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Introduction: Flame as synthesis reactor M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FLAME MADE MATERIAL

>$ 15 Billions/ yr

Li-doped Na2O.xAl2O3

Li-ZnO
LiMnO4

Borosilicate glass
BaCO3

C-Co
C-Cu
Pt/C C/Pt
CaCO3

Bioglass
CaF2, SrF2,BaF2

F-TiO2, F-ZrO2

NaCl
Mg-Ca3(PO4)2

Ni:MgO-SiO2

Mg2SiO4:Cr
MgO
MgO-Al2O3

MgO-Fe2O3

MgO-Al2O3

3Al2O3.2SiO2

Al2O3: Ce
CoOx-Al2O3

NiO-Al2O3

ZrO2-Al2O3

Al2O3

MgO-Al2O3

Y3Al5O12

TiO2/Al2O3

Al2O3/ZrO2

Al2O3/CexZr1-xO2

Hastelloy
Al2O3

Pt-Ba/Al2O3

Pd/La2O3/Al2O3

PT-Rh-Ru/Al2O3

Si coated Al-TiO2

Pt-Pd/Al2O3

Y3Al5O12

Alpha Al2O3

SiO2, SiO2/ZnO
Ni:MgO-SiO2

SiO2, SiO2/ZnO2

Yb2O3/SiO2

Ta2O5/SiO2

SiO2/FeO3

Ag/Ca3(PO4)2

FePO4

CaSO4

Si-O2-V2O5-WO3-TiO2

Au/TiO2, Ag/TiO2

BiVO4

Mg2SiO4:Cr
Cr-WO3

LiMn2O4

Mn2O3

FePO4

Fe2O3

Fe-TiO2

Au-Ag Fe2O3...:::.......................
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Introduction: Flame as synthesis reactor, two examples M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FLAME MADE MATERIAL
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Introduction: Iron in Flame; review of empiric results M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

IRON PENTACARBONYL DOTTED FLAME

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019

IPC inhibitor
reducing burning velocities
Methane/air flame
Bonne et al. 1962

Inhibition decrease over 200 ppm
Oxygen/hydrogen flame low pressure
Linteris et al. 1996

Inhibition or promotion
Air/hydrogen flame atm pressure
Babushock et al., 2009

Low inhibition under 10-2 atm 
Methane /oxygen flame 
Milner et al. 1969
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Introduction: Iron in Flame; cluster formation routes M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

IRON PENTACARBONYL DOTTED FLAME

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019

Metal Vapor

Nucleation &
Surface 

reaction

Coalescence 
& Sintering

aaa

Agglomeration
& Aggregation
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Introduction: Iron in Flame; reduced mechanism M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

IRON PENTACARBONYL DOTTED FLAME

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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IRON OXYDE : key of Iron homogenous inhibition in flame M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

IRON OXYDE IN IRON DOTTED FLAME

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019

Radical recombination cycles,
Linteris et al. 2000
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IRON OXYDE: relevance and detection challenge M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

IRON OXYDE

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019

Orange syteme
( 580 to 614 and 558 to 554 nm)

Delsemme.al, 1945 

Ro-vibrational bands  system  studed
Cheung et al., 1983

Upper estimation of Abs. cross section
H.S Son et al 2000

FeO/Fe equilibrium in Shock tube   
Giesen et al. 2002

FeO detected in Flames
Rahinov et al. 2014 
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SHOCKTUBE EXPERIMENT: experimental setup for oxydation and detection of Iron M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

SHOCK TUBE & ATOMIC RESONANCE ABS.SPECTROSCPY (ARAS)

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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SHOCKTUBE EXPERIMENT: absorption line for detection of Iron M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

ARAS 

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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SHOCKTUBE EXPERIMENT: pressure and iron absorption time evolution M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

SHOCK TUBE & ATOMIC RESONANCE ABS. SPECTROSCOPY (ARAS)

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019

T and P in reflected wave  from  momentum and energies conservation
Software Gaseq: two dimensional secant method, (NASA method)

Fe quantification
Boltzman factor &Beer lambert s law
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ICAS: experimental setup for FeO detection M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

INTRA-CAVITY ABSORPTION SPECTROSCOPY (ICAS)

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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Cavity
High reflective
coated mirrors

Dye jet 
Rhodamnine 6G
ethylene glycol

Verdi V10,
Coherent 

Camera 1024 pixel
Coptronix



ICAS:  FeO detection spectral distribution  M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

INTRA-CAVITY ABSORPTION SPECTROSCOPY (ICAS)

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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Muti-mode of resonce

Tunable Broadband

Band width up to 5 nm
Between 570 to 630 nm



ICAS: measurement frequency and path length M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

INTRA-CAVITY ABSORPTION SPECTROSCOPY (ICAS)

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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Generation time
25 us

Abs. path length
280 m



SHOCK TUBE & ICAS: parallel absorption Fe & FeO M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

ARAS & ICAS

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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FE OXYDATION MECHANISM: reactions and kinetics knowledge M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FE & FEO

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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[25] Woiki et al 2001
[12] &[13] Giesen et al, 2002
[29] Varga et al,2016 

[R2]: discrepancies in previous
Results between Giesen et al,
And Smirnov et al, 



FE OXYDATION MECHANISM: experimental /simulation validation  M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FE & FEO

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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FEO ABSORPTION CROSS SECTION RESULTS: multi-lines estimation M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FEO CROSS SECTION SPECTRUM

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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FEO ABSORPTION CROSS SECTION RESULTS: Lines assignation M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FEO CROSS SECTION SPECTRUM

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019

25/12/2019     33rd Symp. I. S. C. I.
18

Ro-vibrational bands  
system  
Cheung et al., 1983

611 nm band

Severly Perturbated 
With a bond length
of 1,69A 



FEO ABSORPTION CROSS SECTION RESULTS: oscillator strength, a temperature independant expression  M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FEO CROSS SECTION & OSCILLATOR STRENGTH

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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Conclusion: a small step further in determination of  physical and chemical FeO behavior M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

RESULTS

Nano reapctor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019

FeO Absorption cross section

Kinetic of FeO  

Quantitative FeO investigation
in Flame and beyond
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A succesful international collaboration M.R. LALANNE OPEN UNIVERSITY OF ISRAEL
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Nano reapctor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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EXTRA :FE OXYDATION MECHANISM: experimental simulation comparison and 
validation  

M.R. LALANNE OPEN UNIVERSITY OF ISRAEL

FE & FEO

Nano reactor vacucum chamber
Tel Aviv University, Prof.S.Cheski Lab. 2019
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FLAME MADE MATERIAL

>$ 15 Billions/ yr

Li-doped Na2O.xAl2O3

Li-ZnO
LiMnO4

Borosilicate glass
BaCO3

C-Co
C-Cu
Pt/C C/Pt
CaCO3

Bioglass
CaF2, SrF2,BaF2

F-TiO2, F-ZrO2

NaCl
Mg-Ca3(PO4)2

Ni:MgO-SiO2

Mg2SiO4:Cr
MgO
MgO-Al2O3

MgO-Fe2O3

MgO-Al2O3

3Al2O3.2SiO2

Al2O3: Ce
CoOx-Al2O3

NiO-Al2O3

ZrO2-Al2O3

Al2O3

MgO-Al2O3

Y3Al5O12

TiO2/Al2O3

Al2O3/ZrO2

Al2O3/CexZr1-xO2

Hastelloy
Al2O3

Pt-Ba/Al2O3

Pd/La2O3/Al2O3

PT-Rh-Ru/Al2O3

Si coated Al-TiO2

Pt-Pd/Al2O3

Y3Al5O12

Alpha Al2O3

SiO2, SiO2/ZnO
Ni:MgO-SiO2

Mg2SiO4:Cr
SiO2, SiO2/ZnO2

SiCo2/BiVO4

Yb2O3/SiO2

Ta2O5/SiO2

SiO2/FeO3

Ag/Ca3(PO4)2

FePO4

CaSO4

Si-O2-V2O5-WO3-TiO2

Au/TiO2, Ag/TiO2

BiVO4

Mg2SiO4:Cr
Cr-WO3

LiMn2O4

Mn2O3

FePO4

Fe2O3

Fe-TiO2

Au-Ag Fe2O3...:::.......................
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