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Abstract 

To improve our understanding of the combustion characteristics of propyne, new experimental data for 
ignition delay times (IDTs), pyrolysis speciation profiles and flame speed measurements are presented in this 
study. IDTs for propyne ignition were obtained at equivalence ratios of 0.5, 1.0, and 2.0 in ‘air’ at pressures 
of 10 and 30 bar, over a wide range of temperatures (690–1460 K) using a rapid compression machine and 

a high-pressure shock tube. Moreover, experiments were performed in a single-pulse shock tube to study 
propyne pyrolysis at 2 bar pressure and in the temperature range 1000–1600 K. In addition, laminar flame 
speeds of propyne were studied at an unburned gas temperature of 373 K and at 1 and 2 bar for a range of 
equivalence ratios. A detailed chemical kinetic model is provided to describe the pyrolytic and combustion 

characteristics of propyne across this wide-ranging set of experimental data. This new mechanism shows 
significant improvements in the predictions for the IDTs, fuel pyrolysis and flame speeds for propyne com- 
pared to AramcoMech3.0. The improvement in fuel reactivity predictions in the new mechanism is due to 

the inclusion of the propyne + H ̇O 2 reaction system along with ȮH radical addition to the triple bonds of 
propyne and subsequent reactions. 
© 2020 The Authors. Published by Elsevier Inc. on behalf of The Combustion Institute. 
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. Introduction 

Propyne is one of the major intermediate species
n the oxidation of heavier hydrocarbon fuels and
an oxidize to propargyl radicals which can re-
ombine to benzene leading to larger poly-aromatic
ydrocarbons and soot. In this context, an accu-
ate model describing propyne kinetics over a wide
ange of temperatures and pressures is important
o understand the formation of harmful pollutants
nd help produce cleaner, more efficient combus-
ors. As novel combustion devices tend to operate
n the low to intermediate temperature region, ki-
etic analyses through experimental and modeling
tudies at these conditions is vital in understanding
he consumption of propyne at these conditions. 

Several investigations of the oxidation of 
ropyne have been performed using shock tubes
STs) [1 , 2] , flow reactors [3] , jet-stirred reactors
JSRs) [4 , 5] and a laminar flame burner [3] . Most
f these studies were entirely focused on high tem-
erature conditions. Ignition delay times (IDTs)
f propyne oxidation was first measured by Rad-
akrishnan and Burcat [2] in a reflected ST in the
emperature range 1125–2000 K at pressures rang-
ng from 4 to 13 atm. Subsequently, Dagaut et al.
5] used a high pressure JSR to study propyne oxi-
ation in the temperature range 900–1200 K. Davis
t al. [3] measured species profiles in a turbulent
ow reactor at 1170 K at equivalence ratios ( ϕ)
rom 0.7 to 1.7. Curran et al. [1] performed an ig-
ition study of propyne and allene oxidation be-
ind reflected shock waves in the temperature range
200–1900 K and at pressures of 2 –5 bar. In addi-
ion, the oxidation of both allene and propyne were
nvestigated in a JSR to study the identical igni-
ig. 1. Performance of various mechanisms (AramcoMech3.0 [6
easured in this work (RDC: Reaction during compression peri
tion behavior and similar reactivities of the two fu-
els. However, Faravelli et al. [4] obtained concentra-
tion profiles of various intermediate species such
as acetylene, ethylene, ethane and benzene for the
oxidation of propyne and allene in a JSR and ob-
served different oxidation behaviors of the two iso-
mers. Only one investigation of laminar flame ve-
locity has been reported by Davis et al. [3] for equiv-
alence ratios ranging from 0.7 to 1.7 at atmospheric
pressure and at room temperature. These studies
also developed kinetic mechanisms to model their
experimental measurements. 

Based on the above, despite its importance, there
are no IDT data available for the oxidation of 
propyne at low temperatures ( < 900 K) and high
pressures ( ≥ 10 bar). Moreover, there are distinct
deviations between available chemical model pre-
dictions and the new IDT data measured in this
work, Fig. 1 . All models over-predict the IDTs by
an order of magnitude, particularly in the interme-
diate and low temperature regime where no data ex-
isted previously. Thus, a more extensive experimen-
tal study over a wide range of operating conditions
is warranted. In the present study, new IDT data for
propyne auto-ignition are obtained using a rapid
compression machine (RCM) and a high-pressure
shock tube (HPST) ( T = 690–1460 K, p = 10 and
30 bar, ϕ = 0.5–1.5 in air). In addition, a single-
pulse shock tube (SPST) is used to study propyne
pyrolysis in the temperature range of 1000–1600 K,
at 2 bar. Laminar flame speeds are also determined
at elevated temperature conditions for equivalence
ratios in the range of 0.7–1.5. A detailed kinetic
mechanism is developed and validated using the
new experimental data and can predict it well. Fi-
nally, reaction pathway and sensitivity analyses are
] , DTU mech [7] and CRECK model [8] ) against the IDT 

od). 
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performed using the new model to determine the
important reactions controlling propyne pyroly-
sis and oxidation. It is observed that reactions of 
propyne with hydroxyl and hydroperoxyl radicals,
and subsequent chain-branching reactions of the
resultant radicals are found to play a dominant role
in the current kinetic mechanism. 

2. Experimental work 

IDT measurements for propyne oxidation were
performed in a HPST and in a heated twin-opposed
piston RCM at NUIG. Experiments on propyne
pyrolysis were also performed using a newly de-
veloped single-pulse shock tube at NUI Galway.
The flame speed experiments were carried out in
a spherical vessel setup at UCF for unburned
propyne/air gas temperature of T u = 373 K at two
different pressure conditions (1 and 2 bar). Table S-
1 provides the detailed oxidation experimental con-
ditions investigated in this work. The pyrolysis of 
2% propyne was performed at 2 bar pressure in a
SPST. Propyne was obtained from Sigma Aldrich
with greater than 99.0% purity. Oxygen, nitrogen
and argon were acquired from BOC Ireland at high
purity ( ≥ 99.5%). Krypton (99.99%) was obtained
from Sigma Aldrich and was used as an internal
standard gas during the pyrolysis experiments. No
further purification was carried out in this study. 

2.1. Pyrolysis species measurements; NUI Galway 
single-pulse shock tube (SPST) 

The new SPST experimental setup used for
this study has a 5.8 m driven section with an in-
ner diameter of 10.24 cm. The shock heated an-
alyte is examined using an Agilent 6890/5975 gas
chromatography-mass spectrometry (GC–MS) sys-
tem. The sample from the end-wall is inserted into
a GS-Gaspro column through a split/split-less in-
let. Helium is used as the carrier gas with a con-
stant flow rate of 0.9 ml min 

–1 . The pyrolysis of 
2% propyne was performed at 2 bar pressure in the
temperature range of 1000–1800 K. Mixtures con-
taining 2% propyne were prepared based on partial
pressures in a 40 L mixing vessel. The final mixture
contains 2% fuel, 0.5% Kr (internal standard) and
97.5% Ar. Ar was used as the diluent instead of 
N 2 to prevent the reaction of N 2 with hydrocarbon
radicals and also to reduce the influence of relax-
ation behind the shock wave during the pyrolysis
experiments. The reflected pressure and tempera-
ture conditions were obtained using GasEq [9] , by
providing the necessary inputs of initial pressure,
temperature, composition, and shock velocity. The
calculated pressures were verified using the end-
wall Kistler (603CAB) pressure sensor. Using the
standard GC method, the major detectable species
that were quantified result in a carbon balance of 
> 90%. The new mechanism was used to identify
the formation pathways of the quantified species 
via reaction flux analyses. However, no C 5 species 
were either detected in the experiments or predicted 

by the model based on the flux analyses. We were 
unable to detect species > C 6 , because the detec- 
tion limit of the GC was not low enough to detect 
the formation of these higher hydrocarbons in very 
small amounts. The uncertainties in reflected tem- 
peratures are calculated based on those in the shock 

velocities and are approximately ±2%. The uncer- 
tainty in calibrated species concentrations is ap- 
proximately ±10% and estimated species concen- 
trations is approximately ±20%. The uncertainty in 

reactant mole fractions is ±0.02%. 

2.2. NUI Galway high pressure shock tube 
(HPST) 

IDTs of propyne/‘air’ mixtures were measured 

in a HPST at equivalence ratios of 0.5, 1.0 and 2.0, 
at pressures of 10 and 30 bar and at intermediate to 

high temperatures, 900–1460 K. A detailed descrip- 
tion of the facility was published previously [10 , 11] 
and is described briefly as Supplementary material. 
The IDT is defined as the interval between the rise 
in pressure due to the arrival of the incident shock 

wave at the end wall and the maximum rate of rise 
of the pressure signal. The largest uncertainty of 
temperature behind the reflected shock wave was 
estimated to be ±20 K, which can lead to a 20% un- 
certainty in measured IDTs. 

2.3. NUI Galway rapid compression machine 
(RCM) 

A heated twin-opposed piston RCM was used 

to the measure IDTs of propyne/‘air’ mixtures 
at equivalence ratios of 0.5, 1.0 and 2.0, at the 
pressures of 10 and 30 bar and in the low- to 

intermediate-temperature range 675–880 K. The 
‘air’ used here is a mixture of O 2 and N 2 /Ar in 

the molar ratio of 21/79. Details of the RCM have 
been provided previously [12 , 13] . The Supplemen- 
tary material provides a brief description of the 
RCM setup and experimental procedure. 

2.4. Laminar flame speed; UCF – spherical flame 
speed setup 

Laminar flame speeds were measured using 
a spherical experimental flame speed setup that 
is mainly composed of a mixing tank, spherical 
combustion chamber, optical components, igni- 
tion circuit, and data acquisition system (details in 

[14–16] ). Details of the experimental and mixture 
preparation technique are provided in the Supple- 
mentary material. In this study, laminar burning 
velocity was calculated by using constant volume 
method with multi-zone thermodynamic model. 
The detailed model was presented earlier papers 
[15 , 16] , and brief explanation is provided here. 
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he multi-zone model consists of two regions: the
urned and unburned mixtures. For the properties
f each burned zone while combustion, equilib-
ium calculations are required [17] . To calculate the
urned gases properties, Cantera software [18] with
ramcoMech3.0 mechanism were used. After solv-

ng the properties of the burned gases, laminar
urning velocity LBV are calculated from the mea-
ured pressure time-histories. Stretch effects are not
onsidered in this study because several studies
19 , 20] have shown that the stretch effect is negli-
ible using the constant volume method. The aver-
ge uncertainty in measured laminar speeds were
ounded to be around 5.9%. 

. Kinetic modeling 

The detailed chemical kinetic reaction mech-
nism used in these calculations is based on
 newly updated model containing the H 2 /O 2 
ub-mechanism, along with the C 1 –C 3 sub-
echanisms. The foundation of this hierarchical
odel is based on several prior mechanisms

eveloped at NUIG. The kinetic model has been
e-evaluated by incorporating recent advancements
n rate constants and thermochemical properties
y critical assessment of recently published ex-
erimental and theoretical studies. Most of the
pdates to the propyne sub-mechanism were car-
ied out as part of the ongoing development of 
he C 1 –C 3 base mechanism at NUIG. The present
odel includes detailed low- and high-temperature

eaction mechanisms explicit to propyne chemistry.
odifications of important reactions were made

nd are provided as Supplementary material in
UIGMech1.0. 

. Results and discussion 

Comparisons of model predictions compared to
peciation data from propyne (C 3 H 4 -p) pyrolysis,
DT measurements, as well as laminar burning ve-
ocities at elevated temperature conditions are pre-
ented. Good agreement between the new updated
odel and the experimental measurements from

he present work is observed. Briefly the important
eactions for propyne pyrolysis, ignition and oxida-
ion determined through sensitivity and flux analy-
es are discussed in detail. 

Figure 2 shows the major and minor products
ormed in the pyrolysis of 2% propyne in a SPST
t 2 bar pressure in the temperature range 1000–
800 K. Figure 2 (a) presents the major products
etected including methane (CH 4 ), allene (C 3 H 4 -
), and acetylene (C 2 H 2 ). Other minor products in-
lude ethylene (C 2 H 4 ), 1,3-butadiene (C 4 H 6 ), vinyl
cetylene (C 4 H 4 ), diacetylene (C 4 H 2 ) and benzene
C 6 H 6 ), Fig. 2 (b). The experimentally measured
species are well predicted by the current model,
whereas AramcoMech3.0 is less accurate. 

Figure 3 illustrates the main reaction pathways
of propyne pyrolysis at 1432 K. C 3 H 4 -p is primar-
ily consumed via its chemically activated reaction
with the Ḣ atoms to form C 2 H 2 and ĊH 3 radi-
cals (C 3 H 4 -p + Ḣ ↔ C 2 H 2 + ĊH 3 ). It also under-
goes H-atom abstraction reactions by Ḣ atoms and
ĊH 3 radicals producing propargyl ( ̇C 3 H 3 ) radicals
and H 2 and CH 4 , via C 3 H 4 -p + Ḣ ↔ Ċ 3 H 3 + H 2

and C 3 H 4 -p + Ḣ ↔ Ċ 3 H 3 + CH 4 , respectively. The
CH 4 produced here is largely unreactive and ac-
cumulates during pyrolysis. Some Ċ 3 H 3 radicals
are also formed from C 3 H 4 -p ↔ Ċ 3 H 3 + Ḣ. These
propargyl radicals recombine to generate benzene
(C 6 H 6 ) and fulvene, which can reproduce ben-
zene, through fulvene � C 6 H 6 and fulvene + Ḣ ↔
C 6 H 6 + Ḣ reactions. The rate coefficients for all
of these reactions are adopted from Miller et al.
[21 , 22] . However, the rate constant for C 3 H 4 -p + Ḣ
↔ C 2 H 2 + ĊH 3 used here is a factor of 1.5 higher
than that determined by Miller et al. [22] , as this
improved the model agreement with the measured
C 3 H 4 -p and C 2 H 2 speciation profiles. The resul-
tant ĊH 3 radicals generate ethyl radicals ( ̇C 2 H 5 ),
via the chemically activated pathway ĊH 3 + ĊH 3 ↔
C 2 H 5 + Ḣ, which in turn, undergoes unimolecu-
lar decomposition producing C 2 H 4 + Ḣ. C 2 H 4 is
also generated from C 4 H 6 + Ḣ ↔ Ċ 2 H 3 + C 2 H 4 .
The rate constant of this reaction is adopted from
Li et al. [31] and is a factor of two lower than
the rate constant used in AramcoMech3.0. This
modification improved the model agreement with
the C 4 H 6 , C 4 H 4 and C 4 H 2 species profiles, but
leads to an under-prediction in the C 2 H 4 mole
fractions. C 3 H 4 -a is generated from the isomer-
ization of C 3 H 4 -p and by the Ḣ atom catalyzed
reaction C 3 H 4 -p + Ḣ ↔ C 3 H 4 -a + Ḣ. The reac-
tion flux analysis (RFA) shows that, C 4 H 6 , C 4 H 4
and C 4 H 2 are formed from C 3 H 4 -p and C 3 H 4 -
a, via the sequence 1,2-C 4 H 6 → C 4 H 6 → Ċ 4 H 5 -
i → C 4 H 4 → Ċ 4 H 3 -i → C 4 H 2 . 

Figure 4 presents the IDT measurements from
the HPST and RCM for propyne in ‘air’ mix-
tures comparing the effect of equivalence ratio at
pressures of 10 atm and 30 bar. The solid sym-
bols represent the data taken in the RCM and the
open symbols the data recorded in the HPST. The
sold lines and dashed lines represent model predic-
tions using NUIGMech1.0 and AramcoMech3.0,
respectively. NUIGMech1.0 shows a significantly
improved performance, particularly at low temper-
atures ( < 1000 K). 

Figure 4 shows that IDTs decrease with in-
creasing temperature and equivalence ratio, as ex-
pected. However, the effect of equivalence ra-
tio on the IDT declines with temperature. The
current model captures all of the experimental
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Fig. 2. Species profiles for propyne pyrolysis. 

Fig. 3. Reaction flux diagram for propyne pyrolysis at 1432 K. 
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Fig. 4. IDT measurements for propyne in ‘air’ mixtures at (a) p = 10 atm and (b) p = 30 atm. 
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ata trends very well but tends to under-predict
eactivity at ϕ = 2.0 and 10 bar for the lower-
emperature RCM experiments. However, generally
he present model offers a better agreement com-
ared to AramcoMech3.0. 

Figure 5 illustrates flux analyses performed for
 3 H 4 -p ignition at different temperatures (700 K,
50 K, and 1350 K) for the results shown in
ig. 4 (b) at ϕ = 1.0 at 30 bar. In the figure, the black

ymbols represents the flux at 700 K, the red sym-
ols the flux at 950 K, and the blue symbols the flux
t 1350 K. The percentage values shown in the flux
iagram signifies the relative flux through the sys-
em based on 100% of the x% of propyne consumed
t the condition presented. In addition, a sensitiv-
ty analysis is carried out to highlight the impor-
ant reactions at this condition (Fig. S-1). The re-
ction pathways presented in the dashed box are
esponsible for the improvement in the predictions
sing NUIGMech1.0 and are not present in Aram-
oMech3.0. The flux analyses show that, at 700 K
he fuel consumption process is initiated by H-atom
bstraction reaction mainly by ȮH and H ̇O 2 radi-
als forming propargyl radicals. In addition to H-
tom abstraction, ȮH addition to propyne’s triple
ond is the most important reaction controlling
ropyne reactivity at low temperatures. Rate coef-
cients for the ȮH addition reactions have been
dopted from the high-level theoretical study of 
ádor et al. [23] . ȮH radicals can add to the central
r terminal carbon atom. At low temperatures the
ate of ȮH addition to the terminal carbon atom
pC 3 H 4 OH-2) is four times higher than that of 
entral carbon atom (CH 3 C(OH)CH). The resul-
ant p ̇C 3 H 4 OH-2 radical can react with O 2 to form
H 3 COCHO, which eventually produces CO, ĊH 3 

nd ȮH radicals. No experimental measurements
r theoretical calculations are reported in the litera-
ture for this reaction sequence. In the present model
their rate constants are estimated by the analogous
Ċ 2 H 2 OH radical addition to O 2 from the experi-
mental study of Siese et al. [24] . 

Beside ȮH addition, Ḣ atoms can also add
to propyne producing 1-methyl-vinyl radicals
( ̇C 3 H 5 -t), which also plays a major role at low
temperature as suggested by Miller et al. [22] . The
resultant Ċ 3 H 5 -t radicals can add to O 2 generating
C 3 H 5 -t ̇O 2 radicals, which subsequently produce
acetyl radicals and formaldehyde or decomposes
to formaldehyde, CO and methyl radicals. The
rate constant of Ċ 3 H 5 - t + O 2 and the subsequent
reactions are adopted from the recent work of 
Goldsmith et al. [25] , who conducted a high-level
ab-initio study at the CCSD(T)-F12a/cc-pVTZ-
F12// B2PLYPD3/cc-pVTZ level of theory. In
the previous model rate constant for Ċ 3 H 5 - t + O 2

↔ CH 2 O + CH 3 ̇CO was adopted from the esti-
mated work of Laskin et al. [26] and was order of 
magnitude higher than the rate used in this study. 

At higher temperatures (900 K and 1350 K) H-
atom abstraction by ȮH and H ̇O 2 radicals be-
comes more important yielding propargyl radicals.
These are consumed in the reaction Ċ 3 H 3 + O 2 ↔
CH 2 CO + H ̇CO, with its rate constant taken from
the theoretical work of Hahn et al. [27] . Their cal-
culated rate constant agrees well with the exper-
imental studies of Slagle and Gutman [28] and
Atkinson and Hudgens [29] . At high tempera-
ture the chemically activated pathway C 3 H 4 -p + Ḣ
↔ C 2 H 2 + ĊH 3 becomes important and also con-
tributes to the consumption of propyne. The self-
isomerization and Ḣ atom catalyzed isomeriza-
tion of propyne to allene, only contributes 10%
to total fuel consumption at the condition studied
here. 
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Fig. 5. Flux analyses for propyne ignition at different temperatures for ϕ = 1.0 at 30 bar pressure. New reaction channels 
included in the present model are presented with in the dashed box. 

 

 

 

 

 

 

 

 

 

 

Ultimately, it is the reaction of propyne with hy-
droperoxyl radical which has the highest influence
on model predictions. Sensitivity analysis confirms
that C 3 H 4 -p + H ̇O 2 = CH 3 ̇CCHO + ȮH is the
most sensitive reaction that promotes reactivity
(Fig. S-1). The C 3 H 4 -p + H ̇O 2 reactions were not
included in AramcoMech3.0. Figure 6 (a) clearly
shows that the deviations observed when the C 3 H 4 -
p + H ̇O 2 and succeeding reactions are included in
the mechanism. This suggests that the improvement
in the predictions using NUIGMech1.0 is mainly 
attributable to the inclusion of the chain branching 
reaction C 3 H 4 -p + H ̇O 2 = CH 3 ̇CCHO + ȮH. The 
resultant CH 3 ̇CCHO radicals react with molecular 
oxygen producing 2-oxo propanal (CH 3 COCHO) 
and Ö atoms that increases the reactivity of the 
system. Rate coefficients for these pressure and 

temperature dependent reactions are taken by 
analogy with acetylene with H ̇O 2 radical from the 
theoretical investigation of Gimenez-Lopez et al. 
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Fig. 6. (a) Effect of C 3 H 4 -p + H ̇O 2 reaction on IDT prediction. 

Fig. 7. (a) Laminar flame speed of propyne/‘air’ at 1 and 2 atm for T u = 298 K and 373 K. (b) Flame speed sensitivity 
analysis at ϕ = 1.4. 
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30] . 2-oxo propanal subsequently decomposes
o form CO, H 2 O and ĊH 3 . ĊH 3 subsequently
roduces CO via, CH 3 ̇O → CH 2 O → H ̇CO → CO,
nd finally CO reacts with ȮH producing
O 2 through CO + ȮH = CO 2 + Ḣ, which is a
ighly exothermic reaction that further enhances
eactivity. 

Figure 7 shows the measured and predicted
aminar burning velocities for propyne in air at
 and 2 bar and at T u = 373 K. Moreover, exper-
mental [3] and calculated laminar flame speeds
or propyne/N 2 /O 2 mixtures (18% O 2 in N 2 ) at
tmospheric pressure and at room temperature
 T u = 298 K) are reported for comparison in Fig. 7 .
he laminar flame speed studied by Davis et al.
[3] was measured using a counterflow twin flame
technique. Reference [3] addresses the details of 
the technique employed to study the laminar flame
speeds for propyne/N 2 /O 2 mixtures. In compari-
son to NUIGMech1.0, AramcoMech3.0 severely
under-predicts the flame speed for all experimen-
tal data across the range of equivalence ratios.
The present mechanism can accurately predict the
UCF flame speed data for the fuel-lean experi-
ments; however, it under-predicts the flame speed
for the fuel-rich data. Whereas, the opposite trend
can be observed for the current model predic-
tion against those measured for the 18% O 2 case.
Sensitivity analyses of reaction rate constants to
flame speeds shows many of the important re-
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actions highlighted in the analysis belong to the
H 2 /CO sub-mechanism such as reactions between
Ḣ atoms and O 2 , formyl radical reacting with Ḣ
atoms, etc. The sensitive fuel specific reactions in-
clude Ċ 3 H 3 + Ḣ ( + M) ↔ C 3 H 4 -p ( + M) and C 3 H 4 -
p + Ḣ ↔ Ċ 3 H 3 + H 2 ( Fig. 7 (b)). These reactions in-
hibit reactivity because they consume Ḣ atoms in
competition with the main chain branching reac-
tion H˙ + O 2 ↔ Ö + O ̇H. It should be noted that
the rate constant for Ċ 3 H 3 + Ḣ ( + M) ↔ C 3 H 4 -p
( + M) used here is reduced by a factor of two com-
pared to that calculated by Miller et al. [21] to gain
agreement with the flame speed data on the fuel-
rich side. This modification also improved propyne
pyrolysis predictions as discussed above. 

5. Conclusions 

In this paper, new experimental measurements
for propyne auto-ignition are reported using a
rapid compression machine and a high-pressure
shock tube for temperatures in the range 750–
1300 K at compression pressures of 10 and 30 bar
and equivalence ratios in the range 0.5–2.0. A
single-pulse shock tube was utilized to study
propyne pyrolysis in the temperature range 1000–
1600 K, at 2 bar pressure. Additionally, laminar
burning speeds were also measured at elevated
temperature conditions for equivalence ratios in
the range 0.7–1.5. A new chemical kinetic model,
NUIGMech1.0, has been validated against the ex-
perimental studies conducted in the present work
(RCM; shock-tube IDTs; flame speeds and py-
rolysis speciation). Important reactions are high-
lighted through sensitivity and flux analyses. C 3 H 4 -
p + H ̇O 2 and C 3 H 4 -p + ȮH addition reactions are
found to be important for propyne oxidation, par-
ticularly at low- to intermediate temperature and
high-pressure ( ≥ 10 bar) conditions. Rate coeffi-
cients have been implemented from the most recent
inclusive experimental and theoretical studies. Nev-
ertheless, some rate constants are estimated based
on analogy for the reactions where no data is avail-
able in the literature. 
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