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The ignition delay time (IDT) data reported in this article* were recently found to be erroneous. Two issues caused errors in the
previous data, (i) a fraction of the volatile fuel, diethyl ether (DEE), was lost during mixture preparation, and (ii) a fraction of the
high boiling point fuel, ethyl levulinate (EL), was lost due to condensation on the walls of the combustion chamber. These issues
were realized after the publication of the original paper while working on another project. After fixing these problems, we obtained
new IDT results which deviated significantly from the previous data at low temperatures. New IDT data of the EtOH/DEE/EL blend
showed NTC behavior, in contrast to previous data which primarily exhibited Arrhenius-like behavior. The revised Fig. 2 below
plots the updated data, and these data are provided in tabular form in the ESL.}

T (K) T (K)
1000 952 909 870 833 800 769 741 714 690 667 645 625 1000 952 909 870 833 800 769 741 714 690 667 645 625
LIS N EL A B S B L B B N R L I B L E e B B B B S B
1P = 20 bar 1 1P=40bar
£ 100 5 + 100 = 4
= ] 3 3 3
[0] 1 ] ]
E 1 1
= B - E
> J J |
K
a8 10 q 103 E
c ] ] E 3
S 1 1 3
= i i i
CCS) i E E u
- | B —— EtOH/DEE/EL 0.38/0.27/0.35 (®=1) | | W —— EtOH/DEE/EL = 0.38/0.27/0.35 (&=1)
14 @ - - - EtOH/DEE/EL 0.38/0.27/0.35 (9=0.5) | 14 @ - - - EtOH/DEE/EL = 0.38/0.27/0.35 (#=0.5) _|
E W ———FACE-F (#=1) 3 E W —— FACE-F (®#=1)
] ® - = = FACE-F (9=0.5) E 3 ® - - - FACE-F (9=0.5) 3
LA L L L B B NN HLEN BN BN BRI B T T T T T T T T T T T T T T "T1°

1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60  1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60
1000 K/T 1000 K/T

Fig.2 RCMignition delay times for the EL/DEE/EtOH gasoline and FACE-F.2 Symbols correspond to measurements. Lines correspond to present
model predictions. FACE-F experimental data are taken from Sarathy et al.2

The chemical kinetic model reported in the original paper was developed and tuned to match the erroneous experimental data
originally reported. The new experimental data showed that our original model needed further improvements. Therefore, we have
now revised the model based on the newly acquired IDT data. The predictions of the updated model are shown in the updated
Fig. 2. The following modifications are made to the previous model:
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(1) The gasoline related reactions (i.e., of large hydrocarbons) in the old model were removed in order to decrease its stiffness
(2) The DEE/EtOH sub-mechanism was replaced by the recently published and validated model from ref. 3

(3) The following EL low-temperature reaction rates were modified:
(a) EL60O < EL60OH7] (activation energy reduced by 4 kcal mol ™)
(b) EL60O « EL67D + HO, (A-factor decreased by a factor of 2)

(c) ELBOOH700 < EL60700H + OH (A-factor decreased by a factor of 4)
The modified chemical kinetic model and ChemKin input files are provided in the ESI.t The modified model was used to update
the kinetic analyses figures. The updated versions of Fig. 3-5 can be found below.
The corrected experimental ignition delay data and the updated modelling analyses alter some of the statements made in the
original paper. Here, we summarize key inferences that may be drawn from the data and analyses presented in this correction:
e Ignition delay times of conventional hydrocarbon-based gasoline (FACE-F) and oxygenated gasoline (EL/DEE/EtOH) exhibit
negative temperature coefficient (NTC) behavior at intermediate temperatures (see the updated Fig. 2). However, FACE-F shows
steeper NTC compared to the oxygenated gasoline. Both fuels have similar high-temperature reactivity, but the oxygenated gasoline
shows lower reactivity (longer ignition delays) than FACE-F at low temperatures.
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Fig. 3 Reaction flux analysis at the point of 65% of ignition delay time for the EL/DEE/EtOH gasoline, at 750 K, 25 bar, ® = 1. Values marked with *
refer to the % of consumption of total ethyl levulinate radical population, accounting for the isomerization pathways. Blue indicates pathways that
reproduce or increase the OH population, red indicates chain termination pathways.
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Fig.4 Normalized small radical rate of production for EL/DEE/EtOH gasoline and FACE-F? after 65% of the computed ignition delay time at 750 K
and 1200 K, 25 bar, and ¢ = 1.

FACE F RON 95

CPTO2J<=>CYC5H8+HO2
CPTO2J<=>CPT1Q3J
IC8H18+0OH<=>BC8H17+H20
IC8H18+0OH<=>AC8H17+H20
C6H12-1+OH<=>C6H111-3+H2

EL/EtOH/DEE RON 95

EL60OH700<=>EL60700H+0O
C4H100+0OH<=>C4H90b+H20

C4H100+HO2<=>C4H90b+H20.
C4H80bOOHcO0O<=>C4H80bO
C4H100+CH302<=>C4H90b+C

C7H16-2+OH<=>C7H15-2A+H2
C6H11102-3<=>C6H10100H3-
AC8H1702<=>AC8H1600H-B

AC8H1600H-BO2<=>IC8KETA

CH302H<=>CH30+0H

C4H90bO0O<=>C4H90b+02
EL600OH7J+02<=>EL600H700
C4H100+0OH<=>C4H90a+H20

EL600<=>EL600OH7J

H EL+OH<=>EL3J+H20
EL+OH<=>EL1J+H20
EL+OH<=>EL7J+H20
CH302+HO2<=>CH302H+
C2H50H+0OH<=>CH3CHO
2HO02<=>H202+02
C4H90b<=>CH3CHO+C2
EL600<=>EL67D+HO2
C4H8ObOOHc<=
EL600OH7J

-100 -80 -40
H202(+M)<=>20H(+M)
CH3CO+C2H3COOH<=>C5H70
CH3+HO02<=>CH30+OH
C2H50H+H02<=>CH3CHOH+H
C4H100+HO2<=>C4H90b+H20
EL<=>C5H803+C2H4
C2H5+02<=>C2H4+HO2
C2H50H+OH<=>CH3CHOH+H2
C2H3COCH3+EFF<=>EL3J
C2H5+C02<=>EFF
EL+OH<=>EL7J+H20
CH30(+M)<=>CH20+H(+M)
C2H4+H(+M)<=>C2H5(+M)
C2H50+CO<=>EFF
C3H8(+M)<=>CH3+C2H5(+
CH3CHO+CH3COCH2CH2
C2H4+C5H703-0J<=>EL
2H02<=>H202+02
2CH3(+M)<=>C2H6(+
CH3+$—|OZ)<=>CH4+(O 1200 K

T

-100 -80 60 -40 -20 O 20 40 60 80 100
Sensitivity Coefficient, =

C4H10+0OH<=>PC4H9+H20
AC8H1600H-B=>IC8ETE
2HO2<=>H202+02

C6H12-1+OH<=>C6H120
C4H10+OH<=>SC4H9+
DC8H1702<=>DC8H16
T124MBZ+0OH<=>P-XY
CPT+OH<=>CYC5H9+
T124MBZ+0OH<=>0-

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

750 K
20 0 2I0 4I0 6I0 810 160

750 K
20 0 2I0 4I0 6I0 8IO 1(I)0

-100 -80 -40
IC8H18<=>YC7H15+CH3
CH3+HO2<=>CH30+0OH
H+02<=>0+0OH
H+02(+M)<=>HO2(+M)
CH302+CH3<=>2CH30
H202(+M)<=>20H(+M)
C3H5-A+HO2<=>C3H50+0H
CH3+02<=>CH20+0H
CH30+02<=>CH20+HO2
C3H5-A+CH302<=>C3H50+CH
IC8H18+0OH<=>AC8H17+H2
T124MBZ+0OH<=>P-XYLCH2
T135MBZ+02<=>P-XYLCH2
IC8H18+H<=>BC8H17+H2
CH30(+M)<=>CH20+H(+M)
IC8H18+H<=>AC8H17+H2
2HO2<=>H202+02
C3H5-A+CH3(+M)<=>
CH3+HO2<=>CH4
2CH3(+M)<=>

-100 -80

-60 -60

(cc)

1200 K
-40 -20 O 2I0 4'0 610 8IO 160
Sensitivity Coefficient, =

-60

Fig. 5 Sensitivity analysis to AT for EL/DEE/EtOH gasoline and FACE-F? at 750 K and 1200 K, 25 bar, and @ = 1. Top 20 sensitivity coefficients are
shown, normalized to the absolute most sensitive reaction. Reactions are described in the direction of their net flux from left to right.

o The nominally similar reactivity behavior of the two gasolines is in-line with their similar octane numbers. However, the flatter
ignition delay profile of the oxygenated gasoline indicates that it should possess a larger octane sensitivity (S= RON — MON). This
anomaly could result from the limitations of octane rating tests, as discussed in the original paper. Octane measurements of
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oxygenated fuels are quite complicated and may suffer from larger uncertainties compared to the well-established octane
measurements of conventional gasoline.

e Reaction flux analysis (Fig. 3) shows that the OH radical leads the consumption of the three fuel components, consuming 73%,
59% and 53% of EL, DEE and EtOH, respectively. On the other hand, HO, consumption of these fuels is 15%, 21%, and 37%,
respectively. Therefore, modelling analysis (750 K, 25 bar) shows that EL is primarily consumed by OH radicals, while the HO,
radical plays a larger role in the consumption of EtOH. For this tri-blend, a large pool of reactive radicals is formed from DEE,
which then promotes the oxidation of EL.

e The radical rate of production analysis (Fig. 4) indicates that HO, formation is more significant for EL/DEE/EtOH compared to
FACE-F at both low (750 K) and high (1200 K) temperatures. This augmented rate of production of HO, for EL/DEE/EtOH stems
from the dominance of RO, and the alkylhydroperoxide radical elimination pathways.

e Sensitivity analyses (Fig. 5) show that OH consumption of the fuel components dictates the system reactivity at 750 K. In the
case of FACE-F, for example, reactions of OH with iso-octane and n-heptane promote reactivity, while those with n-butane,
cyclopentane, trimethylbenzene and the tertiary site of iso-octane inhibit reactivity. For EL/DEE/EtOH, the reaction of OH with DEE
promotes reactivity, while those with EL and EtOH inhibit reactivity. At 1200 K, small radical chemistry dominates for both
gasolines but an enhanced role of HO, reactions and H,0, decomposition is observed for EL/DEE/EtOH. Thus, the ignition modes
of the two gasolines are somewhat different even though they have very similar reactivity at high temperatures.

e In conclusion, the petroleum gasoline (FACE-F) and ethanolic gasoline (EL/DEE/EtOH) with almost identical octane ratings
have very similar high-temperature reactivity and both fuels show NTC behavior at intermediate temperatures. The ethanolic
gasoline shows a flatter NTC profile and reduced reactivity at low temperatures, which are likely due to the increased role of HO,-
related inhibition pathways.

The Royal Society of Chemistry apologises for these errors and any consequent inconvenience to authors and readers.
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