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Kinetic models describing CE chemistry

Saturated cyclic ethers Unsaturated cyclic ethers Influence of oxygenated substituents Influence of the degree of unsaturation and of C 1+ alkyl substitutions Influence of ring size Influence of alkyl substitutions A typical HT reaction mechanism for saturated CE (case of THP)

).

.

• No model for several CEs (e.g. ethyloxirane, 2-ethyltetrahydrofuran, 2-n-butylfuran, 2-furfurylalcohol, and 5-methylfurfural)

• C-H BDE at C 2 decreases from oxirane to THF, then increases from THF to THP (Table 4). • Ring strain energy increases from THP to oxirane (Table 4). • Ring size and alkyl substitutions strongly affect CE reactivity (Figs. 3,4). • Depending on ring size, unimolecular initiation or Habstractions (Fig. 5) will play more important role.

• The degree of unsaturation, alkyl or oxygenated substitutions strongly influence CE reactivity (Figs. 6,7). This can be explained by chemical kinetics (e.g. Fig. 7b)

See paper in PECS coming soon

• MVK, 5M2EF, 5M2CHOF are important products of 2,5-DMF oxidation. • Strong impact of equivalence ratio f on fuel reactivity seen for 2,5-DMF. 

IDT: ignition delay time, ST: shock tube, LBV: laminar burning velocity, RCM: rapid compression machine, FR: flow reactor, PLF: premixed laminar flame)

Table 2. Main kinetic models for the combustion of selected substituted saturated CEs.

Table 3. Main kinetic models for the combustion of selected unsaturated CEs Fig. 1. Biofuel production from lignocellulosic biomass [1]. • 1994-2001: main focus on the formation/reactivity of saturated CEs.

• From 2012: significantly more interest in consumption chemistry.

• Cyclic ethers (CEs) are promising biofuels produced from biomass that can help to replace traditional fossil fuels and help to mitigate global warming • CEs are also very important products formed in the low-temperature oxidation of fuels in competition with chain-branching ketohydroperoxides.

Table 4. Ring strain energies of non-substituted saturated CEs and their cycloalkane counterparts. Numbers in normal font on species structure: C-H BDE, in kcal/mol; those of CEs were calculated in the present work, at CBS-QB3 and at G4 (in parentheses); those of cycloalkanes were calculated at G3 by [51] and at G4 (in parentheses) by [52]. 

Fig. 3 .Fig. 2

 32 Fig. 3. Comparison of the IDTs measured in ST. Symbols: experiments with constant initial and O 2 mole fractions. Lines: trendlines. Reproduced fromRef.[8] with permission of Taylor & Francis.

Fig. 4 .

 4 Fig. 4. IDTs of THF, 2-MTHF, 3-MTHF, 2-ETHF measured in RCM at ϕ=1 and 20 bar. Reproduced from Refs. [53] with permission of Elsevier.

Fig. 5 .

 5 Fig. 5. Important reaction pathways and respective methods used for rate coefficient determinations in the high-temperature THP combustion model by Tran et al. [13].

Fig. 6 .Fig. 7 .

 67 Fig. 6. IDTs of furan derivatives in RCMs. Reproduced from Ref. [36, 53] with permission of Elsevier.

Fig. 8 .

 8 Fig. 8. Species mole fractions. (a,b) in 2,5-DMF oxidation (t= 0.7 s, P=10 bar, f = 1) in a JSR [44]: fuel 2,5-DMF (2,5DMF), methyl vinyl ketone (MVK), 2-ethyl-5-methylfuran (5M2EF), 5-methylfurfural (5M2CHOF); (c) oxidation (t~0.5-0.8 s, P=1 bar) in a FR [34]: the fuels are furan, 2-MF (MF) and 2,5-DMF (DMF). Symbols: experiments; lines: simulations. Reproduced from Ref. [34, 44] with permission of Elsevier.

Table 1 .

 1 Main kinetic models for the combustion of non-substituted saturated CEs. (Spe. N°: species number. Reac. N°: reaction number (forward). *: Conditions presented in previous rows.

Context

Examples of comparative studies on high-temperature consumption of CEs

Progress in the study of the chemical kinetics of cyclic ethers (CEs) in combustion

The 2 nd edition of Low-Carbon Combustion, University of Cambridge, Cambridge