. N B
This paper describes'obijective technical results'andyanalysis./Any subijective views or opinionsithat might be expressed in SAND2021-10906C
the paper do not necessarily,representthe/views/offthe U.S.'Department of Energy or the!United|States/Government.

A

COMBUSTION
RESEARCH
FACILITY i

2D-IMAGING OF METHYL IN AN N,/CH, NANOSECOND
PULSED PLASMA BY PHOTO-FRAGMENTATION
LASER INDUCED FLUORESCENCE

Dirk van den Bekerom?, Erxiong Huang!, Caleb Richards?,

lgor Adamovich? & Jonathan Frank?

1Combustion Research Facility, Sandia National Laboratories, Livermore, CA 94551
USA
’Departement of Mechanical and Aerospace Engineering, The Ohio State University,
Columbus, OH 43210, USA

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned . . .
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525. Sandia National Laboratories




ﬂ—
CRE Methyl as entry point for Methane coupling
/ reaction kinetics

red = surface
reaction
black = gas
phase reaction

e Methyl important radical in
methane coupling (e.g.
Oxidative Coupling of
Methane, OCM)

y )
“““'"- -Con)
e Difficult due to methane : COw)

stability - Plasma promising
. Karakaya & Kee, ChemCatChem 9, 4538 (2017)
for hydrogen abstraction

E-R mechanism (b) L-H mechanism
e Importance of gas vs. surface o )
’ : ____ Cvon) 0 /

reactions (catalysts)? Y o A,

e 2D-Imaging of methyl
important but challenging...

P. Chawdhurry et al., Appl. Catal. B: Env. 284, 119735 (2021) 1110
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Plasma Configuration

Plasma + catalyst coupling:
Tradeoff Reactivity vs. diagnostic
access

e Qur design: Direct plasma +
catalyst interaction with good Quartz encapsulation —
optical access

Copper HV-electrode

Gas Gas
Inlet Outlet
1 Plasma

Omm

Catalyst/UVFS blank

Grounded steel cap

Button heater J
) _J

T. Pham Huu et al. Catal. Today 257, 86 (2015) 25.4mm

v
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2\ .
crr Photo-Fragmentation Laser Induced
" B-X(0,0) -X(0,0) + A-X(1,
Fluorescence OO XD
e CH; difficult to detect with LIF Spectrum: /\ A
directly - Photo-fragmentation -
390 nm 430
LIF Li et al. Proc. Combust. Inst. 37, 4487 (2017) 2 i
g2y — V=0 EeT AA =y
\ ¢ v'=0
e Detection close to surface - - VET
need non-resonant detection o ]§_A_2 _
390 nm
e Excite B-state and rely on
Electronic Energy Transfer (EET)

to populate A-state

CH
e EETis collisional quenching
process, so collision partner 213 nm
dependent! CH,

124

X2A,
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| @ Optical Layout

HR266
* PF-LIF lasers: HR3% ©

~  PF: 213 nm (5t HG YAG) H|32i§ & .

—  LIF: 390 nm (1064nm + 616nm dye) %] C_ 9 39, 6‘5/7/77
e Methyl source - Photo- | \ "y

+500mm ‘?Zyﬁkb

Dissociation of acetone: CYL.

— PD: 266 nm (4" HG YAG) ]
Plasma
Acetone absorption:

51 |

& e PMT & spectrometer for

S 4 .

D characterization

ag

I e |CCD + Bandpass filter for imaging
§ (430 nm CWL, 10 nm FWHM)

2 11

c

Yo

- e 3us 30ns /\ZUS
200 220 240 260 280 300 320 340 360 < Y PadiN P

Wavelength / nm "
430 nm

v

v

266 nm 213 nm 390 nm
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e Quenching of 3-level system very
complex - Perform calibration &
experiment under identical
quenching conditions

e Approach: Increase methane fraction
until it dominates quenching

Plasma, 60 torr, 0.8% acetone

Methane fraction: \

a8l 0% 50%

Increased
" CH, fraction

AR

Natural Log of PMT Response

=20 ] 20 40 B0 BO 100
Time [ns]

Quenching as Function of Mixture

350 "
! === Qgyq, [Tamura199g]
300 \ @ Experiment
"I.
=250 ®
=] \
@
_E 200 \\‘
- LN
&, 150 .
o ~
g N
100 S
=] ® ~—
L L
50 - ® e g o
Plasma, 60 torr, 0.8% acetone i
ﬂ T T T T T T
0 10 20 30 40 50
Percent CH,

M. Tamura et al. Comb. & Flame 114, 502-514 (1998)

At 50% CH,, decay time is not affected

by acetone or plasma:

—> Quenching dominated by CH,!!

For CH-quenching, temperature

dependence divides out
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%F Calibration: Temperature correction
s LIF signal per mole fraction

1.0
* Photo-dissociation of acetone: s

G
(CH3),CO + hv - CH; 4 CH5CO 2 0o

[

e Methyl density given by: S
LaLsae‘s}e Jle%ecnce Apiléencross-section W 0.2

Acetone cross-section '

Methyl density  ppethyl densitgicetone def&@%/ty m Methy! yield

abs Id 0.0

nCH’g (rﬁmm}gifa);l hv hv CH; YCH3 0 100 200 300 400 500 600 700

Temperature / °C

Photon Bhetgy energ
i M. Thurber et al. Appl. Optics 37, 21 (1998)

...Temperature profile T(7) needed!

600
* Acetone LIF intensity function of temperature

- Determine T'(7°) from ratio
Iip (7, T) /11 (7, 20°C)

un
o
o

T
B
=]
o

I,r(7,20°C) I T)

Acetone LIF, 500 °C Surface Heating

Acetone LIF, Uniform Flow at 23 °C

J
o
o

w
o
o
Gas Temperature [°C]

H
=]
=]

S S

LIF intensity (a.u.) LIF intensity (a.u.)

0
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(/}\/ﬂ}\\e}; Absolute methyl profiles

i

Temporal scan:

Voltage
Plasma conditions: | Methyl |

e 20kV, 90ns pulse width @ 200 Hz
e 60torr, 2sIm 1 | At
* 50%N,, 50% CH, (no acetone) 1

Temperature scan:
T=531°C

At = 500 ps
A - e

At =900 ps

At =100 ps At = 2000 ps

At = 200 ps At = 4000 ps

“mg -
- I bl
I ; : _:' 8 L5 P "“&.‘.

Mole fraction (ppm) 7/10
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2 Conclusions
CRE

7
// e Photo-Fragmentation Laser Induced Fluorescence was demonstrated
" for detection of 2D-methyl profiles in a plasma

e Non-resonant LIF scheme allows detection near a surface

e Methyl produced by photo-dissociation of acetone was used for
absolute calibration

e Quenching dominated by methane doesn’t vary between calibration
and experiment

e Acetone LIF was used for temperature corrections

e Absolutely calibrated time resolved 2D-methyl profiles were measured
in a ns-plasma, obtaining methyl concentrations up to 800 ppm
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