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Abstract: This paper is concerned with the breakdown of hexyl
radicals to smaller fragments . It is meant as a first step in extending
earlier kinetic databases for alkane fuels that have been validated for
properties associated with the their combustion to cover soot/PAH
formation problems. Sometime ago we experimentally determined
the branching ratios for the decomposition of n-hexyl radicals during
the pyrolysis of n-hexyl iodide. At that time we did not have the
capability for treating the energy transfer effects in the multichannel
fragmentation of hexyl radicals We are now able to do so and
therefore have applied it to derive from the experimental
measurements the high pressure rate constants consistent with bond
scission and isomerization processes. From this information we
project results over all relevant temperatures and pressures Some of
the problems encountered in deriving the rate constants are
discussed. Possibilities for reducing the number of new species and
reactions for properly describing the overall processes are described.

Introduction: Kinetic databases for the simulation of combustion
have usually been validated by reproducing processes such as
ignition delay or flame speeds under stoichiometric or lean
conditions (1). Validations of this type rarely cover the more general
situations involving soot/PAH formation processes. This
presentation represents an attempt to build into the database rate
constants for the breakdown of hexyl radicals. This is the process
that is competitive with hexyl radical oxidation through O, attack.
The ultimate products are unsaturated compounds and radicals that
can now be used as inputs to existing soot/PAH models (2). The
inclusion of the pyrolytic reactions will thus generalize the database
so that it can cover all combustion situations. Linear alkanes are
important components of any hydrocarbon fuel (3). A kinetic
database of a linear alkane fuel with n carbon atoms means that it
will be necessary to consider all normal alkyl radicals with n-2
carbon atoms. Thus the present work will have an impact all normal
alkane fuels with more than 6 carbon atoms.

Scope of work: There are three normal hexyl radicals. The overall
decomposition process is complicated by the possibility of
isomerization. The reactions involve 4 beta C-C bond cleavage
reactions and 4 isomerization processes. Our aim is to derive rate
expressions as a function of temperature and pressure for all these
processes.

(1) 1-hexyl = ethylene + n-butyl
(2) 2-hexyl = propene + n-propyl
(3) 3-hexyl = 1-butene + ethyl
(4) 3-hexyl = 1-pentene + methyl
(5) 1-hexyl = 2hexyl

(6) 2- hexyl =1 hexyl

(7) 1-hexyl = 3- hexyl

(8) 3-hexyl = 1-hexyl
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Figure 1: Product distribution from the decomposition of n-hexyl
radical generated from n-hexyl iodide pyrolysis in single pulse
shock tube experiments.

Past work: Earlier kinetic databases have derived rate constants on
the basis of results from similar reactions and thermokinetic
assumptions(4). A serious problem is the neglect of energy transfer
effects. Thus the effect of pressure is neglected, Several years ago we
determined the branching ratio for olefin production from the
decomposition of n-hexyl radical generated in single pulse shock
tube experiments from the pyrolysis of n-hexyl iodide. Results are
summarized in Figure 1 (5) From these data it is possible to assign
the hexyl radical precursor for each olefinic product. For example 1-
pentene and 1-buetene can only arise from 3-hexyl, 1-propene is
derived from 2-hexene and products from 1-hexyl can only arise
from the difference between the ethylene and propene yields.

Procedure: Energy transfer effects are of importance for this set of
reactions as a consequence of the low reaction thresholds for the
processes(6) . An additional complication is that unlike the situation
for the single step decomposition reaction usually treated in standard
texts it will be necessary to consider explicitly the multichannel
nature of the process. Thus all eight reactions must be treated
simultaneously, An additional complication is the comparatively
large size of the molecule leading to the peak of the distribution
function being above the reaction threshold. We have developed a
general procedure to treat such situations (7,8). It involves the
determination  of the time and pressure dependent molecular
distribution function from the solution of master equation.
Convoluting these results with the RRKM specific rate constants for
each channel leads to eight sets of time dependent rate constants. The
purpose of this presentation is to demonstrate the procedures
necessary to extract rate constants as a function of temperature and
pressure and to organize the values in the most efficient manner.

Results: The treatment of the data involves first fitting experimental
measurements and determining the high pressure rate expressions
and then using the latter to project results over all pressure and
temperature ranges. The high pressure rate expressions consistent
with this procedure are summarized in Table 1. Even at temperatures
as low as 600 K some pressure dependence on the rate constants can
be observed. Increasing temperatures or lowering the pressure leads
an accentuation of the pressure dependence. The general situation
can be seen in Figure 2. This contains a plot
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Reactions Rate Expressions

Rate constants at 950

kl: C6H13-1 => C2H4 + nC4H9
k2: C6H13-2 => C3H6 + nC3H7
k3: C6H13-3 => 1-C4H8 + C2H5
k4: C6H13-3 => 1-C5H10 + CH3
k5: C6H13-2 => C6H13-1
k6: C6H13-3 => C6H13-1
k7: C6H13-1 => C6H13-2
k8: C6H13-1 => C6H13-3

1.5x10%exp(-13988/T) 6.8
2.7x10%%exp(-14085/T) 7.0
2.7x10%%exp(-14070/T) 7.0
2.7x10%%exp(-15080/T) 6.55
8.9x10exp(-10923/T) 6.96
4.0x10%%exp(-13788/T) 6.30
6.7x10 exp(-9297//T) 7.58
3.0x10%exp(-12494/T) 6.77

Table 1: High pressure rate expressions consistent with the
experimental data summarized in Figure 1

of the temporal history of the four rate constants associated with beta
C-C bond fission and the concentration of the three radicals.
Attention is called to the differences from what can be expected for a
single channel process. For example the presence of the
isomerization channels is responsible for the structure in the rate
constants for the decomposition of the 1-hexyl radical. All the other
hexyl radicals are formed from isomerization. Therefore their initial
rate constants for beta bond scission is higher than the high pressure
limiting values. Ultimately of course all the rate constants relax to
constant values. It can be seen that these steady state values are only
slightly smaller than those at the high pressure limit. However a
great deal of interesting chemistry occurs before this is achieved.
This can be seen from the plots of the concentrations of the hexyl
radicals as a function of time. It is clear that much of the conversion
has occurred before steady state distributions have been achieved.
This then raises the issue of how to represent the rate constants when
they are not constant. We have found it possible, in the cases where
rate constants do not vary greatly to reproduce the calculated
concentrations in terms of average rate constants

Discussion: When the temperature is increased, without changing the
pressure, rate constants will of course increase. However this means
that the ultimately all of the molecule will have reacted before the
time where reactions can be described in terms of a constant rate
constant. Under these conditions it becomes increasingly difficult to
fit the data in terms of average rate constants. However rate constants
under these conditions are extremely large and they becomes so large
that they conversions to the fragments will no longer be disturbed by
the oxidation reaction involving radical attack by oxygen molecule.
Under such conditions all that is needed is the branching ratios for
conversion.

It is of interest to consider the boundary for this process. The reaction
of alkyl radicals with oxygen is in the range of 4x10™ cm®mol’s™ (9)
(At 1 bar of air this leads to a lifetime of approximately T/10° s, It
appears that above 1000 K oxidation will no longer be competitive.
Under such conditions all that need be considered will then be the
branching ratios for the formation of the olefins. It is then possible
to ignore the presence of the alkyl radicals and express results in
terms

Radical + alkane =olefin(s) + small alkyl radical + Radical-H
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Figure 2: Rate constants (solid line) and radical concentrations
(dotted line) as a function of time at 800 K and 1 bar. The numbers
refer to the reactions listed earlier

Thus under high temperature conditions introducing the pyrolytic
reactions necessary to describe the formation of the precursors to
PAH/soot does not require the introduction of many more species.

There remains the problem of treating species and reactions in the
intermediate temperature region where pyrolytic and oxidation
processes are competitive. There are no obvious intuitive ways of
carrying this out. More rigorous procedures will probably be
necessary. The general situation is made more confusing by the
slowness of the isomerization products to achieve the steady state
values. We have mentioned the possibility of using an average rate
constant to capture most of the features of the temporal behavior of
these compounds. It is possible that these problems are accentuated
by the treatment of these unimolecular processes in the traditional
manner; as a closed system. For these reactions with the thresholds
below the peak of the Boltzmann distribution the more appropriate
treatment is that of an open system as in chemical activation.
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