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Abstract - A Weblab is an experiment operated remotely
via internet. Besides the strictly technical aspestof such
an experiment, which may contribute for the learnirg of
Chemical Engineering fundamentals, there is another
important feedback when teams of students of two
different countries are working together: the Webld
turns into an intercultural experience, enhancing he
communication skills of the students. A Weblab beteen
Universidade Federal de Sdo Carlos (DEQ/UFSCar) and
the Ecole Nationale Supérieurs d’Ingénieurs en Arts
Chimiques et Technologiques (ENSIACET) is presented
in this work. A mass transfer experiment in a benclscale
reactor (agitated and aerated) had to be studied by
heterogeneous teams, thus emulating challenges thatl
be common in future work environments. In order to
perform the experiment, students in Brazil and in Fance
were gathered into groups. The students had to make
decisions about the procedure to drive the experinms.
All the students were able to control the equipmentno
matter where they physically were. Students
communicated using video conference software. The
students and teachers opinions on this experienceeve
very positive. This methodology is an important
contribution to the formation of engineers in a wotd
integrated by modern communication technologies.

Index Terms— Internet, Weblab, intercultural, synergy.
INTRODUCTION

Online laboratories (“WebLabs” or “iLabs”) are
experimental setups that can be accessed throadhttrnet
from a regular web browser. iLab was born
microelectronics classes taught by the electriogireeering
professor Jesus del Alamo from MIT, in 1998 [1]ofArtime
to time this concept is used by other disciplinks themical
engineering [2]. In the workshop about WebLab ire@ical
Engineering that took place in Cambridge [3], thkewls of
WebLab uses seemed interesting:

1- Very small setups of few centiliters [4] [5] thaave no
need to be locally supervised. Their main advanisige
more convenient access to labs. Experiments can be
carried out from anywhere at any time.

Pilot scale setup from few liters to tens of litenghich

are conduced by two groups of persons: one gragecl

to the setup, another anywhere in the world. Timgim
advantages are, first, to operate a plant fromafaay

like it is more and more done in industry and, se¢ado
promote intercultural experiences.

Specific experiments, used few times and expensive.
More people can access these equipments whichecan b
economically better balanced.

A WebLab between the Laboratory of Development and
Automation of Biochemical Process (LaDABio) of the
Chemical Engineering Department of the Universidade
Federal de Sdo Carlos (DEQ/UFSCar) and the Process
Engineering Department of the Ecole Nationale Sepés
d’'Ingénieurs en Arts Chimiques et Technologiques
(ENSIACET) was assembled. It is within the scopethodf
second type of Chemical Engineering Weblabs, quoted
above.

One of the main objectives of this Weblab is toeoff
intercultural experiences to students, while enhlmntheir
communication skills. At the same time, a technpralblem

has to be solved by heterogeneous teams, thus tamgula
challenges that will be common in their future work
environment. And, last but not least, the Weblalpsé¢he
assimilation of concepts concerning Chemical Enegyiimg
fundamentals. To achieve these goals, the studdgneth
countries are required to work in synergy.

In this experience 14 students from ENSIACET and 8

3-

instudents from DEQ/UFSCar were invited to studyotigh

remote access, a system which is physically located
LaDaBio during 4 different sessions. The WebLabstsis
of a mass transfer experiment in a bench scaletaieac
(agitated and aerated). The experiment applieg#ssing-
out dynamic method to determine the volumetric @xyg
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agitation and aeration. e _ e—k,_a[(]t—to)

In order to perform the experiment, two studentBmazil y -k a

and three or four in France were gathered into aumr T -

Teachers of each country supervised. The studeadsttn WhereC, is the DO concentration at steady-state.

decide about the measurements were to be madeband a

the experimental protocols (who controls what).oldy the  The parameterk,a is estimated by fitting (3) to the
students in Brazil were able to actuate physicallythe experimental data by means of a nonlinear leasirsqu

system, web-cameras were installed in order towalioe  algorithm. For accurate results, the criterippe<1/k a is
students in France to follow the experiment viguall recommended [61].

Students interacted using conventional video cemiees
software. EXPERIMENTAL FACILITIES
Before the experiment, each student was invitegngwer a
questionnaire in order to assess his/hers expectatiand
another one after the final report was returneds Work
compiles the opinions of the students and of tlaehers in
order to sketch a portrait of the pedagogical inhpdcthis
type of experiment.

mass transfer coefficienk @) for different conditions of }/ [QC -C ) (t-t,)
TE es 0 I:E -0 J
L ———1e ©)

The WebLab system was implemented employing Ndtiona
Instruments hardware for data acquisition and LENV® as
supervisory system. A picture of the experimeregtlsis shown
in Figure 1 and a sketch of the implemented Welé gahown in
Figure 2. In Table | the resources available ftg WWeblLab are
presented.

k.a DETERMINATION: THEORY

During the aerobic cultivation of microorganismscedls in
tank bioreactors, the level of dissolved oxygen inteskept
high enough for the organisms to thrive. Thus, ids
important for the formation of (bio-)chemical engéms to
dominate the fundamentals of mass transfer hensiived,
and to get acquainted with techniques that assses of
oxygen transfer from the gas phase into the liquitture
medium as well.

The method used within the Weblab to determkree was
the “Gassing-out Method”. In this method, the diged
oxygen is removed from the liquid phase by bubbling
nitrogen into the medium. When the dissolved oxygerfi—_
concentration (DO) reaches a value of zero, thregén feed T2
is interrupted and the air flow is restarted. Assgrideal |
mixing in the liquid phase, the mass balance fesaved ===

. he liquid ph duri h . © FIGURE 1
oxygen In the liquid phase during the re-aeratiam ©e HARDWARE USED FOR IMPLEMENTING THEWEBLAB IN LADABIO.

expressed by (1).

c-FP 2020 Data acquisition
National Instruments | equipment

dac = kLaEﬂC* - C) (1) . I e et
dt il m 3 T Imotor .r""-__-__“:
Where C* is the DO saturation concentration a@dis the LA oo | f
DO concentration Comoliors QI — www
This equation is appropriate when fast probes anglayed. T computer
If a fast probe is not available, the dynamicshef ¢lectrode ="
should be considered. The response of modern etisdrcan Bioreactor
be described as a first-order equation, given by (2 FIGURE 2
dC 1 EXPERIMENTAL SETUP USED FOR KA DETERMINATION.
===(c-c,) @

d Te The user interface was developed using LabVIEWanRd® was
WhereC, is the DO measured by the electrode mrid its  hosted in a framed web page. This approach alldhvecuser
time constant. access information about the experiment (theoogrded data,

etc) without leaving the LabVIEW interface.
Combining (1) and (2) and solving f@, one obtains: Figure 3 shows a screenshot of the web page ande~ig
(t=t,) (t=t,) depicts the main interface of the experiment. At émd of
C.=C,[® e 4+C [ﬁl_e rE}_ each experimental session, the students should Have
¢ e ® collected data for further off-line analysis, inder to
determinek a.
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TABLE |
WEBLAB RESOURCES

With recirculation (Nova Etica); water is
pumped through the bioreactor jacket.

Controls and measures air flow rates into th
bioreactor. (4 — 20 mA signal; Aalborg).

Amplifies DO probe signal (Mettleol&do).

Thermostatized batl

0]

Mass flow controller

DO transmitter

Data acquisition | Compact Field Point, c-FP 2020, with Al, AQ,

DI and DO modules (National Instruments),

kLLa Experiment

- z
o

Determination of the volumetric oxygen mass transfer coefficient (kLa)
Method: gassing-out

. ufzam
Laboratt wolvimerto
2 Automagiio de Bioprocessos.

This
candtons cf air flewsrale and shrrar e

‘Sheteh af he WeblLabor & a mass Iransler dalerminalion
amaking passing oot method

== e |

FIGURE 3
SCREENSHOT OF THE WEB PAGE ACCESSED BY THE STUDENTS

kLa Experiment

Fa 2

Dt i (5 i)

pEEEEE Td T

Alr Flow rate (Limin) Air Flow rate (Limin) 4.01

N2 Flow rate (Limin) 0.00
DO (% sat) 923 saue
| =

Commract Field Deint. «.FP 2020, with
Al AQ. DI and DO mrodiis.

Stirrer speed {rpm) 1000

FIGURE 4
MAIN SCREEN OF THE GASSING OUT METHOD

THE EXERCISE

“Gas-Liquid Agitated Tank” is a second year expeninof
Chemical Engineering at Ecole Nationale d’'Ingérseen
Arts Chimiques et Technologiques. Its aim is toegihe
students the indispensable knowledge on stirrekktakt the
present time, there are no dedicated classes srspicific
topic, but the students borrow the concept fronfedsnt
other courses (Transport phenomena; Mass transfer....
The activity was divided into three parts:

Coimbra, Portugal

Resource Description
Bioreactor and (Bio)reactor with jacket (Applikon), 2 L volume,
Motor motor/impeller (0 to 1200 rpm).
Module for stirrer | Used to manipulate the stirrer speed (Applikon,
control. 4 -20 mA).

DO probe Measures DO in the medium(Mettler-Toledg).
Termoresistance/ | Measures the temperature in the medium (FAT-
transmitter 100, Exacta).

1. A preparatory experimental work was done, in France
in order to enable the students to identify andwate
specific parameters (Np, kLa) from experimentaladat
acquired from a 100L stirred tank.

2. An experimental WebLab session, with access and
control of a similar, but smaller, system physigall
located in Brazil.

3. Processing of the data obtained during the expetisne
analysis of the obtained results and further disions
about the importance of the calculated parameters.

For the first part, groups of four French studesgent two

half days studying the general behavior of a gfirtenk

located at the AIGEP (Atelier Interuniversitaire @énie des

Procédés: http://www.aigep.inp-toulouse.fr/). Paft their

work was dedicated to the determination of the powe

number (N) of a Rushton Turbine. They studied the
evolution of N, for different stirring speeds and for different
fluids (air, water and water + air). The secondechye of
the practical exercise was the determination of alerall
volumetric oxygen mass transfer coefficientak for the
various experimental conditions tested. During thlese
experiments, special attention was paid to the tgdd up

(¢), the size of the bubbles and the dispersion reginom

the data, the students compared critically thepregixnental

results to empirical correlations found in the rktire.

Before the WebLab session, the students receivedridin

guidelines from the teacher, discussed about tfiereinces

of the two systems and how to choose new experahent

conditions in order to obtain comparable results.

For the second part, the French tutor logged inthe

WeblLab at http:/ladabio.deq.ufscar.br/english aiaah

explanation about the use of the Graphical Useeriate

(developed in LabVIEW®) was made to the students. |

order to facilitate the communication between traugs, the

Skype® chat via webcam was used. In a first moment,

students of each country introduced themselvestlae, as

part of the WeblLab experiment, the French students
informed the precise experimental conditions theyted to
test and explained why they had chosen them.

During the French access, the Brazilian studentsdaas

supporting group, providing information about thestem

physical characteristics (e.g., size, volume) aondddions

(e.g., temperature before and after the experimaifir the

end of the French session, they saved the saméldo@or

further analysis) and, when necessary, accessed the
experiment to test new conditions and to clarifyy an
remaining doubts. Figures 5 and 6 show a groupgunfents
during a WebLab session.

All along the experiments, the students exchanged

information and opinions about the phenomena tbak t

place into the stirred tank. Their main concernsenabout

the quality of the mixing, the size of the bubbbesd the
various problems that arise during such experimgmisbles
blocking the tip of the probe, high coalescencenpheena,
conditions of inefficient mixing....). Modeling theydamical
system was part of the work, but it was not addrss the
case of the French experiment. When the systemndid
respond as they expected, the students decideglctodly
which parameter they should modify using their tie¢ioal
background. Once they set the chosen conditiores d#dia
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were loaded through the interface and recordedlay dile.
During the activity, it was patent that a high lews
interaction occurred among the students, who kelking
and discussing all along the assay.

After the experimental session, the students pesukshe
data collected in order to calculatgakand wrote generic
reports. Knowing the value of the time constant tioé
electrode and assuming that the response time @&n
described using a first-order equation, the stuslestimate

the parametek a by fitting a theoretical equation to the

experimental data using a nonlinear least squdgesitim,
(MS-Excel solver). We expect that after this expenmt the

students would be able to give explanations abdwt t

discrepancies between the model and the experiinéata,
to realize that for tanks of different sizes, relevparameters
do not have the same importance, and to explain kvay
values obtained from the Brazilian and French systevere
different.

o HOe o :

i S B | Dash e b s 4 T =
% Acoese o tgwown Zovtuioch | B
R onsirn o e s oo g it tama e

#{ Vo= craks noan
Gk sl | S

b st o WP, can o of o mos . canarl B torescoe | (G Decar | Plhirmriven | i oo

]

FIGURE 6
FRENCHSTUDENTSDURING EXPERIMENTS

PRACTICAL CONSIDERATIONS

The organization of the timetable was the firstliemge to
face. The Weblab experiment could only be held betwthe

Coimbra, Portugal

months of March and April due to the AIGEP busyestilie.

As the Brazilian school year begins in Februarye th
Brazilian students did not have time to becomeaasilfar
with the experiment as the French students, whokeat
year had begun 7 months earlier and who had doeited
experiment a few days before. In addition, the tidetay
between France and Brazil forced the groups to wairk
bifferent day times: afternoon in France and magnin
Brazil. Besides, Weblab experiments were carrigddouing

the period of change of daylight saving time, tichelay
changing from five hour to three hour which comated the
organisation. Another challenge concerns the soéwa
adjustments. Although the interface developed bg th
Brazilian group had operated extremely well, a feablems
related to the internet connection data transfer oacurred.
For example, if the video of the experiment washésth it
was difficult to visualize in real time what hapgenin the
stirred tank because of the delay between framessd three
points show that some improvements need to be
implemented and that a very good “material” orgatis is
crucial in order to run a Weblab experiment at swuch
distance.

There is a second kind of challenge, which is more
subjective. If one of the main objectives of Webisko offer
intercultural experiences to students, it also raffen
intercultural experience to the teachers. A generadl
previous agreement needed to be found between both
teachers in order to supervise correctly the stisddaring
the class. From a pedagogical point of view, it vedso
highly instructive to perceive how the other sujsow
explained the same phenomena to his students. # wa
interesting to observe the high level of interattionong the
students during the activity, who kept talking aliscussing,
however, the subject of the chat was not exclugivbe
technical content of the experiment!! At the end eafch
session, teachers discussed about how the seesibmplace
and how to improve it for the further occasions.siles,
some parts of the explanations given to the stwdemre
adjusted during the sessions.

STUDENTSOPINIONS

A questionnaire was answered by French studentséahd
after doing the experiment. It contains questiobheua the
previous relations of students with foreigners aminion
about the WeblLab experiment. The questions arespted
with the synthesis of the answers, in Figures T30
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FIGURE 7
ANSWERS TO THE QUESTIONI ENJOY DOING THIS
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FIGURE 8
ANSWERS TO THE QUESTIONBEING IN TOUCH WITH STUDENTS AT8000KM
IS INTERESTING
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FIGURE 9

ANSWERS TO THE QUESTIONTHIS LABORATORY IS INTERESTING
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FIGURE 10
ANSWERS TO THE QUESTIONTHIS LABORATORY IS WELL INSERTED IN MY
EDUCATION PROGRAM

100,00%
90,00%
80,00%
70,00%
60,00%
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30,00%
20,00% T
10,00% ~

0,00% ,i T

Mbefore doing the expériment
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Totally Rather Rather not  Totally I don't
agree agree agree disagree know
FIGURE 11
ANSWERS TO THE QUESTIONTHIS LABORATORY IS RELEVANT TO MY
PROGRAM
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FIGURE 12
ANSWERS TO THE QUESTIONTHIS LABORATORY WILL BE DONE AGAIN NEXT
YEAR
100,00% - -
90,00% 1 MEbefore doing the expériment
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FIGURE 13
ANSWERS TO THE QUESTIONWEBLAB WILL DEVELOP

First, French students have ever been abroad faestifor
86% and for long stays at 14%. They think that tbpgak
correctly a foreign language for 71% and that thay do it
poorly for 29%. They have had no working experiendgh

foreigners for 64%, few meetings for 29% and loragning
periods for 7%.

For their opinion about the WebLab experiment, eif¢iney
were not asked in this order, we group the questinrithree
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contribution to the development of engineers in arlav

integrated by modern communication technologiese Th
questionnaires showed that students’ opinion ons thi
experience was very positive which corresponds mo a

parts. First, what do they think about this new etypf
teaching, second, how they consider it with othartgp of
their education program, and last what do theykttdhout
the future of WebLab. As can be seen on Figures9d, they

mainly like the concept of WebLab. They are dividdzbut
the good relation of this WebLab with their educati
program;
industrial engineering and they would have preférie
control experiment to a typical chemical

continued and will develop. Two groups of Frenchdsnt
reported us that this experience has encouraged tihéhink
about a long training period in a foreign countnganost of
all think that it helped us to deconsecrate the kwaith
foreign people.

A similar questionnaire was answered by Braziliardents
after the experiment. Table Il presents the questio the
questionnaire.

TABLE I
QUESTIONS PRESENTED TO THE BRAZILIAN STUDENTS
Q 01 The activity help you to consolidate the concepisoged in the
- classroom.
Q_02

The interface used to control the experimexst appropriate.

The use of English facilitates the exchange of rimftion
between the groups.

This kind of activity has positive impact in my demic
formation.

The use of remote experiments increases the ssident
motivation.
The participation of the professor/tutor during thg@eriment ig
important.

Q_03

Q_04

Q_05

Q_06

Figure 14 shows the answers of the Brazilian sttedédone

of them choose the options “Disagree” or “Strongly

disagree”. Most of them think that this kind ofisity has a
positive impact in their formation (Q_04) and, désp
English is not their mother language, they weree ata
communicate properly (Q_03). It is interesting tdice that
none of the Brazilian students choose “Stronglyeayro
Q_01. As a complement, they reinforced the impaeanf a

teacher to guide them (Q_06). They agreed that the

motivational aspect of the WebLab is appealing, ddew

students did not enjoy the experiment so much (Q@_05

Despite of some concerns, the students approvedisbe
interface used to control the WeblLab (Q_.02).

The interpretation of these answers led to the losien that
the use of WebLabs fosters interest in studentscdme must
be taken when preparing the theoretical contenteetlass,
when planning the experiment and when developieguder
interface that will control it.

CONCLUSIONS

The implementation of Weblabs is not expensive afifielrs
intercultural experiences to students, in a vartegt could
not be obtained without new communication technieleglt
emulates challenges that will be common in the esttsd
future working environment. And, last but not leaiie

Weblab helps the assimilation of concepts concernin

Chemical Engineering fundamentals. As the studehbsth
countries work in synergy this methodology is ampadmant

Coimbra, Portugal

it could be because these students amm fro

enginegrin
experiment. Lastly, they think that WeblLab has te b

additional motivation for further use of this teaxhtool.

B Strongly agreed Agree O Partly agree/disagree

Question 1

.

Question 3

Question 2

-

Question 4

»

Question 5 Question 6

&

FIGURE 14
BRAZILIAN STUDENTS ANSWERS
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