0 T T T T T T T T T T |dIS T T 0 I T | ' | ' I T I T 1 ' |
S i 300 400 500 600 700 800 900 300 400 500 600 700 800 900 300 400 500 600 700 800 900
A amp!lng P T Y 100 -
V probe capacitor HV amplifier 0> 70 7.0 20 ; p 100 - PCMech L PCMech
- E/N ED t / | Exp. /[ 1 /2 ’ | Exp. /1 /[ 2 *
F ) » ‘end — i / y ® /| —— // oy, Biagi [56] (Present study), d ® // /] w/ N, disso. quenching (Present study)
toulse ~ O(107) tige ~ O(10%) npu|sesa Epulse o‘\o’ / ~ /+‘ _ 80 | /I ==- Il ==- o Lisbon[54, 55] L’ g 80 | I = = -1 ——- wloN, disso. quenching
I< > 1< . 15 | 4 > 7 o e . .
Initial concentration : 0(1072) : : Im /é(l et " Collisional cross-section database - N, dissociative quenching reaction
. At1 ~ Z 2 . eo®® e ® T
[Mol%] Discharge power Gas temperature —ic ! ! — / 17N / Z 60
o / / o’ e
(Pais), [W] (Tg), [K] 1) : '  OQutput = 10} RN P O
NH; N, P, T. Y % o ; oo .7:_.::* 'g 40 -
BoIp Tif = // R SN 4 o
0 300-1300 (AT,=100) > 5 _+’ kA R - + ....... + §
1300-1450 (AT,=50) S | g 20 |
1.0 99.0 * NH; Reaction mechanisms (Thermal reactions + Plasma reactions) "r D SUUTR T
0 L 8 eececcsces
_ = - Mech-1(Zhang et al.) / Mech-2 (Alturaifi et al.) / Mech-3 (Van ‘t Veer et al. S ' ' ' ' ' e T AL L — T
°/10/20 300-900 (ATg 100) ( g ) ( ) ( ) 300 400 500 600 700 800 900 300 400 500 600 700 800 900 300 400 500 600 700 800 900
- Van 't Veer et al. (Electron impact, excited species, ion chemistry) Temperature, T, (K) Temperature, T, (K) Temperature, T, (K)




