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Introduction
•

Autoignition chemistry plays a crucial role in the development of modern, highefficiency, low-emission engine technologies (e.g. HCCI, SCCI etc.).

•

Oxidation of fuel radicals R, and especially their channels which lead to chainbranching, are essential for autoignition and ketohydroperoxides (KHP's) are a
marker of this chemistry.

•

Both 1-butyl (1-C4H9) and 2-butyl (2-C4H9) radicals are formed in the oxidation of nbutane.

Motivation: LTC-chemistry and its importance
n-pentane Ignition Delay Time measurements

Ignition in HCCI-engine is controlled
by fuel – air mixture autoignition as
temperature increases in a cylinder
upon compression
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In Diesel-LTC also chemical kinetics
plays an important role – not only a
fluid-dynamic mixing as is the case in
conventional diesel combustion
n-pentane Ignition Delay Time,
Measurements vs.model and Model
Uncertainties

Figure from Bugler J. et al. Comb. and Flame, 2016, 163, 138

LTC = Low-Temperature Combustion

Ketohydroperoxides are crucial
intermediates in autoignition of fuel –
air mixture and their chemistry largely
determines ignition delay time at T ≤
900 K
Figure from Hébrard É. et al. Proc. Combust. Inst., 2015, 35, 607

Methods
Laser photolysis ‒ flow reactors coupled to time-of-flight
mass spectrometer with synchrotron photoionization

Low-Pressure reactor (~ 0.5 – 30 Torr)
Quartz tube

High-Pressure reactor (~ 1 – 30 atm)
Quartz surface in contact with reacting
gases

ChemKin simulations are performed using NUI Galway
NUIGMech_C5_July2015 -model

Results: n-butane

•

Cl-atoms produced by 351
nm photolysis of Cl2

•

Radicals also produced by

248

nm

photolysis

of

1-

iodobutane and 2-iodobutane

•

Cl-atom initiated low-pressure (~ 4 Torr, [O2] ≈ 1 ×1016 cm-3) n-butane oxidation
experiments using MPIMS (Multiplex PhotoIonization Mass Spectrometry) employing

tunable radiation from the Advanced Light Source (ALS) synchrotron for ionization.

Results: n-butane

T = 575 K, Ptot = 4 Torr, [O2] ≈ 1 ×1016 cm-3
In the

experiments

signal intensity Is was
collected as function
of mass, kinetic time,
and photon energy,

Is(m/z, t, Ephoton).

Results: n-butane
•

n-butane oxidation initiated by 193 nm photolysis of CFCl3 → CFCl2 + Cl

•

Important products for autoignition observed at m/z = 56 (butenes), m/z = 57 (RO2),
m/z = 72 (oxygenates), and m/z = 104 (KHP, ketohydroperoxide)

•

Decay of RO2 becomes faster with increasing temperature and formation of butenes
and KHP become correspondingly faster as well. At higher temperatures thermal
decomposition of KHP is also observed.

[O2] ≈ 5×1018 cm-3

Identity of QOOH and KHP

Results: n-butane
•

The experimentally observed KHP •
formation becomes significantly faster
as the temperature is increased from
550 K to 700 K.

•

Experimental time profiles are very •
similar at various [O2], only the signal
intensities change due to increased
interception of QOOH radicals by O2.

The simulated time profiles at T = 550 K,
590 K, and 650 K reproduce the
experimental KHP time behavior quite
well up to ~ 15 – 20 ms, after which the
simulations over-predict KHP formation.
At 700 K KHP decomposition in the model
is faster than is observed experimentally.

NUI Galway new model simulations
reproduce experimental KHP timebehavior and [O2] dependency well,
which is clearly observed experimentally. Original NUI Galway model did not
predict almost any [O2] dependency.

Conclusions & Acknowledgements


Sandia’s high-pressure MPIMS has enabled entirely new measurements not possible
before to understand reaction kinetics at high P and [O2], which is crucial to understand

autoignition chemistry of practical importance, e.g. in IC-engines.


There is still space for improvement(s) to directly observe KHP formation and
decomposition kinetics in time-resolved experiments at temperatures above spontaneous
autoignition of a fuel – air mixture.
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