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Abstract

An experimental and modeling study of the oxidation at high pressure of dimethyl carbonate
(DMC) has been performed in a quartz tubular flow reactor. Experimental and simulated
concentrations of DMC, CO, CO; and H; have been obtained for different temperatures (500-
1073 K), pressures (20, 40, and 60 atm) and stoichiometries (A = 0.7, 1, and 35). .Both pressure
and concentration of oxygen are important parameters for conversion of DMC. The simulations
have been carried out using a detailed kinetic mechanism previously developed by the research
group. In general, the model is able to reproduce the experimental trends of the different
concentration profiles, although some discrepancies are observed between experimental and
simulation results. The performance of the model was also evaluated through the simulation of
literature data of the oxidation of DMC at atmospheric pressure in a flow reactor and of the
DMC ignition delay times under low and high pressures. In this sense, this work contributes to
the knowledge of the combustion process of DMC, by providing new experimental data on the
conversion of DMC at high pressures and using a kinetic model for the interpretation of the

results.
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Introduction

Diesel engines are known to emit large amounts of particulate matter (PM) into the atmosphere
due to the fuel composition and the non homogeneous mixing, which favours its formation in
the fuel-rich regions of the chamber where the temperature is high. In this sense, the addition
of oxygenated compounds to diesel fuel has been recognized to reduce PM emissions [1-5]. The
use of these additives modifies some fuel properties, such as volatility, cetane index, enthalpy
of combustion, etc., which, depending on the operating conditions, affect the fuel consumption
and emissions. Moreover, the increase of the amount of oxygen content in the blend with diesel
improves the combustion process. Biodiesel is a common oxygenated compound used in diesel
engines. Bioethanol, the biofuel widely used as a gasoline alternative [6], can also be added to
diesel fuel in a small percentage [7-10]. However, these oxygenated biofuels suffer from issues,

such as high production cost [11], that lead to the search for improved alternatives.

In this line, the carbonate ester dimethyl carbonate (DMC, CH3OCOOCHs) is highlighted as a
potential additive for diesel fuel, due to its physicochemical characteristics, such as high oxygen
content (53.3 wt%), low boiling point, high miscibility with diesel fuel and its insolubility in water
[12-14]. Furthermore, the absence of C-C chemical bonds contributes to the hydrocarbon
oxidation rather than its participation in soot growth reactions [15]. Works performed on the
addition of DMC to diesel fuel [16-20] and in flames of diesel fuel surrogates [21,22] have shown
its capacity to reduce soot formation. Moreover, DMC could be directly produced from the
reaction of methanol with CO; by catalytic procedures, making the DMC production a CO; sink,
and, thus, contributing to the reduction of this greenhouse gas [23-25]. However, special
precautions for fuel storage and distribution are needed due to the high volatility of DMC

compared to diesel fuel [26].
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In order to contribute to interpret and understand the reaction schemes that occur during the
combustion process and, thus, to have information on the mechanisms responsible for reducing
PM emissions, the investigations on DMC conversion have been focused on performing
experiments in laboratory conditions, together with kinetic studies. Different studies addressing
the thermal decomposition and photolysis of DMC are reported in literature [27-30], as well as
works on opposed flow diffusion flames [31], laminar burning velocities [32,33], ignition delay
times [33-35], laminar premixed flames [36] and flow reactors [36,37]. The capacity of DMC to
form polycyclic aromatic hydrocarbons (PAH) and soot has also been experimentally studied
[38,39], showing that this oxygenated compound forms less soot than others, such as ethanol.
The works involving chemical kinetic studies have shown that much of the oxygen in the DMC
goes directly to CO,, which increases the effectiveness of DMC for minimizing soot formation

[e.g. 39].

Despite these laboratory studies performed with the DMC, the experimental and modeling
investigations on the conversion of this oxygenated compound are still scarce, especially at high
pressures, which are of interest in diesel engine applications. To our knowledge, only the works
of Hu et al. [34] (up to 10 atm in shock tube) and Alexandrino et al. [35] (up to 40 atm in shock
tubes and rapid compression machine) addressed experiments at high pressures. In those works,
it was observed that the ignition delay time decreased with increasing pressure. It was attributed
to the increase in absolute concentration of reactants at high pressures, which promotes the
oxidation process. Thus, in the present work, the experimental and modeling high pressure
oxidation of DMC has been studied in a large range of temperature, pressure and different
stoichiometries. Specifically, the oxidation of DMC has been investigated under well-controlled
flow reactor conditions in the temperature range of 500-1073 K and at pressures of 20, 40 and
60 atm. Under these conditions, the stoichiometry has been varied from fuel rich to fuel lean

conditions (air excess ratios (A) from around 0.7 to 35) by varying the concentration of oxygen
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from 1470 to 73500 ppm. In this way, the concentration profile of DMC and of the main products
of its oxidation (Hz, CO and CO;) has been obtained. Moreover, the interpretation of the effect
of the temperature, pressure and stoichiometry on the DMC conversion has been performed
through the rate of production and sensitivity analyses, using a gas-phase detailed kinetic model
previously developed by the research group. Additionally, the performance of the model used
has also been evaluated through the simulation of experimental data from literature. In this
sense, this work contributes to the knowledge of the combustion process of DMC and extends

the experimental data available for DMC conversion.

2. Experimental methodology
The oxidation of DMC at high pressure was performed in an experimental set-up, which has been
used successfully in a series of previous works of our research group (Thermochemical Process

Group — GPT, University of Zaragoza), addressing high pressure gas-phase reactions [e.g. 40-43].

The reactor is a quartz tube, with an inside diameter of 6 mm and a length of 1500 mm,
positioned within an AISI 316L stainless steel tube, which acts as a shell to keep pressure. This
pressure shell is placed inside a three-zone electrically heated furnace with individual
temperature control. The pressure inside the reactor is monitored by a differential pressure
transducer (EL-PRESS Bronkhorst High-Tech) located at the reactor entrance and controlled by
a pneumatic pressure valve (RCV-RC200) situated after the reactor. The maximum pressure
allowed is of 80 atm. N, is released into the shell to avoid sudden pressure gradients inside and
outside of the reactor. The maximum temperature allowed over the whole pressure range is of
1100 K. An isothermal temperature (* 5 K) throughout the 560 mm of the reaction zone is
guaranteed. The surface reactions, which may occur on the surfaces of reactors, are expected

to be minimized due to the use of quartz tube and high pressure [44-46].
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A concentration of approximately 700 ppm of DMC is fed into the reactor using a controlled
evaporator mixer (CEM), with an uncertainty of the measurements below 10%, and N; as a
carrier gas. The amount of oxygen required to perform each oxidation experiment is calculated
through the air excess ratio (A), defined as the ratio between the inlet oxygen and the
stoichiometric oxygen, according to reaction CH30COOCH; + 30, - 3CO; + 3H,0 (A =1 means
stoichiometric conditions; A<1 means fuel-rich conditions; A>1 means fuel-lean conditions). The
A values are around 0.7, 1 and 35. N; is used to balance the total flow rate up to 1000 mL
(STP)/min. O, and N are fed into the reactor using calibrated mass flow controllers (Bronkhorst
High-Tech). All gas flow lines are heated and thermally insulated in order to prevent gas

condensation.

The gas residence time in the reaction zone () is given by Eq. 1.

261119. Py, (atm)
Q (mL(STP)/min) . Ty, (K)

TT(S) = Eq.1

Where, Q is the total flow rate, and T,, and P,, are the temperature and the pressure in the

reaction zone, respectively.

Downstream the reactor outlet, the system pressure is reduced to atmospheric pressure.
Subsequently, the product gas stream passes through a particle filter and a condenser to be
conditioned for further analysis. Finally, the concentration of DMC and products is analyzed in
the product gas stream, by a micro gas chromatograph (micro-GC) (Agilent 3000A) equipped
with TCD detectors. This micro-GC is calibrated to quantify DMC, CO,, CO, H,, ethylene,
acetylene, methane, ethane, methanol, dimethyl ether and methyl formate. The uncertainty of

the measurements is estimated within 5%.

The conditions for each set of experiments are summarized in Table 1, which are all performed

under highly diluted conditions to minimize thermal effects due to reaction.
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Table 1. Experimental conditions in the study of the oxidation of DMC at high pressures in the

temperature range of 500-1073 K. N3 is used to balance.

Set A Pressure  [DMC] [04]
(atm) (ppm)  (ppm)

1 0.64 20 759 1470
2 0.65 40 750 1470
3 0.65 60 752 1470
4 0.99 20 704 2100
5 0.96 40 732 2100
6 0.96 60 727 2100
7 3121 20 785 73500
8 3347 40 732 73500
9 33.20 60 738 73500

3. Modeling
The kinetic model used in the present work is the same that used in our previous investigation
on the dimethoxymethane (DMM) pyrolysis [47] (the mechanism and thermodynamic data can

be taken from that work).

This model includes the sub-mechanisms for different oxygenated compounds, such as DMM,
methyl formate (MF) and dimethyl ether (DME), and was constructed based on the model used
in the research of Alzueta et al. [37], on the oxidation of DMC at atmospheric pressure. The
model of Alzueta et al. [37] is based on the GADM model [48] and its updates [e.g. 49-52], and
includes the DMC oxidation sub-mechanism proposed by Glaude et al. [53], which was the first
chemical kinetic sub-mechanism for DMC conversion proposed in literature, and has been
widely used in several works [34,35,37]. The reaction rate constants for reactions involving DMC
were obtained by Glaude et al. [53] by analogies based on the reaction rate of DME, formic acid,
and methyl butanoate. The DMC submechanism includes:

1) unimolecular DMC decomposition by breaking the C-O and O-0 bonds and by CO; elimination.
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2) H-atom abstractions.
3) conversion to ether-acid (CHs;OCOOH).
4) H-atom abstraction reactions from CH;OCOOH.

5) subsequent decomposition of the radicals formed.

Compared to the values used in the DMC oxidation sub-mechanism of Glaude et al. [53], in the
model of Alexandrino et al. [47], the rate constants of two DMC specific reactions, which showed
to be important in its conversion at high (reaction R1) and low (reaction R2) temperatures [35],

were changed.

CH30COOCH;3 (+M) 2 CH3sOCOO + CHs (+M) R1

CHs0COOCHs + CH30, 2 CH3OCOOCH, + CH300H R2

For reaction R1, in Alexandrino et al. [47], the rate constant estimated by Hu et al. [34], by
analogy with the rate constant for the decomposition of methyl butanoate (CsHsCOOCHs;)
proposed by Dooley et al. [54], was used. Likewise, for reaction R2, the rate constant presented
by Sun et al. [36], estimated by analogy with the reaction between methyl formate (HCO,CHs)
and CHsO; radicals proposed by Dooley et al. [55], was adopted. Table 2 shows the kinetic

parameters of the reactions R1 and R2 used in the model proposed by Alexandrino et al. [47].

Table 2. Kinetic parameters of the reactions R1 and R2 used in the model employed in the

present work [47].

Reaction A n Ea Reference
R1 2.55x10% -1.99 8.81x10% 26
low 1.74x1073 -1.60x10* 8.53x10*
Troe 2.18x10* 1.00 6.38x10° 8.21x10°
R2 1.13x10° 2.44 16594.3 28

A in units cm3, mol, s, and E, in cal/mol
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Troe pressure-dependent parameters are written in the following order: a, T*** T* T** They
are required to determine the Feent, and consequently the function F, to calculate the rate
constant of the reaction in the fall-off region [56,57].

Itis to be mentioned that Alzueta et al. [37] found that the thermodynamic data of the CH;0COO
radical species greatly influence the calculations of the oxidation of DMC. However, reaction R1
was identified in the work of Alexandrino et al. [35] to be the cause of this event. In the work of

Alexandrino et al. [47], and in the present work, reaction R1 was taken from Hu et al. [34], and

no effect of thermodynamics is observed on the calculations of the oxidation of DMC.

Simulations were run with the CHEMKIN-PRO package [58]. Species thermodynamic data are
required for Chemkin to calculate the reverse rate constant of reversible reactions. The
thermodynamic data were taken from the same sources as the original mechanisms. The Plug
Flow Reactor (PFR) model, with Fixed Gas Temperature assumption, was employed to simulate

the flow reactor experiments.

4. Results and discussion

4.1. Oxidation of DMC at high pressures

The experimental data and simulations for the oxidation of 700 ppm of DMC at several pressures
(20, 40 and 60 atm), under fuel-rich (A = 0.7), stoichiometric (A = 1), and fuel-lean conditions (A
= 35), in the 500-1073 K temperature range are shown in Fig. 1. The gas residence time (7,.), in
the reaction zone of the reactor, takes values of 4.5-10 s, 9-21 s, and 14-31 s, for pressures of
20, 40 and 60 atm, respectively, in the temperature interval considered (500-1073 K). The order
of magnitude of these residence time values are similar to those used in other works
[40,42,59,60].CO, CO; and to a lesser extent H,, under the specific conditions considered, have
been the major products detected. Only at 20 and 40 atm, under fuel-rich and stoichiometric
conditions, CHs was detected at low concentration, less than 150 ppm (not shown). CO and CO;

are plotted in Fig. 1 with individual Y-axis for easier reading.
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Fig. 1. Concentration profiles, as a function of temperature, of the major species found

in the oxidation of DMC at pressures of 20, 40 and 60 atm, and A =0.7, 1 and 35 (sets 1-9 in

Table 1). Experimental data (symbols), simulations (lines).
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In general, the model is able to reproduce the experimental trends of the different
concentration profiles, although some discrepancies are observed between experimental and
simulation results. Specifically, discrepancies are observed for the CO concentration profile
under fuel-rich conditions, where the model can not predict properly neither the formation nor
the consumption of this species, and for CO, at 20 atm, where the model underpredicts its

concentrations.

For a given pressure, the experimental and calculated onset temperature for DMC conversion is
shifted 50 K to lower temperatures only under fuel-lean conditions, while under fuel-rich and

stoichiometric conditions, the oxygen concentration does not have an apparent effect on the
onset temperature of the DMC conversion. This behavior coincides with that observed in the

oxidation of DMC at atmospheric pressure [37].

Fig. 2 shows a reaction pathway diagram for the oxidation of DMC obtained through a reaction

rate analysis with the model used in the present work.

O
HSC\ A ,Cl_|3
O 0
+CH;0, | - CH;00H -OH
+OH  |-H,0 CH20
CH30COOCH,
+0, | -H,0
CH30CO + CH:0
+CH3 +tH | -H2
+HO, | -H0
COZ 2 22
v
HCO
+0, | -HO,
co

11
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Fig. 2. Reaction pathway diagram for the conversion of DMC under high pressure conditions.

Under all the stoichiometries and pressures studied in this work, the main consumption of DMC
is through the reactions with CH30, and OH radicals (reactions R2 and R3, respectively), which
are promoted as oxygen concentration is increased, thus enhancing the DMC consumption

under fuel-lean conditions.

CH3OCOOCHs + CH30; 2 CH3OCOOCH; + CH300H R2

CH30COO0CH3 + OH 2 CH30CO0CH; + H,0 R3

The so-called DMC radicals (CH;0COOCH,), formed in reactions R2 and R3, further decompose
to form methyl radicals and CO, (R4-R5 and Fig. 2). This direct formation of CO,, instead of from
oxidation of CO as usually occurs, can be observed experimentally and by model calculations in
Fig. 1, where the onset of DMC consumption is accompanied by the formation of CO,. This direct
formation of CO; from the DMC conversion has also been observed in previous works addressing
the oxidation of DMC at atmospheric and low pressure [31,36, 37,61]. Moreover, it is observed
that the concentration of COincreases with the increase of temperature for any stoichiometry

and pressure.

CHs0OCOOCH; 2 CH,0 + CHs0CO R4

CHs0CO 2 CHs + CO» R5

On the other hand, the CH300H radicals formed through reaction R2 decompose to ultimately
form hydroperoxyl radicals (HO,) and CO (R6-R9 and Fig. 2). The experimental concentration
profile of CO exhibits a maximum for all stoichiometries, Fig. 1, which is shifted to lower

temperatures as the oxygen concentration increases.

12
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CHsO0H 2 CHs;0+ OH R6
CHs0 + O, 2 CH,0 + HO, R7
CH20 + H/HO; 2 HCO + Hz/H,0, R8
HCO + O, 2 HO, + CO R9

It is also observed from Fig. 1 that, for a given A value, increasing pressure shifts the start of DMC
conversion to lower temperatures, with an almost negligible effect under fuel-lean conditions.
Under fuel-rich and stoichiometric conditions at 20 atm, the fuel consumption starts at around
700 K. Increasing pressure to 40, and then 60 atm, the fuel starts to be consumed at 675 and
650 K, respectively. It is to be noted that, when the pressure is increased from 20 to 60 atm, the

gas residence time in the reaction zone also increases (Eq. 1).

Fig. 3 evaluates individually, according to model simulations, the effect of both pressure and gas
residence time on the DMC conversion, for the stoichiometric mixture (A = 1). The individual
effect of pressure (Fig. 3a) was evaluated through the use of a given gas residence time value
and different pressures (60, 40 and 20 atm). According to equation 1, the residence time value
was remained the same (t.(s) = 15667/T(K)) by changing the total gas flow rate for each pressure
(Q=1000 mL (STP)/min for 60 atm, 666.66 mL (STP)/min for 40 atm and 333.33 mL (STP)/min for
20 atm). On the other hand, the individual effect of the gas residence time (Fig. 3b) was
evaluated using a given pressure (60 atm) and different gas flow rates (1000 mL (STP)/min (t(s)
= 15667/T(K)), 1500 mL (STP)/min (t:(s) = 10444/T(K)) and 3001.3 mL (STP)/min (t«(s) =
5220/T(K))). It is observed in Fig. 3 that, as expected, both pressure and residence time influence
the DMC conversion, accelerating the DMC consumption to lower temperatures as the value of

these variables increases. This is on line with that observed in previous works [e.g. 43].

13
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Fig. 3. Influence of the pressure (Fig. 3a) and gas residence time (Fig. 3b) on the DMC

conversion for A = 1 according to model simulations (for conditions of set 6 in Table 1).

Fig. 4 shows the results of the first-order sensitivity analysis for CO, for the different
stoichiometries and pressures studied, at the temperature at which DMC starts to be consumed.
For each stoichiometry, the plots of the sensitivity analysis have been made considering the top
10 reactions with the largest absolute value of the sensitivity coefficient. The sensitivity
coefficients (S) are calculated as S = A;/Y¢o X 0Y¢o/ 0A;, where Y¢, is the mass fraction of CO

and 4; is the pre-exponential constant for ith reaction [58]. Positive coefficients correspond to

14
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reactions which promote the DMC oxidation process, while negative ones correspond to
reactions which inhibit this process. It is observed that, for a given stoichiometry, the oxidation
of DMC is sensitive to the same reactions for the three pressures. This could suggest that the
shift in the onset of DMC conversion to lower temperatures, as pressure increases (Fig. 1), can
be attributed to the increase in both the absolute concentration of reactants (DMC and O;) and
to the increase of gas residence time (Fig. 3), due to the increase in pressure, instead of a change
in the controlling chemistry, as it has also been observed in the works of Hu et al. [34] and

Alexandrino et al. [35].
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Fig. 4. First-order sensitivity analysis for CO for the high pressure (20, 40 and 60 atm)
oxidation of DMC (A =0.7, 1 and 35) (sets 1 and 4 at 773 K, sets 2 and 5 at 723 K, sets 3, 6, and
8 at 698 K, set 7 at 748 K and set 9 at 673 K, in Table 1). Positive coefficients correspond to

reactions which promote the DMC oxidation process.

As can be observed in Fig. 4, reactions R10 and R11 present positive coefficients. These reactions
have been reported to be an important chain-branching sequence in many studies on the

oxidation of oxygenated and hydrocarbon species at low to intermediate temperatures [62,63].

CH3OCOOCHs + HO2 2 CH30COOCH; + H0, R10

H20; (+M) 2 OH + OH (+M) R11

They highly promote the DMC consumption, Fig. 4, because lead to the formation of two very
reactive hydroxyl radicals (OH), with hydrogen peroxide (H,0:) as intermediate. This greatly
promotes the oxidation of DMC because, as previously indicated, an important path for DMC
consumption at high pressures is the H-atom abstraction from DMC by OH radicals (reaction R3),

which in turn also promotes reactivity (Fig. 4).

Reactions R2 and R8 also promote the oxidation of DMC (Fig. 4). The CHsOO0H radicals produced
in reaction R2 can further decompose to produce OH and CHsO radicals (reaction R6). The latter
in turn react with O; to finally produce OH radicals through the reaction sequence R7-R9, R12

and R11.

CHs0COOCHs + CH30, 2 CH30COOCH, + CH300H R2

16
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CHsOOH 2 OH +CHs0 R6
CHs0 + 0, 2 CH,0 + HO, R7
CH,0 + HO, 2 HCO + H,0, R8
HCO + 0, 2 HO, + CO R9
HO, + HO, 2 H,0, + 0, R12
H20, (+M) 2 OH + OH (+M) R11

Reaction HO, + HO, 2 H,0; + O; (R12) inhibits the oxidation of DMC (Fig. 4) because this
termination reaction can compete with the promoting H-atom abstraction reaction
CH30COOCH; + HO; 2 CH30COO0CH; + H,0; (R10) reducing the OH radicals formation. If two HO,
radicals react with each other, only two OH radicals are formed (reaction R12 followed by
reaction R11), while if two HO; radicals react with DMC, two H,0, molecules could be formed
(through reaction R10), ultimately leading to the formation of four OH radicals (through reaction

R11), thereby promoting the oxidation.

The reaction of CH30; radicals with methyl radicals to produce two CH30 radicals, R13, becomes
an inhibiting reaction as A increases, Fig. 4, because it competes with the promoting reaction
CH30COOCH; + CHs0, 2 CH30COO0CH; + CH300H (R2) which sensitivity coefficients, for all the
pressures, are higher under fuel-lean conditions than under fuel-rich and stoichiometric

conditions.

CHs0; + CH3 2 CH30 + CHsO R13

According to model calculations, the CHs0; radicals are mainly formed by the reaction of O, with

methyl radicals (Reaction R14).
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Consequently, the enhancement in the sensitivity coefficient of reaction R2 under fuel-lean
conditions, could explain the early DMC consumption when compared with fuel-rich and
stoichiometric conditions for a given pressure (Fig. 1). A higher oxygen concentration in the
reactant mixture increases the formation of the CHs0, radicals and, consequently, favours the

DMC consumption through the promoting reaction R2.

His-worth-to-mentionthat In order to try to improve the fitting between the mechanism and
experimental results, the reaction rates of the most influencing reactions found in the sensitivity
analysis (Fig. 4) were varied and the results obtained were analyzed. However, no
significantimprovements were observed compared to what is observed in Fig. 1. Anyway, as
seen in the sentivity analysis of Fig. 4, reactions R3 and R10 appear to be those that affect more
both the concentration of CO and the concentration of CHsOt. In this sense, further re-

evaluation of the kinetic parameters of reactions R3 and R10 would be of interest.

In order to evaluate the capacity of the model used in the present work to predict the
experimental data at atmospheric pressure, Fig. 5 plots the experimental and modeling results
for DMC conversion, and formation of CO and CO,, in the oxidation of DMC at atmospheric
pressure, for A = 0.3, 0.7, 1 and 35. The experimental data were obtained by Alzueta et al. [37]
in a tubular flow reactor operating at 800-1400 K, with approximately 300 ppm of DMC and using
N> to balance. The gas residence time is a function of temperature, 7, (s) = 195/T(K). Simulation
results obtained with the model used in Alzueta et al. [37] and the one used in the present work
are presented. As it is observed, the model proposed by Alexandrino et al. [47] simulates very
well the oxidation of DMC at atmospheric pressure, with a better performance than the model

of Alzueta et al. [37], mainly under fuel-rich and stoichiometric conditions. The improvement in

18



429  the simulations using the model of Alexandrino et al. [47], with respect to the simulations using
430 the model of Alzueta et al. [37], is mainly due to the adoption of the rate constant, from Hu et
431 al. [34], of the very important reaction CH30COOCH; (+M) 2 CH;0COO0 + CH; (R1), that promotes

432 DMC conversion at high temperatures, as it was previously indicated.
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Fig. 5. Comparison between the simulation of the oxidation of DMC at atmospheric pressure
[37], forA=0.3,0.7, 1, and 35, using the model from Alzueta et al. [37] and the model

proposed by Alexandrino et al. [47] (pw).

Additionally, the performance of the model used in the present work was also evaluated through
the simulation of the experimental data of ignition delay times of DMC from the work of
Alexandrino et al. [35], obtained using low and high pressure shock tubes and a rapid
compression machine. The experiments cover the temperature range of 795-1585 K, DMC
concentration of 0.75% and 1.75%, pressures of 2, 20, and 40 atm, and A= 0.5, 1, and 2. It is
observed in Fig. 6 that the model of Alexandrino et al. [47] fits well the experimental data, and
the simulation data are very similar to those obtained using the model proposed in Alexandrino

et al. [35].
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Fig. 6. Experimental data (symbols) of the ignition delay times of DMC [35] in a low pressure
shock tube (left) and in a high pressure shock tube and rapid compression machine (right)
together with simulations (lines) using the model from Alexandrino et al. [35] and the model

proposed by Alexandrino et al. [47] (pw).

5. Conclusions

This work includes the experimental and modeling study of the oxidation of DMC at high
pressures, in a flow reactor operating at 20, 40, and 60 atm, in the temperature range of 500-
1073 K, and under fuel-rich (A = 0.7), stoichiometric (A = 1), and fuel-lean conditions (A = 35). The
performance of the model was also evaluated with data from literature (flow reactor at

atmospheric pressure and ignition delay times at low and high pressures).

21



484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

Experimental data and simulations show that, for a given pressure, the onset of DMC
consumption is shifted to lower temperatures only under fuel-lean conditions, while under fuel-
rich and stoichiometric conditions there is not a noticeable effect of the stoichiometry on the
onset temperature of DMC consumption. The effect of the fuel-lean condition on the onset
temperature of the oxidation of DMC can be attributed to a higher formation of CH30; radicals,
whose reaction with DMC has a high promoting effect on the oxidation of DMC under this
stoichiometry condition. Regarding the effect of pressure on the fuel conversion, increasing
pressure shifts the onset of fuel conversion to lower temperatures with an almost negligible
effect under fuel-lean conditions. Such shift was due to effects of both the increase of the
absolute concentration of reactants and to the increase of gas residence time, due to the
increase in pressure, instead of a change in the controlling chemistry. Regarding the
performance of the model used, it can be concluded that it predicts reasonably well the
oxidation of DMC at both atmospheric and high pressures, in a wide range of stoichiometries,
temperatures and gas residence times, using different experimental set-ups. However, despite
the fact that this model captures the tendency of the experimental data, some discrepancies
between experimental and model results are found for CO under rich-fuel conditions and for
CO, at 20 atm, and further improvement is needed to get a better accuracy.. It is not clear at
present what are the main issues to be considered for improvement of the mechanism
predictions. Possibilities would include the calculation and incorporation of pressure-dependent
rate constants in the DMC oxidation sub-mechanism reactions (mainly in reactions R3 and R10),

a more precise determination of the most sensitive reactions, etc.
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