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Abstract 

Distillate fuels contain significant proportions of naphtheno-aromatic components and tetralin is a suitable 

surrogate component to represent this molecular moiety. The presence of aromatic and naphthyl rings 

makes kinetic modeling of tetralin very challenging. Primary radicals formed during the oxidation of 

tetralin can be aryl, benzylic or paraffinic in nature. Using available information on reaction paths and rate 

constants of naphthenes and alkyl-aromatics, a kinetic model of tetralin has been developed in the current 

study with emphasis on low-temperature chemistry and high-pressure conditions. Due to the lack of high-

level quantum chemical calculations on reaction pathways of tetralin, analogous rates from ab-initio 

studies on benzylic and paraffinic radicals have been adopted here. Some modifications to the reaction 

rate rules are incorporated to account for the unique characteristics of tetralin’s molecular structure. 

Important reaction channels have been identified using reaction path and brute force sensitivity analyses. 

In order to investigate the model performance at low temperatures, new experiments are carried out in a 

rapid compression machine on blends of tetralin and 3-methylpentane. Blending of low-reactivity tetralin 

with a high-reactivity alkane allowed the investigation of tetralin ignition at very low temperatures (665 

– 856 K). The kinetic model developed in the current study is found to predict the current experiments 

and literature data adequately. The new model will aid in high-fidelity surrogate predictions at engine-

relevant conditions. 

Keywords: Tetralin; Naphtheno-aromatic; Diesel Surrogates; Low-temperature chemistry.   
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1. Introduction  

Co-optimization of engines and fuels is one of the key strategies to tackle the challenges associated with 

increasing greenhouse gas emissions and global warming. Design and performance prediction of 

optimized systems relies on carefully developed and well-validated chemistry models for real fuels. Real 

world fuels, such as gasoline, diesel and jet fuel, are complex mixtures comprised of hundreds of 

hydrocarbons. One engineering approach to model the ignition of these complex blends is using surrogate 

mixtures [1], comprised of a few hydrocarbons to represent molecules of different hydrocarbon classes, 

such as paraffin, iso-paraffin, alkene, naphthene, aromatic, and oxygenate, found in real fuels. There has 

been considerable work in the literature on studying the oxidation chemistry of representative molecules 

from these hydrocarbon classes.  

 One sub-class of aromatics typically found in jet and diesel fuels are naphtheno-aromatics. These 

naphtheno-aromatics constitute about 5% and 10 % in jet and diesel fuels, respectively, and tetralin 

(1,2,3,4-tetrahydronaphthalene) has been widely chosen as a representative of naphtheno-aromatics in 

various surrogate formulations. For instance, Violi’s jet fuel surrogate [2] contains about 8% tetralin by 

mass, and the diesel fuel surrogates of Mueller et al. [3], Kukkadapu et al. [4], and Anand et al. [5] contain 

about 15 % tetralin by mass. Tetralin has also been of interest for simpler surrogates of gasolines using 

the minimal function group approach (MFG). Based on the MFG, Jameel et al. [6] used tetralin to 

formulate surrogates for FACE C and FACE G gasolines. 

Considering the need for chemical kinetic models of tetralin, oxidation and pyrolytic chemistry of tetralin 

has been studied using experiments and kinetic modeling. Yang and Boehman [7] studied oxidation of 

tetralin and other cyclic hydrocarbons by analyzing oxidation products using a Cooperative Fuel Research 

(CFR) engine at fuel-lean mixtures (=0.25). In that study no evidence of low-temperature chemistry for 

tetralin was observed. A semi-detailed model for tetralin oxidation and pyrolysis was first developed by 

Dagaut et al. [8] based on speciation data from jet stirred reactor (JSR) experiments over a wide range of 



 4 

conditions: pressures from 1 to 10 atm, equivalence ratios from 0.5 to 1.5, and temperatures from 790 to 

1400 K. They found naphthalene, dialin, ethylene and methane to be the most important intermediate 

compounds during tetralin oxidation. Their model did a better job of predicting the species profiles at 1 

atm than the data at 10 atm. Ignition delay times (IDTs) of stoichiometric (=1) and  fuel-lean (=0.5) 

tetralin/air mixtures were measured by Wang et al. [9] in a shock tube at pressures near 13 and 37 – 39 

bar, and temperatures ranging 978 to 1227 K. At these experimental conditions, tetralin IDTs exhibited 

Arrhenius-like behavior and the IDTs were observed to decrease with increasing pressure and equivalence 

ratio. The model by Dagaut et al. [8] overpredicted 13-bar IDTs by ~50%. Likewise, the Dagaut et al. [8] 

model was found to be significantly less reactive than indicated by the tetralin IDT data of Kukkadapu et 

al. [10] obtained at high pressures and low temperatures in a rapid compression machine (RCM). For = 

1 fuel/air mixtures and pressure of 35, 50 bar, IDTs of tetralin were overpredicted by a factor of ~5, and 

at lower temperature (T < 800 K) the model failed to ignite in the RCM simulations. These discrepancies 

were attributed to the lack of low temperature chemistry in the kinetic model of Dagaut et al. [8].  

Review of the literature illustrates the need for an improved and detailed chemical kinetic model to better 

simulate the ignition of tetralin at engine-relevant conditions. To this end, the objectives of the present 

work are: (i) to develop a new tetralin chemical kinetic model with an improved description of low 

temperature chemistry, (ii) to investigate, with experiments and modelling, blending characteristics of 

tetralin with a representative paraffinic molecule (3-methylpentane). The literature data on pure-tetralin 

were limited to temperatures above 770 K and ignition characteristics of tetralin at lower temperatures, 

which are critical for advanced engine technologies, remain uncertain. To address this, we have studied 

the blending behavior of tetralin at low temperatures. Blending of tetralin with a reactive molecule, 3-

methylpentane, allowed us to test the performance of tetralin model at much lower temperatures (665 K). 

We will first describe the tetralin model development, then show comparisons of model predictions with 
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current experiments and literature data, and finally discuss important reactions responsible for the low-

temperature reactivity of tetralin and blending with 3-methylpentane 

 2. Mechanism development 

The structure of tetralin, with fused naphthenic and aromatic rings, makes it a very challenging molecule 

to develop a chemical kinetic model. To our knowledge, the oxidation of tetralin and its radicals have not 

been studied fundamentally using theoretical ab-initio methods and so the main pathways of tetralin 

oxidation remain uncertain. Considering this lack of information, the oxidation of tetralin has been 

modelled using analogies from the oxidation of allylic/benzylic radicals, paraffinic radicals, and aryl 

radicals; and the current mechanism of tetralin has been built hierarchically on the LLNL aromatics 

mechanism [11].  

 Tetralin (C10H12) has 8 peripheral carbons with 12 H-atoms available for H-abstractions. Of these 12 

hydrogens, 4 H-atoms are bonded to the aromatic ring, while 4 each are bonded to carbons at benzylic and 

paraffinic sites on the saturated-ring. Depending on the location of the H-abstractions from tetralin the 

resultant radicals can be aryl, resonant stabilized benzylic, or paraffinic in nature. From conventional 

knowledge and information on rate parameters for abstractions of different H-atoms, it is expected that 

the oxidation/pyrolytic chemistry of tetralin is dominated by abstractions from the saturated-ring. 

Therefore, for the mechanism developed in the current study, we did not consider any intermediate species 

produced by abstractions from the aromatic ring in tetralin, and the mechanism describes the chemistry 

on the saturated-ring only. H-abstractions from the saturated-ring of tetralin produces two types of 

radicals: a benzylic radical and a paraffinic radical which shall be referred as TETRARB (B for benzylic) 

and TETRARS (S for secondary), respectively. From here on the oxidation chemistry in the mechanism 

has been classified into two groups, one from TETRARB radicals and the other from TETRARS radicals. 

The chemistry is discussed here briefly.  
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2.1 Oxidation of resonantly stabilized tetralin radical (TETRARB) 

Figure 1 summarizes the major pathways considered for the resonant stabilized TETRARB radicals. By 

considering the ignition of propene [12], iso-butene [12], butene [12], and toluene [11], it is clear that 

resonant stabilized radicals react with HO2 radicals at low temperatures resulting in the formation of 

hydroperoxy adducts. These adducts subsequently decompose to allyloxy radicals and OH radicals. In 

addition to the formation of hydroperoxy adducts, the reactions of TETRARB with HO2 could also 

produce allyloxy and OH radicals through chemically activated pathways. In the current model, we have 

considered both of these pathways, as shown in Figure 1, and rate constants for simulating the reactions 

with HO2 are analogous to the allyl+ HO2 reaction [13]. We have also considered the addition of reactions 

of O2 to TETRARB, leading to the formation of allylic-peroxy (TETRARBO2) radicals, with associated 

rates taken from the work of Chen and Bozzelli [14]. The TETRARBO2 radicals subsequently can be 

consumed by concerted elimination reactions producing dialin (C10H10) or participate in unimolecular 

isomerization reactions producing hydroperoxy-tetralin (QOOH). The mechanism considers formation of 

two QOOH radicals via 6-member and 7-member transition states, producing alkyl- and benzylic-QOOH 

radicals, respectively. The rates for concerted eliminations from TETRARBO2 have been taken from You 

et al. [15]. The rate for isomerization from RO2 to QOOH is by analogy with cyclohexylperoxy from 

Fernandes et al. [16], and the activation energy has been increased by 2000 cal/mole to account for the 

difference between allylic and alkylic peroxy radicals. The activation energy has been increased to take 

into effect the lower stability of the benzylic RO2 radical, and also based on comparison of reaction rate 

of 1-5s  RO2=QOOH isomerizations of allylic [15] and alkylic [17] RO2 radicals. The alkylic QOOH 

radical TETBQ-S2J can further react with O2 producing peroxy-tetralin hydroperoxide (O2QOOH) 

radicals, or undergo unimolecular ring opening reactions. We did not consider the formation of oxetanes 

from TETBQ-S2J as Fernandes et al. [16] have found formation of oxetanes to be hindered during the 

oxidation of cyclohexane; instead the -scission reaction leading to ring opening is more important. In the 

case of TETBQ-S2J, the unimolecular ring opening reaction produces allyl-substituted benzaldehyde 

(CHOA1CC*C) and OH. The O2QOOH radical, TETBQ-S2O2, can be consumed by reactions producing 
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ketohydroperoxide (along with OH) or undergo concerted elimination reactions producing dialin-

hydoperoxide (C10H9OOH). The rates for these two reactions of TETBQ-S2O2 have been taken from 

analogies with cyclohexane oxidation [16]. For the other QOOH radical, TETBQ-B2J, which is resonantly 

stabilized, we have modelled the reactions with O2 and HO2 leading to the formation of dihydroperoxy-

tetralin and O2QOOH molecules (further details are given in Fig.S1 in Supplementary Material).  

 

Figure 1. Important pathways of TETRARB radicals modelled in the current mechanism. 

2.2 Oxidation of paraffinic tetralin radical (TETRARS) 

Major pathways of the paraffinic tetralin radical (TETRARS) are summarized in Fig. 2. The oxidation of 

TETRARS has been modelled using the current understanding of cyclohexyl radicals [16]. At low 

temperatures, TETRARS radicals are expected to be consumed predominantly by reactions with O2 

producing peroxy radicals (TETRARSO2). These peroxy radicals can be consumed by concerted 

elimination reactions producing dialin or can also be consumed by intermolecular isomerization reactions 

producing resonant stabilized QOOH radical, TETQS-B2J. It is to be noted that weaker benzylic H-atoms 

are central to both concerted elimination and QOOH isomerization reaction of TETRASO2, and so both 

reaction channels have been considered in the model. The rates for concerted elimination reaction 

producing dialin are taken from analogy with [16], and the rates for isomerization reactions producing 

TETQS-B2J have been taken from analogies with cyclohexane chemistry [16]. The isomerization 
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involving weaker benzylic H is expected to have a lower activation barrier, but the presence of aromatic 

ring is expected to lower the A-factor. We currently do not have a clear understanding of the effect of 

these two counteracting effects on the net rate, so we used the analogous rate form cyclohexyl peroxy 

isomersiation without any modifications. TETQS-B2J radicals have been modelled to be consumed by 

reactions with O2 and HO2 radicals, and the rates used are identical to those used to describe the chemistry 

of TETRARB radicals. 

In addition to the oxidation reactions, tetralin radicals can also undergo H-elimination or ring opening 

reactions producing dialin or di-substituted mono-aromatics. Dialin can subsequently dehydrogenate to 

naphthalene, while the di-substituted mono-aromatic can undergo ring-closure reactions producing 

methyl-indene or indene.     

 

Figure 2. Important pathways of TETRARS radicals modelled in the current mechanism.   

2.3 Uncertainties in tetralin chemistry and the need for blending data 

During the mechanism development, brute force sensitivity analyses showed the ignition delay predictions 

of tetralin to be very sensitive to some of the key competing pathways. A sensitivity coefficient (Si) for 

reaction “i” was computed as Si=ln(IDTki,perturbed/IDTunperturbed)/ln(2) where the rate of each reaction was 

perturbed by a factor of 2 one at a time. Based on this definition, reactions which exhibit negative 

coefficients increase the reactivity of the tetralin and vice versa. 
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As seen in Fig. 3a, ignition delays of tetralin at lower temperatures are very sensitive to the reactions 

TETRARBBO2=C10H10+HO2 and TETRARBO2=TETBQ-S2J (the structures of C10H10, TETBQ-S2J 

are shown in Fig. 1). Based on the sensitivity analyses, increasing the rate of concerted elimination 

reaction of TETRABO2 radicals by a factor of two increases ignition delays by about factor of 3.5 and 

1.1 at 700 K and 900 K, respectively. Similarly, the isomerization reaction TETRARBO2=TETBQ-S2J 

also exhibits a higher sensitivity coefficient at 700 K as compared to 900 K. This remarkable difference 

in the sensitivity coefficients at 700 K and 900 K suggests that the controlling chemistry changes 

significantly with temperature, and developing a robust model for the ignition of tetralin at engine-relevant 

conditions would need IDT data at very low temperatures (as low as 650 K). Unfortunately, ignition delay 

data and information on ignition characteristics of tetralin in the literature is limited to temperatures above 

770 K, and the ignition behavior of tetralin at lower temperatures is not clearly understood. This lack of 

data on tetralin at lower temperatures is due to a combination of its relatively low volatility and low 

reactivity which make it difficult to study ignition of pure tetralin in a RCM or shock tube. To address the 

lack of information on reactivity of tetralin at low temperatures (T < 750 K), ignition of tetralin and 3-

methylpentane (3-MP) blends were studied using a RCM. We chose to blend tetralin with 3-MP 

considering 3-MP’s higher reactivity, in addition to a tetralin/3-MP blend having been used for the MFG 

surrogate approach earlier [6]. The reactivity of the 75/25 tetralin/3-MP blend is very sensitive to the 

ignition propensity of tetralin, as indicated by the high sensitivity coefficients of tetralin related chemistry 

in Fig. 3b. Thus, ignition delay data of blends of tetralin with 3-MP are expected to provide rigorous 

information for the ignition chemistry of tetralin at lower temperatures. 
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Figure 3. Brute force ignition delay sensitivity coefficients at 20 bar and =1 (a) pure tetralin at 700 and 

900 K, (b) 75/25 tetralin/3-methylpentane volumetric blend at 700 K.  

 3. Experimental details  

IDTs of blends of tetralin and 3-methylpentane (3-MP) were measured in the twin-opposed piston RCM 

at KAUST. A twin piston configuration results in faster compression and improved mechanical balance. 

Pistons are driven pneumatically and are locked at the end of compression (EOC) by a hydraulic locking 

system. The combustion chamber bore diameter is 5.08 cm and the piston stroke is 16.9 cm. Most of the 

pressure increase (> 50%) occurs in the last 3 ms of the compression stroke. Dynamic pressure traces are 

recorded by a Kistler 6045A pressure transducer. Piston heads are manufactured with creviced volume to 

suppress vortex roll-up [18], and the core gas is assumed to be adiabatic [19]. The adiabatic core 

hypothesis allows calculation of the EOC temperature by isentropic compression.   

Tetralin and 3-methylpentane (3-MP) were blended volumetrically in liquid phase. Thereafter, the fuel 

blend was injected in a heated (~ 110 °C) mixing tank and the resulting vapor pressure was compared with 

the expected pressure by the ideal gas law. Oxygen and diluent (nitrogen or carbon dioxide) were then 

added in the ratio of 1:3.76 to prepare fuel/air mixture. A second mixing tank was used to prepare non-

reactive mixtures where oxygen was replaced with nitrogen. Homogeneity of the mixtures was ensured 

by mixing with magnetic stirrers for at least 2 hours. RCM reaction chamber, mixing vessels, all 

connecting lines and valves are equipped with electric heaters and covered with insulating material to 

preheat the fuel/oxidizer mixture uniformly to the desired initial temperature. For the experiments reported 

here, initial temperatures in the RCM ranged from 90 – 130 °C.  

IDT is defined as the time interval between EOC and the maximum of the pressure derivative with respect 

to time. A representative RCM IDT measurement is shown in Fig. S3 (Supplementary Material). 

Estimated uncertainty in RCM IDT measurements is ±15%. The estimated uncertainty in reactant mole 

fractions is ± 5% and in EOC temperature (TEOC) is ±1%. RCM experiments are modelled with heat loss 

simulations, where pressure traces from non-reactive experiments (replacing O2 with N2 in the reactive 
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mixture) are converted to volume profiles which are then used in adiabatic expansion simulations [20]. 

Experimental conditions and fuel blends are listed in Table 1. 

Table 1. Fuel blends and experimental conditions for RCM ignition delay measurements. 

Fuel Blend (by volume) 

 

 Pressure  

(bar) 

TEOC(K) 

Tetralin 50%, 3-MP 50% 1 (in air) 20  665 – 742 

Tetralin 75%, 3-MP 25% 1 (in air) 20 680 – 856 

 

4. Model validation against pure tetralin and blend experiments 

Chemkin-Pro [21] was used to simulate IDTs of pure tetralin and tetralin/3-MP blends. Shock tube IDTs 

were simulated with constant volume reactor approach whereas RCM IDTs were simulated with variable 

volumes. Non-reactive volume profiles and experimental conditions are given in the Supplementary 

Material (Table S1 and Table S2).   

Figure 4 compares simulated and experimental IDTs of tetralin/air at 15, 35 and 50 bar for equivalence 

ratios of 0.5 and 1. Shock tube data are from Wang et al. [9] (scaled to 15 and 35 bar) and RCM data are 

from Kukkadapu et al. [10]. At both equivalence ratios, tetralin’s reactivity increases as temperature and 

pressure increase, showing nearly Arrhenius-like behavior without any negative temperature coefficient 

(NTC) activity. In general, the newly developed tetralin oxidation model performs very well predicting 

the autoignition trend of the tetralin/air mixtures. The model exhibits slightly faster reactivity near 750 K 

for 35 and 50 bar data. However, the current model’s prediction is much closer to the experimental data 

than the previous model of Dagaut et al. [8]. For the RCM data in Fig. 4, the new model was simulated 

with heat loss. Dagaut et al. [8] model, however, did not ignite with heat loss and, therefore, constant-

volume simulations are shown instead. Furthermore, the new model showed significantly improved 

prediction of IDTs for diluted tetralin mixtures (see Fig. S4 in Supplementary Material).  
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Figure 4. Comparison of tetralin/air IDTs with model predictions. Solid lines: new model, dashed lines 

are constant volume simulations with Dagaut et al. [8] model. ST data are from [9] and RCM data are 

from [10]. 

 

Figure 5 shows IDTs of the two blends of tetralin and 3-methylpentane at 20 bar and  = 1. These are the 

first reported experiments of a blend of tetralin with an alkane, and these data extend tetralin IDT 

measurements to lower temperatures than reported previously. As expected, blending of tetralin with a 

reactive molecule, such as 3-methylpentane (3-MP), results in decreased IDTs compared to pure tetralin. 

Addition of only 25% 3-MP imparts NTC behavior to tetralin and the 50/50 tetralin/3-MP blend is even 

more reactive (3-MP sub-model IDT validation is given in Fig. S5). Higher temperature data are not 

reported for the 50/50 blend as pronounced preignition heat release was observed. The new model captures 

the reactivity of the two blends and NTC region very well, demonstrating that the low-temperature 

chemistry of tetralin is satisfactorily represented in the model.       
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Figure 5. Comparison of RCM IDTs of tetralin/3–MP blends (by volume) with the prediction of the new 

model. Symbols are experimental data and lines are heat loss simulations. 

 

The new model is compared against the JSR experiments and modelling of Dagaut et al. [8] in Fig. 6. 

Simulations are carried out using the perfectly stirred reactor module in Chemkin-Pro [21]. Figure 6 plots 

fuel consumption and production of CO2, CO, C2H4, dialin, and naphthalene for stoichiometric conditions 

at 1 and 10 atm (model predictions of other species and  = 0.5, 1.5 are given in Fig. S5 of Supplementary 

Material). Overall, the new model provides improved prediction at high pressure (10 atm) compared to 

the Dagaut et al. [8] model. Additionally, the new model captures the profiles of important intermediate 

species such as naphthalene and dialin at high pressure and fuel-rich conditions (Fig. S6).  At low pressure, 

the new model, however, shows differences in the conversion of fuel and in the production of dialin and 

ethylene. In comparison, the Dagaut et al. [8] model fares better at low pressures. From flux analysis, the 

fuel conversion and reactivity of the system are driven by unimolecular H-elimination reactions of tetralin 

radicals which produce H radicals and dialin. H radicals at these low pressures facilitate chain branching 

via H + O2 = OH + O. The rates of H-elimination reactions of tetralin leading to the formation of dialin, 

used in the current model, are taken in analogy with cyclohexenyl computed by Wang et al. [22]. Dialin 

subsequently can participate in a variety of reactions such as H-abstraction, H2 elimination and addition 

reactions with H radicals. H-abstraction and H2 elimination reactions of dialin lead to the production of 

naphthalene, while H-addition reactions lead to ring opening which results in the production of ethylene 

and o-styrene radical. This H-assisted ring opening reaction of dialin is the main source of ethylene at 

high temperatures and it has been modeled using cyclohexadiene analogy computed by Wang et al. [22]. 

Measured ethylene and dialin concentrations could not be captured well in the current model by locally 

optimizing rate constants within the uncertainty limits associated with the calculations of Wang et al. [22]. 

As a result, further ab-initio studies focusing on the chemistry of dialin and unimolecular ring opening 

reactions of tetralin radicals might be needed to improve the performance of the mechanism. 
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Figure 6. Comparison of the new tetralin model with Dagaut et al. [8] model in predicting species during 

the JSR oxidation of 1000 pm of tetralin at 1 and 10 atm,  = 1. Symbols are experimental data from [8] 

and curves are simulations.  

 

5. Chemical kinetic analyses  

In this section, we present flux analysis to identify the important reaction pathways of tetralin, as predicted 

by the model. The flux analysis was conducted at 20% tetralin conversion during the oxidation of 75/25 

TET/3-MP blend in air and stochiometric mixture (=1) at 20 bar and 775 K. The reaction paths of tetralin 

are shown in Fig. 7 and the pathways of 3-MP are shown in the Supplementary Material (Fig. S7). 
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Figure 7. Reaction flux analysis for 75/25 tetralin/3-MP blend at =1, 20 bar, 775 K and 20% fuel 

consumed in a constant volume reactor. Only the tetralin relevant pathways are shown here.   

  

Owing to the weaker benzylic bonds, abstractions from tetralin predominantly produce TETRARB 

radicals (about 73%), and the flux through the formation of TETRARS radicals is only about 27%. Almost 

all TETRARS radicals at these temperatures are consumed by reactions with O2 producing TETRARSO2 

peroxy radical. For TETRARSO2 radicals, ~59% are consumed by concerted eliminations producing 

dialin and the remaining 41% is consumed by intramolecular isomerizations producing the hydroperoxy-

tetralin radical, TETSQ-B2J. Almost two-thirds of TETSQ-B2J is consumed by ring opening reactions 

producing acetyl-styrene (C*CA1CH2CHO) and OH, and the rest is consumed by reactions with HO2 

radicals. The reactions of TETSQ-B2J with HO2 radicals aid in faster conversion of HO2 to OH and 

produce alkoxy-tetralin hydroperoxide, TETSQ-B2OJ. TETSQ-B2OJ can ring open and subsequently 

produce another OH radical. It is to be noted that the isomerization of TETRARSO2 to TETSQ-B2J leads 

to the production of OH radical while the concerted elimination reaction of TETRARSO2 produces HO2 

along with dialin. The difference in the reactivity of OH and HO2 explains the reason for the high 

sensitivity coefficient for the concerted elimination reaction of TETRARSO2 in Figure 3.  

 The chemistry of TETRARB is more complex and it is consumed nearly equally by reactions with 

HO2 and O2. The reactions of TETRARB radicals with HO2, as stated in Section 2.1, have been modelled 
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using allyl +HO2 rates recommend by Goldsmith et al. [13]. The important reaction channels of 

TETRARB with HO2 are recombination reactions producing stabilized tetralin-hydroperoxide (TET-

BOOH) adduct or chemically activated pathway producing tetralin-alkoxy radical (TETROXYB) along 

with OH.  At low temperatures and high pressures, the formation of stabilized adduct is the major pathway. 

The hydroperoxide adduct subsequently decomposes to TETROXYB and OH. Therefore, the reactions of 

TETRARB radicals with HO2 eventually produce TETROXYB and OH, thus facilitating faster conversion 

of HO2 to OH. TETROXYB subsequently ring opens to produce n-propyl-benzaldehyde radical 

(CHOA1CCCJ), which predominantly undergoes -scission reactions to produce ethylene and o-

tolualdehyde radical (CHOC6H4CH2). Other important consumption pathway of TETRARB is addition 

with O2 molecules producing peroxy radicals. The peroxy radical TETRARBO2 is predominantly 

consumed by concerted elimination reaction producing dialin and HO2. Only 22% of the TETRARBO2 

undergoes unimolecular isomerization producing hyrdroperoxy-tetralin radical (TETBQ-S2J), which is 

consumed by ring opening reactions and addition reactions with O2 molecules, with the flux through the 

latter pathway being slightly higher than one-third of the total flux. The addition of O2 to TETBQ-S2J 

produces O2QOOH radical (TETBQ-S2O2), which can undergo a second isomerization reaction 

producing a keto-hydroperoxide (KHP) species (TETKETB-S2) and OH radical or undergo concerted 

elimination producing dialin-hydroperoxide (C10H9OOH) and HO2. The formation of KHP from 

TETRARBO2 related chemistry facilitates chain branching and it is the reason for the high sensitivity 

coefficients for TETRARBO2 chemistry in Figure 3. The formation of KHP from peroxy chemistry of 

resonantly stabilized radical might seem surprising but aromatics like o-xylene [23] and ethyl-toluene [23] 

are known to exhibit two-stage chemistry at sufficiently low temperatures. This interesting behavior of 

tetralin, o-xylene, and ethyl-toluene highlight the importance of the structure of the molecule and the 

presence of sites conducive for low temperature chain branching pathways. Ab-initio studies targeting 

oxidation of the aromatic fuels would aid significantly in modeling their ignition chemistry. With regards 

to tetralin, theoretical studies on low temperature chemistry of cyclohexene would significantly improve 



 17 

understanding of tetralin’s analogous oxidation chemistry and aid development of robust mechanisms for 

naphtheno-aromatics. 

6. Conclusions 

Considering the importance of naphtheno-aromatic compounds in real fuels, a new chemical kinetic model 

has been developed to describe the low-temperature chemistry of tetralin. It is shown that the tetralin 

oxidation is driven by two radicals, a resonantly stabilized benzylic radical and a paraffinic radical. Due 

to the weaker benzylic bonds, almost 2/3rd of the reaction flux proceeds through the benzylic radical at 

low temperatures. Rate rules for the important reactions of these radicals are adopted based on analogy to 

alkyl-aromatics and naphthenes. Due to the low reactivity of tetralin, previous experimental data were 

restricted to temperatures higher than ~760 K. In this work, RCM ignition experiments were carried out 

by blending tetralin with 3-methylpentane to extend the temperature range to as low as 665 K. The new 

model was tested against high-temperature shock tube and low-temperature RCM ignition experiments as 

well as JSR speciation data, and the model provided much improved performance compared to a previous 

literature model. The new tetralin model will be incorporated into the surrogate models of gasoline, jet 

fuel and diesel to better describe the chemistry of naphtheno-aromatic components.  
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