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Abstract

Diethyl ether (DEE, C4H;(0) is being considered as a promising biofuel. However, its combustion chem-
istry has not been well studied. Particularly lacking are quantitative intermediate species profiles in flames that
provide a stringent test for kinetic models, and flame speed data at elevated pressures. In the present paper,
we obtain species distributions in low-pressure flames and measure flame speeds at elevated pressure to gain
insights into high-temperature combustion chemistry of DEE. Specifically, a fuel-rich DEE flame (¢ ~ 1.8)
with 25% argon dilution at 4 kPa was investigated by using a dedicated combination of electron ionization
(EI) molecular-beam mass spectrometry (MBMS) with gas chromatography (GC) and tunable synchrotron
vacuum ultraviolet (VUV) photoionization (PI) MBMS. High-pressure flame speeds of DEE were measured
in a constant-volume cylindrical chamber at an initial temperature of 298 K at an equivalence ratio of ¢ = 1.4
and pressure up to 507 kPa. Moreover, a new detailed kinetic model for DEE combustion was developed, with
the most noticeable advances over the solely existing model by Yasunaga et al., 2010 being a more complete
description of the reactions of DEE radicals and the use of accurate theoretical methods, i.e. CBS-QB3, to
determine the rate constants for important primary reactions. In contrast to the previously published one,
the present model includes reactions of DEE radicals that directly involve the formation of ethyl vinyl ether
(EVE), an addition supported by identification and quantification of EVE by PI-MBMS in the flame exper-
iment. Finally, the results showed that DEE flames yield low concentrations of aromatic species. However,
high acetaldehyde emission was observed, originating from the dominant pathways of DEE consumption
via H-abstractions from C_, positions followed by B-scissions.
© 2016 The Combustion Institute. Published by Elsevier Inc. All rights reserved.
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emissions, continues to motivate research directed
toward renewable fuels. Biofuels such as ethers, es-
ters, and alcohols are discussed as additives or re-
placement fuels [1]. Diethyl ether (DEE), available
via dehydration of ethanol over solid acid catalysts,
is considered as a promising biofuel [2,3]. DEE has
several favorable properties for diesel engine com-
bustion including a high cetane number (>125) and
energy density (33.9 MJ/kg), more favorable than
that of dimethyl ether (28.6 MJ/kg), broad flamma-
bility limits, and high miscibility with diesel fuel
[3]. Unfortunately, only limited investigations on
the combustion chemistry of DEE have been per-
formed, including measurements of ignition delay
times [4,5], species profiles from pyrolysis and a
non-premixed flame [5,6], and flame speeds [7-9].
Data are particularly scarce regarding species pro-
files in DEE combustion. Especially intermediate
species profiles in laminar flames are known to pro-
vide a stringent test for kinetic models that may
then be used for the prediction of pollutant emis-
sions. To the best of our knowledge, quantitative
sets of species profiles in premixed DEE flames are
not yet available. We have thus studied the combus-
tion chemistry of DEE in a fuel-rich low-pressure
laminar premixed flame by investigating a full set
of species profiles with a combination of advanced
analytic techniques. To broaden the available pa-
rameter range, we also measured the laminar flame
speeds of DEE in a constant-volume chamber at
elevated pressure. A new detailed kinetic model re-
lying on a systematic analysis of DEE radical re-
actions is proposed to describe the combustion of
DEE, in particular with respect to intermediates
and pollutant formation.

2. Experiments and Modeling
2.1. Flame experiments

A fuel-rich (¢ ~1.8, C/O~0.52) premixed
flame of DEE/oxygen/argon (17.3%/57.7%/25%)
was stabilized on a home-made flat burner
(McKenna type) of 64mm diameter (Biele-
feld) at 4kPa, with a cold gas velocity (333 K,
4kPa) of 73cm/s and an overall mass flow rate
of 4.35x 1073 g/(cm® s). Adapted conditions to
provide the same mass flow rate were applied with a
McKenna burner of 60 mm diameter at the Taiwan
Light Source. An EI-MBMS-GC setup (Bielefeld)
was used, complemented with a VUV-PI-MBMS
system (Taiwan), to provide a detailed chemical
analysis of stable and reactive species together with
isomer identification.

2.2. EI-MBMS-GC experiment
A detailed description of the experimental setup

is given elsewhere [10]. In brief, gas samples were
extracted from the flame by a quartz cone (300 pm

orifice, 25° opening angle) and transferred into a
molecular beam, then directed through a copper
skimmer to the ion source of the mass spectrome-
ter. The two-stage Wiley-McLaren ion source with
a reflectron time-of-flight (TOF) detection unit pro-
vides a mass resolution of m/Am ~ 4000, enabling
the determination of the exact elemental compo-
sition of C/H/O species. Soft ionization energies
(10.0, 11.5, 13.0 eV for intermediates, 16 and 18 eV
for main species) were used to minimize undesired
fragmentation. Ions were detected using a multi-
channel plate (MCP) with a multichannel scaler for
data recording. The mole fraction evaluation fol-
lowed previously reported procedures [10]. Com-
bined with a gas chromatograph equipped with an
Alumina BOND/Na,SO,4 column, the setup was
able to distinguish stable hydrocarbon isomers to
provide supplemental information for the evalua-
tion of the EI-MBMS data, which was done us-
ing the cross section of the dominant isomer. The
same MCP of the EI-MBMS setup was used to de-
tect species of the GC effluent. Generally, in the
EI-MBMS experiment the error is <30% for di-
rectly calibrated species, and below a factor of 2 for
species calibrated with the convolution procedure
[10]. For radicals for which the relative ionization
cross section (RICS) procedure [11] was used, the
error is estimated to be in the range of factors of
2-4. The flame temperature was derived from the
pressure in the first pumping stage and calibrated
at 20 mm above the burner by OH planar laser-
induced fluorescence without the sampling nozzle
present [12].

2.3. VUV-PI-MBMS experiment

Information regarding the identification of oxy-
genated isomers that could not be separated by the
present GC setup was obtained using a VUV-PI-
MBMS instrument. A detailed description can be
found elsewhere [13]. In brief, this system includes
modules devoted to sampling and ionization; ion
transfer and storage; and ion detection, the lat-
ter housing the TOF-MS with a mass resolution
of m/Am ~ 3500 and a detection limit of <1 ppm.
Samples were withdrawn from the flame by a quartz
nozzle (400 wm orifice, 25° included angle) to form
a molecular beam which was then intersected and
ionized by the tunable VUV synchrotron radiation
with energy resolution of E/AE ~ 1000 and average
photon flux of ~10'? photons/s.

2.4. Flame speed experiments

Laminar flame speeds of DEE were measured
in a heated high-pressure, constant-volume cylin-
drical chamber. Mixtures of DEE/oxygen/nitrogen
(4.43%/18.99%/76.58%) at ¢ =1.4 were studied
with an initial gas temperature of 298 K for pres-
sures of 101, 203, 304, 405, and 507 kPa, respec-
tively. Details of the apparatus and procedures
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were described elsewhere [14]. In brief, the cylin-
drical chamber was housed in an oven and filled
with a quiescent combustible mixture and then cen-
trally ignited. The unsteady flame front time history
was measured directly using high-speed Schlieren
imaging. The time-dependent flame front location
data were analyzed by using an automated flame-
edge detection and circle-fitting program. The un-
stretched flame speed relative to the burned gas
(Sp,0) was calculated using the extrapolation proce-
dure described in [14], and this extrapolated flame
velocity was converted to the unstretched propaga-
tion speed relative to the unburned gas (Sy) us-
ing the density ratio calculated by CHEMKIN [15].
The uncertainty of the measured flame speed is be-
low 10%.

2.5. Model development and simulations

A preliminary analysis with the solely available
model by Yasunaga et al. [5] showed that the de-
composition of the DEE radicals is an essential
part of its flame chemistry, hence good kinetic data
for these reactions are needed. However, the Ya-
sunaga model was largely constructed using es-
timated rate constants for the primary reactions.
We have therefore used a more accurate quantum
chemistry computation method, i.e. CBS-QB3, to
determine rate constants for several important re-
action classes and thermochemical data of related
species. Note that while several low-temperature-
chemistry studies were reported for the reaction
schemes or reaction rate constants of DEE and
its radicals [16—18], only very scarce kinetic data is
available for the high-temperature oxidation of this
fuel.

Thermochemical data for DEE, DEE radicals,
and species in the oxidation pathways were ob-
tained from quantum chemistry calculations in
the present work or relied on recent results of
[19]; these results are provided in Section S.I.1
in Supplemental Material 1. The formation en-
thalpies for DEE and the C,HsOCHCHj; radical
calculated in the present work are in good agree-
ment (within 1 kcal/mol) with values in the liter-
ature [5,20,21]. A slightly higher discrepancy of
1.54 kcal/mol is noted between the formation en-
thalpy of the C;HsOCH,CH, radical from Ya-
sunaga et al. [5] and the value in the present work,
which is, however, in good agreement with that in
Burcat’s database [20].

The new DEE sub-mechanism contains the
following major classes of elementary reactions:
(1) unimolecular decomposition, (ii) H-atom ab-
stractions, (iii) fuel radical isomerization, (iv) fuel
radical decomposition by C-O and C-H bond
B-scissions, (v) fuel radical oxidation, (vi) fuel
radical-radical disproportionation forming ethyl
vinyl ether (EVE, C4HgO), and (vii) consump-
tion reactions of primary products. These reac-
tion classes have been thoroughly discussed for sev-

eral fuels in previous studies [22,23]. Some of these
classes, e (iii), (vi), and C-H bond B-scissions
yielding EVE were not included in the Yasunaga
mechanism [5]. Important pathways of DEE com-
bustion are summarized in Fig. 1. Rate constants
for C-O and C-H bond B-scissions (channels Ia,
Ic, Ila, and Ilc in Fig. 1) and isomerization (chan-
nel "iso") were calculated here using the CBS-QB3
method; details of the used CBS-QB3 approach are
given in [24]. The present model has used high-
pressure limiting rate constants for the unimolec-
ular decomposition reactions of the fuel radicals.
This is justified by the very low decomposition
barriers which are rapidly overcome at the high
temperatures of the flame. More information is
available in Section S.I. of Supplemental Mate-
rial 1. The rate constant for C-O bond B-scission
of C;HsOCHCHj; calculated here is ~700 times
slower at 1200 K than that in the Yasunaga model.
The DEE radical oxidation by O, (Ib, IIb) can lead
to the formation of EVE via ethoxyethylperoxy
radicals. The role of this reaction class has recently
been identified in the low- and high-temperature
oxidation of alcohols [23,25]. Rate constants for re-
actions in these oxidation routes recently calculated
by Sakai et al. [19] for the temperature range 500
2500 K are adopted in the present model.

Together with the reactions of the DEE radi-
cals described above, H-abstractions from DEE by
H and OH play an important role in DEE com-
bustion. H-abstractions by H-atom have also been
investigated here for both « and B positions (see
definitions in Fig. 1) to obtain reliable rate con-
stants and branching ratios, while those for H-
abstractions by OH are based on theoretical work
by Zhou et al. [26]. Note that the Yasunaga model
[5] also used the kinetic data from [26], but with an
erroneous sign for the activation energy of chan-
nel I (4040 cal/mol instead of —4040 cal/mol). Rate
constants of H-abstractions by H-atom calculated
here are about two times slower at 1200 K than
those in the Yasunaga model [5]. Additional infor-
mation on the thermochemical data and rate con-
stants calculated in the present work is available in
Supplemental Material 1.

Pressure-dependent rate constants for the uni-
molecular decompositions of DEE were taken
from Yasunaga et al. [5]. Missing C-H bond scis-
sions were added with estimated rate constants
of 1x 10" cm’/mol s for the recombination of
H-atoms with the DEE radicals. The DEE sub-
mechanism has been added to the recently updated
NUIG database [27] without any changes to en-
sure internal consistency. Reactions of most of the
primary products (ethylene, acetaldehyde, ethanol,
formaldehyde, etc.) are already included in the re-
action base and decomposition reactions of ethyl
vinyl ether have been taken from [24]. Reactions of
some products involved in low-temperature oxida-
tion were newly added, and high-pressure limiting
rate constants were used for unimolecular initiation
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Fig. 1. Important DEE reaction pathways. Percentages given are relative rates of consumption of a species in the present
low-pressure flame, analyzed in the region of 0-100% fuel conversion. Pathways indicated by dashed lines were not con-

sidered in the Yasunaga model [5].

reactions. However, previous work [24] demon-
strated that the latter reaction class has minor im-
portance under premixed flame conditions. More-
over, successions of H-abstractions/g-scissions of
low-temperature oxidation products were written
as irreversible since the reverse rate constants can-
not be calculated from the global equilibrium con-
stants. Transport properties of species for which
no data is available in the literature were estimated
based on the correlations proposed by Wang and
Frenklach [28]. The complete reaction mechanism
for DEE combustion includes 2385 elementary re-
actions among 380 chemical species and is avail-
able in CHEMKIN format together with thermo-
dynamic and transport properties in Supplemental
Material 2.

Prior to applying the newly developed kinetic
model to simulate the current experimental data,
it was tested against several datasets published in
the literature, measured in non-premixed flames
[6], pyrolysis experiments [5], and including igni-
tion delay times [4,5] and flame speeds [7], with
encouraging results (see Supplemental Material 1,
Section S.I.2.). Simulations were performed us-
ing CHEMKIN [15] for premixed flames and
OpenSMOKE-++ [29] for other configurations.

3. Results and discussion
3.1. Species profiles in premixed low-pressure flame
In this study, more than 40 species, including

reactants, products, stable intermediates, and
radical species, were identified and quantified.

Temperature and mole fraction profiles of the
main species (DEE, O,, Ar, CO, CO,, H,0, and
H,) as a function of the distance above the burner
(h) as well as species mole fractions with the re-
spective calibration method, electron energy, and
literature ionization threshold for each intermedi-
ate are available in Supplemental Material 1, Fig.
S12 and Table S4. Isomer identification is provided
in Section S.I1.2. Fig. S12 shows that DEE is fully
consumed at /2 > 3.5 mm. The mole fractions of the
main species at # = 30 mm are close to equilibrium
values.

In the following, we discuss selected intermedi-
ate species, with a special focus on primary species,
defined as those produced directly from the fuel
or from its radicals. The discussion includes the
comparison of experiments and predictions by the
present kinetic model and that of Yasunaga et
al. [5] and analyzes the degradation pathways of
DEE together with the formation of intermediates.
Figs. 2—4 display mole fraction profiles of selected
labile and stable intermediates in the range of C;—
Cs. Overall, they show reasonable agreement, espe-
cially with respect to the peak locations and pro-
file shapes, between experiment and predictions by
both models. Note that the present model predicts
also well the pyrolysis and ignition delay time data
of Yasunaga et al. [5] as mentioned earlier.

The performance of the present model can be
further analyzed regarding the degradation path-
ways of DEE. Fig. 1 includes a rate-of-production
(ROP) analysis with this model for DEE con-
sumption, globally performed in the region of 0-
100% fuel conversion. Under these conditions, H-
abstraction reactions are responsible for ~95% of
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Fig. 2. Mole fraction profiles of “direct” primary species: C;Hs, C;H40, C;Hy, C,H50, C4HgO. Symbols: experiment,
thick lines: present model, thin lines: Yasunaga model [5]. For clarity, the indicated multiplication factors have been used

(for experiments and both models) for C;Hs and C,H;O.

total DEE consumption. H-abstractions by flame-
propagating radicals mainly (~76%) occur at the
C., position of DEE (see Fig. 1) because of its
lowest C—H bond energy (96 kcal/mol), yielding the
C,HsOCHCH; radical. H-abstractions from the
C_ positions (C-H bond energy of 103 kcal/mol)
producing the C;HsOCH,CH, radical account for
~19% of total DEE consumption. Both fuel radi-
cals, ie CszOCHCH3 and C2H5OCH2CH2, Ie-
act largely by C-O bond B-scission leading to
the formation of acetaldehyde (CH;CHO) + ethyl
(CyH5) and ethylene (Co;Hy) + ethoxy (C,HsO), re-
spectively. Another fraction of these two fuel rad-
icals is consumed by oxidation, disproportiona-
tion, and C-H bond B-scissions producing EVE,
which is consumed by H-abstraction and retro-ene
reactions. Note that the four-centered elimination
DEE(+M)—C,H;OH+C,H(+M) (not shown in
Fig. 1) plays only a minor role (<2%) in DEE con-
sumption in the present low-pressure flame.
Species produced directly from the two DEE
radicals via B-scissions (here called “direct” pri-
mary intermediates) are presented in Fig. 2. C;H4O
and C,H,4 were measured with very high mole frac-
tions of 1.05 x 1072 and 3.53 x 1072, respectively.
By VUV-PI-MBMS, C,H,O was identified as ac-
etaldehyde (~95%) and vinyl alcohol (~5%), see
Fig. S14. C4H;5O (Fig. 2c) was evaluated as EVE
and is present at lower concentration than C,H,O
and C,Hy. It is important to note that the pho-
toionization efficiency (PIE) spectra of m/z =72
from VUV-PI-MBMS show a clear onset near the
IP of EVE (8.98 ¢V [21], see Fig. S14). Although
the formation of EVE accounts for only ~5% of
the consumption of the fuel radicals, this interme-
diate species is important because it is a primary
fuel destruction product that was unambiguously
identified for the first time in DEE combustion.
C,H; and C,H;50 were detected at much lower con-
centrations (see Fig. 2) because of their high re-

activity. However, their subsequent reactions con-
tribute significantly to the formation of further im-
portant intermediates. C,H; reacts with H to pro-
duce CHj; that in turn reacts with H or HCO, con-
tributing with ~55% to the formation of CHy. The
latter species was measured with a high mole frac-
tion of 1.9 x 1072, Other reactions of C,Hs par-
tially contribute to the formation of C,H, (by C—
H bond B-scission, oxidation, or disproportiona-
tion), C,H¢ (by recombining with H-atom), C;Hg
(by recombining with CH3), and C4H, (by self-
recombination). These species, which are presented
in Fig. 3, are overall reasonably predicted by the
present model. C4H;( was identified by GC to be
exclusively n-butane. C;HsO in turn decomposes
mainly into formaldehyde (CH,0) and CH; by C-
O bond B-scission. The C,H;0O radical also recom-
bines with an H-atom to produce ethanol (C,HsO).
Under the present flame conditions, these two path-
ways contribute significantly to the formation of
formaldehyde (~60%) and ethanol (20%), respec-
tively. Formaldehyde was detected with a high mole
fraction of 1.2 x 1072 (see Fig. 3e).

The mole fractions of several other C;—Cs prod-
ucts including radical and stable species are pre-
sented in Fig. 4. These species are produced mainly
by secondary reactions, as supported by the ROP
analysis from the kinetic model. The correspond-
ing reactions are part of the base mechanism and
not the focus of this work. Since acetaldehyde
is a dominant primary species of DEE combus-
tion, its decomposition contributes to the forma-
tion of several species, detected in the present flame,
as discussed hereafter. Methanol (CH4O) with a
measured mole fraction of 7.9 x 107* (Fig. 4a) is
mainly produced by the disproportionation reac-
tion of two CH;0, and by H-abstractions from ac-
etaldehyde by CH;O. The profile of C;H¢O is also
shown in Fig. 4a as a sum of propanal and acetone;
both isomers were identified by VUV-PI-MBMS.
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Fig. 3. Mole fraction profiles of further important species: CH3, CHy, C,Hg, C3Hg, C4H; 9, CH,0, C;HgO. Symbols:
experiment, thick lines: present model, thin lines: Yasunaga model [5]. For clarity, a multiplication factor of 2 has been
used (for experiments and both models) for C;Hg.
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Fig. 4. Mole fraction profiles of other labile and stable intermediates in the C;—Cg range. Symbols: experiment, thick
lines: present model, thin lines: Yasunaga model [5]. For clarity, the indicated multiplication factors have been used (for
experiments and both models) for some species, with the exception of C3H3; and C¢Hg for which only the simulation with
the present model was multiplied by 0.2 and 20 respectively.



L.-S. Tran et al. | Proceedings of the Combustion Institute 36 (2017) 1165-1173 1171

a 40 2100 b
Tlmhd = 298 K

g 30| ® =14

=

820

Q

7

)

510

w B = Flame speed

- Max. flame temperature
1900

0+— T T T T
100 200 300 400 500
P/kPa

DEE+H=C,H,OCHCH,+H,
DEE+H=C,H,OCH,CH,+H,
DEE+OH=C,H,0CHCH,+H,0
« DEE+OH=C,H,OCH,CH,+H,0
2000 - DEE(+M)=C,H,+C,H,0(+M)
DEE(+M)=C,H,+C,H,OH(+M)
DEE+0=C,H,0CHCH,+OH
DEE+CH,=C,H,OCHCH,+CH,
DEE+CH,=C,H,OCH,CH,+CH,

B 101 kPa
Il 507 kPa

0 20 40 60
Rate of consumption / %

Fig. 5. (a) Flame speeds of DEE and related maximum flame temperature. Symbols: experiment, lines: present model. (b)

Relative consumption rates of DEE at 101 and 507 kPa.

According to the model, the formation of propanal
and acetone mainly results from combination of
CH; with the acetaldehyde radicals CH,CHO
and CH3CO (ie. CH3+CH,CHO<=C,H;CHO,
CH3+CH3CO:C2H6CO) The proﬁle for the
sum of these acetaldehyde radicals (C,H;0) is
presented in Fig. 4b, together with that for
ketene (C,H,0O) which is produced mainly from
CH;CO+CH;3;5=C,H,0+CHy. The prediction for
ketene is clearly better in the present model. Small
C,—C¢ soot precursors are also presented in Fig. 4.
CsHg (1,3-cylopentadiene), CsH; (cylopentadienyl
radical), and C¢H¢ (benzene), known as impor-
tant cyclic soot precursors, were detected at low
mole fractions (<107%), while smaller species in-
cluding C,H, (Fig. 4¢), C3Hy, and CsH (Fig. 4d)
are present in the 1072-10~* range. According to
the GC analysis, allene and propyne are identified
for C3Hy isomers with propyne as the most abun-
dant one. C4Hg is for a large part 1,3-butadiene,
and C4Hg is predominantly 1-butene. The present
model also predicts these trends (see Table S5),
while the Yasunaga model [5] does not include re-
actions for the formation of hydrocarbon species
from Cy. Fig. 4f shows the peak location of C¢Hg to
be closer to the burner than that of C;H; (propar-
gyl). Although an under-prediction is noted for
benzene, the model represents this trend in peak
locations, indicating that the main route of ben-
zene formation is likely not propargyl recombina-
tion. Benzene is predicted to be largely produced
by the recombination of an H-atom and the CsHj
radical or C3H3 and C3Hj5 radicals. Because of its
very low mole fraction (<107°), benzene was dif-
ficult to be well predicted by the present model
(under-prediction by a factor of ~20), however,
with higher concentrations, e.g in sooting flames,
its prediction could be expected to be improved.

3.2. Flame speeds at elevated pressure

To study the DEE high-temperature reaction
chemistry at elevated pressures, flame speeds of

DEE were measured at an initial temperature of
298 K for ¢ ~ 1.4 at pressures of 101, 203, 304,
405, and 507 kPa. The results are presented in
Fig. 5a along with predictions by the present ki-
netic model. The flame speed decreases with in-
creasing pressure, a trend well captured by the
present model which, however, under-predicts the
absolute flame speeds by ~16%. The predicted
flame temperature rises only slightly with increas-
ing pressure. Sensitivity analyses (not shown) in-
dicate that the kinetics of small species control
the flame speed at all studied conditions. The
chain-branching reaction of O, with H, produc-
ing OH and O (0O,+H<=0OH+O0) promotes the re-
activity significantly, while the three-body termi-
nation reaction H+CH;3(+M)SCH4(+M) has the
largest effect on the reduction of flame propaga-
tion, especially at high pressures, since this reac-
tion reduces the H-atom concentration and com-
petes with the former. No large sensitivity was seen
for the primary reactions involving DEE decom-
position and oxidation. Hence, the observed de-
viations between model and experiment could re-
sult from uncertainties in the small-species kinetics
in the base mechanism and/or in the experiment.
Note that the present model well predicts the flame
speed data by Gillespie et al. [7] (Fig. S11). Dif-
ferent uncertainties of the two setups and differ-
ent sensitivities of the model under the two differ-
ent inlet conditions could contribute to the noted
discrepancies.

The ROP analysis in Fig. 5b indicates that a
large part of DEE is consumed by H-abstractions
by flame-propagating radicals, especially with H
and OH. This trend is similar to that observed in
the low-pressure flame described earlier. Note that
the contribution of the four-centered elimination
DEE(+M)—C,H;+C,HsOH(+M) and the C-
O bond scission DEE(+M)—C,Hs5+C,HsO(+M)
to the DEE consumption increases with in-
creasing pressure, suggesting that the distribution
of ethanol and acetaldehyde will change with
pressure.
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4. Summary

The high-temperature combustion chemistry of
DEE was investigated experimentally with a focus
on obtaining quantitative species profiles at flame
conditions. More than 40 species were identified
and quantified in a low-pressure fuel-rich (¢ ~ 1.8)
premixed flame using EI-MBMS-GC, comple-
mented with VUV-PI-MBMS. The data provides a
good basis for model development and examina-
tion. Furthermore, high-pressure flame speeds of
DEE were determined at an initial gas temperature
of 298 K, at ¢ = 1.4, from 101 to 507 kPa. The ob-
tained experimental results were compared to pre-
dictions with a newly developed detailed kinetic
model that contains systematically updated ther-
mochemical and kinetic data from dedicated CBS-
QB3 calculations. Reasonable agreement between
experiment and predictions by the proposed mech-
anism was observed. Acetaldehyde, known as car-
cinogen for humans, was detected at high amounts,
in agreement with the model prediction. It is seen
to be largely produced from the dominant pathway
of DEE consumption via H-abstractions followed
by B-scissions. However, cyclopentadiene and ben-
zene, known as important soot precursors, were
measured at low mole fractions (<107°). The DEE
flame speed was observed to decrease with increas-
ing pressure, and it is affected strongly by the ki-
netic of small species. The present study demon-
strates that at all pressures investigated, DEE con-
sumption is mainly controlled by H-abstractions
by H and OH and subsequent decomposition of
the fuel radicals. Theoretical calculations were used
in particular to determine reliable rate constants
and branching ratios for these reactions. Among
the unimolecular pathways, only the four-centered
elimination and the C—O bond scission contributed
to a minor degree to DEE consumption, and this
contribution increases with pressure.
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