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Abstract  12 

An experimental and modeling study of the oxidation at high pressure of dimethyl carbonate 13 

(DMC) has been performed in a quartz tubular flow reactor. Experimental and simulated 14 

concentrations of DMC, CO, CO2 and H2 have been obtained for different temperatures (500-15 

1073 K), pressures (20, 40, and 60 atm) and stoichiometries (λ = 0.7, 1, and 35). .Both pressure 16 

and concentration of oxygen are important parameters for conversion of DMC. The simulations 17 

have been carried out using a detailed kinetic mechanism previously developed by the research 18 

group. In general, the model is able to reproduce the experimental trends of the different 19 

concentration profiles, although some discrepancies are observed between experimental and 20 

simulation results. The performance of the model was also evaluated through the simulation of 21 

literature data of the oxidation of DMC at atmospheric pressure in a flow reactor and of the 22 

DMC ignition delay times under low and high pressures. In this sense, this work contributes to 23 

the knowledge of the combustion process of DMC, by providing new experimental data on the 24 

conversion of DMC at high pressures and using a kinetic model for the interpretation of the 25 

results. 26 

          27 

 28 

 29 

 30 
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Introduction      33 

Diesel engines are known to emit large amounts of particulate matter (PM) into the atmosphere 34 

due to the fuel composition and the non homogeneous mixing, which favours its formation in 35 

the fuel-rich regions of the chamber where the temperature is high. In this sense, the addition 36 

of oxygenated compounds to diesel fuel has been recognized to reduce PM emissions [1-5]. The 37 

use of these additives modifies some fuel properties, such as volatility, cetane index, enthalpy 38 

of combustion, etc., which, depending on the operating conditions, affect the fuel consumption 39 

and emissions. Moreover, the increase of the amount of oxygen content in the blend with diesel 40 

improves the combustion process. Biodiesel is a common oxygenated compound used in diesel 41 

engines. Bioethanol, the biofuel widely used as a gasoline alternative [6], can also be added to 42 

diesel fuel in a small percentage [7-10]. However, these oxygenated biofuels suffer from issues, 43 

such as high production cost [11], that lead to the search for improved alternatives. 44 

 45 

In this line, the carbonate ester dimethyl carbonate (DMC, CH3OCOOCH3) is highlighted as a 46 

potential additive for diesel fuel, due to its physicochemical characteristics, such as high oxygen 47 

content (53.3 wt%), low boiling point, high miscibility with diesel fuel and its insolubility in water 48 

[12-14]. Furthermore, the absence of C-C chemical bonds contributes to the hydrocarbon 49 

oxidation rather than its participation in soot growth reactions [15]. Works performed on the 50 

addition of DMC to diesel fuel [16-20] and in flames of diesel fuel surrogates [21,22] have shown 51 

its capacity to reduce soot formation. Moreover, DMC could be directly produced from the 52 

reaction of methanol with CO2 by catalytic procedures, making the DMC production a CO2 sink, 53 

and, thus, contributing to the reduction of this greenhouse gas [23-25]. However, special 54 

precautions for fuel storage and distribution are needed due to the high volatility of DMC 55 

compared to diesel fuel [26].  56 

 57 
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In order to contribute to interpret and understand the reaction schemes that occur during the 58 

combustion process and, thus, to have information on the mechanisms responsible for reducing 59 

PM emissions, the investigations on DMC conversion have been focused on performing 60 

experiments in laboratory conditions, together with kinetic studies. Different studies addressing 61 

the thermal decomposition and photolysis of DMC are reported in literature [27-30], as well as 62 

works on opposed flow diffusion flames [31], laminar burning velocities [32,33], ignition delay 63 

times [33-35], laminar premixed flames [36] and flow reactors [36,37]. The capacity of DMC to 64 

form polycyclic aromatic hydrocarbons (PAH) and soot has also been experimentally studied 65 

[38,39], showing that this oxygenated compound forms less soot than others, such as ethanol. 66 

The works involving chemical kinetic studies have shown that much of the oxygen in the DMC 67 

goes directly to CO2, which increases the effectiveness of DMC for minimizing soot formation 68 

[e.g. 39]. 69 

 70 

Despite these laboratory studies performed with the DMC, the experimental and modeling 71 

investigations on the conversion of this oxygenated compound are still scarce, especially at high 72 

pressures, which are of interest in diesel engine applications. To our knowledge, only the works 73 

of Hu et al. [34] (up to 10 atm in shock tube) and Alexandrino et al. [35] (up to 40 atm in shock 74 

tubes and rapid compression machine) addressed experiments at high pressures. In those works, 75 

it was observed that the ignition delay time decreased with increasing pressure. It was attributed 76 

to the increase in absolute concentration of reactants at high pressures, which promotes the 77 

oxidation process. Thus, in the present work, the experimental and modeling high pressure 78 

oxidation of DMC has been studied in a large range of temperature, pressure and different 79 

stoichiometries. Specifically, the oxidation of DMC has been investigated under well-controlled 80 

flow reactor conditions in the temperature range of 500-1073 K and at pressures of 20, 40 and 81 

60 atm. Under these conditions, the stoichiometry has been varied from fuel rich to fuel lean 82 

conditions (air excess ratios (λ) from around 0.7 to 35) by varying the concentration of oxygen 83 
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from 1470 to 73500 ppm. In this way, the concentration profile of DMC and of the main products 84 

of its oxidation (H2, CO and CO2) has been obtained. Moreover, the interpretation of the effect 85 

of the temperature, pressure and stoichiometry on the DMC conversion has been performed 86 

through the rate of production and sensitivity analyses, using a gas-phase detailed kinetic model 87 

previously developed by the research group. Additionally, the performance of the model used 88 

has also been evaluated through the simulation of experimental data from literature. In this 89 

sense, this work contributes to the knowledge of the combustion process of DMC and extends 90 

the experimental data available for DMC conversion. 91 

 92 

2. Experimental methodology 93 

The oxidation of DMC at high pressure was performed in an experimental set-up, which has been 94 

used successfully in a series of previous works of our research group (Thermochemical Process 95 

Group – GPT, University of Zaragoza), addressing high pressure gas-phase reactions [e.g. 40-43]. 96 

 97 

The reactor is a quartz tube, with an inside diameter of 6 mm and a length of 1500 mm, 98 

positioned within an AISI 316L stainless steel tube, which acts as a shell to keep pressure. This 99 

pressure shell is placed inside a three-zone electrically heated furnace with individual 100 

temperature control. The pressure inside the reactor is monitored by a differential pressure 101 

transducer (EL-PRESS Bronkhorst High-Tech) located at the reactor entrance and controlled by 102 

a pneumatic pressure valve (RCV-RC200) situated after the reactor. The maximum pressure 103 

allowed is of 80 atm. N2 is released into the shell to avoid sudden pressure gradients inside and 104 

outside of the reactor. The maximum temperature allowed over the whole pressure range is of 105 

1100 K. An isothermal temperature (± 5 K) throughout the 560 mm of the reaction zone is 106 

guaranteed. The surface reactions, which may occur on the surfaces of reactors, are expected 107 

to be minimized due to the use of quartz tube and high pressure [44-46]. 108 

 109 
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A concentration of approximately 700 ppm of DMC is fed into the reactor using a controlled 110 

evaporator mixer (CEM), with an uncertainty of the measurements below 10%, and N2 as a 111 

carrier gas. The amount of oxygen required to perform each oxidation experiment is calculated 112 

through the air excess ratio (λ), defined as the ratio between the inlet oxygen and the 113 

stoichiometric oxygen, according to reaction CH3OCOOCH3 + 3O2 → 3CO2 + 3H2O (λ =1 means 114 

stoichiometric conditions; λ<1 means fuel-rich conditions; λ>1 means fuel-lean conditions). The 115 

λ values are around 0.7, 1 and 35. N2 is used to balance the total flow rate up to 1000 mL 116 

(STP)/min. O2 and N2 are fed into the reactor using calibrated mass flow controllers (Bronkhorst 117 

High-Tech). All gas flow lines are heated and thermally insulated in order to prevent gas 118 

condensation.  119 

 120 

The gas residence time in the reaction zone (𝜏𝜏𝑟𝑟) is given by Eq. 1. 121 

𝜏𝜏𝑟𝑟(s) = 261119 .  Prz(atm)
Q (mL(STP)/min ) .  Trz(K)

        Eq. 1 122 

Where, Q is the total flow rate, and Trz and Prz are the temperature and the pressure in the 123 

reaction zone, respectively. 124 

 125 

Downstream the reactor outlet, the system pressure is reduced to atmospheric pressure. 126 

Subsequently, the product gas stream passes through a particle filter and a condenser to be 127 

conditioned for further analysis. Finally, the concentration of DMC and products is analyzed in 128 

the product gas stream, by a micro gas chromatograph (micro-GC) (Agilent 3000A) equipped 129 

with TCD detectors. This micro-GC is calibrated to quantify DMC, CO2, CO, H2, ethylene, 130 

acetylene, methane, ethane, methanol, dimethyl ether and methyl formate. The uncertainty of 131 

the measurements is estimated within 5%. 132 

 133 

The conditions for each set of experiments are summarized in Table 1, which are all performed 134 

under highly diluted conditions to minimize thermal effects due to reaction. 135 
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 136 

Table 1. Experimental conditions in the study of the oxidation of DMC at high pressures in the 137 

temperature range of 500-1073 K. N2 is used to balance. 138 

Set λ Pressure 
(atm) 

[DMC] 
(ppm) 

[O2] 
(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 31.21 20 785 73500 
8 33.47 40 732 73500 
9 33.20 60 738 73500 

 139 

 140 

3. Modeling 141 

The kinetic model used in the present work is the same that used in our previous investigation 142 

on the dimethoxymethane (DMM) pyrolysis [47] (the mechanism and thermodynamic data can 143 

be taken from that work). 144 

 145 

This model includes the sub-mechanisms for different oxygenated compounds, such as DMM, 146 

methyl formate (MF) and dimethyl ether (DME), and was constructed based on the model used 147 

in the research of Alzueta et al. [37], on the oxidation of DMC at atmospheric pressure. The 148 

model of Alzueta et al. [37] is based on the GADM model [48] and its updates [e.g. 49-52], and 149 

includes the DMC oxidation sub-mechanism proposed by Glaude et al. [53], which was the first 150 

chemical kinetic sub-mechanism for DMC conversion proposed in literature, and has been 151 

widely used in several works [34,35,37]. The reaction rate constants for reactions involving DMC 152 

were obtained by Glaude et al. [53] by analogies based on the reaction rate of DME, formic acid, 153 

and methyl butanoate. The DMC submechanism includes:  154 

1) unimolecular DMC decomposition by breaking the C-O and O-O bonds and by CO2 elimination. 155 
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2) H-atom abstractions.  156 

3) conversion to ether-acid (CH3OCOOH). 157 

4) H-atom abstraction reactions from CH3OCOOH. 158 

5) subsequent decomposition of the radicals formed.  159 

 160 

Compared to the values used in the DMC oxidation sub-mechanism of Glaude et al. [53], in the 161 

model of Alexandrino et al. [47], the rate constants of two DMC specific reactions, which showed 162 

to be important in its conversion at high (reaction R1) and low (reaction R2) temperatures [35], 163 

were changed.  164 

 165 

CH3OCOOCH3 (+M) ⇄ CH3OCOO + CH3 (+M)                R1  166 

CH3OCOOCH3 + CH3O2 ⇄ CH3OCOOCH2 + CH3OOH               R2 167 

 168 

For reaction R1, in Alexandrino et al. [47], the rate constant estimated by Hu et al. [34], by 169 

analogy with the rate constant for the decomposition of methyl butanoate (C3H5COOCH3) 170 

proposed by Dooley et al. [54], was used. Likewise, for reaction R2, the rate constant presented 171 

by Sun et al. [36], estimated by analogy with the reaction between methyl formate (HCO2CH3) 172 

and CH3O2 radicals proposed by Dooley et al. [55], was adopted. Table 2 shows the kinetic 173 

parameters of the reactions R1 and R2 used in the model proposed by Alexandrino et al. [47]. 174 

 175 

Table 2. Kinetic parameters of the reactions R1 and R2 used in the model employed in the 176 

present work [47]. 177 

Reaction A n Ea Reference 

R1             2.55x1023 -1.99  8.81x104 26 
      low            1.74x1073        -1.60x101      8.53x104  
      Troe            2.18x10-1  1.00  6.38x103  8.21x109  
R2            1.13x105         2.44       16594.3 28 

A in units cm3, mol, s, and Ea in cal/mol 178 
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Troe pressure-dependent parameters are written in the following order: α, T***,T*,T**. They 179 
are required to determine the Fcent, and consequently the function F, to calculate the rate 180 
constant of the reaction in the fall-off region [56,57]. 181 
 182 

It is to be mentioned that Alzueta et al. [37] found that the thermodynamic data of the CH3OCOO 183 

radical species greatly influence the calculations of the oxidation of DMC. However, reaction R1 184 

was identified in the work of Alexandrino et al. [35] to be the cause of this event. In the work of 185 

Alexandrino et al. [47], and in the present work, reaction R1 was taken from Hu et al. [34], and 186 

no effect of thermodynamics is observed on the calculations of the oxidation of DMC. 187 

 188 

Simulations were run with the CHEMKIN-PRO package [58]. Species thermodynamic data are 189 

required for Chemkin to calculate the reverse rate constant of reversible reactions. The 190 

thermodynamic data were taken from the same sources as the original mechanisms. The Plug 191 

Flow Reactor (PFR) model, with Fixed Gas Temperature assumption, was employed to simulate 192 

the flow reactor experiments. 193 

 194 

4. Results and discussion 195 

4.1. Oxidation of DMC at high pressures 196 

The experimental data and simulations for the oxidation of 700 ppm of DMC at several pressures 197 

(20, 40 and 60 atm), under fuel-rich (λ = 0.7), stoichiometric (λ = 1), and fuel-lean conditions (λ 198 

= 35), in the 500-1073 K temperature range are shown in Fig. 1. The gas residence time (𝜏𝜏𝑟𝑟), in 199 

the reaction zone of the reactor, takes values of 4.5-10 s, 9-21 s, and 14-31 s, for pressures of 200 

20, 40 and 60 atm, respectively, in the temperature interval considered (500-1073 K). The order 201 

of magnitude of these residence time values are similar to those used in other works 202 

[40,42,59,60].CO, CO2 and to a lesser extent H2, under the specific conditions considered, have 203 

been the major products detected. Only at 20 and 40 atm, under fuel-rich and stoichiometric 204 

conditions, CH4 was detected at low concentration, less than 150 ppm (not shown). CO and CO2 205 

are plotted in Fig. 1 with individual Y-axis for easier reading. 206 
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 Fig. 1. Concentration profiles, as a function of temperature, of the major species found 213 

in the oxidation of DMC at pressures of 20, 40 and 60 atm, and λ = 0.7, 1 and 35 (sets 1-9 in 214 

Table 1). Experimental data (symbols), simulations (lines). 215 

 216 
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In general, the model is able to reproduce the experimental trends of the different 217 

concentration profiles, although some discrepancies are observed between experimental and 218 

simulation results. Specifically, discrepancies are observed for the CO concentration profile 219 

under fuel-rich conditions, where the model can not predict properly neither the formation nor 220 

the consumption of this species, and for CO2 at 20 atm, where the model underpredicts its 221 

concentrations. 222 

 223 

For a given pressure, the experimental and calculated onset temperature for DMC conversion is 224 

shifted 50 K to lower temperatures only under fuel-lean conditions, while under fuel-rich and 225 

stoichiometric conditions, the oxygen concentration does not have an apparent effect on the 226 

onset temperature of the DMC conversion. This behavior coincides with that observed in the 227 

oxidation of DMC at atmospheric pressure [37].  228 

 229 

Fig. 2 shows a reaction pathway diagram for the oxidation of DMC obtained through a reaction 230 

rate analysis with the model used in the present work.  231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 
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Fig. 2. Reaction pathway diagram for the conversion of DMC under high pressure conditions. 243 

 244 

Under all the stoichiometries and pressures studied in this work, the main consumption of DMC 245 

is through the reactions with CH3O2 and OH radicals (reactions R2 and R3, respectively), which 246 

are promoted as oxygen concentration is increased, thus enhancing the DMC consumption 247 

under fuel-lean conditions. 248 

 249 

CH3OCOOCH3 + CH3O2 ⇄ CH3OCOOCH2 + CH3OOH              R2  250 

CH3OCOOCH3 + OH ⇄ CH3OCOOCH2 + H2O                R3 251 

 252 

The so-called DMC radicals (CH3OCOOCH2), formed in reactions R2 and R3, further decompose 253 

to form methyl radicals and CO2 (R4-R5 and Fig. 2). This direct formation of CO2, instead of from 254 

oxidation of CO as usually occurs, can be observed experimentally and by model calculations in 255 

Fig. 1, where the onset of DMC consumption is accompanied by the formation of CO2. This direct 256 

formation of CO2 from the DMC conversion has also been observed in previous works addressing 257 

the oxidation of DMC at atmospheric and low pressure [31,36, 37,61]. Moreover, it is observed 258 

that the concentration of CO2 increases with the increase of temperature for any stoichiometry 259 

and pressure. 260 

 261 

CH3OCOOCH2 ⇄ CH2O + CH3OCO                 R4  262 

CH3OCO ⇄ CH3 + CO2                   R5 263 

 264 

On the other hand, the CH3OOH radicals formed through reaction R2 decompose to ultimately 265 

form hydroperoxyl radicals (HO2) and CO (R6-R9 and Fig. 2). The experimental concentration 266 

profile of CO exhibits a maximum for all stoichiometries, Fig. 1, which is shifted to lower 267 

temperatures as the oxygen concentration increases. 268 
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 269 

CH3OOH ⇄ CH3O+ OH                   R6  270 

CH3O + O2 ⇄ CH2O + HO2                  R7 271 

CH2O + H/HO2 ⇄ HCO + H2/H2O2                 R8 272 

HCO + O2 ⇄ HO2 + CO                   R9 273 

 274 

It is also observed from Fig. 1 that, for a given λ value, increasing pressure shifts the start of DMC 275 

conversion to lower temperatures, with an almost negligible effect under fuel-lean conditions. 276 

Under fuel-rich and stoichiometric conditions at 20 atm, the fuel consumption starts at around 277 

700 K. Increasing pressure to 40, and then 60 atm, the fuel starts to be consumed at 675 and 278 

650 K, respectively. It is to be noted that, when the pressure is increased from 20 to 60 atm, the 279 

gas residence time in the reaction zone also increases (Eq. 1). 280 

 281 

Fig. 3 evaluates individually, according to model simulations, the effect of both pressure and gas 282 

residence time on the DMC conversion, for the stoichiometric mixture (λ = 1). The individual 283 

effect of pressure (Fig. 3a) was evaluated through the use of a given gas residence time value 284 

and different pressures (60, 40 and 20 atm). According to equation 1, the residence time value 285 

was remained the same (τr(s) = 15667/T(K)) by changing the total gas flow rate for each pressure 286 

(Q=1000 mL (STP)/min for 60 atm, 666.66 mL (STP)/min for 40 atm and 333.33 mL (STP)/min for 287 

20 atm). On the other hand, the individual effect of the gas residence time (Fig. 3b) was 288 

evaluated using a given pressure (60 atm) and different gas flow rates (1000 mL (STP)/min (τr(s) 289 

= 15667/T(K)), 1500 mL (STP)/min (τr(s) = 10444/T(K)) and 3001.3 mL (STP)/min (τr(s) = 290 

5220/T(K))). It is observed in Fig. 3 that, as expected, both pressure and residence time influence 291 

the DMC conversion, accelerating the DMC consumption to lower temperatures as the value of 292 

these variables increases. This is on line with that observed in previous works [e.g. 43]. 293 

 294 
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 315 

Fig. 3. Influence of the pressure (Fig. 3a) and gas residence time (Fig. 3b) on the DMC 316 

conversion for λ = 1 according to model simulations (for conditions of set 6 in Table 1). 317 

 318 

Fig. 4 shows the results of the first-order sensitivity analysis for CO, for the different 319 

stoichiometries and pressures studied, at the temperature at which DMC starts to be consumed. 320 

For each stoichiometry, the plots of the sensitivity analysis have been made considering the top 321 

10 reactions with the largest absolute value of the sensitivity coefficient. The sensitivity 322 

coefficients (S) are calculated as 𝑆𝑆 = 𝐴𝐴𝑖𝑖/𝑌𝑌𝐶𝐶𝐶𝐶 × ∂𝑌𝑌𝐶𝐶𝐶𝐶/ ∂𝐴𝐴𝑖𝑖, where 𝑌𝑌𝐶𝐶𝐶𝐶 is the mass fraction of CO 323 
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reactions which promote the DMC oxidation process, while negative ones correspond to 325 

reactions which inhibit this process. It is observed that, for a given stoichiometry, the oxidation 326 

of DMC is sensitive to the same reactions for the three pressures. This could suggest that the 327 

shift in the onset of DMC conversion to lower temperatures, as pressure increases (Fig. 1), can 328 

be attributed to the increase in both the absolute concentration of reactants (DMC and O2) and 329 

to the increase of gas residence time (Fig. 3), due to the increase in pressure, instead of a change 330 

in the controlling chemistry, as it has also been observed in the works of Hu et al. [34] and 331 

Alexandrino et al. [35]. 332 

 333 
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 351 

 352 

Fig. 4. First-order sensitivity analysis for CO for the high pressure (20, 40 and 60 atm) 353 

oxidation of DMC (λ = 0.7, 1 and 35) (sets 1 and 4 at 773 K,  sets 2 and 5 at 723 K, sets 3, 6, and 354 

8 at 698 K, set 7 at 748 K and set 9 at 673 K, in Table 1). Positive coefficients correspond to 355 

reactions which promote the DMC oxidation process. 356 

 357 

As can be observed in Fig. 4, reactions R10 and R11 present positive coefficients. These reactions 358 

have been reported to be an important chain-branching sequence in many studies on the 359 

oxidation of oxygenated and hydrocarbon species at low to intermediate temperatures [62,63]. 360 

 361 

CH3OCOOCH3 + HO2 ⇄ CH3OCOOCH2 + H2O2              R10 362 

H2O2 (+M) ⇄ OH + OH (+M)                R11 363 

 364 

They highly promote the DMC consumption, Fig. 4, because lead to the formation of two very 365 

reactive hydroxyl radicals (OH), with hydrogen peroxide (H2O2) as intermediate. This greatly 366 

promotes the oxidation of DMC because, as previously indicated, an important path for DMC 367 

consumption at high pressures is the H-atom abstraction from DMC by OH radicals (reaction R3), 368 

which in turn also promotes reactivity (Fig. 4). 369 

 370 

Reactions R2 and R8 also promote the oxidation of DMC (Fig. 4). The CH3OOH radicals produced 371 

in reaction R2 can further decompose to produce OH and CH3O radicals (reaction R6). The latter 372 

in turn react with O2 to finally produce OH radicals through the reaction sequence R7-R9, R12 373 

and R11. 374 

 375 

CH3OCOOCH3 + CH3O2 ⇄ CH3OCOOCH2 + CH3OOH               R2  376 
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CH3OOH ⇄ OH +CH3O                                       R6 377 

CH3O + O2 ⇄ CH2O + HO2                  R7 378 

CH2O + HO2 ⇄ HCO + H2O2                  R8 379 

HCO + O2 ⇄ HO2 + CO                   R9 380 

HO2 + HO2 ⇄ H2O2 + O2                 R12 381 

H2O2 (+M) ⇄ OH + OH (+M)                R11 382 

 383 

Reaction HO2 + HO2 ⇄ H2O2 + O2 (R12) inhibits the oxidation of DMC (Fig. 4) because this 384 

termination reaction can compete with the promoting H-atom abstraction reaction 385 

CH3OCOOCH3 + HO2 ⇄ CH3OCOOCH2 + H2O2 (R10) reducing the OH radicals formation. If two HO2 386 

radicals react with each other, only two OH radicals are formed (reaction R12 followed by 387 

reaction R11), while if two HO2 radicals react with DMC, two H2O2 molecules could be formed 388 

(through reaction R10), ultimately leading to the formation of four OH radicals (through reaction 389 

R11), thereby promoting the oxidation. 390 

 391 

The reaction of CH3O2 radicals with methyl radicals to produce two CH3O radicals, R13, becomes 392 

an inhibiting reaction as λ increases, Fig. 4, because it competes with the promoting reaction 393 

CH3OCOOCH3 + CH3O2 ⇄ CH3OCOOCH2 + CH3OOH (R2) which sensitivity coefficients, for all the 394 

pressures, are higher under fuel-lean conditions than under fuel-rich and stoichiometric 395 

conditions. 396 

 397 

CH3O2 + CH3 ⇄ CH3O + CH3O               R13 398 

 399 

According to model calculations, the CH3O2 radicals are mainly formed by the reaction of O2 with 400 

methyl radicals (Reaction R14). 401 

 402 
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CH3 + O2 (+M) ⇄ CH3O2 (+M)               R14 403 

 404 

Consequently, the enhancement in the sensitivity coefficient of reaction R2 under fuel-lean 405 

conditions, could explain the early DMC consumption when compared with fuel-rich and 406 

stoichiometric conditions for a given pressure (Fig. 1). A higher oxygen concentration in the 407 

reactant mixture increases the formation of the CH3O2 radicals and, consequently, favours the 408 

DMC consumption through the promoting reaction R2. 409 

 410 

It is worth to mention that In order to try to improve the fitting between the mechanism and 411 

experimental results, the reaction rates of the most influencing reactions found in the sensitivity 412 

analysis (Fig. 4) were varied and the results obtained were analyzed. However, no 413 

significantimprovements were observed compared to what is observed in Fig. 1. Anyway, as 414 

seen in the sentivity analysis of Fig. 4, reactions R3 and R10 appear to be those that affect more 415 

both the concentration of CO and the concentration of CH3Ot. In this sense,  further re-416 

evaluation of the kinetic parameters of reactions R3 and R10 would be of interest.  417 

 418 

In order to evaluate the capacity of the model used in the present work to predict the 419 

experimental data at atmospheric pressure, Fig. 5 plots the experimental and modeling results 420 

for DMC conversion, and formation of CO and CO2, in the oxidation of DMC at atmospheric 421 

pressure, for λ = 0.3, 0.7, 1 and 35. The experimental data were obtained by Alzueta et al. [37] 422 

in a tubular flow reactor operating at 800-1400 K, with approximately 300 ppm of DMC and using 423 

N2 to balance. The gas residence time is a function of temperature, 𝜏𝜏𝑟𝑟 (s) = 195/T(K). Simulation 424 

results obtained with the model used in Alzueta et al. [37] and the one used in the present work 425 

are presented. As it is observed, the model proposed by Alexandrino et al. [47] simulates very 426 

well the oxidation of DMC at atmospheric pressure, with a better performance than the model 427 

of Alzueta et al. [37], mainly under fuel-rich and stoichiometric conditions. The improvement in 428 
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the simulations using the model of Alexandrino et al. [47], with respect to the simulations using 429 

the model of Alzueta et al. [37], is mainly due to the adoption of the rate constant, from Hu et 430 

al. [34], of the very important reaction CH3OCOOCH3 (+M) ⇄ CH3OCOO + CH3 (R1), that promotes 431 

DMC conversion at high temperatures, as it was previously indicated.  432 

 433 
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 455 

 456 

 457 

Fig. 5. Comparison between the simulation of the oxidation of DMC at atmospheric pressure 458 

[37], for λ = 0.3, 0.7, 1, and 35, using the model from Alzueta et al. [37] and the model 459 

proposed by Alexandrino et al. [47]  (pw). 460 

 461 

Additionally, the performance of the model used in the present work was also evaluated through 462 

the simulation of the experimental data of ignition delay times of DMC from the work of 463 

Alexandrino et al. [35], obtained using low and high pressure shock tubes and a rapid 464 

compression machine. The experiments cover the temperature range of 795-1585 K, DMC 465 

concentration of 0.75% and 1.75%, pressures of 2, 20, and 40 atm, and λ= 0.5, 1, and 2. It is 466 

observed in Fig. 6 that the model of Alexandrino et al. [47] fits well the experimental data, and 467 

the simulation data are very similar to those obtained using the model proposed in Alexandrino 468 

et al. [35]. 469 

 470 
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Fig. 6. Experimental data (symbols) of the ignition delay times of DMC [35] in a low pressure 472 

shock tube (left) and in a high pressure shock tube and rapid compression machine (right) 473 

together with simulations (lines) using the model from Alexandrino et al. [35] and the model 474 

proposed by Alexandrino et al. [47]  (pw). 475 

 476 

5. Conclusions 477 

This work includes the experimental and modeling study of the oxidation of DMC at high 478 

pressures, in a flow reactor operating at 20, 40, and 60 atm, in the temperature range of 500-479 

1073 K, and under fuel-rich (λ = 0.7), stoichiometric (λ = 1), and fuel-lean conditions (λ = 35). The 480 

performance of the model was also evaluated with data from literature (flow reactor at 481 

atmospheric pressure and ignition delay times at low and high pressures). 482 

 483 
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Experimental data and simulations show that, for a given pressure, the onset of DMC 484 

consumption is shifted to lower temperatures only under fuel-lean conditions, while under fuel-485 

rich and stoichiometric conditions there is not a noticeable effect of the stoichiometry on the 486 

onset temperature of DMC consumption. The effect of the fuel-lean condition on the onset 487 

temperature of the oxidation of DMC can be attributed to a higher formation of CH3O2 radicals, 488 

whose reaction with DMC has a high promoting effect on the oxidation of DMC under this 489 

stoichiometry condition. Regarding the effect of pressure on the fuel conversion, increasing 490 

pressure shifts the onset of fuel conversion to lower temperatures with an almost negligible 491 

effect under fuel-lean conditions. Such shift was due to effects of both the increase of the 492 

absolute concentration of reactants and to the increase of gas residence time, due to the 493 

increase in pressure, instead of a change in the controlling chemistry. Regarding the 494 

performance of the model used, it can be concluded that it predicts reasonably well the 495 

oxidation of DMC at both atmospheric and high pressures, in a wide range of stoichiometries, 496 

temperatures and gas residence times, using different experimental set-ups. However, despite 497 

the fact that this model captures the tendency of the experimental data, some discrepancies 498 

between experimental and model results are found for CO under rich-fuel conditions and for 499 

CO2 at 20 atm, and further improvement is needed to get a better accuracy.. It is not clear at 500 

present what are the main issues to be considered for improvement of the mechanism 501 

predictions. Possibilities would include the calculation and incorporation of pressure-dependent 502 

rate constants in the DMC oxidation sub-mechanism reactions (mainly in reactions R3 and R10), 503 

a more precise determination of the most sensitive reactions, etc. 504 
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