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Abstract  
During last years, technical careers are experimenting a noticeable reduction in the number of the 
students. Notwithstanding, industrial sector is today the basis of the economy. Without the 
technological development of the industries, society would not have access to a wide range of 
products or services. Therefore, it is extremely important to foster these vocations. In this sense, the 
Department of Chemical Engineering of the Universitat de Girona aims to promote these studies by 
performing different demonstrative experiences for high school students. One of the workshops was 
the reduction from hexavalent chromium (Cr(VI)) to trivalent chromium (Cr(III)) to reduce its toxicity. 

Chromium is a natural element found in water, plants, animals and soil. In nature, chromium is 
basically found in two oxidation states:  Hexavalent chromium (Cr(VI)) or trivalent chromium (Cr(III)). 
Hexavalent chromium is widely used in the production of textile dyes, inks, plastics, surface coatings 
and anti-corrosion products, among others. However, an increasing environmental awareness of the 
society has resulted in the apparition of new and more sustainable chemical processes.  By one hand, 
it has been medically certified that the hexavalent chromium compounds are genotoxic carcinogens. 
Particularly, the chronic inhalation of this compound increase the risk of contracting respiratory 
cancers. In that sense, Cr(VI) can be reduced to Cr(III) via reduction-oxidation reaction. The trivalent 
chromium is relatively harmless due to its insolubility 

The experience was developed for several students ranging from 14 to 17 years old. Finally, students 
performed a Kahoot with the aim to know the degree of student’s interest in the experience and the 
satisfaction in the chemical engineering degree. The obtained results showed the experience as 
helpful to understand what chemical engineering is.  
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1 INTRODUCTION  
Industries play a key role in the development of a region’s economy. Industrial sectors growth the 
gross national product, promote a high standard of living, provide an economic stability, stimulate the 
progress of other industrial sectors or increase the employment opportunities, among other effects. In 
this context, it is necessary to promote vocations related to the secondary sector of the economy [1].  

Chemical sector comprises all the industries that transform primary material into desired products that 
humans use in their day-to-day life. Agriculture, food or pharmaceutical drugs are products where 
chemical industry is present [2,3].  

During the recent years, professions responsible of designing, developing, creating or innovating new 
products or processes, as chemical engineering, are suffering a reduction of student inscriptions. One 
possible explanation is that the negative perception of the population regarding the chemical industry 
decrease its attractiveness. New generations has associated the chemical industry as a pollution and 
dangerous sector [4]. However, the population requires more products and more environmentally 
friendly ones. In that context, the society needs new chemical engineers with critical and ecological 
thinking. During last two years, Chemical Engineering Department of the University of Girona 
promoted various promotional activities related to the Chemical Engineering degree [5,6]. The project 
gave the opportunity to discover and make known the career among secondary and bachelor 
students. Furthermore, the development of such activity aimed the generation of knowledge, 
comprehension and interest in the thematic. 

As previously mentioned, the social awareness towards the environment has promoted the 
enforcement of more restrictive laws [7]. In that sense, the elimination of various chemicals present in 
the environment is one of the milestones. Concerning the society demands, one of the developed 
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activities was the chemical analysis applied to the industry. In this case, the work was related with the 
reduction of the chromium toxicity [8]. More concretely, the work was focused in the reduction of the 
hexavalent chromium (Cr(VI)) to trivalent chromium (Cr(III)). Hexavalent chromium is widely used in 
textile industry, electroplating, stainless steel manufacturing, wood preservation or leather tanning. 
The exposition occurs via breathing, ingesting contaminated water of food or direct contact with the 
skin. Medical research has confirmed that the inhalation of chromium compounds produce cancer in 
the respiratory system. By the other hand, the hexavalent chromium can irritate the nose, throat and 
lungs. In addition, prolonged skin contact can produce dermatitis and skin ulcers. In that sense, the 
reduction of the hexavalent chromium is required to decrease its harmful effects. The most used 
treatment of wastewaters containing hexavalent chromium is its reduction to trivalent chromium. 
Hexavalent chromium was reduced by using sodium bisulfite. Following this, the suspension of 
trivalent chromium was submitted in a precipitation and filtration process due to its insolubility.  

In this activity, students studied and eliminated hexavalent chromium from a residual water stream. 
Reduction-oxidation method was the typology of employed chemical reaction. During the activity, 
different laboratory equipment and materials were used to perform it. Following this, students realized 
a test by using Kahoot to determine the attractiveness of the experience and the satisfaction of the 
students in the activity. Finally, students and professors suggested some improvements of the 
workshop. 

2 METHODOLOGY 
The project was developed at the Escola Politècnica Superior (University of Girona) during one week 
of April 2017 and January 2018. During these days, almost six hundred students, ranging from 14 to 
17 years old, performed the different activities. The groups under evaluation were comprised between 
the second course of Spanish compulsory education (ESO) to baccalaureate.  

During the academic course of 2017, professors of Chemical Engineering designed and developed 
different promotional workshops where chemical engineering was the main topic. The elimination of 
hexavalent chromium from the water was one of them. Professors also developed workshops 
regarding the production of biobased, biodegradable and selective nanocellulose aerogels for oil spills, 
the manufacture of polyurethane foams or the production of renewable and biobased deodorant stick 
bars.  

High institutes close to Girona city were informed and enrolled to participate it. When high schools 
confirmed their attendance, the organizing team distributed the groups in various timetables at 
different days. The students were distributed in groups of twenty members to perform the activities in a 
proper form.  

Approximately one week before, institutes were informed about the activities. The teaching 
methodology followed in the activity is exposed in Figure 1.  

 
Figure 1: Activity phases 

In the first part of the work, the professor made a brief theoretical introduction. The objective of this 
part was to introduce the students on the general context. Topics as hexavalent chromium sources, 
health effects or elimination methodologies were debated. This stage took about 10 min.  

After the presentation, with the responsible supervision, students eliminated the hexavalent chromium 
via reduction-oxidation method followed by a flocculation process. Students observed the reduction of 
hexavalent chromium to trivalent chromium. This phase lasted approximately 20 min.  
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Following this, students analyzed the elimination yield via spectrophotometric methodology. After that, 
they evaluated its implementation on industries in terms of costs and technical viability. This part took 
about 10 min.  

After the experimental part, students realized a questionnaire by using a game-based learning 
platform. The selected application was the Kahoot. Questions regarding the chemical engineering, the 
activity development and the understanding of the practice were asked. The obtained results provided 
information related to the attractiveness and the students interest. This part took about 5 minutes. 

Finally, the responsible did the conclusions and collected information via interactive and individual 
speaking with the students and professors about the pros and the cons of the activity. Moreover, the 
students and professors had the opportunity to suggest improvements based on their point of view. 
This part lasted about 10 min for each group.   

3 RESULTS 
The obtained results of Kahoot questionnaire and the reflections about the possible activity 
improvements were divided in different subsections.   

3.1 Kahoot questionnaire 
The results of the Kahoot questionnaire were presented in Table 1. The questionnaire was composed 
of closed questions. Concretely, the Table 1 show the question, the possible answers, and the 
percentage success rate. Questions are expressed with Q and the value notes the number of the 
question. A1, A2 and A3 is referred to the answer 1, answer 2 and answer 3, respectively. By the 
other hand, CA and RC means correct answer and rate success, respectively.  

Table 1: Mechanical properties of polymeric matrices 

 Q1: What chemical 
engineering is? 

Q2: What is 
the main 
source of 

hexavalent 
chromium? 

Q3: What are 
the health 

risks of 
hexavalent 
chromium? 

Q4: What are 
common hexavalent 

chromium 
applications? 

Q5: What is 
the used 

mechanism to 
eliminate 

hexavalent 
chromium? 

Q6: Why is 
possible the 

elimination of 
trivalent 

chromium via 
filtration method? 

A1 

A:Technical discipline 
destined to design and 
control processes, and 
transform materials in 
a full-scale production 

A:Soil 

A:Hexavalent 
chromium is 

innocuous for 
humans health 

A:Aircraft painting, 
leather tanning, 

textile 
manufacturing, 
electroplating 

A:Acid base 
reaction 
method 

A:Because the 
filter is selective 
with the trivalent 

chromium 

A2 

B:Discipline instructed 
to study the matter, its 
properties, how and 

why substances 
interact with each 

other 

B:Petroleu
m 

B:Hexavalent 
chromium 
effects the 

nose, throat 
lungs and skin 

B:Alimentary 
condiment, 

pharmaceutical 
additives 

B:Combustion 
reaction 
method 

B:Because 
trivalent 

chromium is 
soluble in water 

A3 

C:Discipline concerned 
in the study of the 

nature and the 
properties of matter 

and energy 

C:Water 

C:Hexavalent 
chromium has 
been assumed 
to benefit the 
human health 

C:Medical devices, 
delivery drugs 

C:Reduction 
oxidation-
reaction 

methodology 

C:Because 
trivalent 

chromium is 
insoluble in 

water 

CA A A B A C, C 
RS (%) 78,25 82,89 90,87 81,79 76,79 78,47 

As can be shown, the majority of the students answered correctly the Kahoot questionnaire. On 
average, the students selected the 81,51% of the correct questions. While the questions of worst 
marks were related to the technical questions (Q5 and Q6), the best punctuation was obtained with 
the question with regard to the health risks (Q3). This result could glimpse that the students take care 
about their health. By the other hand, the lower values in technical questions could be due to the lack 
of technical knowledge of some of the evaluated students.   
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3.2 Activity’s satisfaction 
After the activity, the responsible of the activity made a brief conclusion about the thematic. Then, 
students and professors were asked about the activity. 

Firstly, some students pointed that before the event they did not know the disciplines of chemical 
engineering. They did not know what tasks realize chemical engineers. By the other hand, the 
bacculearate students considered that the current educational system do not allow coursing the basis 
of chemical engineering. They considered that chemical engineers need technical basis of 
mathematics, physics, chemistry, graphical expression and technology. Nowadays, they emphasized 
that chemistry and graphical expression can not be coursed at the same time. 

In general, students considered the activity as an illustrative idea to understand how chemical 
engineering could be applied in the industry. Nonetheless, they suggested developing a pilot plant. 
They understood that design and the control of the variables can help to understand what chemical 
engineering is.  

By the other hand, most of the professors noted that Kahoot was an excellent tool to promote interest 
with regard to the practice. Some professors indicated that the activity could increase its value if is 
performed in English language. They considered that universities should be the first places where new 
teaching methodologies should be implemented. By the other hand, other professors indicated that 
this activity should be modelled for ESO students. They accounted that there was theoretical concepts 
that students did not work yet. To increase the attractiveness, some professors also suggested the 
elimination of hexavalent chromium in a pilot plant. Nonetheless, in summary professors  expressed 
positive inputs.  

4 CONCLUSIONS 
Chemical industries have a prominent impact on the development of states. Among other benefits, 
they contribute to increase the welfare state or decrease the unemployment taxes.  Nonetheless, due 
to the environmental consciousness of the population, chemical industries are in the spotlight. This 
has promoted that new generations conceives chemical industry as a non-sustainable activity. In 
consequence, the universities have suffered a decrement of the student matriculations. However, day 
by day, society requires more products derived from chemical industries. Moreover, the population 
push to produce bearing in mind the environment and using greener methodologies of manufacturing.  

In this context, members of the University of Girona developed an event to promote chemical 
engineering degree. The purpose of this project was increasing the reputation and enhancing the 
interest for chemical engineering. In that sense, different activities were carried out during various 
days for secondary and baccalaureate students. Activities were developed during April 2017 and 
January 2018 for around six hundred students. The workshop presented in this paper was the 
elimination of hexavalent chromium of a residual water stream.  

After a theoretical introduction and experimental part, students performed a Kahoot questionnaire. 
Reported results were satisfactory. Most of the students select the correct answers. Therefore, from 
the results point of view, it seems that students were interested with the studied thematic.  

Students and professors considered the activity as interesting to describe what chemical engineering 
is. The most of students, did not know chemical engineering discipline. By the other hand, students 
pointed that they do not chemical engineering because the current educational system do not permit 
coursing basic subjects at the same time.  

Professors considered the activity as an example of chemical analysis applied to the industry. Some of 
them suggested the use of English language for improving the quality of the activity. Others proposed 
the use of a pilot plant to capture the interest of the students. 
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