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Abstract 

The boiling point is the main indicator of the concentration of tomato paste, which characterizes the state of 

equilibrium of systems at certain pressures in the apparatus; at constant pressure, the boiling point of the solution 

depends on its concentration. 

The boiling point of solutions can be determined according to Raoult's law. The boiling point of plant solutions and 

the vapor pressure of the solvent above it deviate from the regularities inherent in ideal solutions. Therefore, various 

empirical formulas have to be used for calculations. If the boiling point of the pure solvent tp is known, then the 

boiling point of the product can be expressed as: 

 

1. Study of the boiling point of tomato solutions 

The boiling point is the main indicator of the concentration of tomato paste, which characterizes the state of 

equilibrium of systems at certain pressures in the apparatus; at constant pressure, the boiling point of the solution 

depends on its concentration. 

The boiling point of solutions can be determined according to Raoult's law. The boiling point of plant 

solutions and the vapor pressure of the solvent above it deviate from the regularities inherent in ideal solutions. 

Therefore, various empirical formulas have to be used for calculations. If the boiling point of the pure solvent tp is 

known, then the boiling point of the product can be expressed as: 

ttt pk +=
 

where: t - temperature depression. 

The boiling point of a product is an important value in the design and calculation of evaporators and depends on the 

chemical nature of the product and the solvent; it increases with increasing concentration and external pressure on 

the liquid. 

If the boiling point of a solution of a given concentration is known at only one pressure, then the boiling point of this 

solution is determined at any given pressure in the apparatus. The calculation is made according to the Babo rule: 
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 where: Рр1, Рр2 - saturated vapor pressure of the solution at different temperatures; 

Р1, Р2 - saturated vapor pressure of a pure solvent at the same temperatures. 

Babo's law is applied for low concentrations of tomato paste, and for concentrated tomato paste, the amendments 

established by V.N. Stabnikov are applied. 

The boiling point of a solution at various pressures can be determined by the linearity rule of chemical and technical 

functions: the ratio of the difference between the boiling points of a liquid 
( )жж tt −

 at two arbitrary pressures to 

the difference between the boiling points of another liquid 
( )вв tt −

 at the same pressures there is a constant 

value. Water is the second liquid for which boiling points at various pressures are known. 

2. Description of the experimental setup 

A schematic of the experimental setup for determining the boiling point is shown in Fig. 1. The 

installation consists of a heating device 1 and a glass flask 2. A glass flask with different concentrations of tomato 

paste (paste) is installed on the heating device. The product of various concentrations begins to boil, and this 

happens when the temperature at all points reaches the same temperature. 
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When intensive vaporization occurs when the product is heated not only from the surface, but throughout 

the entire volume, then boiling begins. The boiling point was measured with a multimeter (AM-520-EUR). To 

obtain various concentrations of tomato mass, tomato paste was dissolved with distilled water and the concentration 

was determined using a material balance. 

The experimental setup works as follows: the flask is filled with a tomato mass of a certain concentration 

and heated to the boiling point. 

 
Fig. 1. Diagram of an experimental setup for determining the boiling point 

1- Heating device; 2- Glass flask; 3- Tripod 

 

Vaporization is divided into 2 types: evaporation and boiling. Boiling is intense vaporization that 

occurs when a liquid is heated not only from the surface, but throughout the entire volume. 

In solutions with a lower concentration, air (gas) molecules are dissolved. When heated, this dissolved 

gas is released in the form of air bubbles at the bottom and walls of the vessel. 

As the temperature of the liquid rises, water evaporates inside these bubbles, and they increase in size. 

Having reached a certain size, the bubbles detach from the surface. 

If the water is not heated enough, then the vapor bubbles in the cold layers collapse. And if the 

temperature is sufficient, then they reach the surface of air or liquid and burst, releasing steam. At a certain 

temperature, tomato mass of various concentrations boils. 

 
Figure: 2 Diagram of the stages of liquid boiling 

 

3. Technique for conducting experiments 

Experiments to determine the boiling point of tomato mass at atmospheric pressure were carried out in an 

installation, the diagram of which is shown in Fig. 1. The boiling point of the tomato mass was determined at 

various concentrations. 

The experiments were carried out in the following sequence: the appropriate concentration of tomato 

mass 1/2 of the height is poured into the flask. Then, using a heating device, it is heated to the boiling point. When 

uniform boiling of the tomato mass is reached, the boiling point is measured with a multimeter (AM-520-EUR). 
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Maintaining the level of tomato mass in the vessel, the experiment was carried out for 0.5-1 hours. The 

boiling point was measured with a multimeter, the pressure is measured by the formula. The experiments were 

repeated in the order described above for different concentrations of licorice root extract 5, 10, 15, 20, 25% DM. 

Each experiment was carried out in triplicate at a steady state. 

4. Results of the experiment 

The experiments were carried out at various concentrations of tomato paste in the range from 5-25% DM. Table 4 

shows the experimental data obtained on the experimental setup. The experiments were carried out in a steady state 

in triplicate. Based on the experimental data, the dependence of the boiling point of tomato paste of various 

concentrations at atmospheric pressure was plotted (Fig. 2.15). Analysis of the curves shows that when the tomato 

paste is heated, its density decreases, but increases with an increase in the concentration of dry substances. The 

higher the concentration of tomato paste, the higher the boiling point at atmospheric pressure. 

To obtain an empirical equation of the form, the experiment was planned with a concentration range 

from 5% to 25% DM at atmospheric pressure. 

( )Pftk ,DM=  

where: tk is the boiling point of the tomato paste, ° С; 

DM - concentration of tomato paste,%; 

P is atmospheric pressure, Pa; 

Based on the processing of experimental data by the least squares method, an equation of the form was 

obtained: 

PCBbPbCBbbTk +++= 4210  
The compiled program provides the possibility of calculating the correlation coefficient S. The resulting 

regression equation for determining the boiling point of tomato mass is: 
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Equation / 5 / can be used in thermal calculations of the evaporation process. 

 

Table 1 

Experimental values of the boiling point of various concentrations of tomato mass at atmospheric 

pressure 

 

 

Atmosphere 

pressure 

mmHg. 

 

DM concentration,% 

 

5 10 15 

760 98,10 98,80 99,50 

760 98,00 98,00 98,10 

760 93,00 93,50 93,80 
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Fig. 2. Boiling points of various concentrations of tomato mass at atmospheric pressure 
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