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Abstract 
The objective of this paper is to relate our research group experience. The study is based on two 
applications: a web application (APP) (software designed to run inside a web browser) and a java 
archive application (JAR). These two APPs were introduced into the study programme of a group of 
third and fourth year students taking a Bachelor's degree in Chemical Engineering at Girona University 
(UdG). 

New methods are currently being employed to understand and simulate industrial processes to help 
students understand them and clarify their use. 

The JAR application was designed in collaboration with Pablo Olivade University in Sevilla. In this 
process, young teachers introduced a new simulation programmed with JAR. The advantage of this 
kind of programmed process (JAR) over commercial simulators is that a JAR simulator focuses on a 
specific chemical process, making understanding easier for students. Furthermore, all efforts are 
directed at understanding the industrial process being analysed. The proposed experiences described 
in this presentation are two: simple distillation mixing ethanol-water and an absorption process. 

The APP ‘kahoot.it’ is a public website and a game-based learning platform for mobile devices. We 
devise a quiz with twenty questions based on the previous five weeks of class. It is an extraordinary 
experience because students like it and they are playing with their classmates. In the feedback they 
report that it is fun, they learn a lot, they feel comfortable using it and they recommend it. 

Our experiences and the process and results of these innovative methods are described in this 
presentation. The JAR application allows us to increase considerably the number of experiments to be 
performed and to understand the influence of the operating variables on the result obtained and the 
behaviour of the equipment in the first case. Kahoot, helps to increase students’ concentration. 
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1 INTRODUCTION 
Nowadays, it is essential that new methods and methodologies are introduced into a learning process 
to try to capture students’ attention and make it more appealing for them. After discussing how to do 
this, our research group decided to introduce a new simulation programmed with a java application 
(JAR). 

The main objective is to attract students’ attention and simulate industrial processes to help them to 
understand them. Nowadays, students find working with computer tools and applications easy and in 
most industrial processes a computer touch screen is used with applications that act directly on the 
processes. 

The design of this simulation process started with our senior chemistry teachers’ contributing their 
experience and knowledge and this simulation was introduced to a group of third year students taking 
a Bachelor's degree in Chemical Engineering at Girona University (UdG). The cooperation of an 
experienced senior teacher from Pablo Olivade University also helped us to initiate the process. 

The reason for using this kind of simulator (JAR) rather than a commercial one is that a JAR simulator 
concentrates on a specific chemistry process and makes it easy for students to understand it. 
Furthermore, all efforts focus on the industrial process being analysed.  

The syllabus of the chemistry degree is heavily lab-dependent and in a virtual exercise via this 
simulator students are not able to enjoy the multidimensional benefits of real laboratory 
experimentation due to its technical and instructional limitations (Alhalabi, B et al., 1998).  Most of the 
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tools employed to train students on the Internet are primarily simulation software known as ‘Virtual 
Experimenters’.  

In contrast to the simulated laboratories, this paper provides a conceptual proposal for implementing a 
simulation where authentic lab experiments can take place via the Internet through remote scenarios. 

In the future, the UdG is thinking about introducing web-based and distance learning modalities, so 
this application contributes to this objective and makes it easier for students to do this kind of exercise 
at home. It replicates the essential elements of a conventional lab and still has the freedom to choose 
to set up connections and simulations with different parameters.  

2 METHODOLOGY AND RESULTS 
The objective was to place students in a real situation and to first understand what we wanted to do 
and know.  A methodology called Kolb’s categories and learning processes (Fig.1) helped students do 
consolidate their experience by doing an assignment, which in this case was two lab experiments with 
JAR simulation. With these results, students make a reflective observation by thinking, comparing, 
questioning and hypothesizing. Abstract conceptualization helps to draw conclusions from the results 
and defines the best model. Active experimentation with the group makes for a debate of different 
testing. 

 
Figure 1: Experimental learning cycle (Kolb, 1984). 

This method inspires students to do two proposed exercises for each concrete experience as 
described in this paper: simple distillation mixing ethanol and water and an absorption process. This 
experimentation must be carried out in a laboratory and they are compared with the application (JAR). 
Virtual-labs are effective educational tools for training process engineers and plant operators. Easy 
Java Simulations (JAR) is a software tool that is specifically designed to be implemented in virtual-labs 
(Martin et. al., 2006). The interactive computer simulation (Wittenmark, B., Haglund, H., & Johansson, 
M. 1998) of the system’s mathematical model is completed with a narrative that provides information 
about the system and the use of the virtual-lab. 

The first exercise is experimental lab 1- Simple distillation mixing ethanol and water. Simple distillation 
consists of a process of separating the components of a liquid mixture through its partial evaporation. 
The vapor is produced inside the liquid and in this way the steam (ascending) enriches the most 
volatile component until it is reaches the refrigerant where it condenses and is collected as distillate, 
while the liquid is enriched in the least volatile until it is collected in the boiler. 

These systems are based on a liquid-vapor balance. In “Fig.2”, we observe the compositions by 
heating a mixture of composition XA from temperature A to ta AIV temperature. Note that the mixture is 
heated in a closed space, so that at each temperature a balance is established between the two 
phases. 
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Figure 2: liquid- steam (Kolb, 1984). 

The scheme of this system is as follows (Fig.3): The steam produced, which is in equilibrium with the 
liquid, condenses in the refrigerant. 
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collector
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Figure 3: process. 

Purpose of practice: To determine how simple distillation equipment operates by means of dynamic 
simulation. To determine the operating conditions to achieve different separation objectives. To 
understand how liquid steam operates. 

Limitations of the simulator: boiling, heat, loss reflux, capacitance of head and end boiling point. 
Procedure: In all cases to represent and analyze the behavior of the system, representing graphically 
how its parameters vary over time. To make an equilibrium diagram for the ethanol-water mixture with 
the data given by the software. Starting from 10% in mass, to determine the operating conditions to 
obtain the purest possible water and to indicate the performance obtained. To repeat the previous 
section for the ethanol, starting from an x = 0.9. From an alcoholic fermentation, we want to obtain 
high grade ethanol. 

The abstract of this exercise asks some questions and tests the implications of the concepts in new 
situations, using experimental learning cycles, such as Indicating how distillation could be carried out 
starting from a temperature between the dew point and the bubble point or showing the molar fraction 
of the ethanol azeotrope water. 

Experience 2- absorption process. 

The first part is to understand the theoretical foundation. Operation examining the separation of one or 
more components of a gaseous mixture by solution in a liquid. When a gas absorbed in a liquid is 
separated from it by means of another gas (not soluble in the liquid), the operation is called desorption 
or stripping, as opposed to absorption, which is the transport of matter from the liquid phase to the 
gaseous phase. 

When placing a gas into contact with a liquid in which it is soluble, the gas molecules pass through the 
liquid forming a solution with it. At the same time, the molecules that dissolve in the liquid tend to 
return to the gas phase, thus establishing a dynamic equilibrium between the gas molecules that go to 
the solution and those that return to the gas phase. 
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The solubility of the gas in the liquid is a function of the nature of both components, the temperature, 
the partial pressure of the gas in the gas phase and the concentration of the dissolved gas in the 
liquid. 

There are enormous differences in the partial pressures that different gases exert on their solutions 
when equilibrium conditions are reached. When the partial equilibrium pressures are high for small 
concentrations in the liquid, we say that the gas is little soluble in that liquid. Oppositely, when for high 
concentrations in the liquid the partial equilibrium pressures are small, we say that the gases are very 
soluble in the liquid. 

The models that describe this behaviour are Raoult's Law (ideal conditions) and Henry’s Law (non-
ideal liquid solutions) and in the lab filling towers, venturi washers and washing towers are used. At 
the laboratory level, bubblers are usually used. We will focus on the study of a filling column. This 
equipment can be studied as discontinuous contact systems as plates or dish columns, considering 
that a certain filling height corresponds to a theoretical plate. This approach facilitates the study of this 
equipment. 

A column of plates consists of a series of plates or stages and in each of them the liquid and the gas 
are brought into contact and then separated to enter a new stage. The stage is called theoretical or 
ideal when the liquid and the gas leaving it reach equilibrium compositions with each other. By 
applying the MacCabe-Thiele method, the number of theoretical stages can be calculated graphically. 
The effectiveness of this equipment is low, somewhere being between 20-50%. 

To do this, a SOFTWARE with JAR is designed, using the simulation program Simulator version 
1.1.0.7. Description of this software. This is the initial screen “Fig.4”: 

 
Figure 4: Initial screen. 

The composite button shows a window showing the codes assigned to each compound. The liquid 
entry button shows an editable window containing the data of the liquid and the same happens with 
the gas entry button. In these windows, it is recommended that the data is checked for accuracy by 
pressing the validate button. 

The gas exit and liquid exit buttons show corresponding non-editable windows containing the data of 
these currents (Fig.5 and Fig.6). 
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 Figure 5: Experimental. Intro liquid. Figure 6:  Experimental. Liquid out. 

The recalculate button performs the calculations of the column and shows the column window. The 
column button shows the column window without calculating the column data. 

The column window allows us to indicate the number of dishes (Fig. 7) and the efficiency. On the first 
show button, this window allows us to see any stream in the column. The second button shows an 
equilibrium graph of any of the compounds (the green operating line and the blue balance curve) or 
the variation of the composition of any compound in the column. In this window, it is difficult to modify 
the data and it is recommended that the intro key is pressed several times in the numbers input boxes. 

 
Figure 7: Experimental. Column of dishes. 

The numbers of the dish are the reverse of the usual order, so the program considers dish 1 to be the 
lowest or gas intake. When we recalculate the windows are not updated, they must be closed and 
reopened. 

Partial description of the process: We will familiarize ourselves with how the program works and the 
characteristics of an absorption column by means of the following case. Using the equilibrium diagram 
for carbon dioxide, we will determine the minimum water flow that can be used to reduce the carbon 
dioxide concentration by 10%. All currents in the column are evaluated in to determine the operation of 
the column. The effect on the yield of the carbon dioxide absorption of a dish efficiency of 75% is 
determined. 

At the end of this lab-practicum students must answer some questions such as the following: ‘Indicate 
how the pressure affects the absorption process. Can the absorption and desorption of a compound 
appear simultaneously in a column?’ All these questions focus on finding out the extent of the 
students’ knowledge and their level of comprehension.  

 
Experience 3. 
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The APP ‘kahoot.it’ is a public website and a game-based learning platform for mobile devices. We 
use this APP at the end of the subject, with a quiz with twenty-four questions based on the previous 
five weeks of class. Our students’ immediate reaction of our students is surprise because in all classes 
the mobile is not allowed to be used. 

Table 1.  Kahoot results. 

 

It is an extraordinary experience because students like it and they are playing with their classmates. In 
the feedback they report that it is fun, they learn a lot, they feel comfortable using it and they 
recommend it. Kahoot helps to increase students’ concentration. 

3 CONCLUSIONS 
A simple summary of the conclusions of this experimental case study is that at the end of the year the 
students get a higher mark, they like this simulator and they understand the process.  

All the comments for the application in the test at the end of the year are positive and constructive. 
Some students explain that this application helps them to understand the labs part of the syllabus.  As 
a negative comment, some of them said that it is only viable as a virtual laboratory. Another positive 
answer was that it can be a tool for future distance studies, especially for technological careers. 

This would help to find an approach between real machines like a virtual labs and laboratory’s. Java 
Simulations (JAR) provides a complete set of interactive graphic elements, which are ready to be used 
to compose the view. They support the block diagram modelling; a paradigm requires explicit state 
models and the computational causality of the model must be explicitly set. The use of JAR simulation 
language considerably reduces the modelling effort and facilitates the reuse of the model. 

Every day, more and more computer applications, telephone apps and programs like JAR or Kahoot 
app are used to control processes and this experience can be a starting point for students to find out 
about this kind of scenario. 

The kahoot experience helps students to know what level of knowledge they have at that moment 
without having studied anything. They’re interested in carrying on using this app and they recommend 
it, feel positive about it, think it is fun and learn something.  
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In class students are shown how to program this simulator, because it is a free application that can 
give students an idea for the future about how to make small programs in their jobs. 
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