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Abstract 

A model for calculating the Flash Point (FP) of binary mixtures was developed and 

applied to ethanol/n-octane mixtures. The non-ideality of the mixture was taken 

into account. This non-ideality leads to values of FP lower than those of the pure 

components. 

The effect of pressure on the FP was also quantified. It has been found that, at 

pressure lower than 1 atm, the FP significantly decreases. This suggests that, when 

dealing with industrial processes operated under such pressure conditions, the FP 

present on the material safety data sheet is not conservative, being measured at 

1 atm. 

 

Introduction 

For the design of prevention and mitigation measures in the process industries 

involving flammable substances, reliable safety data are required. One of the most 

relevant safety parameters for liquids is the Flash Point (FP) [1]. 

In the literature, FP data of pure substances are largely available, whereas FP data 

of mixtures are rather scarce as they are dependent on composition. 

The FP of ideal mixtures may be calculated starting from the definition of FP and 

then using Raoult’s law. When the mixture deviates from the ideal behavior, the 

effect of non-ideality has to be taken into account in order to correctly predict the 

FP [2]. 

It is also worth noting that in the material safety data sheets, the FP of pure 

substances is measured at atmospheric pressure. However, in several processes, the 

operating pressure is different from 1 atm. 

In conclusion, there is a substantial lack of FP data for (non-ideal) mixtures and 

under non-atmospheric pressure conditions. 

In this work, a model was developed for predicting the FP of non-ideal mixtures 

and quantifying the effect of pressure on this safety parameter. Calculations were 

performed for ethanol/n-octane mixtures. 

 

Methods 
Calculations of the FP of ethanol/n-octane mixtures were performed by means of a 

model based on Le Chatelier’s rule for the Lower Flammability Limit (LFL): 
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In Eq. (1), i, xi, Pi° and LFLi are the activity coefficient, the liquid molar fraction, 

the vapor pressure, and the flammability limit, respectively, of the pure component 

i, and P is the total pressure. i takes into account the intermolecular forces that 

give rise to a non-ideal behavior during the evaporation process. The values of the 

activity coefficients were calculated according to the nonrandom two-liquid 

(NRTL) equation [3]. The variation of Pi° with temperature (T) was estimated by 

using the Antoine equation. 

 

Results and Discussion 

In Figure 1, the results of FP calculations for ethanol/n-octane mixtures are plotted 

versus the ethanol molar fraction. The values of FP obtained as linear combination 

of the values of FP of the pure components are also shown. Finally, the horizontal 

line represents the lowest value of FP between those of the pure components 

(FPmin). 

 

 
Figure 1. Ethanol/n-octane: Computed values of Flash Point (FP) as a function of 

ethanol molar fraction (total pressure, P, equal to 1 atm). 

 

The model predicts values of FP lower than FPmin over almost the whole range of 

mixture compositions. This synergistic behavior has to be attributed to the 

intermolecular forces that increase the volatility of the mixture with respect to that 
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of the pure components. 

From a safety point of view, these findings highlight that, for non-ideal mixtures 

such as ethanol/n-octane mixtures, measurements/calculations of the FP at different 

liquid compositions are absolutely necessary, given that the lowest value of FP 

between those of the pure substances cannot be considered as the most 

conservative value. 

The effect of pressure on the FP of ethanol/n-octane mixtures was also quantified. 

In Figure 2, the calculated values of FP are plotted versus the ethanol molar 

fraction as obtained at (total) pressure varying from 0.4 bar up to 10 bar. 

 

 
Figure 2. Ethanol/n-octane: Computed values of Flash Point (FP) as a function of 

ethanol molar fraction at different (total) pressures. 

 

The FP significantly decreases with decreasing pressure from 10 atm to 0.4 atm. In 

particular, in going from 1 atm to 0.4 atm, it decreases of about 10 °C. This means 

that, when dealing with industrial processes operated at pressure lower than 1 atm, 

the FP present on the material safety data sheet is not conservative, being measured 

at 1 atm. 

 

Conclusions 

A model for calculating the Flash Point (FP) of binary mixtures was developed and 

applied to ethanol/n-octane mixtures. The non-ideality of the mixture was taken 

into account. 

Results have shown that the values of FP are lower than the lowest value of FP 

between those of the pure liquids over almost the whole range of mixture 

compositions. This synergistic behavior has been attributed to the intermolecular 
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forces that increase the volatility of the mixture with respect to that of the pure 

components. 

The effect of pressure on the FP of ethanol/n-octane mixtures was also quantified. 

It has been found that, in going from 1 atm to 0.4 atm, the FP decreases of about 

10 °C. This means that, when dealing with industrial processes operated at pressure 

lower than 1 atm, the FP present on the material safety data sheet is not 

conservative, being measured at 1 atm. 
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