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Abstract – Fossil fuels as the primary energy resources 

around the world cause significant negative effect on 

atmosphere. Recently, biodiesel, which primarily produced 

from renewable resources, has received great attention 

because of its environmental benefits. Higher chain of 

alcohols, such as butanol, may be used as solvent to 

produce biodiesel with glycerol as byproduct. In order to 

enhance the quality of glycerol as biodiesel side product 

which meets food and pharmaceutical standards, vapor-

liquid equilibria (VLE) data for ternary systems consisting 

of 1-butanol, 2-methyl-1-propanol, glycerol and water are 

required to design and optimize the separation process of 

glycerol. In this work, the prediction of ternary VLE for (1-

butanol / 2-methyl-1-propanol + glycerol + water) using 

UNIFAC model were determined at various temperatures 

and compositions and compared with the experimental 

data giving Average Absolute Deviations (AAD) less than 

5.7%. The results indicated that UNIFAC was a reliable 

model for phase equilibria predictions in the mixtures 

containing of glycerol.  
 

Index Terms – Vapor-liquid equilibria, 1-butanol, 2-

methyl-1-propanol, glycerol, water. 

INTRODUCTION1 

Biodiesel, which produced from vegetable oil, is 

considered to be a possible fuel for the future. It has 

received a great attention recently because of its 

environmental benefits, such as biodegradable, non-

toxic, renewable and has reduced emission of CO, 

SO2, particulate matter [1].  

Biodiesel fuel is mainly derived from 

transesterification process by alcohols and produced 

glycerol as a side product. Glycerol has several 

different potential uses in medical, pharmaceutical 

(drugs) and personal care preparations (cosmetics and 

toothpastes), tobacco and food processing (as a food 

additive, solvent, sweetener or a component of food 

packaging materials) and as a raw material in different 

chemical industries [2, 3]. 

Thus, distillation is an important process in related 

industries in order to separate glycerol which meets 

the food and pharmaceutical grade standards. Many 

data consisting of glycerol for binary and ternary VLE 

systems have been published, but there are just a few 

reports in the literature regarding to VLE data of 

related systems. For example, VLE data consisting of 
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short-chain alcohols have been mostly reported in the 

literature. 

VLE data were predicted by UNIQUAC Functional-

group Activity Coefficients (UNIFAC) model [4] The 

calculated results were compared with the 

experimental data to observe the performance of 

UNIFAC model in predicting VLE for the systems 

consisting of glycerol as a side product in the biodiesel 

production. 

MATERIAL AND METHOD 

The materials used in this study, 1-butanol, 2-

methyl-1-propanol, and glycerol, were supplied by 

Merck with minimum mass fraction purity of 0.995, 

0.990, and 0.995, respectively. Table 1 shows the 

sources and the pure component properties used in the 

measurements. In this study, the vapor pressures were 

measured using a simple quasi-static ebulliometer as 

proposed previously in our previous work [5, 6]. 

RESULT AND DISCUSSION 

The Rk and Qk parameters of the UNIFAC groups 

for each component and interaction parameters 

between the existing UNIFAC main groups used in 

this study are taken from [7]. In this study, the VLE 

data (P-T-xi) for ternary systems of 1-butanol + 

glycerol + water at the temperatures of (303.15 to 

343.15) K and 2-methyl-1-propanol + glycerol + water 

at the temperatures of (303.15 K to 333.15) K, 

respectively, have been measured. Before measured 

the VLE data, it is necessary to understand the region 

of total miscibility of such compounds to avoid the 

formation of two-layer phase. For this purpose, the 

concentrations of alcohols-water in binary liquid 

solutions reported by Fischer and Gmehling  [8] were 

used as the basis to introduce the liquid mixtures of 

ternary systems. 

Table 1 summarizes the comparison results between 

the experimental data with the prediction values of 

UNIFAC method. Considering the simplicity of the 

model, it is demonstrated that UNIFAC can describe 

very well the VLE consisting of alcohols, glycerol, 

and water mixtures as the average absolute deviation 

(AAD) in the vapor pressure less than 5.7%. The 

development of reliable predictive models would be 

useful for design, simulation and optimization of 

various separation processes in biodiesel or related 

compounds industries. 

Both the experimental data and prediction values 

indicated that the vapor pressures increase with the 
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increasing of alcohols alkyl chain length and 

temperatures. 
Table 1. Absolute Average Deviation (AAD) in Vapor Pressures 

Resulting from the Prediction of VLE Using UNIFAC Method 

System T (K) na AADa 

1-butanol + glycerol 
+ water 

(303.15 to 343.15) 90 4.3% 

2-methyl-1-propanol 

+ glycerol +water 

(303.15 to 333.15) 98 5.7% 

a

  %100./)/1(
1 expexp i

n

i cal PPPnAAD  
 , where n is the number 

of data points. 

 

As illustration for several compositions, Figure 1 

presents the comparison of VLE experimental data and 

UNIFAC predictions for the ternary systems of 1-

butanol + glycerol + water and 2-methyl-1-propanol + 

glycerol + water, respectively. As presented, the 

UNIFAC predictions model is agree fairly well with 

the experimental data.  

 
Figure 1. VLE Phase (P-T) Diagram for Ternary Systems:(a) 1-

Butanol(1)+Glycerol(2)+Water(3); and(b) 2-Methyl-1-Propanol 

(1)+Glycerol(2)+Water (3) 

CONCLUSION 

The results indicated that the UNIFAC model was 

able to predict the VLE for the mixtures containing of 

glycerol with high accuracy to that obtained from 

experimental data. In the near future, group interaction 

parameters for UNIFAC structural groups in glycerol 

can be used to further extend the range of applicability 

of the UNIFAC model. 
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