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The ozone assisted low temperature oxidation chemistry of dimethyl ether (DME) from 400K to 750 K has
been investigated in the mixture of DME/O3/0,/He/Ar in an atmospheric-pressure flow reactor coupled
with the molecular beam mass spectrometry (MBMS) sampling technique. The mole fraction of ozone
was varied from 0 to 0.146% in the mixture to study its enhanced kinetic effect on DME oxidation. The
mole fractions of DME, O,, O3, CH,0, H,0,, CO, CO,, and CH30CHO were quantified as functions of tem-
perature at a fixed total volumetric flow rate. The experimental results revealed that the presence of
ozone dramatically enhances the low temperature DME oxidation. Numerical simulations using the ex-
isting kinetic models (Kurimoto’s model (KM) (Kurimoto et al., 2015), Burke’s model (BM) (Burke et al.,
2015), and Wang's model (WM) (Wang et al., 2015)) with an ozone sub-mechanism over-predicted the
DME oxidation significantly. The observed large discrepancies between models and experiments for DME,
CH,0, 0, and CH30CHO mole fractions suggested that there were large uncertainties in the branching
ratios of two competing chain-propagation and chain-branching reaction pairs involving CH30CH,0, and

CH,0CH;0,H radicals at low temperature.
© 2016 The Combustion Institute. Published by Elsevier Inc. All rights reserved.

1. Introduction

Dimethyl ether (DME) has been widely investigated as an alter-
native fuel in diesel and HCCI engines due to many merits [1,2].As
one of the simplest fuels exhibiting two-stage oxidation behaviors,
it has been widely used as a model fuel to study the low temper-
ature oxidation mechanism [3,4] and cool flames [5,6].

Several DME mechanisms that describe the oxidation of DME
have been developed [4,7-9] based on experimental studies of
DME ignition delays [10], jet stirred reactors (JSR) [11,12] and flow
reactors [3,4,7], and low and high pressure flames [13,14]. However,
recent flow reactor [4,7] and JSR [15] experiments have shown that
all these mechanisms could possibly over-predict DME consump-
tion and HO, and H,0, formation in the low temperature [3,16].
More recently, Kurimoto et al. [4] investigated the low and in-
termediate temperature oxidation of DME using molecular beam
mass spectrometry (MBMS) and Faraday rotation spectroscopy and
found that all the important intermediate species such as HO,,
H,0,, CH,0, CO, and CH30CHO were significantly over-predicted.
Detailed analysis revealed that the branching ratio, CH,OCH,0,H
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dissociation to its association with O,, was the main cause of the
large discrepancies. A factor of 3-4 increase of the CH,OCH,0,H
dissociation rate to CH,O formation was found to results in much
improved agreement between measured and predicted distribu-
tions of CO, CH,0, H,0, and HO,. Similar intermediates over-
predictions were also reported in [16]. Unfortunately, the con-
sumption of DME at atmospheric pressure is very small, and the
measurement uncertainty is large, limiting the model prediction
[4]. Moreover, in practical combustion in engines, the exhaust gas
recirculation (EGR) and turbulent mixing could introduce O and OH
radical productions through NO, decomposition and NOx reactions
with HO,, and thus might significantly enhance the low tempera-
ture reactivity of fuels [17]. Therefore, to achieve a better under-
standing of the low temperature mechanism of DME involving ini-
tial radicals, it is necessary to investigate the effects of radical sen-
sitized DME’s kinetics at low temperatures with simple chemistry
couplings.

Recently, it was found that self-sustaining cool flames could be
observed in a very short timescale (a few milliseconds) for DME
with ozone sensitization [6,18]. However, the simulations of cool
flames showed that the kinetic model of DME over-predicted the
cool flame temperature and CO, formation. Unfortunately, few ki-
netic studies of low temperature fuel oxidation with ozone sensi-
tization or radical addition were reported in the literature.

0010-2180/© 2016 The Combustion Institute. Published by Elsevier Inc. All rights reserved.
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Fig. 1. Schematic of the flow reactor and ozone generation system.
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In this paper, we report experiments of ozone assisted low tem-
perature oxidation of DME in an atmospheric-pressure flow reac-
tor using the molecular beam mass spectrometry sampling tech-
nique to identify the major low temperature reaction pathways
by quantitatively measuring DME, O,, O3, CH,0, H,0,, CO, CO,,
and CH30CHO over a temperature range from 400 to 750K. The
mole fraction of ozone was varied from 0 to 0.146%. The exper-
imental results were compared with model predictions by using
three recently developed/updated DME mechanisms with an ozone
sub-mechanism. The reaction path analysis and sensitivity analyses
were performed to identify the important reactions corresponding
to the reactants consumption and products formation. Comparisons
between model predictions and experiments were made to identify
the uncertainties in the branching ratios of the competing chain
propagating and branching reaction pairs of key radicals.

2. Experimental methods and kinetic models
2.1. Flow reactor

All the experiments were performed in a newly designed
atmospheric-pressure flow reactor coupled with an MBMS system
and the details of MBMS have been reported in [3].

The schematic of the flow reactor configuration is shown in
Fig. 1. The laminar flow reactor was a cylindrical quartz tube of
17 mm inner diameter, 320 mm in length. The nozzle is designed
to have no recirculation zone with the Reynolds number around
0(1), according to the previous modeling using OpenFoam [4]. Re-
actants were supplied through an inlet channel of 100 mm length
and 2 mm inner diameter. The quartz tube was jacketed within a
stainless steel sleeve, and this assembly was placed inside a tube
furnace [3]. DME was supplied by a sonic nozzle and the volumet-
ric flow rates of Ar, He, and O, were regulated by mass flow con-
trollers (MKS, 0.5% uncertainty). To improve the temperature distri-
bution at the exit and keep a uniform temperature profile through-
out the reactor, a 3-stage heating arrangement was employed in
the present study. The measured temperature distributions inside
the reactor at different pre-specified temperatures are shown in
Fig. 2. It is seen that the maximum temperature fluctuation of the
temperature profile is less than +4 K throughout the tube body.

800

700

0O 400K

. O 450K
DDA AP oo 2 2 22 P
— DDA D> > 2 500K
M
~ y p o p v 550K
o 600 r-<$<k?<j<k<}<r<r<}<ZKk\k\Kkkk:KF\KKKKKKKKF\F‘\RKK}W
% P A A RS ~ 650K
?g ( VTS T700K
O 750K
£500
H

1 1
0 100 200 300 400
Distance (mm)

Fig. 2. Temperature profiles of the flow reactor from 400 to 750 K. The distances of
0 and 320 mm are referred, respectively, to the inlet and exit of the reactor body.
Maximum of +4 K deviation from the setting temperature was observed in the inlet
of 750K experiments.

2.2. Ozone generation and UV absorption spectroscopy measurement

In the experiments, ozone was produced by an ozone generator
(Ozone Solutions, TG-20) from a pure oxygen stream and mixed
with other gases downstream (Fig. 1) at room temperature. The
ozone mole fraction in the mixture was measured in an UV ab-
sorption cell using a Deuterium lamp (Oriel) and a spectrometer
with a charged couple device (CCD) detector (Ocean Optics, USB
2000+). The detailed procedure has been described in [19,20]. The
absorption spectra from 260 to 280 nm were used to extract the
mole fraction. O3 mole fraction was measured, respectively, right
after the ozone generator and at the inlet and the outlet of the
flow reactor at room temperature (293 K) with fixed flow condi-
tions using the optical absorption method. The relative change of
03 mole fractions was less than 2%. MBMS measurement of O3
mole fraction also confirmed this result. Thus, there is no signif-
icant decomposition of O3 in the gas line and flow reactor at room
temperature.

2.3. Molecular beam mass spectrometer

An electron-ionization MBMS was employed to measure DME,
0,, 03, CO, CO,, Hy0,, CH,0, and CH30CHO at the exit of the flow
reactor. The mass resolution of the MBMS was typically around
850. Each important species was calibrated directly by flowing the
mixture with known mole fraction in excessive Helium. In the ex-
periments, Argon was fixed at 2% in all mixtures and the relative
intensity of each species to Argon reflected the mole fraction in
the mixture comparing to the signals of calibration mixtures. Oxy-
genated species (H,0,, CH,0, and CH30CHO) were calibrated us-
ing the mixtures prepared in a quartz vaporizer with coflow of
heated Helium and Argon. A syringe pump (Harvard Apparatus,
PHD 22/2000) was used to regulate the flow rates of these lig-
uid samples (H,0, 30 wt% in water solution, CH,0 37 wt% in water
solution, CH30CHO liquid). Details of the species calibration were
described elsewhere [3,4,14].

The measurement has a maximum uncertainty of 20%, which is
mainly from the direct species calibration for MBMS, the electron
impact (20 eV +£1eV) in MBMS, and the O3 measurement using the
UV adsorption method. For gas phase species (DME, O,, CO, CO,,
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Table 1
Experimental conditions.

Case % DME %0, %03 %AT %He Flow rate (L/min)  Residence time (s) = Temperature range (K)
1 0.400 3.654 0.146 2.000 93800 7.5 0.45-0.24 400-750
2 0.400 3762  0.072 2.000 93770 75 0.45-0.24 400-750
3 0.400 3870 0.000 2.000 93.730 75 0.45-0.24 400-750

and O3) calibrations, the uncertainty is around 10%; while for lig-
uid samples calibrations (CH,0, H,0,, and CH30CHO), the data has
an uncertainty of 20%.

For O3 in MBMS, it has two reactions, O3 +e=03" +2e,
03+e=0+0,"+2e or OF +0, + 2e. If ionization energy is too
large, most of O will be fragment to O, and O, however, if it is
too small, signal will be too small to be observed. Thus, we chose
20eV as a trade-off. The limiting detection intensity of a specific
species in the intensity-flight time diagram is around O(10), while
the intensity of O3 signal is O(100) at ionization energy of 20eV.
Experiments showed that significant O3 ™ exists in the system.

2.4. Experimental conditions

The experimental conditions used in this study are listed in
Table 1.

2.5. Kinetic models and simulation methods

Three recently developed/updated DME mechanisms, Kuri-
moto’s model (KM) [4], Burke’s model (BM) [8], and Wang’s model
(WM) [21], were coupled with Princeton O3 sub-mechanism. The
03 sub-mechanism was attached in the supplementary material, in
which the O3 decomposition reaction and O3 reactions with O, H,
OH, HO,, H,0, CO, HCO, and CH3 were considered. As to the flow
field of the laminar flow reactor, Dryer et al., discussed the multi-
dimensional effect of flow reactor in the paper [22]. This effect was
investigated in our previous paper [4], in which the simulation us-
ing 0-D module in Chemkin [23] was in comparison with the 2-D
module in OpenFoam. The simulated mole fractions of DME, Os,
CO,, and CH,0 using 0-D and 2-D modules were also compared at
600K in Fig. S2 in the supplementary material of this paper, and
the species mole fraction discrepancies between these two mod-
ules were less than 10%. Additionally, the characteristic time of
species radial diffusion (0.1-0.2s) is less than the residence time
(~0.5 s) under these experimental conditions, keeping a nearly uni-
form species distribution in the radial direction of the flow reactor;
on the other hand, the axial species diffusion time scale is much
larger than the residence time, which meets the negligible axial
diffusion assumption in flow reactors. Taking O radical as an exam-
ple, the radial diffusion characteristic time is around 0.15s, which
is less than the residence time (~0.5s), while the axial diffusion
time is 212 s, which meets the flow reactor assumption. Thus, the
laminar flow reactor could be modeled by using the plug flow
model (0-D) in Chemkin from 400K to 750 K.

3. Results and discussion

Figure 3 depicts the measured mole fraction of DME versus the
gas temperature of the flow reactor under different ozone addition
levels (Table 1). It is seen that without ozone addition, very little
DME is oxidized through all the experimental temperature range.
However, when 0.072% or 0.146% of ozone is added to the mixture
in the experiment (cases 1 and 2), significant oxidation of DME is
observed from 450 K. Moreover, an increase of ozone mole fraction
leads to higher consumption of DME (36.4% at 600K for case 1and
24.9% for case 2). Above 600K, the reaction rate becomes slower,
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Fig. 3. DME mole fraction profiles with varied temperatures.

showing the typical negative temperature coefficient (NTC) behav-
ior. It is clearly seen that not only DME oxidation increases signifi-
cantly with ozone addition, but also the DME oxidation window is
shifted a lower temperature down to 450 K. This result is very dif-
ferent from previous reports by Kurimoto et al. [4] and Herrmann
et al. [12] in which no significant DME oxidation was observed be-
low 525K without ozone addition. In addition, compared with ex-
periment, DME oxidation is over-predicted in the simulation.

Actually, for the combustion kinetics investigation, the uncer-
tainty may come from the experiment, the modeling method, and
the kinetic mechanism. As is mentioned above, the uncertainty of
this MBMS experiment is around 20%, which is typical for MBMS
experiments. As to the 0-D homogeneous modeling, it has less
than 10% difference compared with the 2-D modeling using Open-
Foam. These uncertainties are acceptable, while the uncertainty
from kinetics mechanism could be much larger, which comes, re-
spectively, from four sources: (1) low temperature DME Kkinetics;
(2) O3 decomposition rate; (3) O radical (the most sensitive radi-
cal in this investigation) wall quenching; (4) the coupled reactions
between O3 and DME and other intermediates in low temperature.

As to the uncertainty from (2), O3 decomposition ex-
periment  without DME addition (0.000%DME/3.654%0,/
0.146%03/2.000%Ar/94.200%He) was conducted with varied tem-
peratures to investigate the uncertainty of O3 decomposition
reaction (Fig. 4). The uncertainty of ozone decomposition rate is
around 20% from the literature [24]. It is seen that the experi-
mental O3 decomposition profile is well predicted by Princeton
03 sub-mechanism. Therefore, it rules out the possibility that
the uncertainty of O3 decomposition rates is the major cause of
the discrepancies of species profiles between experiments and
simulations.

As to uncertainty from (3), the uncertainty of DME consump-
tion in experiments may be also from O radical’s quenching on the
inner surface of the flow reactor via radial diffusion. The volumet-
ric quenching of O radical through three body reaction is negligible
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Fig. 5. Oy/Ar and Os/Ar mole fraction ratio profiles with varied residence
times. Symbols: experiment data; lines: simulation data using Princeton O3 sub-
mechanism.

because of low mole fraction of O radicals. With a higher quench-
ing rate, the radical pool gets smaller and less DME is oxidized in
the experiment. Note that the radical quenching via radial diffusion
on the wall must be affected by the ratio of the characteristic times
between radial diffusion and reaction (flow residence). To analyze
O radical’s quenching effect in this experiment, an O3 decomposi-
tion experiment without DME addition was conducted with varied
residence times (0.5-2.55s) at 475 K. The residence time was cho-
sen that reaction time scale was varied from comparable to longer
time scales than the diffusion time scale so that the wall quench-
ing effect, if any, could be observed. The residence time was ad-
justed by changing the flow rate of dilute gas, while the O, and
Ar flow rates were fixed at 0.02 and 0.03 SLM, respectively. By fix-
ing the power of the O3 generator, the O3 flow was also fixed in
the reactants mixture. The characteristic reaction time of O3 de-
composition is around 3 s at 475K, which is comparable with the
convection time (0.5-2.5s), and the O radical’s characteristic dif-
fusion time in the radial direction is around 0.15s. From Fig. 5,
the experimental O, and O3 profiles with varied residence times
are well predicted by Princeton O3 sub-mechanism. O,/Ar mole

fraction ratio increases with residence time, while O3/Ar mole frac-
tion ratio decreases. With increasing the residence time, more O3
molecules are decomposed, causing an increase of O, mole frac-
tion. In the 0-D simulation, radical quenching is not considered.
The good agreement between experimental data and simulation
results of O, mole fraction indicates the O radical’s quenching is
negligible in the residence timescales above. For other radicals, like
H and OH, their quenching effects on DME oxidation are less sig-
nificant than O radical, which will be discussed in the sensitivity
analysis part. Moreover, the estimated maximum mole fractions of
H and OH are both around O(10-8) at 600K in the simulation,
while it is around O(10~7) for O radical. Thus, for other radicals,
the wall quenching effect is less significant than O radical.

For the uncertainty from (4), there are coupled reactions
between O3 and DME and other intermediates in the reac-
tive temperature range 500-650 K. The O3 decomposition rate is
~0(10%) [cm3/(mol s)] at 600K [24], while the rate of CH,0+ O3
is ~0(10%)[cm3/(mols)] at 600K [25]. There is no existing rate
for DME + O3, and thus, the rate of C3Hg+ O3 is used to esti-
mate the rate of DME + O3, which is ~0(10%) [cm3/(mol s)] at 600 K
[26]. Both of DME + O3 and C3Hg+ O3 are considered as H ab-
straction reactions, and we could make the first order estimation
of these two rates from the C-H bond energies and the number
of sites of H abstraction. The C-H bond energy of DME is around
96.1 kcal/mol [27], while the energies of the two types C-H bonds
in C3Hg are 98 and 96 kcal/mol, respectively [28]. The similar C-H
bond energies of DME and C3Hg and the small change in the num-
ber of H abstraction site imply that the reaction rates of DME + O3
and C3Hg+ O3 should be in the same order. The rate profiles
(Fig. S1) with temperature are attached in the supplemental ma-
terial as a reference. For O3 reactions with other intermediates,
because of the low mole fractions of intermediates, the rates are
much lower. Thus, the O3 decomposition reaction is much faster
than O3 reactions with other species. In summary, the discrepancy
observed in the present experiment is mainly from DME’s kinetics
instead of the processes in (2), (3), and (4).

As to DME's kinetics, the reactivity of low temperature
oxidation of DME is very sensitive to the consumption of
CH,0CH,0,H [4]. There is a competing chain-propagation and
chain-branching pair ((R;) and (R,)) associated with the consump-
tion of CH,OCH,0,H:

CH,0CH,0,H=2CH,0-+0OH (R1)
CH,0CH,0,H+ 0, =0,CH,0CH,0,H (R2)

(Ry) is a chain-propagation reaction for one OH formation, and
0,CH,0CH,0,H, produced from (R,), will decompose to form two
OH radicals through the chain-branching channel. Therefore, the
low temperature reactivity of DME is governed more by the con-
sumption of CH,OCH,0,H through (R,) than through (R;). How-
ever, when temperature is above 600K, (R;) becomes faster and
more important than (R,) in consumption of CH,OCH,0,H, result-
ing in less OH release and slower reactivity. As such, formalde-
hyde formation from (R;) is an important indicator of the sys-
tem reactivity, which will be discussed below in more details.
All of the three models show over-predictions of DME consump-
tion. One possible reason for the over-predicted DME consump-
tion is that the branching ratio of competing chain propagating
and branching reaction pairs, (R;) and (R,), is too low at low tem-
perature, resulting in the high reactivity of the system via (R)).
Specifically, the chain branching ratio of (R;) and (R,) is defined as
B1 = net production of CH,0 from CH,0CH,0,H/total consumption
of CH20CH202 H.

The measured O, profile is shown in Fig. 6. It is interesting
to note that, different from DME, O, consumption is considerably
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under-predicted by all models. The opposite direction in predicted
DME and O, consumptions compared to experimental results sug-
gests that there is a large uncertainty in the reaction pathways for
0, production or consumption. To understand the detailed mech-
anism of DME oxidation, a reaction path analysis of DME con-
sumption is performed for case 1 (03: 0.146%) at 500K and shown
in Fig. 7. From Fig. 7, O, is found to be mainly consumed by
the association with CH30CH, but reproduced through the dis-
association reactions of CH30CH,0,, (R3) and (Ry4). (R3) and (Ry)
are the major competing chain-propagation and branching pair for
the disassociation reactions of CH30CH,0,.The isomerization of
CH30CH,0, to CH,OCH,0,H via (Rs) is another channel that con-
sumes CH30CH,0, but does not produce O,. The branching ra-
tio of CH30CH,0, is defined as 8, =net production of O, from
CH30CH,0,/total consumption of CH30CH,0,.

2CH;0CH;0, =2CH30CH,0+0, (R3)
2CH30CH,0, =CH30CH,0H + CH30CHO + 0, (Rq)

CH30CH,0, =CH,0CH,0,H (Rs)
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Fig. 8. CH30CHO mole fraction profiles with varied temperatures.
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Note that the higher f, is, the more O, is regenerated and the
more CH30CHO is produced. The over-predicted branching ratio of
CH30CH,0, via (R3) and (R4) in the kinetic models may explain
why the predicted O, is too high but the predicted DME is too
low.

From Fig. 8, it is clearly seen that CH3;OCHO is significantly
over-predicted. As discussed above, a higher branching ratio of 8,
will lead to higher CH30CHO and O, mole fractions. The over-
prediction of CH30CHO, together with the over-prediction of O,,
reveals that the branching ratio of CH;0CH,0, decomposition to
CH30CHO and O, may have large uncertainties.

Figure 9 shows the mole fraction of O3 measured at the exit
of the flow reactor at different temperatures. In the experiment,
there is nearly no O3 observed in the mixture above 575K and
above that all the O3 decompose to O, and O radicals. The O3 sub-
mechanism in Kurimoto’s model and Wang's model slightly over-
predicts the O3 consumption at higher temperature.

To identify the key reactions affecting the consumption of
DME and O,, sensitivity analyses for DME are performed at
500K and 600K using Kurimoto’s model (Figs. 10 and 11), re-
spectively. The sensitivity for DME mole fraction is defined as:
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Fig. 10. Normalized sensitivity analysis for DME at 500 K (05:0.146%).
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Fig. 11. Normalized sensitivity analysis for DME at 600 K (05:0.146%).

Sensitivitypyg= (AXDME/XDME/(Aki/ki))' where Xpye is the mole
fraction of DME, and k; is the ith reaction’s rate constant.

It is seen that O3 decomposition reaction dominates the low
temperature oxidation of DME, and (R3), (R4) and (Rs) are also very
important pathways to influence the consumption of DME at low
temperature (500 K). At higher temperature (above 600 K), the re-
action channels via (R;) and (R,) tend to be more important.

The mole fraction profiles of CO and CO, are summarized in
Figs. 12 and 13, respectively. For the experimental data, initially,
both of the two species appear once the consumption of DME is
observed. Their mole fractions rise with the increase of the reactor
temperature and peak around 600K and 550K, respectively, and
their mole fractions are under-predicted in the model. From the
sensitivity analyses of CO and CO, at 600K in Figs. S4 and S5 of
the supplementary material, the discrepancy between experiments
and models mainly comes from (R;) to (Rs).

CH,O0 is one of the most important intermediate species at low
temperature oxidation of DME, and its measured and predicted
mole fractions are shown in Fig. 14. Both in the experiments and
the model predictions, CH,O mole fraction rises with increasing
temperature and the amounts of O3 addition have small influence
on the CH,O0 distribution. From the sensitivity analysis of CH,0 at
600K in Fig. S3 of the supplementary material, the uncertainty
mainly comes from (R;) and (R,). Below 600K, because the re-
activity of the system becomes higher with increasing tempera-
ture, more intermediate species (e.g. CH,0, H,0,) are produced.
At higher temperature (600K and above), (R;) is more important
than (R,), causing a further increase of CH,0 formation. It is seen
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Fig. 12. CO mole fraction profiles with varied temperatures.

that models under-predict CH,O mole fraction significantly below
575K, while over-predict the mole fraction with higher tempera-
ture. Interestingly, in the existing DME oxidation experiment with-
out ozone, instead of showing a monotonically increasing trend,
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Fig. 13. CO, mole fraction profiles with varied temperatures.
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Fig. 14. CH,0 mole fraction profiles with varied temperatures.

CH,0 mole fraction decreases above 650K. That's because DME
consumption reduces above 650 K, causing less formation of CH,O.

This discrepancy in CH,O profiles between experiments and
models implies possible deficiencies of the kinetic models. (R;)
and (R,) are the two key reactions in the low temperature chem-
istry of DME. Below 600K, as suggested by Kurimoto et al. [4],
a higher ratio of B is required to decrease the system reactiv-
ity and increase the formation of CH,O0. When the temperature
is higher than 600K, a lower ratio of 8 is needed to reduce the
over-predictions of CH,0 in the models. Therefore, the present ex-
perimental results provide a good validation target to validate high
level quantum chemistry and kinetics calculation on (Ry) and (R»).
A negative temperature dependent branching ratio of competing
chain propagating and branching reaction pairs, (R;) and (Ry), will
help to reduce the uncertainties in the models.

H,0, is another important intermediate species at low tem-
perature, which is quantitatively measured in this experiment and
shown in Fig. 15. The models predict the temperature window of
H,0, well, but significantly over-predict the peak mole fraction.
The over-prediction of H,O, may be due to the high branching ra-
tio of B,, which over-predicts H radical production and leads to

800 — Exp(03:0.146%)
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Fig. 15. H,0, mole fraction profiles with varied temperatures.

the subsequent formation of HO, and H,0,. From the sensitivity
analysis of H,0, at 600K in Fig. S6 of the supplementary ma-
terial, H,O, prediction is affected from both (R3)-(R5) competing
pair and (R;)-(R,) competing pair.

4. Conclusions

The ozone assisted low temperature oxidation chemistry of
DME from 400K to 750K was investigated in the mixture of
DME/O3/0,/He/Ar using an atmospheric-pressure flow reactor cou-
pled with MBMS. By the comparisons between model predictions
and experimental results, we have found that,

(1) O3 addition not only significantly enhances the low tem-
perature oxidation of DME, but also lowers the oxidation
temperature window by ~100 K. Therefore, ozone is a good
chemical sensitizer to magnify the uncertainty of low tem-
perature chemistry at low temperature. The present results
give a good explanation to mechanism of ozone assisted cool
flames.

(2) The discrepancies between the model predictions and ex-
perimental results around 600K on DME, CH,0, CO, CO,
indicate that branching ratio of the competing chain-
propagation and branching reaction pairs, (R;) and (R;),
need to be further increased in lower temperature but de-
creased at higher temperature.

(3) The significantly over-predicted O, regeneration and
CH30CHO formation indicate that the branching ratio of an-
other competing chain-propagation and branching reaction
pair, involving (R3) and (R4), is probably overestimated in
these kinetic models.

03 decomposition is one of the most important reactions in the
low temperature oxidation of DME, and its decomposition and con-
sumption is worth to be further investigated. These experimental
results provide a more clearly guide for theoretical predictions of
low temperature chemistry reactions and validation targets for re-
action mechanism development.
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