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Abstract— As the petroleum fuels are used at a rapid rate there 

is a need for alternative fuel to meet the rising demands.  

Biodiesel is a promising alternative for petro-diesel. Biodiesel is 

basically a mixture of fatty acid alkyl esters (FAAE) obtained by 

the trans-esterification of vegetable oils/animal fats using an 

alcohol, such as methanol or ethanol, in the presence of a 

catalyst. Vapor pressure of biodiesel fuel is an important 

property and experimental determination of vapor pressure is 

cumbersome and time consuming. Therefore vapor pressure 

needs to be estimated. There is good volume of work done for the 

vapor pressure of Fatty acid methyl ester (FAME), but less work 

is done for fatty acid ethyl ester (FAEE). Therefore in this work 

vapor pressure of 11 FAEE’s was estimated by two methods, 

method of Othmer and Yu and method of Yuan. Both the 

methods gave good estimation of vapor pressure, but the method 

of Othmer and Yu is simple to apply in comparison to method of 

Yuan and it can be used even for lesser number of data points. 

Therefore as a part of this study we propose the method of 

Othmer and Yu for the estimation of vapor pressure of FAEE. 
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I. INTRODUCTION 

s the petroleum fuels are used at a rapid rate there is a 

need for alternative fuel to meet the rising demands.  

Biodiesel is a promising alternative for petro-diesel. Biodiesel 

is basically a mixture of fatty acid alkyl esters (FAAE) 

obtained by the trans-esterification of vegetable oils/animal 

fats using an alcohol like methanol in the presence of catalyst. 

Jatropha, soybean, rapeseed, sunflower are the most common 

feedstock used for production of biodiesel. Biodiesel is 

biodegradable, non-toxic and gives lower emissions. It mixes 

with petro-diesel in any composition and hence suitable for 

diesel engine [1],[2]. Vapor pressure is an important property 

of biodiesel fuel. Low vapor pressure can lead to problems 

like poor atomization and poor combustion. As biodiesel fuel 

have low vapor pressure such problems would be there. 

Therefore vapor pressure of biodiesel becomes an important 

property. [2]. The experimental determination of vapor 

pressure of biodiesel is difficult as biodiesel decompose 

before reaching their critical temperature and therefore the 

estimation of vapor pressure becomes important [3]. Many 

researchers have estimated vapor pressure of FAAE by 

various methods. The work is summarized below in Table 1. 

 

Table 1 Literature review on vapor pressure estimation 

Researcher 
Biodiesel 

(no of FAAE’s) 

Estimation methods 

 
Ref. 

Yuan et al. FAME (14) 

Antoine equation and 

group contribution 

methods 

[4] 

Samuel et al. 
FAME 

(3) 

Yuan, Ceriani and CPA 

EOS. 
[2] 

Yang et al. 
FAME 

(5) 

Lee-Kessler, Ambrose 

Walton, data compilation 

method 

[5] 

Anand et al. 
FAME 

 
Lee-Kessler, Tu, and 

Pitzer 
[3] 

Saxena et al. 

(our work) 

FAME (9) and 

FAEE (4) 

Othmer and Yu, Yuan 

and many others 
[6] 

 

Much of the reported work is on the estimation of vapor 

pressure of fatty acid methyl esters. Our previous work [6] 

was based on the estimation of vapor pressure of 4 ethyl 

esters (FAEE), but in this study we have estimated the vapor 

pressure of 11 FAEE by two methods which have been 

found good for the estimation of vapor pressure of FAEE. 

One method is method of Othmer and Yu which was 

proposed in our earlier work [6] and the second one is 

method used by Yuan et al. [4]. Therefore in this work we 

have compared these two methods to estimate vapor pressure 

of FAEE.  

II.  METHODS FOR ESTIMATION OF VAPOR PRESSURE 

A. Method of Yuan  

Yuan estimated the vapor pressure using Antoine 

equation. 

This equation has been widely used in the oil industry, 

because of its simplicity and accuracy. This is given by 

)/(ln TCBAPsat 
     ……(1)                                                                                      

Where 
satP  is vapor pressure (Pa) at temperature T(K), 

other parameters are correlation coefficients, and Yuan 

estimated the value of these parameter for various types of 

FAAE’s. 

A 
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B. Method of Othmer and Yu 

Following equations can be used to estimate the vapor 

pressure of FAAE. 

                
         ..….(2)                  

Where      is the vapor pressure (Pa) at a given temperature 

T (K), and   
    is the vapor pressure of water.  

Vapor pressure of water at a given temperature is calculated 

by equation given below                                                                                                                                                 

     
          ((          )  )             

             …….(3)                   

In this method, vapor pressure of water, compound specific 

constants am  and C  are required to estimate the vapor 

pressure. Compound specific constants, C and am  can be 

obtained by regressing the experimental values of vapor 

pressure of FAAE’s. They can also be estimated by Eqn. 4 

and 5, using the values of vapor pressure at two different 
temperatures. 

   
     

         
   

      
          

    ………….(4)  

           

       
            

       ……(5)   

III. ESTIMATION OF VAPOR PRESSURE 

For this study 11 FAEE’s, which are the main constituents of 

real world biodiesel were selected. Total 264 vapor pressure 

data points for 11 FAEE’s in the temperature range of 273 K-

567 K were obtained from literature. Vapor pressure was 

estimated by method of Othmer and Yu and method of Yuan. 

These two methods were compared based on the deviation 

between the reported value of vapor pressure and the one 

estimated in this study.  

IV. RESULTS AND DISCUSSION 

Fig 1 shows experimental and estimated values of vapor 

pressure for C6 FAEE. From this figure it can be inferred 

that there is very small difference between the experimental 

values and estimated values.    

 

 Fig 1 Experimental and estimated values of vapor pressure for C6 FAEE. 

 % Absolute relative deviation (%ARD) was calculated for 

all FAEE’s by using the equation given below. 

 

% ARD = 
nP

PPn

i

est 100

1 exp

exp






     

 Where 
expP is the experimental or reported value of vapor 

pressure, estP  is the estimated value of vapor pressure by 

method of Othmer and Yu and method of Yuan and ‘n’ is the 

number of data points for vapor pressure of FAEE. % ARD 

for 11 FAEE’s are summarized in Table 1.  % Overall 

average relative deviation (% OARD) was also calculated by 

dividing the summation of % ARD of all FAEE’s by the 

number of FAEE (in this case 11). 

 

Table 1 % ARD for the estimation of vapor pressure  

 
FAEE No. of 

data 

points 

Temperature 

range (K) 

%ARD 

      

Othmer 

and Yu Yuan 

C4:0 119 323-567 0.84 1.07 

C6:0 19 283-463 2.36 3.78 

C8:0 11 273-481 6.51 2.92 

C10:0 15 293-515 6.05 6.1 

C12:0 18 313-549 2.76 2.08 

C14:0 20 333-582 5.66 3.75 

C16:0 13 427-516 5.14 4.39 

C18:0 27 340-534 6.47 6.42 

C18:1 9 486-537 8.88 8.39 

C18:2 8 486-538 9.4 8.82 

C18:3 5 457-492 3.88 3.39 

% OARD 5.27 4.65 

 

Table 1 shows the % ARD and % OARD for 11 FAEE’s by   

two methods. Table 2 shows the maximum and minimum % 

ARD for each FAEE. From Table 1 it can be inferred that 

the difference between % OARD of two methods is very 

less. Table 2 shows that Othmer and Yu gives lesser 

maximum % ARD for most of the FAEE’s in comparison to 

method of Yuan. Even the maximum % ARD of Yuan are 

quite less. Therefore either of the method can be used for the 

estimation of vapor pressure of FAEE’s. 

 

Table 2 Maximum and Minimum % ARD for FAEE 

FAEE Max %ARD Min  %ARD 

 
Othmer 

and Yu 
Yuan 

Othmer 

and Yu 
Yuan 

C4:0 0.0191 0.2418 0.0001 0.0000 

C6:0 0.0570 0.1604 0.0008 0.0000 

C8:0 0.1796 0.1315 0.0193 0.0000 

C10:0 0.1218 0.3909 0.0115 0.0000 

C12:0 0.0926 0.3468 0.0002 0.0000 
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C14:0 0.2961 0.1034 0.0020 0.0000 

C16:0 0.1004 0.1377 0.0120 0.0000 

C18:0 0.2817 0.2745 0.0012 0.0000 

C18:1 0.1527 0.1614 0.0208 0.0000 

C18:2 0.1507 0.1442 0.0089 0.0000 

C18:3 0.0563 0.1087 0.0078 0.0000 

 

However the method of Othmer and Yu is relatively simple 

to apply. This method requires the input of parameters ‘m’ 

and ‘C’, which can be easily estimated using only two vapor 

pressure data points. But method of Yuan requires the input 

of three parameter A, B and C, which needs to be regressed 

from the experimental vapor pressure data points. Large 

number of data points in a wider range of temperature will 

give more accurate values of these parameters. Hence the 

estimation of these parameters can be considered as 

limitation of Yuan method. Therefore method of Othmer and 

Yu is being proposed for the estimation of vapor pressure of 

FAEE’s. 

V. CONCLUSIONS 

      In this study vapor pressure of 11 Fatty acid ethyl esters 

(FAEE’s) has been estimated by two methods. One is method 

of Yuan and other is method of Othmer and Yu. Both the 

methods gave good estimation of vapor pressure. % ARD for 

Yuan was 4.65 and for Othmer and Yu it was 5.27. The best 

part of method of Othmer and Yu is it requires lesser number 

of data points (can estimate even with 2 vapor pressure data 

points) in comparison to Yuan, which requires more number 

of data points. Moreover Othmer and Yu is simple to apply, 

hence in this study we propose Othmer and Yu for the 

estimation of vapor pressure of FAEE. 
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