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Motivation for Soft X-ray
Diagnostic Techniques in Flames

Detector Beamline

~

Core-level spectroscopy may provide in-situ flame measurements that are
complementary to conventional valence spectroscopy techniques.
« Tomographic imaging of all carbonaceous species
* Carbon-based mixture fraction imaging
» Species specificity using near-edge spectral region

* Probe combustion of flame conditions that are not amenable to laser diagnostic
techniques

« QOvercome limitations of valence electron spectroscopy in flames
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Soft X-ray Absorption Probes Core Level Electrons

X-ray absorption Emission
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Absorption of X-rays
at the Carbon and Oxygen K-edges
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A\ Near-Edge vs Far-Edge Information

;/ orolblgoy  WVater vapor (path length 3 cm)
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Far-edge: Elemental composition; Near-edge: Chemical speciation

" BERKELEY LAB

COMBUSTION RESEARCH FACILITY BERKELEY LAB LAWRENCE BERKELEY NATIONAL LABORATOR




/| BERKELEY LAB ERERGY

BERKELEY LAB LAWRENCE BERKELEY NATIONAL LABORATORY

ALS Beamlines

Magnetic Microscopy 7.3.1 7.3.3 SAXSIWAXS

Diagnostic Beamline 7.2 8.0.1 Surface, Materials Science
Surface, Materials Science 7.0.1 8.2.1 Macromolecular Crystallography
Calibration, Optics Testing, Spectroscopy 6.3.2 8.2.2 Macromolecular Crystallography
Magnetic Spectroscopy, Materials Science 6.3.1 8.3.1 Macromolecular Crystallography
X-Ray Microscopy 6.1.2 8.3.2 Tomography
Femtosecond and Picosecond Phenomena 6.0.2 9.0.2 Chemical Dynamics

9.0.1 Diffraction Imaging

9.3.1 AMO, Materials Science

9.3.2 Chemical, Materials Science

10.0.1 Correlated Materials, AMO

10.3.1 X-Ray Fluorescence Microprobe

10.3.2 MicroXAS

11.0.1 PEEM3
@ecular Environmenta@

11.3.1 Small-Molecule Crystallography

11.3.2 EUV Lithography, Mask Inspection

12.0.1 EUV Interferometry, Photoemission

12.0.2 Coherent Soft X-Ray Science

12.2.2 High Pressure

12.3.1 Macromolecular Crystallography/Bio-SAXS

12.3.2 X-Ray Microdiffraction

Femtosecond and Picosecond Phenomena 6.0.1
Polymer STXM 5.3.2

Research and Development 5.3.1
Macromolecular Crystallography 5.0.3
Macromolecular Crystallography 5.0.2

Macromolecular Crystallography 5.0.1

Macromolecular Crystallegraphy 4.2.2

Magnetic Spectroscopy 4.0.2
MERLIN 4.0.3

Commercial LIGA 3.2.1
Diagnostic Beamline 3.1
NCXT 2.1.2

IR Spectromicroscopy 1.4.4

IR Spectromicroscopy 1.4.3

Beamline Specifications
e Energy range: 75-2000 eV
e Undulator beamline
e Photon flux: 1011-10*? ph/s
e Resolving power: E/AE = 2300-7500
e Flame experiment requires dedicated roll-up endstation



A\ Flame Vacuum Chamber Endstation

detector
mount -

e Silicon nitride window separates beamline
from flame chamber.

e Detector: water-cooled AXUV photodiode
with 100 nm aluminum window

e Beam diameter: 200um
e Beam path purged with helium
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N Line-of-sight Measurements
CKRE. superposition of Species Absorption Spectra

Beer-Lambert relation %7C0 Measured Reference Spectra
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Photodiode Signal (volts)
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A Molecular Speciation in Flames
CRL; by Carbon K-edge X-ray Absorption
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YA Pre-edge Spectral Region Correction for
pCRE Oxygen and Helium Absorption

Pre-edge
Region

!

0.4 —
54 [co
g 30
5 ~ 034 Q,
S s 3
3 =
A §
® 20 CO, 2
S B 02
© 15 g | ko
S 5 \
g ] o
g " < 0.1
w
0
<L 5 k
AL R He
P Y A e
0 === T I | T I 0.0 | | | | |
286 288 290 292 294 296 298 300 280 290 300 310 320 330
Energy (eV) Energy (eV)

X-ray beam linewidth: 0.12 eV

-

< BERKELEY LAB

COMBUSTION RESEARCH FACILITY

BERKELEY LAB LAWRENCE BERKELEY NATIONAL LABORATOR



0.8

0.6 —

Absorbance

0.4 —

0.2

CO/He, T=294K
Pt = 10 Torr
Peo =20 mTorr

—— Measurement

V'=0,v"=0

0.0

I I
287.0 287.2

T T T | T
287.4 287.6 287.8 288.0 288.2

Photon Energy (eV)

X-ray beam linewidth: 0.02 eV

= P

COMBUSTION RESEARCH FACILITY

BERKELEY LAB

BERKELEY LAB

LAWRENCE BERKELEY NATIONAL LABORATOR




0.8

0.6 —

Absorbance

0.4 —

0.2

CO/He, T=294K
Pt = 10 Torr
Peo =20 mTorr

V'=0,v"=0

—— Measurement
—— Calculation

0.0

I I
287.0 287.2

287.4 287.6 287.8 288.0 288.2

Photon Energy (eV)

X-ray beam linewidth: 0.02 eV

= P

COMBUSTION RESEARCH FACILITY

BERKELEY LAB

BERKELEY LAB

LAWRENCE BERKELEY NATIONAL LABORATOR




Vibrational Structure of CO NEXAFS Spectra
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Height Above Burner (mm)

Jet: CH,
Coflow: 60% O,, 40% He
Piotal = 20 Torr

d

nozzle = 3.1 mm
d

coflow =44 mm

Molecular Speciation in Flames

CH, CO CO,
(288.1 eV) (287.5 eV) (290.9 eV)

"0 5 10 15 0 5 10 15 0 5 10 15
Radial Position (mm) Radial Position (mm) Radial Position {mm)

Absorbance

L L L L
0.00 015 030 045 060 075 090 105 1.20 135 150

-

COMBUSTION RESEARCH FACILITY

> BERKELEY LAB

BERKELEY LAB LAWRENCE BERKELEY NATIONAL LABORATOR



- —
, C%?RF Corrections of 2-D Absorption Measurements
- for Spectral Cross-Talk
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A\ In-Plane Number Density Measurement
; CRE, Abel Inversion
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Extending In-situ NEXAFS of Flames
to Larger Hydrocarbon Fuels
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Acetylene Flame
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2\ Toluene/Hydrogen Flame
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| C%??F Summary

e Detection of major carbonaceous species

e Advantages
— Facilitates spectral fitting
— Spectral interferences are unstructured
— No beam steering

e |maging of axisymmetric flames

— Tomographic imaging

Diagnostic development in steady low-pressure laminar flames
— Progression from simple to complex fuels

— Flames with soot precursors

e New opportunities using other light sources?
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