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Highlights: 

• Dry reforming of ethanol with CO2 was studied in a shock tube for the first time 

• CO time-history profiles were recorded using a laser absorption diagnostic 

• Modern detailed kinetics models cannot replicate the experimental results 

 

Abstract: 

To use piston engines and their pressure and temperature histories as a chemical rector to produce valuable 

chemicals, accurate chemical kinetics models are necessary so the engine parameters and mixtures can be 

designed. Using piston engines in such a way could lead to the production of target chemicals with net-negative 

CO2 emissions. This benefit is especially true for ethanol, a very common biofuel. To validate models, the dry 

reforming of ethanol and CO2 was investigated experimentally in a shock tube (50/50 ethanol/CO2 in 99.75% 

dilution) by following the formation of CO with a laser absorption setup. The effect of the presence of CO2 in 

the mixture was also investigated by comparing the results of the 50/50 ethanol/CO2 mixture with those from 

the pyrolysis of ethanol (without CO2) at various concentrations (99.75 and 98% dilution). The 98% dilution 

results compare extremely well with results from the literature, whereas the other conditions had never been 

investigated prior. The experimental data were compared to modern detailed kinetics mechanisms, and the 

experimental CO profiles were poorly predicted overall. Recent literature developments on ethanol pyrolysis 

were incorporated into the models, and the predictions were improved in some cases and conditions, although 

further improvements are still necessary. A numerical analysis (rate of production and sensitivity) was 

performed for the most accurate modified model to highlight the most important reactions involved in the 

formation of CO under our conditions. 
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1. Introduction: 

During the past 120 years, piston engines have been instrumental in the development and growth of the 

road transportation sector. The popularization of automotives powered by piston engines in the first half of 

the past century led to a profound transformation of our societies, allowing freedom of movement for billions 

of people to a level that would have been hard to imagine only a few decades before. However, this large usage 

of vehicles powered by piston engines led to problems associated with their emissions. First, pollutant emissions 

due to combustion (NOx, SOx, unburned hydrocarbons, soot) have rapidly been found detrimental to the 
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health of the people and the environment. Technological advancements and gradually stricter policies have 

been successfully implemented in developed countries to greatly limit these emissions to levels that are now 

acceptable. The other important issue with piston engines is that they have essentially operated on fossil fuels, 

which also lead to the increase in the atmospheric CO2 concentration and global warming. As part of the 

solution to mitigate this issue, biofuels such as ethanol have been added to petroleum-based fuels. Today, there 

are large structures dedicated to ethanol production and it is contained in high concentration (up to 20%) in 

U.S. gasoline and can even reach 85% in Europe (E85). In some countries like Brazil, engines are running on 

pure ethanol after only minor modifications [1]. 

Nowadays, with growing concerns about global warming and as battery technology developed, the road 

transportation sector is slowly transitioning toward electric vehicles. To still take advantage of the maturity, 

durability, and flexibility of the piston engine in the future, a possible application would be to use them as 

chemical reactors to efficiently produce valuable chemicals [2]. As explained in the literature [2,3], high pressures 

and temperatures can be generated in a short time, at the millisecond level, during the compression stroke, and 

the fast temperature quench of the expansion stroke can allow for the preservation of a target species under a 

nonequilibrium state, where optimal yield and efficiency are reached. According to Ashok et al. [2], these 

features are unmatched by any commercial reactor used by the chemical industry. Several chemicals can be 

targeted depending on the fuel, engine parameters (speed, compression ratio), and conditions (reforming, partial 

oxidation, or pyrolysis). Among these chemicals, one can mention syngas (a mixture of CO and H2), C2H2, 

C2H4, CH3OH, or CH2O. Those chemicals can be used to produce energy, for chemical energy storage, or 

employed directly in many industries [2,3], notably for syngas [4]. 

To take advantage of the existing infrastructures for ethanol production and to produce chemicals with a 

true net-negative CO2 production, one could use piston engines to produce these chemicals via ethanol in a 

dry-reforming process (ethanol and CO2 as reactants, possibly with air, the engine being motored using 

electricity potentially coming from excess production from renewable sources (solar, wind)). Since the nature 

and concentration of the chemicals produced depend on the mixture composition (CO2 proportion, 

equivalence ratio (ϕ)) and engine parameters (compression ratio and engine speed, defining pressure and 

temperature histories and residence time, respectively), an accurate kinetics model is necessary to efficiently 

design the process. While ethanol combustion kinetics have been extensively studied both experimentally [5-

17] and numerically [18-24], recent studies show that models could still be improved [25-28]. In addition, it is 

worth mentioning that the models have not been validated for engine-based energy storage and reforming 

processes. Thus, there is a need for fundamental research in this area, and the aim of the present study was to 

assess the accuracy of modern detailed kinetics mechanisms against new CO measurements obtained from the 

high-temperature reactions between ethanol and CO2 in a shock tube (at reforming conditions). The formation 

of CO from ethanol pyrolysis was also investigated herein as a baseline. First in this paper is a description of 

the shock tube and the laser-absorption diagnostic used to measure the formation of CO behind reflected shock 

waves. The experimental results are then presented and compared to detailed kinetics models. A chemical 

analysis is then performed to understand the discrepancies between the models and the data before concluding.  

 

2. Experimental procedure  

Experiments were conducted in a stainless-steel, single-diaphragm (polycarbonate, 0.25-mm thickness) 

shock tube which has been described in previous studies [29]. Briefly, the shock tube has a driver section of 

7.62-cm i.d. and 3.25 m long, and a 16.2-cm i.d. and 7.88 m long driven section. Piezoelectric pressure 

transducers with a well-known spacing between them, located along the driven section, are used to extrapolate 

the incident shock-wave velocity at the endwall location. This extrapolated velocity was used to determine the 

temperature (T5) and pressure (P5) behind the reflected shock wave using the one-dimensional (1-D) normal 
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shock equations. The uncertainty in T5 is within 0.8% (10-15 K). The driven section was vacuumed down to 2 

× 10−5 Torr or less before each experiment using a turbomolecular pump. 

A tunable quantum cascade laser was used to produce light near 4.8 μm to monitor the P(20) line of the 

1 ← 0 band for the CO time-history measurements. Before each experiment, the CO wavelength is centered 

at 2059.91 cm-1 to the peak of the transition P(20) line with the following conditions for the temperature and 

current controllers of the laser: 30°C and 195.90 ± 0.05 mA, respectively. The maximum absorption strength 

is verified with a removable reference cell containing a mixture of ~10% CO/90% Ar at low pressure, allowing 

for fine tuning. During the combustion processes, no interaction is expected with CO2 and H2O at this 

wavelength [30]. The optical arrangement splits the beam into two components: the time-resolved incident 

intensity (I0) and the time-resolved transmitted intensity (It). These intensities are processed in conjunction with 

the Beer-Lambert law to find the CO time histories. The Beer-Lambert relation is defined as 

𝐼𝑡 𝐼0⁄ = 𝑒𝑥𝑝(−𝑘𝜈𝑃𝐿)                        (1) 

where 𝑘𝑣 is the absorption coefficient (cm-1atm-1), 𝑃 is the partial pressure of CO (atm), and 𝐿 is the path length 

(16.2 cm, corresponding to the shock-tube inner diameter). As the fuel concentration effect was investigated 

herein, separate experiments were conducted to characterize 𝑘𝜈 at each condition and infer broadening effects 

from the major collision partners, the perturbing species He and Ar. This characterization was carried out by 

measuring a known amount of CO in corresponding He/Ar mixtures over a wide range of temperature (1200 

- 2700 K) and around atmospheric pressure. The results are presented in Fig. 1, along with the best fit of the 

data which yielded the temperature dependency relation of the absorption coefficient. 

 
Figure 1: Spectral absorption coefficients of 2000 ppm CO in 0.2/0.798 He/Ar, and 20,000 ppm CO in 

0.2/0.78 He/Ar. Dashed and dashed dot lines present the best fit used to calculate 𝑘𝜈,0.002 and 𝑘𝜈,0.02, 

respectively. 

Mixtures containing 2000 ppm (0.2 He/0.798 Ar) and 20,000 ppm of CO (0.2 He/0.78 Ar) were used as 

an input in the Beer-Lambert law, in conjunction with the measured I0 and It intensities to determine 𝑘𝜈,0.002 

and 𝑘𝜈,0.02, respectively. These two absorption coefficients are described with the following temperature-

dependent equations with a goodness-of-fit R2 value of 0.998 for both calibrations: 
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𝑘𝜈,0.002 = 23.90 𝑒−0.000649 𝑇                     (2) 

𝑘𝜈,0.02 = 31.50 𝑒−0.000864 𝑇                     (3) 

While the calibration for 𝑘𝜈,0.02 fits perfectly our 98% dilution, 𝑘𝜈,0.002 was validated for the 99.75% dilution. 

During the experiments, the change in T5 with time due to the mixtures’ reactivity was calculated using the 

NUIGMech1.1 model [31]. This change in temperature was accounted for in the post processing of the data 

by utilizing a time-varying 𝑘𝜈. The computed change in temperature over the course of an experiment varies 

from below 5 K, for the lowest temperature investigated with Mix 3 (see Table 1), and 175 K, for the highest 

temperature with Mix 1. This leads to a minor reduction in the final CO mole fraction, typically 5% or less [32]. 

More details on this procedure are available in Alturafi et al. [33], and the estimated uncertainty of the CO 

measurements is about 3.8 %, as detailed in our previous work [32,34]. 

The mixtures investigated were prepared manometrically (partial pressure method) in a stainless-steel 

mixing tank. Ethanol (Sigma-Aldrich, ≥99.5% purity) was introduced via a vial connected to the manifold after 

being degassed at least three times. Two MKS Baratron capacitance manometers (0–10 Torr and 0–1000 Torr 

ranges) were used to prepare the mixtures. All gases were high purity (CO2: 99.99%, Ar and He: 99.999%, 

Praxair). The mixtures investigated and conditions behind reflected shock waves covered during this study are 

visible in Table 1. Dilute mixtures were preferred over “real”, undilute, mixtures as the high dilution level 

strongly mitigates the change in temperature and pressure from the reactivity. Thus, the present results are 

driven by the kinetics of the chemistry and not by the energy release and gas dynamic effects associated with 

the very energetic undilute mixtures, allowing us to observed important features in the CO profiles (such as the 

rate of CO formation), which could not be observed otherwise. Note that the 20% He addition to the mixture 

was necessary to expedite the vibrational relaxation process, as detailed in Mathieu et al. [32]. 

 

Table 1: Mixture compositions and experimental conditions investigated. 

Mix # XC2H5OH XCO2 XHe XAr Temperature (K) Pressure (atm) 

1 0.02 0 0.2 0.78 1229 – 1789 1.11 – 1.33 

2 0.0025 0 0.2 0.7975 1259 – 1587 1.27 – 1.38 

3 0.00125 0.00125 0.2 0.7975 1287 – 1596 1.27 – 1.36 

 

3. Detailed kinetics model selection 

Experimental results obtained during this study were compared with detailed kinetics models from the 

literature. While many models dedicated to - or containing - ethanol were published over the past decade 

[8,15,19,22,35,36], a former study from our group [26] showed that most models were not suitable to predict 

laser absorption profiles using a similar method but with H2O as a target species. The models that were not 

found adequate [8,19,35] are thus discarded, and only the following models were used in the present study: the 

most recent CRECK model [22] and the most recent model from the NUIG group [37]. Lastly, the model from 

Zhang et al. [38] (Polymech2.1), which was developed specifically for the purpose of the present study (i.e., for 

fuel-rich polygeneration and energy storage processes), was also used. This model was extensively validated 

against plug-flow reactors, shock tubes, rapid compression machines, and flame data. Chemkin pro was used 

for the computations using the “Closed homogeneous reactor” module with the “Constant volume and solve 

energy equations” assumption. 
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4. Experimental results and model comparison 

4.1. Ethanol pyrolysis 

The CO profiles obtained during ethanol pyrolysis are visible in Fig. 2 (a) for the 2% ethanol mixture (Mix 

1) and Fig. 2 (b) for the 0.25% ethanol mixture (Mix 2). In both cases, the appearance of CO starts right from 

the beginning of the experiment, and its rate of formation is strongly dependent on temperature. For the lowest 

temperatures investigated, the CO mole fraction increases slowly and never reaches equilibrium within the time-

frame of the experiment. As the temperature increases, a plateau for the CO mole fraction is reached, which is 

particularly visible for the highest temperatures investigated. Note that the timing at which this plateau is 

reached is also temperature dependent. Similar profiles are observed for the two mixtures, but Mix 1, with its 

higher ethanol concentration, produces about ten times more CO than Mix 2 at the plateau value of the highest 

temperatures investigated. It is worth mentioning that the plateau observed for the high-temperature 

experiments in Fig. 2 does not correspond to the actual chemical equilibrium amount of CO. More details are 

provided with the model comparison below. 

 

  
(a) (b) 

Figure 2: Time-evolution of the CO profile with temperature during the pyrolysis of ethanol for (a) a mixture 
of 2% ethanol in 20%He/78% Ar, and (b) a mixture of 0.25% ethanol in 20% He and 79.75% Ar. 

 

For the comparison with the models, only a couple representative experiments for each mixture are 

presented herein. However, all CO profiles not presented in the paper are compared to the models and are 

available in Supplementary Material. For Mix 1, profiles on the low and high end of the range of temperatures 

investigated were used in Fig. 3, 1332 K (a) and 1592 K (b). As can be seen, the models predict the profile at 

1332 K with good accuracy overall, with the final value of CO at the end of the test time better captured by the 

NUIG model and the early formation of CO better predicted by the CRECK model. On the other hand, large 

discrepancies can be observed between the models for the high-temperature experiment at 1592 K. A 20% 

difference can be observed between the NUIG (over-estimation) and PolyMech2.1 (under-estimation) models 

and the data whereas the CRECK model offers accurate predictions concerning the shape, timing, and 

concentration of the CO profile. Note that at this concentration level of ethanol, the temperature is predicted 

to decrease by about 115 K according to the models.   
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Figure 3: Comparison between selected CO profiles obtained for the pyrolysis of a 2% ethanol mixture in 

inert gases (Mix 1) and predictions from detailed kinetics models from the literature. 

 

For Mix 2, shown in Fig. 4, the very high level of dilution (99.75%) induces a very small change in 

temperature over the course of the experiment (models predict a temperature drop less than 25 K at 1587 K). 

Thus, the predictions from the models are more purely driven by the kinetics of the reactions selected within 

each model than by any large change in temperature during the time-frame of the experiment. As can be seen, 

predictions on the low-temperature side, 1365 K (Fig. 4 (a)), are very accurate for the CRECK model, whereas 

the NUIG model correctly predicts the shape but still over-predicts the CO level by about 20% at the end of 

the observation time. PolyMech2.1 presents higher accuracy concerning the final level of CO in this particular 

case, but the predicted shape of the CO profile is different from the experimental one. At high temperature, 

1587 K (Fig. 4 (b)), the shape and rate of CO formation are well predicted by all models considered herein. 

However, notable discrepancies are observed for the equilibrium CO level: over-estimation of the CO level by 

about 10% and 30% for the CRECK and NUIG models, respectively, and under-prediction by about 15% for 

the PolyMech2.1 mechanism. As mentioned earlier, the plateau observed experimentally for the highest 

temperatures does not correspond to the CO level at chemical equilibrium. For instance, taking Mix 2 as an 

example, the predictions at 1600 K and 1.3 atm show that the equilibrium value for CO is 2481.6 ppm for the 

PolyMech2.1 model, 2481.4 ppm for CRECK, and 2481.5 ppm for NUIG. This equilibrium level is reached at 

much later times, between 1 and 2 minutes according to the computation. This common result indicates that 

the thermochemistry is similar for all models and that the experimental results presented herein are mostly 

driven by the chemical kinetics, making them powerful tools to assess the detailed kinetics models within the 

limited timeframe of our experiments. 
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Figure 4: Comparison between selected CO profiles obtained for the pyrolysis of a 0.25% ethanol mixture in 

inert gases (Mix 2) and predictions from detailed kinetics models from the literature. 

 

4.2. Ethanol/CO2 pyrolysis 

For the mixture with CO2, Fig. 5, the shape of the profiles and temperature behavior are similar to what 

was observed for the pyrolysis mixtures in Fig. 1. The mole fraction of CO at the plateau for the highest 

temperature investigated, 1596 K, comparable to the one in Fig. 2 (b) (1587 K), shows that Mix 3 produces 

about 62% of the CO measured in Mix 2, for which the ethanol mole fraction is two times higher. This 

proportionally larger formation of CO from ethanol indicates a conversion of CO2 into CO during the 

experiments, as detailed later. Note that the small spikes in the signal at 300 µs/1451 K and 1450 µs/1510 K 

are not related to CO formation, but most are likely due to very small diaphragm fragments from previous 

experiments briefly obstructing the laser path despite the frequent cleaning of the apparatus. 
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Figure 5: Time evolution of the CO profile with temperature during the pyrolysis of a 50/50 ethanol/CO2 

mixture in 20%He/79.75% Ar. 

 

The comparison between the data and the models for Mix 3 is visible in Fig. 6. For this case, three profiles 

were selected to illustrate various behaviors from the models: 1377 K (a), 1510 K (b), and 1596 K (c). At the 

lowest temperature, results are similar to the low-temperature case in Fig. 4: accurate prediction of the CRECK 

model, prediction of the shape but over-predictions of the CO level by NUIG, and good prediction of the final 

CO level but poor prediction of the profile’s shape by the PolyMech 2.1 model. At 1510 K, Fig. 6(b), the plateau 

is reached by the data and the models. The CO concentration at the plateau is accurately predicted by the 

CRECK model whereas the PolyMech2.1 model under-predict this value by about 30% and the NUIG model 

over-predicts it by about 15-20%. On the other hand, focusing on the first 300 µs, one can see that the initial 

formation (timing and slope) of the CO profile is well characterized by the NUIG and PolyMech2.1 

mechanisms, whereas the CRECK model is slightly under-reactive. Interestingly, for the highest temperature 

investigated, 1596 K (Fig. 6 (c)), the steady increase in the CO concentration at the plateau when CO2 is present 

is not fully captured by the model. As a result, the NUIG model is now very close to the experimental data, 

while the CRECK model under-predicts the CO level by about 10-15%. A larger discrepancy was observed for 

the PolyMech2.1 model, with an under-prediction of the CO level by about 40%. 

 

 

Figure 6: Comparison between selected CO profiles obtained for the pyrolysis of a 0.125% ethanol/0.125% 

CO2 mixture in inert gases (Mix 3) and predictions from detailed kinetics models from the literature at (a) 

1377 K, (b) 1510 K, and (c) 1596 K. 

 

5. Discussion 

As seen above, predictions for CO time histories for ethanol pyrolysis, in the presence or not of CO2, could 

be improved. Interestingly, Choudhary et al. [27,28] recently measured CO formation during ethanol pyrolysis 

in conditions very close to the conditions covered herein for Mix 1. In their study, the AramcoMech3.0 model 

compared very well with their data, whereas the latest NUIG model used in the present study shows large over-

predictions at high temperatures, Fig. 3(b). Data from the present study and from the study of Choudhary et 

al. were compared for similar temperatures (Fig. 7) and, as shown, the data are extremely repeatable between 

the two groups. In more detail, for similar temperature and pressure (Fig. 7(a)), the two sets of data are identical 

at around 1330 K. At a higher temperature of 14406 K (Fig. 7(b)), the data are again on top of each other for 

the most part, and a small discrepancy is observed past 700 µs. This discrepancy can be due to the pressure 
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difference between the studies or to run-to-run variability. It is difficult to fully judge the difference between 

the two datasets for the final CO concentration as the test time is different (more than double for the present 

study). At higher temperatures (Fig. 7 (c)), the temperatures between the two studies are different, but one can 

see that the reactivity (characterized by the time at which the plateau is reached, and/or slope of the CO 

formation phase) follows a logical order between the two studies. Moreover, the CO level at the plateau is 

similar for all experiments (an error bar corresponding to the 3.8% uncertainty in our measurements was placed 

on the highest-temperature data for reference). This comparison between the results of the two studies indicates 

that discrepancies between the model and the data observed in Figs. 3, 4 and 6 are likely coming from the 

model, and that the good agreement between the Choudhary study and the predictions of the AramcoMech3.0 

model is due to the fact that the experimental data were not conducted for long enough times (to actually 

observe the disagreement with the model) and/or at high enough temperatures so that the plateau is fully 

reached within the test time of the Choudhary et al. study. 

 

 

Figure 7: Comparison between the experimental data of the present study and the data from Choudhary et al. 

[27,28]. 

 

Since the models used herein are not capable of accurately predicting our data, the rate coefficients 

determined in the study of Choudhary et al. were implemented into these models in an attempt to improve the 

predictions. Results (visible in Sup. Mat) show that the implementation of the updated rate coefficients for 

ethanol chemistry from Choudhary et al. leads to a large degradation of the predictions from the Polymech2.1 

model. Concerning the other models considered, the implementation of the rate coefficients from Choudhary 

et al. consistently improved the predictions for the NUIG model (except for the highest temperature for Mix 

3), whereas a more contrasted effect, depending on the mixture and temperature, was observed for the CRECK 

model. The modified model (NUIG+Choudhary), while still insufficient to correctly model the data over the 

entire range of conditions investigated, is then used herein to analyze the results and to provide guidance to 

further improve the predictions. Note that the rate coefficient for the reaction C2H5OH  C2H4 + H2O 

determined by Pinzón et al. [39] in the same shock tube and under similar conditions as the present study was 

also tried. However, its implementation did not provide any improvement over the rates proposed in 

Choudhary et al. or even slightly deteriorated the predictions in some cases.  

The modified model was used to conduct a sensitivity analysis on CO with the dedicated Chemkin tool 

[40] (top ten reactions only using the peak sensitivity) for Mix 2 and 3 (same dilution level, with or without 

CO2, respectively), on the low- (1370 K) and high-temperature (1590 K) side of the range investigated. Results 

for the normalized coefficients (taken at the peak sensitivity value) are visible in Fig. 8 and show that the most 
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promoting and inhibiting reactions are the same for the two mixtures and temperatures considered (the reaction 

number correspond to the reaction number in the modified NUIG mechanism): C2H5OH  CH3 + CH2OH 

(R519, promoting) and C2H5OH  C2H4 + H2O (R518, inhibiting). R518 is inhibiting as this reaction pathway 

produces two stable molecules which do not lead to CO formation by themselves. On the other hand, R519 

produces two reactive molecules, including CH2OH which will then lead to CO via R202, R182, -R179, and 

R192 (all sensitive, promoting reactions for both mixtures in Fig. 8). Note that R518 and R519 are both 

reactions that have been determined in the study from Choudhary et al. [27,28]. 

 

 

 
Figure 8: Normalized sensitivity analysis for CO for mixtures 2 and 3 at (a) 1370 K and (b) 1590 K, 1.3 atm. 

 

With presence of CO2 in Mix 3, two sensitive reactions appear (both in reverse), R41 (O + CO(+M)  

CO2(+M)) and R42 (OH + CO  CO2 + H). These two reactions each form CO from CO2, either by thermal 

dissociation (R41) or by reacting with H radicals coming from ethanol pyrolysis. Note that despite the relatively 

high sensitivity of these two reactions, a rate of production analysis shows that the production of CO from 
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CO2 is actually very small under the conditions of the present study but grows in importance as the temperature 

increases. This increase in importance translates experimentally to a higher concentration of CO as the 

temperature increases for Mix 3 (Fig. 5), which is not fully captured by the models (Fig. 6). Models are also 

presenting poorer performances as the temperature increases for the experiments with Mix 3. According to this 

analysis, the two main reactions producing CO are, by far, R192 (HCO + M  H + CO + M) and R444 

(CH3CO(+M)  CO+CH3(+M). While R192 is relatively well-known (see discussion in [32]), it is worth 

mentioning that the rate coefficient varies widely, by a factor of between 20 and 60 in the conditions of the 

study, between the one selected in the NUIG model (coming from the theoretical work of Senosiain et al. [41]) 

and the one determined experimentally by Faravelli et al. [42], for example. A careful, modern, study of R444 

could possibly improve the predictions for ethanol pyrolysis. 

 

6. Conclusion 

The formation of CO was followed using a laser absorption diagnostic from ethanol pyrolysis in diluents 

(baseline, 99.25 and 98 % dilution) and in the presence of a large proportion of CO2 (50% ethanol/50% CO2, 

99.25% dilution) to assess the validity of modern detailed kinetics mechanisms. It was found that these modern 

mechanisms cannot accurately predict ethanol pyrolysis, with and without the presence of CO2. The recent rate 

coefficients for ethanol pyrolysis reactions obtained by Choudhary et al. were implemented in these models, 

and while noticeable improvements were observed in most cases, predictions could still be greatly improved. A 

numerical analysis was conducted using the modified NUIG model, and the analysis showed that the most 

sensitive reactions are common between the two types of mixtures. In the presence of CO2, additional reaction 

pathways for CO appear, with one pathway involving H radicals formed during the pyrolysis of ethanol. This 

study shows that the formation of CO appears at relatively low temperatures due to the high reactivity of 

ethanol, although an increasing amount of CO was observed experimentally as the temperature increases in 

presence of CO2, a behavior that was not captured by the models. It can be concluded that more work is 

necessary to fully understand ethanol pyrolysis and its interactions with CO2. Future work should also involve 

higher pressures, more representative of engine conditions. 
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