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1. Laminar flame speed
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Figure S1: Laminar flame speed of DME/air at 2 and 6 atm. Symbols experimental data from [1];

lines: this work.
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Figure S2: Laminar flame speed of DME/air at as a function of temperature at ¢ = 1.0 (top), 0.8
and 1.2 (bottom). Symbols experimental data from [2]; lines: this work.



2. Jet stirred reactor
2.1 DME reaction flow and sensitivity analysis for condition shown in Figure 8 at 600 K

To explore the important reactions for DME degradation at 600 K for the condition shown in
Figure 8 reaction flow analysis and sensitivity analysis is performed. Figure S3 shows the
integrated mass flux based on C-atoms (only major paths are shown) and Figure S4 shows the
reaction sensitivity analysis. In Figure S3 percentage in the arrow means that the species is
consumed at that amount (in total) to form another species. The major consumptions paths are only

shown.
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Figure S3: Reaction flow analysis based on C-atom during oxidation of DME(CH30CH3)/O2/N:
at ¢ = 1.0, 10 atm, and T = 1.0 s in a jet-stirred reactor for the condition shown in Figure 8 at 600
K.
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Figure S4: Normalized reaction sensitivity at 600 K during DME/O>/N> oxidation at 10 atm for
the condition shown in Figure 8 towards DME.

2.2 DMM reaction flow and sensitivity analysis for condition shown in Figure 11 at 600 K

To investigate the reaction paths and important reactions at low temperature during DMM
oxidation, reaction flow and sensitivity analysis at 600 K is also performed (for the condition of
Figure 11 which are shown in Figure S5 and Figure S6. At this temperature, DMM can undergo
H-atom abstraction not only by OH and HO; but also by CH30; radical to form R1 (46%) and R2
(50%). Unlike at 900 K (Figure 13), the reaction DMM + OH (see Fig. S6) exhibits the highest
sensitivity at this temperature (600 K). Further, R1 radicals exclusively (99%) undergoes O>
addition path which is contrary to 900 K case where thermal dissociation is favored. In the case of
radical R2, it does not undergo the O, addition channel and prefers the same thermal dissociation

channel (R2=CH3OCHO+CH3). This explains why DMM is not exhibiting a marked NTC region



as found for DME (see Figure 8 and section 5.5.1). Additional illustrations for the model validation

of DMM in a JSR are provided in Fig. S12 — Fig. S14.
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Figure SS: Reaction flow analysis based on C-atom during oxidation of DMM/O2/N: in a jet-
stirred reactor for the condition shown in Figure 11 at 600 K.



= DMM CH30CO2H20CH2 +02<=>CH3 0CO2HHOCH202
CH3024CH302<=>CH30H+CH20+02
CH20CH20CH202H<=>TRIOXAN+OH

CH30+02<=>CH20+HO2

T

CH30CH20CH3+H02<=>CH30CHOCH3+H202

CH30C02CH202H<=>CH30C02CH20+0H

2 HOZ2+HO2<=3H202:02

CH30CH20CH3+CH30<=>CH30CH20CH2+CH3 02

CH302+HO2<=>CH302H+02

CH30CH20CH3+CH302<=>CH30CH20CH2+CH302H
CH30CH20CH3+H02<=>CH30CH2 OCH2+H202

CH30CH20CH3+CH302<=>CH30CHOCH3+CH302H

e

CH30CHOCHZ2 02H<=>C3H603CY13+0H
CH30CH2 OCH3+0H<=>CH30CHOCH3+H20
S 555555 e e e 5 e 555 CH30CH2 OCH3+0H<=>CH30CH20CH2+H20

-1.00 -0.80 -0.60 -0.40 -0.20 000 020 040 060 080 1.00
Normalized sensitivity

Figure S6: Normalized reaction sensitivity at 600 K during DMM/O,/N> oxidation at 10 atm for

the condition shown in Figure 11 towards DMM.
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Figure S7: Oxidation of DME/O»/He in a jet-stirred reactor at 1 atm and ¢ = 0.25. Symbols:

experimental data from Rodriguez et al. [3]; lines: this work.
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Figure S8: Oxidation of DME/O>/He in a jet-stirred reactor at 1 atm and ¢ = 1. Symbols:

experimental data from Rodriguez et al. [3]; lines: this work.
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Figure S9: Oxidation of DME(0.1%)/0O2/N in a jet-stirred reactor at 10 atm and ¢ = 0.2. Symbols:

experimental data from Dagaut et al. [4]; lines: this work.
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Figure S10:

Oxidation of DME(0.2%)/O2/Nz in a jet-stirred reactor at 10 atm and ¢ = 1.0.

Symbols: experimental data from Dagaut et al. [4]; lines: this work.
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Figure S11: oxidation of DMM(CH3OCH>OCH3)/O2/N> at ¢ = 0.5, 10 atm, and 1= 0.7 s in a jet-

stirred reactor. Symbols: experimental data from Sun et al. [5], Lines: this model.
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Figure S12: Oxidation of DMM/O2/Ar in a jet-stirred reactor at 750 torr and ¢ = 0.5. Symbols:

experimental data from Sun et al. [5]; lines: this work.
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Figure S13: Oxidation of DMM/O/Ar in a jet-stirred reactor at 1 atm and ¢ = 1.0. Symbols:

experimental data from Gao et al. [6]; lines: this work.
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Figure S14: Oxidation of DMM/O2/Ar in a jet-stirred reactor at 1 atm and ¢ = 2.0. Symbols:

experimental data from Gao et al. [6]; lines: this work.
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3. Flow reactor

3.1 DME oxidation in a flow reactor

Figures S15 show the temperature dependence of species in a flow reactor at 1 atm and ¢ =
1.06 of DME/O/Ar/He blend. The lines in the graph represent the predicted species profiles
computed with the proposed model and symbols represent the measurements from [7]. It can
be seen in Fig. S15a that the model captures the fuel (DME) consumption as well as predicts
major species (CO, CO», and Hz) very well. Similar to the JSR the NTC behavior of DME
starts at around 600 K and at 960 K DME is completely consumed. For O (Fig. S15b) model
over predicts by 28% around 600 K which contradicts the results from a JSR case (Fig. 8a)
where the model is in good agreement against the measurements. It is interesting to see that
the model predicts H>O> (Fig. S15¢) accurately at ~600 K, one of the important low-
temperature species, however, at 940 K model overpredicts the HoO> mole fraction by factor
5. Similarly, for formic acid (HOCHO) at ~600 K we can observe the good agreement between
model predictions and measurements, however, at a temperature of 950 K model predicts the
peak concentration of HOCHO factor 1.5 higher than at 600 K. Measurements at a temperature
higher than 850 K were not reported for this species. Furthermore, for CHs (Fig. S15¢) model
predictions and measurements closely agree with each other. For methyl format (CH;OCHO)
the model under predicts by factor 3.5 at ~600 K.

To outline some important reactions during DME oxidation in a flow reactor for the condition
shown in Fig. S15 a reaction flow analysis is performed (Fig. S17) at 900 K where 45% of fuel
(DME) is consumed. The reaction flow analysis reveals that at this temperature (900 K) all of
the DME reacts with OH, CH3, HO>, radicals and H-atom forming CH3OCH; radical and

respective products. Most of the CH30CH: (92%) formed mainly undergoes thermal

16



dissociation channel giving CH3 and CH20, and the reaming recombines with O to give

CH30CH20;. The respective decomposition pathways for CH3, CH,0, and CH30CH0; are

similar to those described in the JSR case (Fig. 9). Additional model validation results for

DME oxidation in a flow reactor are shown in Fig. S17 — Fig. S19).
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Figure S15: Oxidation of DME/O2/Ar/He (0.88%/2.5%/2%/94.62 % on a mole basis) in a

flow reactor at 1 atm and ¢ = 1.06. Symbols: experimental data from [7], lines: this work.

17



G

C:85.20%
CH30CH2
C:0.08% C:32.78%
C:58.03% C:10.85% C:14.13%
C:100.00% C:100.00% 108, C:0B.50%

C:99.47%
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Figure S18: Oxidation of DME/O>/He in a flow reactor at 1 atm and ¢ = 0.6. Symbols:

experimental data from Guo et al. [9]; lines: this work.
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Figure S19: Oxidation of DME/O2/Ar/He in a flow reactor at 1 atm and ¢ = 0.2. Symbols:
experimental data from Kurimoto et al. [7]; lines: this work.

3.2 DMM oxidation in a flow reactor

Figure S20 displays the results of the speciation study (symbols) by Marrodéan et al. [10] in a flow
reactor during DMM/O>/N> oxidation at 1 atm and ¢ = 1.0. Before any fuel decomposition is

observed in the experiment CH3OH was detected and no comments were made regarding this by
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authors in their work [10]. To capture this early formation of CH3OH in simulation a small amount
of CH30H (1.3x107° mole fraction) was added in the initial mixture. A simulation without CH;OH
in the initial mixture is also performed (see Fig. S21) and similar results are obtained. As can be
seen, the onset temperature for DMM consumption is well predicted by the model (Figure S20a)
further demonstrating its robustness. However, the model predicts the fuel consumption
temperature consistently 20 K lower than that of the experimental data over the temperature range
of 1020 and 1070 K. The complete consumption of DMM happens at ~1070 K, which is ~100 K
higher than observed for DME case (Figure S15). Similar to that observed in JSR (Figure 11a),
flow reactor data also reveals that DMM does not show any NTC behavior which is contrary to
DME ( Figure S15a). As for the major species (CO, CO>, and H), our kinetic model show
excellent predictability capacity of the onset temperature for their formation. Among these species,
the peak mole fraction of CO is underpredicted by ~24%. It can be observed in Figure S20b model
overpredicts CH30H peak mole fraction ~50% and underpredicts the CH;OCHO peak mole
fraction by ~33%, which is contrary to the case of JSR (Figure 11). Similarly, for other
intermediates species CH4 (Figure S20c¢) and CoHy (Figure S20d) model predicts the peak mole
fraction very well while C;He (Figure S20d) is overpredicted by factor 2. Overall, model

performance is satisfactory for the conditions shown in Figure S20.

A reaction flow analysis at 1000 K (see Fig. S22, where 41% of the fuel is consumed) reveals that
DMM mainly reacts with H-atoms, OH and CHj3 radicals to give CH30OCH,OCH> (R1) and
CH30CHOCH30 (R2) radicals while the highest contribution is made by H-atom and least is made
by CHs. The reaction path forming R1 is favored more (by 6%) compared to path forming R2. The

remaining DMM undergoes thermal dissociation forming DME, CH3;0CH,, CH30H, CH,0O, HCO,
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and CHj3 via the reactions 12, r3, and r4 respectively. The degradation pathways of radicals R1 and

R2 formed in the above process are the same as shown in Figure 12.

We made no further attempts to optimize the model for a better description of the flow reactor data
for both DME and DMM. We note that to date the only published experimental data in a flow
reactor experiment for DMM are from [10,11]. Future experimental study on DMM from different
facilities are highly desirable to provide further insights into DMM oxidation in a flow reactor

environment. Additional model validation for DMM oxidation in a flow reactor is shown in Fig.

S23 — Fig. S24.
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Figure S20: Oxidation of DMM/O>/N; in a flow reactor at 1 atm, ¢ = 1.0 and t (s) = 195/T(K).

Symbols: experimental data from [10], lines: this work. CH30H (1.3x107 mole fraction) added in

initial mixture for simulation.
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Figure S21: Oxidation of DMM/O>/N> in a flow reactor at 1 atm, ¢ = 1.0 and 1 (s) = 195/T(K).

Symbols: experimental data from Marrodan et al. [10], lines: this work.
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Figure S22: Reaction flow analysis during DMM/O/N> oxidation in a flow reactor at 1000 K for

the condition shown in Figure 15.
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time t (s) = 195/T(K). Symbols: experimental data from Marrodan et al. [10]; lines: this work.
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Figure S24: Oxidation of DMM/O,/N; in a flow reactor at ¢ = 1.0 and different pressure (20, 40

and 60 bar). Symbols: experimental data from Marrodan et al. [11]; lines: this work.
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Figure S25: Oxidation of DME/O2/N2/NO(500 ppm) in a flow reactor at 20 bar and ¢ = 1.0.
Symbols: experimental data from Marrodan et al. [12]; lines: this work
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Figure S26: Oxidation of DME/O2/N2/NO(500 ppm) in a flow reactor at 40 bar and ¢ = 1.0.
Symbols: experimental data from Marrodan et al. [12]; lines: this work.
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Figure S27: Oxidation of DME/O2/N2/NO(500 ppm) in a flow reactor at 60 bar and ¢ = 1.0.
Symbols: experimental data from Marrodan et al. [12]; lines: this work.
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Figure S28: Oxidation of DME/O2/N2/H>0/NO (500 ppm) in a flow reactor at 1 atm with 5 %

H>O (left), with no H>O (right). Symbols: experimental data from Yamamoto et al. [13]; lines: this

work.
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3 Burner stabilized flame
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Figure S29: Temperature profile of DME/O2/Ar (0.17582/0.32418/0.5, mole fraction) burner
stabilized premixed flame at 5 kPa and ¢ = 1.63 for flame shown in Fig. 17. Symbols:
experimental measured temperature profile [14], line: calculated temperature profile solving the

energy conservation equation.
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Figure S30: Speciation of DME/O2/Ar/CO; premixed flame at ¢ = 1.63, 5 kPa. Symbols:
experimental data from Liu et al. [14], lines: this work. Dashed lines: imposing experimental

temperature profile, solid lines: solving energy conservation equation.
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Figure S31: Speciation of DME/Oy/Ar premixed flame at ¢ = 1.0, 4 kPa, 473 K. Symbols:

experimental data from Xu et al. [15]; lines: this work. Dashed lines: imposing experimental

temperature profile, solid lines: solving energy conservation equation.
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Figure S32: Speciation of DME/Oy/Ar premixed flame at ¢ = 2.2, 1 atm, 368 K. Symbols:
experimental data from Bolshova et al. [16]; lines: this work. Dashed lines: imposing experimental

temperature profile.
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Figure S33: Speciation of DME/O/Ar premixed flame (Figure S17) at ¢ = 2.2, 1 atm, 368 K.
Symbols: experimental data from Bolshova et al. [16]; lines: this work. Dashed lines: imposing

experimental temperature profile.

34



3000

2500 mE B om o
= BEm
- BEmpma
20004 B
) =
§1500 § f
% 5 B Temp(exp)
51000 { ol DMM/O,/Ar, ¢ = 2.0
2 Sun 2017
500 &
0 1 1 1 1 1
0 5 10 15 20 25
HAB [ mm ]

30

Figure S34: Temperature profile of DMM/Ox/Ar (0.25/0.50/0.25, mole fraction) burner stabilized

premixed flame at 4 kPa and ¢ = 2.0 for flame shown in Fig. 19. Symbols: experimental measured

temperature profile [17], line: calculated temperature profile solving the energy conservation

equation.
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Figure S35: Speciation in a DMM(CH30CH>OCH3)/O2/Ar (0.25/0.5/0.25, mole fraction) burner

stabilized premixed flame at 4 kPa and ¢ = 2.0 for flame shown in Fig. 19. Symbols: experimental

data from Sun et al. [17], lines: this work. Dashed lines: prediction imposing experimental

temperature profile, solid lines: prediction solving energy conservation equation.
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4 Ignition delay time

4.1 DME/air reaction sensitivity analysis for Figure 19

Figure S36 displays the normalized reaction sensitivity analysis at 800 K, 23 bar and ¢ = 1.0 for
DME/air ignition delay time. In Figure S36 positive sensitivity means reaction promotes system
reactivity (decreased IDT), and negative sensitivity means reaction retards reactivity (increased
IDT). It can be observed that the highest sensitivity is exhibited by a reaction of DME with HO».
This reaction was also seen in the sensitivity analysis during DME oxidation in JSR (see Figure
10) exhibiting the highest sensitivity, which is expected, as reactions with HO> radicals at low
temperatures are important. Furthermore, it can be observed that the reaction of DME with H-atom
or CH3; (CH30OCH3-DME+H/CH3=CH30CH>+H>/CH4) show a decreased sensitivity compared to
reactions with OH radicals. In the results from section 5.2 and 5.4 for DME oxidation, it was found
that CH>O is one of the major intermediate species at low and high temperatures. In line with those
findings reactions involving CH>O are also among the most sensitive reactions for IDT prediction
(see Figure S36, CH,O+OH/HO,=HCO+H>0/H>0;). Furthermore, in Figure S36 it can be
observed that most of the reactions involve HO» and OH radical indicating the importance of these

species at low temperatures.

Reaction sensitivity analysis at 1100 K is also performed (see Fig. S37). The reaction (CH30CH3-
DME+CH3=CH3OCH>+CH4) which exhibited a low sensitivity at 800 K (Figure S36) now exhibits
the highest sensitivity. Similar observations can be drawn for other important reactions from
Figure S36 and Figure S37. Further model validation for DME ignition delay times using other

published experiments is shown Fig. S38.
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Figure S36: Normalized reaction sensitivity towards ignition delay time at 800 K, 23bar, ¢ = 1.0

for DME/air.
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Figure S38: Ignition delay time of DME/air at ¢ = 1.0 and different pressure in a shock tube.

Symbols: experimental data from [18,19]; lines: this model.
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4.2 DMM/air reaction sensitivity analysis for Figure 20

Figure S39 displays the normalized reaction sensitivity at 800 K, 20 bar and ¢ = 1.0 for DMM/air
ignition delay time. The sensitivity direction implies the same meaning as mentioned above for
DME (Figure S36). The highest sensitivity is exhibited by the H-atom abstraction reactions by OH
radical (19 and r10). However, reaction r9 displays positive sensitivity while reaction r10 shows
negative sensitivity. These reactions were also among the most sensitive reaction for DMM
oxidation in JSR (see section 5.2). Similarly, reactions of DMM with HO> (r11 and r12) are also
among the sensitive reactions. In contradiction with reaction 19 and r10 both of these reactions
display positive a sensitivity. As discussed in section 3, the reaction of DMM with CH30> (r13
and r14) was found to be important for predicting the ignition delay time mainly in the low to
intermediate temperature transition region. In Figure S39, we can observe that these reactions are
among the most sensitive reactions and both exhibit positive sensitivity. In line with the above
finding, the recombination reaction forming CH30, (CH3+O2(+M)=CH302(+M)) appears as a
sensitive reaction. Interestingly in the case of DME, the reaction of CH30> with DME (Figure
S36) at the same temperature does not appear in sensitivity analysis, though reaction
CH3+O2(+M)=CH302(+M) appears and exhibits positive sensitivity for both fuels (DME and
DMM) IDT.

Reaction sensitivity analysis at a temperature of 1100 K is also performed (see Fig. S40).
Sensitivity analysis reveals that recombination reaction (CH3+O2(+M)=CH302(+M)) has the
highest sensitivity. At this temperature also reactions of DMM with CH302 (r13 and r14) are
among the most sensitive reactions. This indicates the increased importance of CH3O; species and

the reactions involving it for DMM oxidation. Similar comparison and observation can be drawn
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for other reactions from Figure S39 and Fig. S40. Additional model validation for DMM ignition
delay times using other published experiments is shown in Figure S41.
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Figure S39: Normalized reaction sensitivity towards ignition delay time at 800 K, 20 bar, ¢ = 1.0

for DMM/air.
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Figure S40: Normalized reaction sensitivity towards ignition delay time at 1100 K, 20 bar, ¢ =

1.0 for DMM/air.
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