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Chemical Kinetics and Laser Sensors Lab

Fuel
Kinetics

o Low-carbon, zero-carbon
and e-fuels

o Efficiency and emission

o Elementary reaction rate
measurements

o Ab-initio theoretical
calculations

o Data-science based kinetic
modelling

o Heterogenous chemistry




2014 - 2021,
Ring-dye
laser, OH,
Fuel + OH
reactioln rate

2021, ICL, Speciation in
ST pyrolysis with CEAS
and DNN

2014, 2016, 2021,
DFGL, ethylene
and methane

spectroscopy

2017, QCL, H20o,
H202 decomposition
rate with CEAS

2019, QCL, H0,
RCM temperature
with chirped pulse

0.22 | 3.28 | 3.29 | 4.18 4.85 - 4.89 7.62 l I

I 0.307 l

| |
2019, Ti-S 2021, ICL, BTEX,
laser, C3H5, Multispecies environmental
Allyl + OH monitoring with CEAS and

reaction rate DNN

2018, 2019, QCL, N0,
acetylene, methane,

spectroscopy with frequency
comb

| 7.8-7.82

2014, 2015, QCL,
methane and
acetylene,
spectroscopy and

speciation in ST

= alllasc &llall dealy
King Abdullah University of
Science and Technology

328-329 |

2013, 2014, QCL,
Ammonia,
spectroscopy and
breath sensor

8.01-8.51

l 9.01 I

2020, QCL comb,

methane, propene,
propyne, acetone,

Speciation in ST

2021, ICL, methane,
sensing for environment
using m-FID

3.36-3.44 |
|

2016, QCL, CO.,,
CO + OH reaction

455 | 5.46 — 5.6 l 763 A (um
| : (um)

2014, 2018, 2019, QCL, CO, ST 2015, QCL, H,O, ST
temperature, speciation during temperature with

rate alkane oxidation with CEAS chirped pulse
2015, QCL, 2015, QCL, acetylene, 2020, DFGL, benzene,
propene, speciation in ST COg,_Laser system for
speciation in ST ' bending modes
I | spectroscopy
I | |
10.52 — 10.53 10-111 I 13.97 14.83

2015, 2017, QCL,
COs; laser, ethylene,
decomposition rate
with CRDS

10.9 |

13.7 | 12.1-14.8 l

| l l
2018, QCL, ethylene, 2021, DFGL, HCN 2021, DFGL / QCL,
propene, 1-butane, formation during Benzene sensing

allene, multispecies ammonia/HC oxidation
monitoring for air pollution

A (um)



Benzene emission sensor
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US Patent pending 17/299,888 (2020)
Mhanna et al., IEEE Express (2021)

o Non-intrusive, highly sensitive and selective detection of benzene
o Cavity-enhanced strategy provides > 1000 increase in sensitivity

o Detection limit of 2 ppb



Benzene emission sensor
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BTEX emission sensor
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BTEX emission sensor
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Long-wavelength Mid-IR
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Long-wavelength Mid-IR laser
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What does the industry need?

Sense everything, everywhere, all the time!
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Why Mid-IR?
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Why not Mid-IR?



What do we need in mid-IR technology?

Bettgr Lasers N Better Detectors
v" Widely tunable v' High sensitivity
v Fiber-coupled v Fiber-coupled
v Low-power consumption v’ Low-power operation
v" Room-T operation v' Fast time response

(with only TE cooling) v’ Large area
v Low-cost v Balanced detection

Optical Components Optical Fiber Communication

v' Single-mode fibers

v Fabry-Perot etalons

v' High-reflectivity cavity mirrors
alllase Ellall dsals v' Compact laser controllers
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