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* Cyclic ethers (CEs) are promising biofuels produced from biomass that can . 1994-2001: main focus on the formation/reactivity of saturated CEs.
help to replace traditional fossil fuels and help to mitigate global warming *  From 2012: significantly more interest in consumption chemistry.
 CEs are also very important products formed in the low-temperature
oxidation of fuels in competition with chain-branching ketohydroperoxides. 12
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Fig. 2 Number of studies found in the literature over the years after 1994 related to CE formation during fuel low-
temperature oxidation and to the consumption of saturated and unsaturated CEs [1].

Table 3. Main kinetic models for the combustion of selected unsaturated CEs

* Available for 14 saturated CEs (Tables 1 and 2) and for 8 unsaturated CEs (Table 3).

CE Year & Ref. Spe. N¥ |Reac. N?| Validation conditions (amiz- T/ E, P/ bar}
M M : M M M M Furan 1991, Organ and Mackia [30] - - -3T pyrolyvas spacias (T=1100-1700, P=20.3)
 Multiple models for oxirane, THF, 2-MTHF, furan, 2-MF, and 2,5-DMF, but quite limited for other CEs listed in Tables 1-3. S e
‘\"'L_J’? 2011, Tian et al. [32] 206 1368 -PLF species (P=0.03, ¢=1.4-2.2)
1 -5T pyrolyais species (T=1333, P=026) [30]*
* No model for several CEs (e.g. ethyloxirane, 2-ethyltetrahydrofuran, 2-n-butylfuran, 2-furfurylalcohol, and 5-methylfurfural) R TE T e e o
2017, Tran st al. [34] 324 3145 | _FR species (T=730-1170, P=<1, ¢=0.5-2)
o ) ) ) _TSR spacies (T=1000-1300, P=I)
Table 1. Main kinetic models for the combustion of non-substituted saturated CEs. _PLF species of [33]*
(Spe. N°: species number. Reac. N°: reaction number (forward). *: Conditions presented in previous rows. Table 2. Main kinetic models for the combustion of selected substituted saturated CEs. e I 5 T | DT o STyt 165 Pl e 55
IDT: ignition delay time, ST: shock tube, LBV: laminar burning velocity, RCM: rapid compression machine, CE Year & Ref. Spe. N°[Reac. N9 Validation conditions (unit: T/K, P/ bar) igg e T T glf"“Rl;ﬂ ;fj;:ﬂ':;;f Gﬁgll‘?j”ff:.ﬂf;}
FR: flow reactor, PLF: premixed laminar flame) Methyloxirane | 1994, Lifshitz et al. [16] 37 68 | -ST pyrolysis species (7=850-1250, P=2) (used with the furan model of | Drmstetpar A
0 2010, Burluka ez al. [17 127 | 1200 | -LBV (Twura=298, P= 7-2. Tran et al. [34
CE Year & Ref. Spe. N° |Reac. N° Validation conditions (unit: T/K, P/ bar) = 2021 Rm l l'a o E‘ E] 8]l 573 | 3077 ig:’ (?T:lm;* SR TSDRF [0 Fax Ea}.}ﬁi] 735 | 1’33 | 1IDTm ST (I=1100-1630, P=12-10.1, ¢=05.2)
Oxiranc | 1990, Borisov ef al. [2] 15 14 | -IDT in ST and static reactor (T=770-1170, P=0.3-1.5) “Het, Ramaiiigat et at DT - ST (T=062-1127. P=1040. 4=0.5.2) (T=060 o ST pyrolysis species (T=300-1080, P=1.6-6.5)
0 _ST pyrolysis species (T=900-1000, P=0.25-1) 1300 ‘;_,} 5( s $=0.5-2) (T=960- — T (U T B e SV U UB E = )
I~ 1996, Kang e al. [3] 30 88 | -IDT in ST (T=950-1220, P=0.13(initial P), ¢=0.5-2.0) , P=2.5-7, ¢=0.3-1) 6 L e a DI e T
- . — -IDT in RCM (T=870-980, P=10-20, ¢=0.5-2) 2013, 2014, Somers et al. [38, 3 2 -IDT in ST (T=1120-1800, P=1-10.7, ¢=03-2)
1996, Wiirmel et al. [4] 30 60 | -IDT in ST (T=1050-1400, P=1.9-5, ¢=0.5-2.0) ST pyrolysis species (T=900-1450. P—40) & [16]* W | a9 LBV (Tanm298-398, P=1. g=0.55-1.65)
1996, Dagaut et al. [5] 67 | 452 | -ISR species (T=800-1150, P=1-10.1, ¢=0.5-2) I Dol 1995 TiRkie o7 2 115 o ST 01150 P ST pyrolysis spacies of 3T
IDT in ST (T=1052-1315. P=5.1. ¢=0.4-3.2) 2.3-Dimethyloxirane , Lifshitz et al. [19] -ST pyrolysis species (7=900- , P=2) PLF species (F=0.02-0.04, ¢=1.0-1.7)
. .1, . ' 0 5 s " - . -
5 . . . 2014, Tran et al. [40] 303 1472 | _PLF species (P=0.02-0.04, $=1.0-1.7)
2005, Joshi et al. [6] 45 332 | -ST pyrolysis species (7=830-1200, P=1.5-10.1) A 017 T a1 2l T3] ] TS | IDT = ROM (T=737-1183, P=1630, =)
Oxetane 1997, Dagaut et al. [7] 63 423 -IDT in ST (T=1050-1780, P=2-5.1, ¢=0.5-2) 2-MTHF 2013, Moshammer et al. [20]| 185 1412 | -PLF species (P=0.04, ¢=1.7) -IDT in ST (T=1150-2010, 15‘=1-2-16:,£i=lj
(D -JSR species (T=800-1150, P=1-10.1, ¢=0.5-2) O 2017. De Bruycker et al. [21]| 412 2481 -LBV (Timitia=298-398, P=1, ¢=0.6-1.6) -FF. species (T=730-1400, P=1, ¢=0.02-3.33)
7 -FR pyrolysis species (T=900-1100, P=1.7 -PLF species (P=0.02-0.04, ¢=1.0-1.7)
: pyrolysis species ( . ) e — : o :
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2018, Fenard eral. [10] | 467 | 2390 | -IDT in RCM (T=640-900, P=5-10, ¢=1) 2017, Fenard et al. [23] 507 | 2425 | -IDT in RCM (T=640-900, P=30-21, ¢=1) ~ | e P | T ST 0018, P, 051D
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-JSR species (I=500-1100, P=1.1, ¢=0.5-2) & [8]* -RCM species (I=719, P=7.6, ¢=1) LBV (Toue=298-473, P=1-7.5, ¢=0.6-1.6)
-RCM species (=711, P=17.7) -PLF species of [20]* -3T pyrolysis species (T=1200-1330, P=1-2.5) & [42]*
-Species in PLF [9]* 0 2019, Tripathi et al. [24] JIDT in ST (7=715-1250, P=10-40, ¢=0.5-2) St SR S
THP 1997, Dagaut et al. [11] 72 507 -IDT in ST (T=1000-1700, P=2-50. ¢=0.5-2) (_Z -IDT in RCM (T=615-900, P=10-40, ¢=0.5-2) 014, Toghe s al. [33] 05 572 | oF ;pecies (P=0.02.0.0%, .;:i=1.n.i.."-:|
O -JSR species (7=800-1100, P=10, ¢=0.5-2) 3-MTHE _ 2017, Tran st al. [34] S8 | 3145 | -FR species (T=730-1170, P=1, §=0.3-2)
O 2013, Labbe eral [12] | 125 | 1046 | -PLF species (P=0.03. ¢=1.79) 25-DMTHF | 2019, Fenard er al. [23] 664 | 3197 | -IDT in ST (7=860-1320, P=10-40, ¢=1) ISR amscios of [147°
2015, Tran et al. [13] 273 | 2031 | -LBV (Twia=298-398, P=1. ¢=0.55-1.5) ~ 7 -IDT in RCM (7=660-880, P=10-20, ¢=1) -IDT in ST (7=1300-1900, P=1.2-16, $=0.5-2) & [441*
DT in ST (7=1350-1613, P=8.9-9.1, ¢=0.5-2) -RCM species (I=712, P=10, ¢=1) i LT species (002004 A10LD)
s oo oo 131103 P " 2-BTHF 2017, Cai et al. [26] 419 | 1588 | LBV (Twna=448, P=1-3, ¢=0.7-1.35) EF L2 ueral O] i | % | DTinREM 7661013, P-16.30, ¢=0.5-2)
-FR pyrolysis species (T=913-1133, P=1.7) & [12] 5 <03 L= -IDT' ;?(T o 121‘{] 1;’;{-] - '1} ﬁ}ﬂ 021, Song et al [37] 55 | 3187 | -FR pyrolysis species (T=B46-1318, P=0.04-1)
-Di ' - - ] = - —7 ()= - mn = - L =20,
1.3-Dioxolane| 2021. Wildenberg eral. | 601 | 3165 | -IDT in ST (7=1032-1289, P=20-40, g=1) 7 IDT in RCM (7650900 P—mgi: 51 Furfwal | 2021, Wang et al [45] 585 | 3018 | -FE pyrolysis species (1=929-1363, P=0.04-1)
o "o | 4] .IDT in RCM (T=662-911, P=20-40, ¢=1) -IDT in RCM (7=650-900. P=10.1, ¢=0.5-1) 0 -J5R pyrolysis species (F=300-1100, P=1.07)
-JSR species (I=700-1180, P=10, ¢=1) E'EHFFDH 2021, Tran ez al. [27] 479 2914 - PLF species (P=0.05, ¢=1) m: 2021, Tin s al [49] 332 I162 | LBV (Towe=473, P=1_ g=06-18)
1.4-Dioxane | 2011, Yang et al. [15] -- 83 -ST pyrolysis species (7=1550-2100, P=0.07-0.16) OH -JSE spacies (T=630-830, P=1, ¢=04-2)
o _ _ . _JSR. pyrolysis species (T=900-1100, P=1.07)
[ j GVL 2016. De Bruycker et al. [28]] 520 3589 | -FR pyrolysis species (T=900-1100, P=1.7) IMOF | 2019, Yan et al [30] 01 3086 | -FR pyrolysis species (1=819-1107, P=1)
O._-o 2017. Sudholt et al. [29] 347 1336 | -PLF species (P=0.07, ¢=1) - 1
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Table 4. Ring strain energies of non-substituted saturated CEs and their cycloalkane counterparts.
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