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Reducing Cheating in Students' Exams

Introduction

Nowadays cheating became widespread phenomenon among students in
all levels of education system especially in third world countries. It harms
many rules and principles such as academic reputation and students'
grads. However, cheating is no longer deviant behavior; it is now normal
behavior. This change poses a significant challenge for those who seek to
establish academic integrity in school environment and the student is
stronger to break and is more prevalent. This article is an attempt to shed
lights on this phenomenon in order to address the affected causes of
increasing cheating on exams even at low levels. The purpose of this
paper is not to propose definitive answers or solutions to issues and
questions raised, but rather to heighten awareness of the complexity of
evaluation students and provide a context within which educators might
begin to adopt practices appropriate to their teaching and contexts. The
subject of cheating in the course of education has remained an untouched
and ignored problem in the realm of researches and studies in many Arab
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countries especially Libya, and since its consequences cannot be seen in
the near future, one hardly takes it as an issue of discussion. It should be
noticed that if students find out that others are more successful in their
works through cheating, a
kind of demoralization will be developed, without really talking about it.
And if cheating is not got under control, it provokes a feeling of injustice
among individuals (see Khodaiea, et al. 2011). Cheating in examinations
may vary from one culture and context to another depending on
educational system, nature of examinations and the purpose for which the
examinations are taken.

Literature Review

Literature review shows that cheating on exams has been investigated
extensively especially at the university level (see Erez: 2013, Phil Race:
2010). However, most of research has been done in many countries such
as America and Europe while in many third world countries such as Libya
has no previous studies. This current research is based on literature
review and on many studies done abroad. The main problem issues in the
above mentioned, tools are based on students' cheating on exams. Many
studies have shown that there is clear connection between academic
reputation and high incidence of cheating on exams. These studies have
shown that cheating on exams have harmed both students who cheat and
even harm that do not cheat (see Erez: 2013). Results of cheaters on
exam do not show students' abilities in mastering courses or equal to their
qualification and this will affect their future working life if they employed
according to their cheating qualification. Students who do not cheat on
exams are affected by results of their colleagues. They do not receive high
marks comparing with cheaters and of course this may hurt chances of
graduating with honors or obtain scholarships...etc.

The old notion of exams is considered to be as an important element in
teaching and learning process. Teachers everywhere are familiar with
tests and they believe that a test is necessary in the teaching operation to
measure students ' performance, (see Hughes 2003). Although, I may
agree to somehow that an exam maybe used to measure students'
performance but many language teachers mistrust exams to measure
accurately whatever they are intended to measure (ibid: 1). Due to the fact
that an exam sometimes does not give a clear picture about student's
abilities in the course s/he studies. This may also indicate that exams are
not always important to give accurate evaluation to students in the process
of teaching and learning and students sometimes complain from teachers'
assessment. As Race (2010:60) states that "students' perceptions tell us
that assessment and feedback continue to be the least satisfactory
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elements of the higher education experience, that the assessment criteria
are not clear, and that students do not believe that marking and grading
are fair".

Students' Feeling Towards Exams
According to the literature, test anxiety is defined as an individual's
physiological, cognitive, and behavioral responses that stimulate negative
feelings about an evaluation (Nicaise, 1975), or as "an inability to think or
remember, a feeling of tension, and difficulty in reading and
comprehending simple sentences or directions on an examination" (Suinn,
1968, quoted in Ringeisen and Buchwald, 2010: 432).
Researchers have stated that the test anxiety include emotionality, worry,
cognitive interference, and a lack of self-confidence (Zeidner, 1998;
Whitaker et al. 2007).
Shohamy (2001) argues that different students are affected by exam in
different ways, for some it is beneficial while for others it is not (66). He
also points out that an exam may introduce fear, pressure, anxiety and
frustrates students (ibid). Therefore, students terrify of exams may lay
on the case of poor results which may resulted from the warning of failure
from their family, relatives and society in general. They may believe that
a student who does not pass the exam is a loser and missed the chance to
win. This believe confirmed by Tracy (2006: 10-11) when he states that

the belief that results separate winners from

losers make people neurotic in their work, or it

makes them defend against failure by

pretending not to care. They put on a show of

indifference, to cover up their inner despair.

Some make outsiders of themselves, for

instance by rejecting what is offered to them,

becoming withdrawn and antisocial, or even

turning to crime, because they feel they can't

belong to the winners' club.
By the same token, Vlachou (1997: 336) points out that "An exam is not
most people's favourite course activity". This may indicate that not only
students who do not like to be examined but also the majority of people
do not like exams and may not be the most wonderful of experiences. The
fear of students' failure on exams may affect on their physical state and
the negative feeling may tighten the student's muscles and the organs of
the body. These may affect the students' production and remembering
information and knowledge.
Neather (2001) adds that students in fact are aware that they are in a test
situation which means that the tasks cannot be really authentic even when
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students have the opportunity to be assessed as part of their course, the
classroom with artificial situation. However, the type of task that they
have to complete plays an important part in reducing the artificiality of
classroom-based work (29).

Many students always complain from their teachers' way of marking and
accuse them that they are unfair and prejudiced to some students. These
students especially who are at high levels want to see their exams and
tests judged in front of them as Phil (2010: 60) explains that students'
perception tell us that feedback continues to be the least satisfactory
elements of the higher education experience and criteria of assessment are
not clear to students which lead them to believe that making and grading
are unfair. Moreover, students' true abilities are not always reflected in
test results or scores that they may obtain especially when there is chance
in cheating (see also Neather 2001).

I belief that students do not cheat in exams for fun but it could be for
various reasons and one of these reasons which impulses students to cheat
is that they are suffering of not fully understanding the material or
assignment at hand. Students also cheat when teachers’ value is placed on
grades instead of learning. Students are also cheating when they lack
confidence with their ability. Sometimes students think that they cannot
do well on a test, either they are not smart enough, or they lack some
skills they need. It creates a feeling that they will fail, and their only
option to do well is to cheat.

Moreover, Students cheat when they feel pressure to do well. With only
the best intentions parents and teachers often compel students to get good
grades and pushing to get into the best colleges and get good places or
situation among others in the society. But the high stress succeed at all
costs mentality creates the innate feeling to cheat in order to meet the
expectation required from family, teachers, friends or society in general.
Teacher's Feeling Towards Exam

According to literature review, teachers have different points of views,
some of them may use exams as a kind of distinguish learners between
good and poor and they forget that exam can be used as a motivation tool
to encourage learners and create an environment of debating if it is used
probably in the field out education as Harris and Bell (1994:89) pointed
out that, “Assessing may increase the motivation of learner. However, it
has other more negative effects such as increasing stress or decreasing the
desire to continue studying". The divided line between motivation and
demativation is or could be used differently among teachers and they may
affect by the teacher's belief and experience in teaching and
understanding of students psychological feeling towards learning and
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exam operation. They also know what their students can handle at the end
of a course or year (see Neather 2001).

Teachers, sometimes, find themselves in pervasive problem occurs when
s’/he gives subjective opinionated judgments of their students’
performance. For example, writing composition scours may be influenced
by student's nice handwriting, neatness length of essay. Others may take
from the student's exam as a tool of threatening students when they are
impolite and behave roughly with teachers.

Teachers who believe that exam results show students ability in mastering
information and materials they have studied during a particular course is
not only that, but I personally think it also shows the teacher's ability to
facilitate and guide students to use that knowledge. This may confirm that
exams or tests students in particular course may reflect without doubt a
teacher way of teaching if that way is accurate and suitable with students
or not (see North & Andrew 2007, Brandes & Ginnis 1986, Vlachou
1997). In the same line with these, Hughes (2003: 2) points out that “there
may be occasions when teaching is poor or inappropriate and when
testing is able to extract a beneficial influence". By the same token, Swan
in his article Seven Bad Reasons for 1eaching Grammar- and Two Good
Ones edited by Richards and Renandya (2002) argues that “Tests show
(or appear to show) whether students are learning and whether teachers
are teaching properly;...”.

Even though, exams are necessary for providing information to both
students and teachers in the same time about learning which has occurred,
they can provide what learning is still necessary to achieve particular
goals and the teacher about development of future courses. As Douglas
(2010) mentioned that tests can clarify to administrations and people in
education authority that students are making adequate progress and their
teachers are doing their jobs or vise-versa (see also Harris and Bell 1994).
Although, it visualized the spread of cheating in exams among the
majority of students in different levels at the education system and many
teachers believe that tests are mistrusted and never possible to achieve
absolute consistency to measure students' abilities, they still depend on
traditional ways of assessing or evaluate students. And some of them go
further than that and use tests or exams as a weapon to threaten impolite
ones.

However, Yee and Mackown wrote their article titled Detecting and
preventing Cheating During Exam in which they listed 37 method of
cheating in Exams and suggested some solutions which I believe they are
not a way of preventing cheating but away of temporary solution which
confirm a teacher plays a cat and mouse game, implies the job of a
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policeman inside the classroom by saying: “Proctors need to use their ears
as well as their eyes” they also state “When it comes to preventing
cheating, which ought to be the real goal, much of this advice calls for
proctors to roam the test room frequently”. Although they more or less
present the techniques and methods are used by some students of cheating
in the exams, they did not give an alternative method or way of
minimizing this bad habit among students which expanded even to good
students who work hard during courses. Also, Salami (2013) emphasizes
that invigilating an exam at the University where he teaches is a tug of
war between student and instructor. It is like a game of cat and mouse
during the exam trying to catch and prevent some students from cheating.
Today for instance, my co-invigilator was leaping after students he
suspected of cheating. Moreover, Edge (1993: 128) said that “A lot of
teachers will tell you that testing is the worst part of the job, but that
simply confirms that it is part of job”. This is because students poor
results may be kill off any further interest in the language. Therefore,
many students look for any way to avoid failure in their learning and try
to cheat by all means.

Without wishing to appear to be blaming teachers, it is necessary to point
out that the way we present our curricula and the type of assessments that
we offer especially in Libya can influence cheating behavior. We need to
demonstrate to students why it is important for them to know the material
we are presenting and the purpose it will serve in the bigger context of
their studies and lives meanwhile we should minimize the role of exams
as the only tool of judging learning.  Although I cannot excuse for
cheating, I understand why an educator might find state testing to offer an
unbearable pressure to cheat by, in some way, giving students an unfair
advantage.

Cheating is Bogus

It is clear that cheating on exams do not give the reliability of students'
grads. In other words, the marks obtained by students in reality do not
show the right level of cheaters. Obviously, when students obtain higher
scores through cheating, tests or exams are neither reliable nor valid.
Teachers have their responsibility to minimize the ways of cheating
which is wide spread during the last decades. Tracy (2006: 15) said that
“a number of arguments have been produced for and against the exam as
a tool of evaluation which considerable controversy". Cheating became
unexpected habit among students mostly in different levels of education
system which disturbed many researchers, teachers and to all who are
related to this sector. As Roberts (2006: 303) argued that “even in the last
5 years; and burgeoning plagiarism and cheating in exams have become
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major concerns for many educators”. However, Davis et al. (2011:47)
stated “So it seems that student cheating has always existed, is academic
to the educational institution itself, and exists in colleges and universities
around the world”.

By the same token, Broadfoot, (2007:44) points out that “Many countries
are now beginning to recognize the unhelpful effects the obsession with
traditional form of examination and testing are having”. This means that
many countries extremely recognized that limitations and the indeed
damage caused by the kind of obsession with studying for exams and tests
that characterize student orientation to learning, particularly in developing
countries. This is also confirms what Black and Wiliam (2001) cited in
Knight & Yorke (2003:15) say that “Students, parents , teachers, and
others who use examination results to draw conclusions about individuals,
or about the performance of schools should understand that examinations
results are of limited reliability and validity, and that they cannot be
taken at face value”. From this, it is understood that tests or exams which
are used to judge students do not offer a clear picture about the student’s
performance. Teachers in some countries still seek to the simplistic tool
for measuring their students’ performance and they are still consider that
the test or exam results the only fashion to transmit students from a level
to the next (see Sumner 1987: 14). In the same line Shohamy (2001: 4)
points out that traditional testing is not interested in test use but hoe the
teacher completes his/her role and focuses only on the text questions.
Shohamy also criticises traditional tests because they are not interested in
motivation or even the steps taken in preparation especially the
consequences of tests and their effects on those how the failed or
succeeded in them. He (ibid: 14) also states that “Traditional testing
views tests as isolated events, detached from people, society, motives,
intentions, uses, impacts, effects and consequences”.

Therefore, tests on the way that many teachers still apply in evaluating
students is not ideal tool alone but it could be one of integral tools which
teachers may use to assess student’s performance during the course or a
year. Tests should not consider as a way of threatening students results or
a kind of punishment but should be an instrument to measure students
development and diagnostic their weakness in which they may need
support and encouragement. Although, students’ attitude and beliefs are
shaped by culture background, educational experiences and national
social factors, they all belief persuasively that cheating in exams is wrong
thing and never be okay to do it (see Divas et al. 2011). It is not always
true to blame students who cheat in exams but there are other factors
which may encourage students to commit it. Such factors are the teaching
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and learning environment, the effect of technology and collaborative

learning as they create new opportunities for cheating, the teacher’s way
of explanation, the person who visualises students in the exam.

Traditional standardized tests are always unfair with the students and are
not always used precisely (see Hedge, 2007), besides they produce
anxiety within the student, do not take inconsideration the student
extenuating circumstances such as his/her personal problems or illness
which hamper the student’ performance in the test (see Huerta-Macias
article edited by Richards and Renandya 2002) who also suggested that
“Alternative assessment has been described as an alternative to
standardized testing and all of the problems found with such testing”.

I believe this is a red flag and a request to get rid of traditional exams or
tests because they increase cheating and ignore student’s personal
problems especially in some Arab countries and adapt the notion of
assessment which based on the daily classroom activities and evaluate the
student on what s/he integrates and produces rather than on what s/he is
able to recall and reproduce in limited period of time under horrible
situations vary from length of questions, visualizing and examination
environment.

Conclusion and Suggestions

e Based on the above discussion, one could say that the students
have confessed to commit cheating in their exam which is a result
of many elements integrated to impulse students to commit it and
cheating is known as an immoral activity in the schools
environment.

e We believe that depending on exam as it happens in many places
in all over the world is not the right and the most suitable way of
evaluating students’ progress in any subject of learning in
particular language learning and teaching. And to minimize
cheating in exams, a good teacher can use various of alternative
techniques of measures including homework assessments,
speaking activities, frequent small progress tests, open book
exams besides a record of the students’ achievements with which
they are always aware of how they are getting on (see Harmer
2003, 2007).

e As Lile and Bran (2014) suggests “In every day practice, the
portfolio, as instrument of alternative evaluation gets more ground
in the disadvantage of old fashioned oral or written exams. As
more and more educational institutions use the new information
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and communication technologies both in the teaching and
assessment processes, it is important to study the requirements
such a portfolio worked on the Internet should meet.” The
portfolio is used to replace traditional exams, to support learning
and as a tool to assess at the end of a teaching and learning period.

e We should consider that an exam is one of the elements in
assessing student’s performance but not the only element in
evaluating and assessing’ students.

e We should eradicate the notion in Libyan culture that says in the
exam the student is rewarded or disrespected.

e Teachers should encourage students to participate in operation of
assessment and consider peer and self-assessing is necessary and
crucial in teaching and learning in general. Because the
assessment requires the gathering of evidence of students’
performance over a period of time to measure their learning and
understanding.

e Teachers and students should not believe that learning is the
amount of knowledge or the ability of memorisation and
transmission of facts only by students but also the purpose of
teaching is to enhance their students’ desire to learn, help them
express themselves and engage with their society.

(See Powell-Davies)
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Quelle méthodologie faut-il adopter pour
enseigner

Le FLE en Libye?

S ouvrir sur les pays étrangers qui ne partagent pas la
méme langue que la notre, exige un outil de communication
capable de favoriser le développement de différents échanges
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sociaux, scientifiques, économiques politiques et culturels.
Pour réaliser de tel but, nous avons besoin d’une évolution
dans I’enseignement des langues étrangeres qui a vu un grand
changement a travers le temps. Nous ne pouvons plus compter
sur I’objectif culturel, nous voulons créer une génération qui
maitrise effectivement des langues comme outils de
communication.

Etant donné que le monde a changé et se développe

chaque jour, la connaissance d’autres langues étrangeres
devient une nécessité pour nous afin de sentir la diversité
culturelle et construire notre citoyenneté libyenne. Certains
pensent que posséder une seule langue étrangere, telle que
I’anglais, suffit pour réussir dans la vie. Il est vrai que la langue
anglaise est considérée comme I’outil de communication le
plus simple, néanmoins maitriser d’autres langues peut
apporter beaucoup plus que la compréhension avec les autres;
pour réussir sur le marché du travail, 1l est indispensable de
connaitre d’autres langues que 1’anglais.

Il est évident que la connaissance d’une autre langue,

telle que I’anglais ou le frangais, est un choix personnel. C’est
a partir de ses besoins et ses exigences que chaque apprenant
choisit le niveau de la connaissance souhaitable. Pourtant, de sa
part, I’Etat est responsable de se charger de I’enseignement au
moins d’une deuxieme langue dans les établissements
d’enseignement publics.

Plusieurs méthodologies ont été mises pour but de

faciliter I’apprentissage d’une langue étrangere. Les questions
qu’on se pose sont les suivantes: laquelle de ces méthodologies
devons-nous adapter dans 1’enseignement de FLE en Libye? Et
comment encourager le plurilinguisme dans notre pays? Ce
sont les questions les plus importantes auxquelles nous
essayons de donner des réponses a travers un parcours de
certaines méthodologies de I’enseignement d’autres langues
que I’arabe.
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Dans le domaine de I’enseignement, on entend toujours
parler de la méthode et de 1a méthodologie. Quelle est la
différence entre ces deux conceptions? Avant de répondre a
cette question, notons que toute typologie des méthodologies se
heurte a I'ambiguité de la majorité de ses notions. Dans son
ouvrage Histoire des méthodologies d’enseignement des
langues vivantes, Christian PUREN propose la définition
suivante de la méthode:

"ensemble de procédés et de techniques de classe visant
a susciter chez 1'éléve un comportement ou une activité
déterminés."' C’est donc une série de démarches précisées par
des outils dont I’enseignant se sert. Avoir une méthode précise
est une priorité pour la réussite de 1’enseignement des langues.

Quant a la méthodologie, c’est la démarche adoptée par
les décideurs d’enseignement pour but de réaliser une méthode
précise. Selon PUREN, elle est:

"Un ensemble cohérent de procédés, techniques et

méthodes qui s'est révélé capable, sur une certaine période
historique et chez des concepteurs différents, de générer

des cours relativement originaux par rapport aux cours
antérieurs et équivalents entre eux quant aux pratiques
d'enseignement/apprentissage induites.">

D’apres les définitions précédentes, la méthode fait donc
partie de la méthodologie d’enseignement. Il est a mentionner
ici que la méthodologie se change, non seulement a cause du
développement du domaine d’enseignement, mais aussi selon
les changements que subissent les situations politiques,
¢conomiques et culturelles.

La méthodologie traditionnelle du 19° siécle a vu

succéder d’autres méthodologies qui cherchent a leur tour, a
combler certaines lacunes dans I’enseignement des langues
étrangeres. Il nous est difficile de suivre avec précision la
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succession chronologique des méthodologies, néanmoins, nous
pouvons la dessiner dans le cadre suivant:

La méthodologie traditionnelle (MT)

La méthodologie directe (MD)

La méthodologie audio-orale (MAO)

La méthodologie structuro-globale audio visuelle
(SGAV)

e [’ approche communicative (AC)

Pour savoir quelle méthodologie devons-nous choisir
dans I’enseignement des langues étrangeres et pour que notre
choix soit le meilleur qui convient aux conditions spécifiques
de nos apprenants, nous n'avons qu'a parcourir 1’évolution
qu’ont subie les différentes méthodologies d’enseignement des
langues étrangeres. Commengons par la méthodologie
traditionnelle qui était le fondement de toutes autres
méthodologies.

e La méthodologie traditionnelle (MT)

Selon certains chercheurs, le MT est connue depuis le

18 siecle et d’autres confirment qu’elle est largement adoptée
aul9° siécle sous plusieurs noms tels que la méthodologie
grammaire-traduction et la méthodologie classique. Au lieu de
donner la priorité a I’oral, cette méthodologie, comme nous le
suggere sa conception grammaire-traduction, place la lecture et
la traduction d’écrits littéraires en téte de ses préoccupations.
L’ apprentissage par cceur de longues listes de mots est la base
sur laquelle cette méthodologie est fondée. Aussi, les régles
grammaticales prennent, a leur tour, la priorité puisque la
grammaire était I’¢lément le plus important dans
I’enseignement des langues étrangeres. Dans son ouvrage
intitulé 7he study of language, George Yule se sert d’une
citation d’un certain Aickin, datée de 1693, pour souligner
I’importance accordée a la grammaire au 17° siécle:
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"For no Tongue can be acquired without Grammatical
rules; since then all other Tongues, and languages are
taught by Grammar, why ought not the English Tongue to
be taught so too. Imitation will never do it, under twenty
years; I have known some Foreigners who have been
longer in learning to speak English and yet are far from it:
the not learning by Grammar is the true cause."

Nous pouvons nous demander quels sont les manuels dont
on a tiré¢ profit pour appliquer la méthodologie traditionnelle?
N’ayant pas de manuel précis, I’enseignant se charge lui-méme
de choisir les textes, les exercices, les questions et les
corrections, qui, dans la majorité des cas, ne respectent les
différentiations lexicales et grammaticales. Etant le responsable
de tous les détails de I’opération enseignement-apprentissage,
I’enseignant a obtenu le titre de ‘Maitre’. En ce qui concerne
I’interaction enseignant-apprenant, elle est minime et la
communication est unidirectionnelle entre les deux.

La technique d’apprentissage de la langue est constituée

de la traduction et de la mémorisation des mots et des phrases.
La grammaire occupe aussi une place considérable dans la
méthodologie traditionnelle; on 1’enseignait d’une maniere
déductive dans laquelle I’enseignant explique d’abord la regle
grammaticale, puis il I"utilise sous forme de différentes
phrases. Dans la stratégie d’enseignement de la méthodologie
traditionnelle, la langue maternelle occupe une place
marquante.

Cette méthodologie a-t-elle besoin d’instruments précis
pour I’appliquer en classe? Tout ce qu’il faut pour son
application ne dépasse pas un livre de grammaire, un
dictionnaire bilingue, un livre contenant des mots et des
phrases de la langue cible accolés a leurs équivalents dans la
langue maternelle de I'apprenant et un enseignant.
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La méthode grammaire- traduction est critiquée de la part

de beaucoup de didacticiens qui refusent 1’absurdité de forcer
I’apprenant a apprendre par coeur des longues listes des mots,
des phrases et des régle grammaticales. Aussi, le fait d'avoir
donné la grande importance a l'écrit, en ignorant I'importance
des fondements de leurs choix didactiques, est un autre défaut
inacceptable.

Les grands changements des relations internationales ont
affecté, d’une maniere explicite et directe, I’enseignement des
langues; les objectifs d’apprentissage des langues étrangere ne
sont plus les mémes que ceux de la méthodologie traditionnelle
du 19° siécle. A cette époque-la, on apprend une langue
¢trangere pour s’en servir dans I’étude de sa culture et sa
littérature.4 La fin du méme siecle voit dominer une nouvelle
1dée concernant les langues vivantes étrangeres; elles sont
faites pour étre parlées et comprises oralement. C’est donc
I’application de la méthode orale qui va préconiser la
prononciation et I’accentuation. Ce changement méthodique est
considéré comme une ¢tape importante du passage de la
meéthodologie traditionnelle a la méthodologie directe.

L’objectif culturel n’est plus une priorité, c’est un autre
objectif qui occupe la premiere place dans I’enseignement
d’une langue étrangere; au lieu d’étre considérée comme
savoir, la langue étrangere est devenue un instrument de
communication avec la personne qui ne possede pas la méme
langue que le locuteur. Dans son ouvrage Evolution de
[’enseignement des langues, C. Germain va jusqu’a confirmer
que la langue étrangere "est vue comme un instrument de
communication ou mieux comme un instrument d’interaction
sociale."’
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e La méthodologie directe (MD)

Soulignons tout d’abord que cette méthodologie a été
nommee également "méthodologie active", "méthodologie
¢clectique”, "méthodologie mixte", "méthodologie orale".
Pouvons-nous supposer que le fait de lui donner plusieurs
noms exprime le refus d’appliquer une méthodologie précise?
Les méthodologues actifs ne cachent pas leur volonté de voir
une sorte d’équilibre global entre les objectifs de
I’enseignement-apprentissage qui sont : formatif, pratique et

culturel.

Nous pouvons supposer que la méthodologie directe est
située dans un prolongement historique de 1'évolution qu'a
connue la méthodologie traditionnelle. Elle a constitué¢ une
approche naturelle d’apprendre une nouvelle langue étrangere
fondée sur 1’observation de 1’acquisition de la langue
maternelle par I’enfant. La grammaire cede la premiere place a
la pratique orale de la langue cible. Les longues listes, des mots
et des phrases traduites dans la langue maternelle et
lI'intermédiaire des régles grammaticales dans la langue orale,
sont jetées dans 1'oubli.

La méthodologie directe est considérée par certains
linguistes comme la premiere méthodologie spécifique a
enseigner les langues étrangeres. Elle veut dire que 1’opération
enseignement/apprentissage se fait directement sans aucun
médiateur; au lieu d’utiliser la langue maternelle comme
moyen de traduction mentale, 1’apprenant doit penser
directement en langue étrangere. De plus, I’apprenant profite
directement de 1’objectif pratique de la méthode visant la
pratique orale en classe. En poussant I’apprenant a parler en
classe, cette pratique est importante pour améliorer sa
prononciation et maitriser d’une maniere plus efficace la
langue cible. Ajoutons que les différentes productions orales
des apprenants constituent une réaction aux sollicitations
verbales de 1’enseignant.
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Aux dires de Puren, la méthode directe est:
" celle qui enseigne les langues sans 1’intermédiaire d une
autre langue antérieur acquise. Elle n’a recours a la
traduction ni pour transmettre 1’¢léve a manier la langue a
son tour. Elle supprime la version aussi bien que le théme.
En effet. Pour interpréter les attributs et de leurs
modifications; a la perception de leurs rapports mots, elle
les associe a la vue des choses et des étres; a I’intuition de
leurs réciproque; enfin, elle associe les mots aux actions
des étres."°

L importance de la méthodologie directe vient du fait non
seulement parce qu’elle assure une sorte de liaison entre
méthodologie d’enseignement des langues et la pédagogie
générale, mais qu’elle met en place certains principes
pédagogiques essentiels dans 1’enseignement des langues; ce
sont, la motivation, 1’adaptation et la progression. Désormais,
elle éveille la curiosité chez I’apprenant.

Le texte joue un role essentiel pour réaliser cette

intégration didactique; c'est autour de lui que les activités
d'enseignement s'organisent. Les corrections phonétiques se
font a travers la lecture du texte; la compréhension orale et
¢crite se réalisent par le commentaire dialogué. La production
¢crite, elle se fait par les réponses des questions posées sur le
texte. Cette méthode favorise la compréhension a travers la
divination, I’apprentissage par 1’imitation et le retentissement
par la répétition. Quant a I’explication des regles
grammaticales, elle se réalise sans passer par la langue
maternelle.

Le rdle de I’enseignant est essentiel dans 1’application de
la méthodologie directe; il ne parle qu'en langue cible sans
avoir recours a la traduction en langue maternelle. Pour
faciliter la compréhension, il se sert d’objets, d’images, de
mimique et de gestes. Cette méthodologie, qui écarte
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enticrement la traduction en langue maternelle, donne la
priorité a la pratique orale en classe, alors que la langue écrite
occupe la deuxieme place.

Si la méthodologie directe favorise 1’apprentissage des
langues étrangeres, c’est qu’elle est composée de différentes
méthodes qui facilitent I’acquisition. Parmi ces méthodes nous
citons:

e La méthode orale pour faire parler I’apprenant.

e [La méthode imitative pour améliorer la prononciation.

e [a méthode interrogative pour faire de différents
exercices en classe.

e La méthode intuitive pour expliquer le vocabulaire.

e La méthode active qui se sert de toutes les méthodes.

Cette méthodologie représente plusieurs points

favorisant 1’apprentissage d’une langue étrangere: La répétition
intensive pour enseigner le vocabulaire et la grammaire n’est
plus utilisée dans la méthodologie directe; elle est remplacée
par la répétition extensive des structures. Pour créer une
ambiance favorable a I’activité de I’apprenant, on a valorisé la
méthode directe pour donner plus de vivacité a la motivation,
considérée comme un élément clé dans 1’apprentissage de la
langue.

Malgré les points positifs que contient la méthodologie
directe, néanmoins, on va favoriser le passage a la
méthodologie audiovisuelle qui va répondre a un objectif
pratique. On voit naitre une union entre les méthodologies
audio-orale et audiovisuelle pour but d’intégrer certaines
théories telles que le distributionnalisme’ et le béhaviorisme®,
et pour se servir d’autres matériels pédagogiques dans
I’enseignement des langues.
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e La Méthodologie Audio-Orale.” (MAO)

La méthodologie audio-orale est une sorte de mélange de

la psychologie béhavioriste et du structuralisme linguistique.
Les linguistes, qui considerent la langue dans ses axes
paradigmatique et syntagmatique, proposent a I’apprenant
d’effectuer deux manipulations sur les structures
grammaticales: la premiere est de substituer des unités les plus
petites de la phrase et la deuxiéme est de faire la transformation
d’une structure a I’autre. Le but de cette application est de faire
des exercices d’imitation et de répétition qui permettent a
I’apprenant le réemploi de la méme structure en introduisant
d’autres modifications paradigmatiques.

Le premier objectif de cette méthodologie, qui donne la
priorité a 1’oral et autorise la traduction en langue maternelle,
est de communiquer en autre langue. Les quatre aptitudes de
cette méthodologie sont comme suit: Comprendre, Parler, Lire
et Ecrire. Pour parvenir a communiquer en langues étrangeres,
cette méthodologie vise théoriquement ces quatre compétences.
Pourtant, ¢’est toujours I’oral qui occupe la premiere place.

Les méthodes dont elle se sert sont:

e [a méthode orale: un dialogue simple se lit plusieurs
fois par I’enseignant qui se sert de I’intonation et des
gestes pour faciliter la compréhension.

e La méthode répétitive: les apprenants répetent en
équipe apres I’enseignant.

e [a méthode imitative: apprendre certaines expressions
et mots tirés du dialogue.

La technologie prend part dans la réussite de cette
méthodologie; le laboratoire de langue, par exemple, est un
¢lément important qui privilégie la répétition intensive et
facilite en méme temps la mémorisation du vocabulaire utilisé
dans les dialogues. Le vocabulaire élémentaire du dialogue est
choisi d’une fagon qui peut faciliter sa compréhension et sa
mémorisation. Le role de l’enseignant ne se limite pas a
corriger la prononciation et a diriger la communication en
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classe, il se charge d’utiliser lui-méme le laboratoire de langue
et le magnétophone pour faire écouter aux apprenants les textes
et dialogues enregistrés. L’enseignant se charge donc d’une
autre mission; celle d’un technicien.

Bien qu’on fasse beaucoup d’efforts pour la réussite de

cette méthodologie, a son tour, elle est critiquée pour la
difficulté de transfert hors de la classe. De plus, ses exercices
structuraux ennuient I’apprenant et le démotive.

La Méthodologie Structuro-Globale Audio-visuelle(SGAYV)

Comme son nom le suggere, elle s’est construite autour
de T’utilisation conjointe de I’image et du son. On se sert
d’images fixes représentant des situations précises et des
enregistrements magnétiques qui donnent des détails sur ces
images. Dans cette méthodologie, ’oral est toujours une
priorité. L’ enseignant ne passe a la langue écrite qu’apres étre
sir que I’apprenant arrive a certain niveau oral. La traduction
et le recours a la langue maternelle sont de nouveau
completement évités.

A son tour, cette méthodologie a besoin de matériel
didactique comme c’est le cas de toute méthodologie audio-
visuel, et ¢’est toujours 1’enseignant lui-méme qui se charge de
fonctionner les différents appareils dont 1l se sert dans la classe.
L’ apprenant fait partie de I’interaction qui n’est pas seulement
enseignant-apprenant-enseignant, mais aussi  apprenant-
apprenant. De telle interaction facilite la compréhension et aide
en méme temps, I’apprenant a s’exprimer dans des situations
simples.

Comme c’est le cas dans la méthodologie directe, le
dialogue est un élément important sur lequel s’appuie la
méthodologie SGAV, qui compte sur le dialogue pour fournir
du vocabulaire a étudier; elle est organisée autour des
méthodes suivantes:
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e La méthode orale pour assurer la correction phonétique.

e La méthode interrogative pour enrichir le bagage
linguistique de 1’apprenant.
e La méthode intuitive pour faire parler I’apprenant.
e La méthode imitative pour la mémorisation du dialogue.
e La méthode active pour se servir de toutes les autres
méthodes déja mentionnées.
En ce qui concerne le matériel utilisé nous citons: le livre
d’apprenant plein d’image, le livre d’enseignant, deux cahiers
d’exercices, des cassettes audio et des dessins (diapos).

e [L’Approche Communicative (AC)

C’est en réaction contre la méthodologie structuro-

globale audio-visuelle et la méthodologie audio-orale qu’on a
développé I’approche communicative. Avoir le nom
‘Approche’ veut dire qu’elle n’est pas considérée comme une
vraie méthodologie. Elle est plutot une convergence des
recherches liées aux besoins linguistiques européens. Une
profonde lecture de cette approche nous montre qu’elle est faite
pour répondre aux besoins des groupes de professionnels et
d’immigrants qui veulent acquérir un savoir-faire immédiat et
une compétence communicative en frangais.

Donc on cherche, a travers cette approche, des
conditions favorisant plus [’apprentissage d’une langue
¢trangere. Le but qu’on veut atteindre est de développer les
quatre habiletés de I’apprenant (Comprendre, Parler, Lire et
Ecrire).

Il est clair que cette approche considere la langue comme
un instrument communicatif. De plus, I’apprenant n’est plus un
récepteur d’information; il devient un élément important grace
au role actif qu’il joue dans I’enseignement-apprentissage.
L’enseignant devient a son tour un médiateur de Ila
communication et un conseiller important qui dirige
I’apprenant vers la bonne direction.
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Les principes de cette approche sont multiples. Dans la
suite, nous en citons les plus importants:

- Acquisition d’une compétence pour communiquer en
langue étrangere.

- Travailler sur les compétences linguistique,
sociolinguistique, référentielle, discursive et stratégique.

- En classe, la priorité est a la langue francgaise, mais parfois,
on utilise la langue maternelle.

- Le francais est enseigné dans sa dimension sociale a travers
des dialogues et des textes.

- Les documents sont importants dans I’apprentissage de
FLE ; ils aident a intégrer de différents niveaux d’analyse
dans la classe.

- L’utilisation des jeux est essentielle; elle ne favorise pas
seulement 1’activité orale en classe, mais 1’enseignant peut
utiliser les jeux pour  d’autres objectifs lexicaux,
communicatifs et grammaticaux.

Il est clair que cette approche considére la langue comme
un instrument communicatif. De plus, I’apprenant n’est plus un
récepteur d’information; il devient un élément important grace
au role actif qu’il joue dans I’enseignement-apprentissage.
L’enseignant se transforme en un intermédiaire de la
communication et un guide décisif qui oriente 1’apprenant dans
le bon sens.

Maintenant, aprés avoir survolé certaines des
méthodologies appliquées dans 1’enseignement des langues
¢trangeres, et avant de répondre a notre premiere question sur
le choix de méthodologie pour enseigner le FLE en Libye,
plusieurs points méritent d’étre mentionnés ici:
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- Les enseignants de FLE dans les écoles secondaires ne
sont pas qualifiés pour enseigner le francgais; ils ne
maitrisent pas bien la langue qu’ils essaient d’enseigner.
De plus, ils n’ont jamais étudié la pédagogie pratique ou la
méthodologie  d’enseignement durant leurs études
universitaires.

- On ne sert pas de méthodologie précise dans
I’enseignement de frangais aux écoles secondaires.

- Le livre d’¢leve est trés ancien et ne répond pas aux
différents besoins d’enseignement-apprentissage.

- L’interaction en classe prend toujours un sens unique;
enseignant/apprenant.

- L’enseignement de FLE dans les écoles secondaires se fait
trois fois par semaine, et le cours ne dépasse pas 45
minutes.

- Laclasse contient un grand nombre d’apprenants (entre 40
et 60).

- Les écoles secondaires ne sont pas fournies de laboratoires
de langue.

- Le matériel d’enseignement manque dans presque toutes
les écoles.

- Les inspecteurs pédagogiques sont incapables de guider
les enseignants vers une méthode précise.

- Le fait de considérer le frangais comme matiére facultative
dans les écoles secondaires défavorise son apprentissage
de la part des éleves.

La situation de la langue frangaise dans les universités

libyennes semble étre beaucoup mieux que celle dans les

¢coles secondaires. Pourtant, les principes méthodologiques
utilisés par les professeurs de frangais sont éclectiques, car ils
se servent de différentes méthodes, des activités et des
ressources multiples appartenant a diverses méthodologies.
Pour encourager les éleves et les étudiants libyens a
apprendre le frangais, 1l faut prendre plusieurs mesures telles
que les suivantes:
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- Créer une politique d’enseignement moderne pour
résoudre les différents problemes d’enseignement de FLE
dans tous les établissements scolaires et universitaires.

- Se servir d’une méthodologie précise pour 1’enseignement
de FLE.

- Intégrer la technologie dans I’enseignement de FLE.

- Préparer un cadre d’enseignant apte d’enseigner.

- Donner plus d’importance a I’apprentissage de FLE et
sensibiliser les gens de 1’avenir de cette langue en Libye.

- Organiser des stages pédagogiques pour les enseignants.

- S’ouvrir sur la technologie et les méthodes
d’enseignement a travers des stages pédagogiques en
France.

- Faire installer des bibliotheques médiatiques dans les
¢coles et les universités.

- Organiser des séminaires et des colloques nationaux pour
discuter les différents problemes d’enseignement de FLE.

- Utiliser des documents authentiques (articles de journaux,
chansons, radio, télévision, etc.) pour familiariser les
apprenants avec le discours oral et écrit destiné aux
locuteurs natifs.

Une profonde modification au sein de I’enseignement des
langues étrangeres, et surtout la langue francaise, est essentiel
afin d’aborder I’enseignement de FLE avec des objectifs
minimaux; visant une acquisition d’une compétence minimale
de communication orale et un développement de
compréhension écrite qui permettent aux apprenants de profiter
de leur connaissance de la langue francaise dans la vie
quotidienne.

C’est aux enseignants de choisir la méthodologie qui peut
répondre, non seulement aux besoins des apprenants, mais
aussi qui peut étre effectuée par les moyens existant dans les
¢tablissements scolaires et universitaires. Donner la liberté aux
enseignants d’adopter des méthodes d’enseignement ne veut
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pas dire qu’elles soient différentes les unes des autres. Ici vient
le role administratif qui choisit une méthodologie et une
méthode précise a appliquer a 1'ensemble du pays.

Pour réaliser ces objectifs et d’autres, le Ministére de
I’Education doit mener une révision du programme de francais
pour les différents niveaux. Pour réorienter les éléments de
I’enseignement de FLE, qui conviennent le mieux aux besoins
des apprenants, a la cohérence et a la pertinence du curriculum
éducatif, 1l ne faut pas ignorer la nécessité de renouveler les
activités des langues étrangeres pour promouvoir la
compréhension entre notre pays et le monde et a contribuer a la
formation de 1I’éducation nationale qui se trouve dans une
situation pitoyable.

CONCLUSION GENERALE

Vu I'importance accordée aux langues étrangeres, il faut
préparer les apprenants aux nouveaux besoins langagiers et se
servir d’une méthodologie moderne pour leur enseigner le
frangais d'une facon différente et loin de la méthodologie
classique basée sur la grammaire-traduction.

C’est le role de I’Etat de permettre a ses citoyens

d’acquérir une connaissance fonctionnelle d’autre langue telle
que I’anglais ou le frangais. Maitriser une ou deux langues
étrangeres leur ouvre la porte, non seulement pour occuper de
nouveaux postes, mais aussi pour connaitre d’autres cultures et
d’autres nations. Cette connaissance est sans doute importante
dans un monde favorisant la coopération entre les pays.
D’apres ce que nous avons examing dans cette étude,

nous pouvons dire que 1’héritage de la méthodologie
traditionnelle persiste encore aujourd’hui dans ’utilisation de
métalangage grammatical dans 1’apprentissage des langues
¢trangeres

Toutes les méthodologies cherchent a réaliser un objectif
précis, c’est d’arriver a une communication efficace par
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I’adaptation des formes linguistiques. Les unes, telle que la
méthodologie traditionnelle, n’arrive pas a réaliser cet objectif,
alors que d’autres, plus développées, ont réussit dans cette
démarche.

Apprendre de longues listes de mots et des regles
grammaticales par coeur n’est pas suffisant pour communiquer
et maitriser une langue étrangere. Pour que nos ¢léves et
¢tudiants réussissent a maitriser 1’anglais, le frangais ou
n’importe quelle autre langue vivante, ils ont besoin d’une
méthodologie qui les rend actifs en classe. L’interaction de
sens unique enseignant-apprenant doit é&tre changée en
accordant plus d’importance a la participation de I’apprenant.
On ne nie pas que notre ouverture sur I’étranger soit tardive,
pourtant, nous ne voulons point une langue exclusivement
littéraire. Notre pays a besoin d’outil de communication
favorisant les différents échanges avec le monde qui nous
entoure.

L’évolution qu’ont connue les différentes méthodologies
est un résultat logique de grand changement dans les besoins et
les objectifs des apprenants. Ces changements ont un impact
décisif sur ’enseignement de FLE dans le monde entier. Dans
nos établissements scolaires et universitaires, nous continuons
a appliquer une petite partie de la méthodologie traditionnelle.
Pour améliorer 1’enseignement/apprentissage, non seulement
de FLE, mais d’autres matiéres, nous avons besoin d’un 17
Février dans le domaine d’enseignement.
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Notes et Références

1. PUREN C., (1988) Histoire des méthodologies d’enseignement des
langues vivantes, Paris, Nathan. p.16.

2. lbid., p. 17.

3. Yule, George, (1985), The study of language, (Cambridge:
Cambridge University Press, p. 150.

4. GERMAIN, C., (1993), Evolution de I'enseignement des
langues: 5.000 ans d’histoire, Paris, Clé international, Col. DLE, p.
202.

5. Les Frangais ont commenceé a accorder une priorité a langue anglaise
pour but d’étudier la littérature britannique et en profiter pour améliorer la
situation littéraire frangaise qui €tait dans un état pitoyable

6. Cité par Christian, Puren, 1988), Histoire des méthodologies de
I'enseignement des langues. Clé international. Paris, p.121

7. Le Distributionnalisme est une théorie linguistique générale du langage.
Cette théorie développée par Léonard Bloomfield et Z. Harris, doming la
linguistique américaine pour longtemps, est I’un des fondements de la
grammaire générative qui a beaucoup influencé les diverses méthodes
d’apprentissage des langues. Pour en savoir plus, voir:

http://fr wikipedia.org/wiki/Distributionnalisme.

8. Le terme ‘béhaviorisme définit I’apprentissage comme une
modification durable du comportement résultant de la conséquence d’un
entrailnement particulier. Pour en savoir plus, voir:
http://edutechwiki.unige.ch/fr/B%C3%A9%haviorisme

9. Cette méthodologie, parue pendant la deuxieme guerre mondiale, était
crée pour répondre aux besoins de I’armée américaine qui voulait,
d’une maniere rapide, former des gens possédant d’autres langues que
I’anglais. On I’a méme appelée ‘la méthode de I’armée.’

| 2015 guigy yilill el (267) dupdll cals dlan




[ Jlopbll sgauwn yule.s Sl ta uigall &8l gauyadl Laell g il 2ol o )

Références

ALTET, M. (1997). Les pédagogies de l'apprentissage. Paris: PUF.
Beacco, J.C. (1995). “La Méthode Circulante et les Méthodologies Constituées™ Le
Frangais dans le monde (Recherches et Applications). Numéro spécial “Méthodes et
Meéthodologies”, janvier, pp. 34-41.

CARDINET, A. (1995). Pratiquer la médiation en pédagogie. Paris:
Dunod.

GURTNER, J.-L., GURTNER, M., ANDREETTA, R, & CRIVELLI, C.
(1993). Analyse d'un programme de soutien psychopédagogique, Bulletin
de recherche no 104. Fribourg: Institut de psychologie.

Karshukova, L., (2004): Trois théories d’enseignement des langues
étrangere : méthode traditionnelle, approche communicative et approche
‘fonctionnelle-notionnelle’. Retrouver sur http://digitalcommons.
mcmaster.ca/cgi/viewcontent.cgi?article=8030&
context=opendissertations

PENDANX, M. 1998, Les activités d’apprentissage en classe de
langue, Paris, Hachette.

PERRENOUD, P. (1996). Métier d'éleve et sens du travail scolaire.
Paris: ESF

PUREN, C,, (2003), La Didactique des langues étrangeres a la
croisée des chemins —essai sur [’éclectisme, CREDIF, Didier, Paris.

RIVENC, P, (2003), Apprentissage d’une langue étrangere/seconde 3.La
méthodologie, Bruxelles, De Boeck.

[ p2015 guigs yulill saell (262 dupdll cals dlan




dugell Wloail elal puydil sy dwls
QAT sl YUidlgjisil Jglans

cilaens ddlbll LA sl pghig
duilyasll ddlbl dali

el daald JLS jals | <2
ding deal deal e o

3000 deal e e

o5l alkll o

Al ) (adla
s S e e desiadl membranes Akl LA Akl aad
SN PBI ) o ol S jayddg 2all s Polybenzimazadol dso) el s
lariiad) 4032 aal aal H3PO4 @l siue sil) (anny e lidi) 5 Lguudars
A ¢ Adle i) pa il vie e el dundill e g8 cu Ll
A lay S Ll b dage (AT 85005 ¢ Al LS Jaa 5 Apalay i
422150 Oe et A daai Ayl a Gla 2 vie el pS) sl diaidis
oAy Aaulidl ABeV) odgd ge Bae g (LAl Aal e A
) Laayl g ¢ CpandV) L] A palalsl dpald et Al g ey ) shu 6l
Lo AL il gl 31 e Gl Lk g Ll Addl LGl
9 La) lgge e Gy adlal Qg i JulaS Jaaal) ) mlass
Goae s Az Ae @k e eldall e dly ) shu gl e ol Ol
ey dndiall (g o Q) Addie) el Qgal Al adde g g3l a8
e el Al yng LIS D) Afal Al all o3 (adgd ¢ ol ghus gl
Sl st gl Gaeal doay Jlg jSI s dlag) (a3l 4 saall (aleal)
DA Lpdie Y ol ) sin il (men (e Jumdl elal 53 Alall &y ) jal) s o e
CMA aan b Ll Al oy b LA & dpne (alea) A AL
w2y Benzoic Acid <hsiull sassy  «Chloracetic acid LSl
A Al ddell @ WAY) Benzene sulfonic acid <lisila o
3.».\:\)3 L_I\JL\JA‘ GA MMDJ}SJAM 4.1}..4’_“ u.a\.a;\}“ :Lu:\JJ UAJ’J L@JLQ:_\»:\
ok LAl A ¢ proton conductivity <l sis nll Ak Sl Ala sl
Ll s oxygen reduction reaction (ORR) aanSY! J)3ia) Jeli Jaxs
fuel cell(I-V) 4l 4l dpldl clisie bl LSRN aladiul o

| £2015 guigy yilill saell (263) dupdll aalds dlan |




ainn apal apal yue.s / i apal Jbs jalid

i e e WUitlgpisll Jglans dgraall ghloadl elal puydil dying dulpy W
G e lgle deasiall gilill @yelsl polarizatioion  curves
Aa,0 180 A 100 G saedl Alle 4l sa ila o aie 4030 46 Aula sl
Aol Camn glal Gela) AN 4y ganll (alaal¥l amen O 43e
Aloa Glasa aie ¢ Al Aal e el s gdl) (meny 455l A0 S
il a5 Caes ell (e dAx,0 80-40) Gn el dmididl
L gaall Galea¥l (o 400 ,eS dolia 5o Juzdl Benzene sulfonic acid
<l .JSG_\LLJ\ b..\Ar“_LJ}m}sj\ UA“’;U‘“;%J‘:‘ g_uLSA_\.LLA}A g;.j;} 3 5‘)‘95:.\&.“
dueals dalad a5y s benzene sulfonic oaes 4wl oy JLEA) L o4 (L
SRDE 5 CV @l Whal ¢ aadall & (A Gy geasll Guiaeall 20 5o
Benzene sulfonic <l st (n i aes Ol @ jedl s canitind K -V
Aallall 2 51l s pall e Sl 5 ghos il s anlin g 3en iy 00 o acid
oyl alasall vie Nafioin Ol Andiey e i oS0 ?J Lal g
4_:Lu: u_u;.lé\_\j\.d\ 4_1)\);}\ a_ﬂAJJ.‘\J.\.c‘ULa LJJJUMCA‘)JJMMAM
Aol claall die 5 A Aals ey eldall Gaeall Loy uSill ) Cilaa

400 Qi I 5 e Ll Jebal) s ontly annl Casusy ducmiiiial

A research study to assess organic acids
performance as electrolytes to improve fuel cells
operation as electrical energy devices.
Nomenclature

PEMEFC: Polymer Electrolyte Membrane Fuel Cells
PEM: Polymer Electrolyte membrane

PBI: Polybenzimidazole

X: Doping level

PRU: Per repeated unit of PBI

TFMSA: Trifluoromethane sulfunic acid
PVPA: poly (vinylphosphonic acid)
MPPA: Monophenyl phosphoric acid
DPPA: diphenylphosphonic acid

(sPPA): sulfonated phenylphosphonic acid
DMACc: Dimethylacetamide

BA: Benzoic acid

CAA: Chloroacetic acid

BSA: Benzene sulfonic acid

PA: Phosphoric acid
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SA: Sulfuric acid
R: resistance
c: conductivity
ORR: Oxygen reduction reactions
RDE: Rotating disk electrode
CV: Cyclic Voltammetry
LSV: Linear Sweep Voltammetry
AE: Auxillary electrode
RE: Refference electrode
WE: Working electrode
MEA: Membrane electrode assembly
Ty Humidifier temperature, °C
RH: Relative humidity, %

INTRODUCTION

Polymer electrolyte membrane fuel cells (PEMFC) have
been receiving a great amount of attention in the Automotive
and stationary power sectors due to high power density and low
operational temperature. In addition, they have been considered
as alternatives for internal combustion engines for their high
energy conversion, low CO, emissions and high efficiency [1],
[ 2]
In the literature, one of the most traditional membranes that has
been used for low temperature PEMFC is Nafion® (Du Pont
Inc.). The presence of perfluorinated chain in Nafion
membrane offers good chemical and mechanical stability
below 90°C. In addition, it has a high conductivity (>0.05
S.cm™ at room temperature and 100% relative humidity).
However, the conductivity of Nafion depends greatly on its
water content. The Operating temperatures of Nafion based
membranes are limited between 50 and 90°C. Another issue for
low temperature fuel cells is water flooding at the cathode due
to the accumulation of excess water that causes oxygen mass
transfer limitations [1]. The presence of poisonous species such
as CO and H,S in the fuel has a negative impact on the
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performance of low temperature fuel cells due to catalyst
deactivation [2]. For example, in Nafion based polymer
membranes, the presence of CO content as low as 20 to 50 ppm
in the gas feed stream will result in a significant decrease of

fuel cell performance [3].

In order to overcome the above mentioned limitations for low
temperature PEMFC, it has been suggested to increase the
operation temperature of PEMFC [4-7]. The high temperature
(HT) PEMFCs have the following advantages: higher CO
tolerance in the feed gas, enhanced reaction kinetics on both of
anode and cathode, use of non-noble catalyst, use of simpler
cooling systems and less complicated integrated reformer
systems [8-10].

One of the most promising proton exchange membranes that
operate at high temperature (more than 100°C) is
Polybenzimidazol (PBI) doped with phosphoric acid. PBI has
been used as fire resistant fabric for fire fighters clothes for its
high thermal stability. Fig. 1 shows the chemical structure of
PBI [11-12]

H
N N,

S 1
—[—<// I\/l]
,N N

H

Fig. 1 Molecular structure of polybenzimidazol [12]

The ionic conductivity for PBI in the pure state is very
low (107% S.cm™) [13-14]. An effective way to substantially
increase the ionic conductivity of PBI is by doping it with
different acids. Sulfuric acid, phosphoric acid, perchloric acid,
nitric acid and hydrochloric acid have all been used to dope
PBI [15]. Among the above acids is phosphoric acid has been
considered to be the most promising acid due to its 3-D
hydrogen bonding network, high thermal stability as well as
high ionic conductivity at elevated temperatures and lower
volatility at temperatures above 150°C [1].
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Despite, the improvements of using phosphoric acid in doping
PBI, the main remaining limitations are: loss of the acid
through vapor exhaust and fuel gas streams, low electrocatalyst
activity and strong adsorption of phosphate anions on the
platinum catalyst surface combined with oxygen low solubility

and sluggish oxygen reduction reactions [2].

Due to the aforementioned limitations of phosphoric acid as an
electrolyte in doping PBI based PEMFC systems; the main
target of this project research is to try to find an alternative
organic acid as a doping electrolyte for PBI based high
temperature PEMFC that could overcome those limitations.
Three organic acids, chloroacetic, benzoic and benzene
sulfonic acids, have been investigated in terms of proton
conductivity, oxygen reduction kinetics and fuel cell I-V
polarization curves. Phosphoric acid doped PBI membrane has
been considered as a benchmark for this research study.

Methodology

Proposed Organic Acids Used to dope PBI
Membranes:

Organic acids that have similar physical properties to
phosphoric acid based on its boiling and melting points were
considered. In other words, organic acids which have boiling
points above 140 °C so that they could be used in high
temperature fuel cells.
Three organic acids were selected for this project research as
follows:
1. Chloroacetic acid.
2. Benzoic acid.
3. Benzene sulfonic acid.
These organic acids (chloroacetic, benzoic and benzene
sulfonic acids) have been chosen as a dopant for
polybenzimidazole (PBI). These three organic acids were
compared with phosphoric acid in terms of proton
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conductivity, oxygen reduction kinetics and I-V polarization
curves for fuel cell test.

B. PBlI Membrane Preparation

Firstly, the PBI-DMAc solution has been made as the
following steps. PBI powder as shown in fig. 2 was supplied by
[Between, Germany]. 12.5% weight percent of PBI in
Dimethylacetamide (DMAc) solution was prepared. The PBI
powder was mixed with DMAc in a PTFE vessel as shown in
fig.3

B N
Fig. 2. Polybenzimidazole (PBI) Fig. 3. 12.5% PBI-DMAc
powder solution in a PTFE vessel

Afterwards, the 12.5% PBI-DMAc in a PTFE vessel was
heated in a microwave oven with a power rating of S0W for 2
minutes. Then the PTFE vessel was taken out of the
microwave, its lid subsequently opened to release the gas and
then left to cool down for 5 min. During that time the PTFE
vessel was shaken to mix the solution in order to dissolve the
PBI particles.

Then the vessel was put in the microwave for just 1 minute.
Afterwards, 1t was taken out again to release the gas and left
for Smin before being shaken again.

The mentioned steps were then repeated about 9 to 10 times to
make sure that almost all the PBI was dissolved in the DMAC
solution.
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The next step was to extract the undissolved PBI particles from
the DMACc solution by putting it in a rotating centrifugal.
Once the PBI-DMACc solution was purified, the next step was
to make sure that the PBI weight percentage (%wt) in the
DMAc solution is 12%. This was done by first weighing an
empty petri dish (W;), then by placing a small amount of the
prepared PBI-DMAc solution on it and reweighing the petri
dish (W,). Once this was achieved, it was inserted into the air
oven at a temperature of 80 °C for 30 minutes in order to
evaporate the DMAc. Afterwards, the petri dish containing the
PBI was weighed again (W3).
The calculation to measure Wt% of PBI in DMACc solution
was as follows:
W;=24.0402 gm.
W, =24.6119gm
W;=24.113
Weight of (PBI+DMAc before drying), Wy = W, — W, =
24.6119 -24.0402 =0.5717 gm
Weight of PBI after drying, Ws = W5 -W; =24.113 - 24.0402
=0.0729 gm
% weight percentage of PBI in DMAc solution

= Y¥s 100 = 2272 « 100 = 12.75%
W, 0.5717

C. Preparing Organic Acids Doped PBI
Membranes

Chloroacetic acid (CA), C,H;ClO, (99.8%) was supplied by
Sigma Aldrich. Three aqueous solution samples (4, 5 and 6M)
were prepared and put in bottles of 20 ml size. In addition, a
fourth pure sample of chloroacetic acid was prepared and put in
the 20ml bottle.
Four PBI membranes of (1cmXx2cm) and four PBI membranes
of (3cmx3cm) for conductivity measurements and fuel cell test
purposes respectively were cut from the original prepared 40
um PBI membrane sheet. Before doping any PBI membranes
with any organic acid solution, the (lcmX2cm) PBI

| 2015 guigy yilill el (269 dupdll cals dlan




ainn apal apal yue.s / i apal Jbs jalid

At st meaiaci | UGS Jglans dygaell Bloadl elsl pygdil dpiny dwljy W
membranes had to be weighed and recorded as (W;). In
addition, the thickness of the above membranes was recorded.
Afterwards, these PBI membranes were doped with an organic
acid for a doping time of at least 7 days. In addition, the weight
of the (1cmXx2cm) PBI membrane after doping with an organic

acid was recorded as W,.

Doping level of an organic acid doped PBI membrane was
calculated as follows:

Doping level, PRU =

moles of orgaic acid absorbed by PBI membrane

moles of PBI membrane before doping it
The same procedure was done on the rest of the mentioned

organic tested acids

D .Proton conductivity test measurement
A two Platinum (Pt) probe technique was used to measure the
proton conductivity for the organic acid doped PBI
membranes. The required apparatus for this technique included
the Frequency Response Analysis (FRA) (Voltech TF2000,
UK) that applied AC impedance frequency in the range
between 1 kHz and 20 kHz, a voltmeter, an ampmeter,
temperature controllers, a humidifier, a humidity sensor, a
testing cell and a torque wrench. The cell temperature was
controlled by electronic thermocouple attached to both sides of
the cell. One of the important factors of proton conductivity as
was explained in chapter one was doping level, which is a ratio
of moles of the acid doped in the PBI membrane to the
repeated moles of PBI membrane [13]. Therefore, an initial
indicator step for measuring proton conductivity was
calculating doping levels of the organic acid in PBI
membranes. For example, the initial weight of (2cmXx2cm) PBI
membrane before doping it in 7M solution of benzene sulfonic
acid was 0.0269 g. The weight of the same membrane after
doing it with the same solution for 17 days was 0.1345 g. The
weight of benzene sulfonic that was adsorbed in the above
membrane is = 0.1345 — 0.0269 =0.1076 gm.
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Number of moles of PBI membrane before doping =
0.0269(gm)/308.336 (gm.mol™") = 8.72425x10~ moles
Number of adsorbed benzene sulfonic acid in PBI membrane =
0.1076/158.2 = 6.8x10™ moles

Therefore, doping level of 7M benzene sulfonic acid =

6.8X10~ = 7.79 per repeating unit (PRU)

8.72425x10~5
Doping calculations for all organic acid doped PBI membranes

were carried out in the same manner as that of the previous
example of 7M of Benzene sulfonic acid doped PBI membrane
except the direct casting of benzoic acid with PBI-DMAc
solution. After calculating the doping level, the thickness of
PBI membranes after doping with organic acids was measured
in order to calculate the cross sectional area of the membranes.
Afterwards, the doped PBI membranes was placed on two
platinum (Pt) probes with spacing of 0.5cm of a cell test as
shown in Fig. 4. Afterwards, the testing cell was closed and
torqued. Once that was done, the testing cell was connected to
the Ampmeter, voltammeter and Frequency Response Analysis
FRA . Then, the cell was heated between 80 and 200°C with
20C intervals. For example, 80, 100, 120, etc... At each
temperature interval the cell had to be kept for 20 minutes at
that temperature in order to get a steady temperature.

| i / Two Pt probes

o .
e';\.o
< 1
A i I‘.

BSA doped
PBI

‘ membrane
Fig. 4 (BSA) doped PBI membrane between two Pt probes.
The FRA was used to apply AC impedance frequency (from

kHz to 20 kHz), then current and voltage readings were
recorded using the voltammeter and ampmeter in order to
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calculate the electrical resistance (R) and proton conductivity
(o) at that temperature. Afterwards, the maximum value of the
proton conductivity among various frequencies reading was
selected as the right value of proton conductivity at that
temperature. Finally, a temperature vs. conductivity plot was
drawn at different concentrations for each acid and compared

with the benchmark plot of phosphoric acid doped PBI.

E. Experimental section of half cell tests using CV
and RDE techniques:

An electrochemical glass cell was set up with a reference
electrode of (Ag/AgCl), a counter or auxiliary electrode of
platinum, Pt wire and a working Pt rotating disk electrode
[Radiometer Analytical, surface area = 0.07068cm’] . After the
three electrodes were placed in an electrolyte solution in the
half cell they were connected to Auto Lab potentiostat PG state
302 and in order to record the voltage and current values when

applying external voltages to the electrolyte.

Rotating Disk Electrode (RDE) measurements

Procedure
The kinetics measurements of oxygen reduction reactions for
benzene sulfonic acid (BSA), sulfuric acid (SA) and
phosphoric acid (PA) using CV and RDE techniques have been
taken place under room temperature and atmospheric pressure
conditions. The cell firstly was filled with an appropriate
electrolyte to be tested. Then working, reference and counter
electrodes were connected to the Auto lab PG 302 potentionstat
properly. All reported voltages were relative to the (Ag/AgCl)
reference electrode.
Afterwards, the cell was purged with oxygen for half an hour.
The rotating disk electrode (WE) was dipped in the electrolyte.
Then, the rotating disk electrode (RDE) was rotated at 1600
rpm. Meanwhile, the auto lab PG stat 302 potentiostat software
was programmed as follows:

Conditioning potential: Open circuit voltage (OCV) + 40 mV
Duration time: 10 seconds
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Equilibration time: 0

Number of scans: 1

Begin potential: OCV + 40 mV

End potential: 0.18V (vs. Ag/AgCl reference electrode)

Step potential: 0.0004V (1/100 of step scan rate).

Afterwards, the software was run. Once 1t had finished the

cycle, the software was reprogrammed in the same fashion

three more times and with the reproducibility of the curves

being checked every time. Then the experiments were run at

400 rpm, 900 rpm, 1600 rpm and 2500 rpm and 18u9the

aforementioned steps were repeated. Once this was achieved
for each rotation speed the data was saved immediately.

F. Cyclic voltammetry measurements Procedure
Once all the RDE measurements were taken for an electrolyte
solution, the cyclic voltammetry (CV) measurement steps for
this electrolyte were started by firstly purging the electrolyte
with Nitrogen for half an hour. Then RE, WE and AE were
connected to the potentiostat. Afterwards, the auto lab
potentiostat was programmed as follows:

Conditional potential: OCV

Start potential: 0.18V

First vertex potential: 1.1V

Second vertex potential: 0.18V

Scan rate: 0.02 V/sec

Step Potential: 0.0004V

Afterwards the scan was effectuated and once it was completed
the data was saved.

G. Fuel Cells Test Preparations

Proton conductivity results for the tested organic acid PBI
membranes revealed that their conductivity at high
temperatures (100 — 200°C) were very low compared to H;PO,
PBI membranes. Therefore, a comparison in the performances
between BSA doped PBI membranes and Nafion membranes at
low temperatures (40 — 80°C) was carried out since BSA
exhibited good conductivity at temperatures < 100°C.
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1V . RESULTS AND DISCUSIONS

A. organic acids conductivity results

Fig.5 represents the experimental results of phosphoric acid
doped PBI membrane conductivity, at high temperatures (80 —
100°C). It can be seen that the highest conductivity values were
between 160 and 180°C around 0.04 S.com™. This conductivity
value was in close agreement with the literature data [1].
However, as it has been mentioned in chapter one reference [1]
that conductivity recorded values of H;PO, doped PBI
membrane vary considerably in the literature and depend on
the membrane preparation method, pretreatment of PBI
membranes, doping level of H;PO,4 in the membrane,

temperature and relative humidity .
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Fig. 5 PA doped PBI membrane conductivity between 80 and
200°C
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Fig. 6 conductivity of pure CAA doped membrane against
temperature
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Fig. 6 shows the proton conductivity of melted pure
Chloroacetic acid doped PBI at a temperature range between
80 and 180°C. The reason why the conductivity data for 6 and
10 M CAA doped PBI membranes are not shown in the above
figure 1s because their conductivity values in the above
temperature range were negligible. In addition this figure
shows that as the temperature rose, the conductivity of
chloroacetic acid doped PBI membrane decreased substantially
from 5.65x10™ S.cm™ at 80°C to lower than 10 at 180°C. It
was noticed that the highest conductivity for this acid doped
membrane was demonstrated by the pure melted sample of
chloroacetic acid i.e. 99.8% purity. In contrast, Robert et al
[15] found that the trichloroacetic acid conductivity increases
in more diluted solution 1.e. lower electrical resistivity ; 1240
and 23 Q cm at 25°C for the 90% and 70% weight percent of

trichloroacetic acid, respectively.
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5.00E-05 -
4.00E-05 -
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Fig. 7 BA doped PBI membrane conductivity variation against
temperature

Fig. 7 shows the conductivity of benzoic acid as a function of

the temperature. This figure reveals that benzoic acid doped

PBI conductivity 1s significantly lower than that of chloroacetic

acid. For instance, at 100°C, the proton conductivity of melted

chloroacetic acid PBI membrane was 2.07x10* S.cm™.

Meanwhile, it was 5.5%10” S.cm™ for benzoic acid doped PBI
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at the same temperature. However, the very low conductivity
of benzoic acid doped PBI was expected. Robert et al [15]
found that the conductivity of benzoic acid solution had the
worst conductivity (highest resistivity) among six tested
organic acid solutions about 2.1x10” and 1.9x10’Q cm at 135
and 153°C respectivily. In addition, this acid has a very low
solubility in water.
Fig.8 shows the proton conductivity of various doping levels of
benzene sulfonic acid doped PBI membranes as a function of
temperature. This figure shows undesirable behavior of proton
conductivity of BSA doped PBI membranes. BSA doped PBI
experienced lower proton conductivity at higher temperatures
in the range between 100 and 180°C. In addition, a surprising
fact was revealed from this figure, namely the fact that the
conductivity of this acid doped PBI membrane decreased as the
doping level was raised. The reason behind the above
detrimental performance of BSA doped PBI conductivity at
high temperature could be due to undergoing decomposition of
the BSA since it was noticed that the BSA PBI membrane
color changed from reddish brown before testing to blackish
brown after testing. This behavior was recorded by Robert et al
[15] in which they found out that the BSA solution experienced
decomposition at high temperatures turning its colour from
light brown into black in the presence of the Pt-black electrode.
In comparison, BSA doped PBI membrane conductivity test
took place in the presence of two Pt-probes. However, the
decrease in conductivity as the doping level was raised might
be due to the lack of water content in the membrane
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Fig. 8 Conductivity of BSA doped PBI membranes with high
temperatures (100 — 180°C) at various doping levels.
However, in a comparison of the proton conductivity of BSA
doped PBI membranes with CAA and BA doped PBI
membranes conductivity as shown in fig. 9. It can be seen that
at high temperatures (100 - up to 160°C), BSA doped PBI
membranes showed higher proton conductivity than CAA and
BA doped PBI membranes, as this was around 19 and 70 times
greater in magnitude respectively at 100°C. Therefore, BSA
doped PBI membrane was selected to be compared with
phosphoric acid doped PBI membrane conductivity

performance.
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:% 0.002 - === BA doped PBI
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Fig. 9 a comparison of organic acid doped PBI membranes
conductivity, BSA, CAA doped PBI and BA doped PBI

Fig. 10 compares the conductivity performance for phosphoric
and benzene sulfonic acids doped PBI membranes at high
temperature in the range between (100 — 180°C). In addition,
this figure reveals that the conductivity performance of PA
doped PBI membranes were greater than that of BSA doped
PBI membranes. Therefore it can be concluded that BSA doped
PBI membranes are not comparable and not suitable
alternatives for PA doped PBI membranes at high temperatures
(100 — 200°C). Due to the weak performance of BSA doped
membranes at high temperatures, i1t was suggested to
investigate the conductivity behavior of BSA doped PBI

membranes at low temperatures in the range of (40 — 80C).

0.05
e BSA, 5M

_.:fsr)/./.——.\-

0 M

80 100 120 140 160 180 200
Temperature, °C

Fig. 10 Conductivity comparison of PSA and PA at high
temperatures

2 0.025

1 1 1 1 1 1 1 1 1 J

Fig. 11 reveals that the conductivity of BSA doped PBI
membranes was significantly higher at low temperatures in the
range of (40 — 80°C) than high temperatures (100 — 180°C),
particularly at 40°C about 0.28379 S.cm™. This value was even
higher than the conductivity of Nafion hydrated membranes
(0.094, 0.089 and 0.059 S.cm™) with thicknesses of 210x10™,
110x10* and 60x10™ cm, respectively at 80°C [16]. In
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addition, fig. 14 shows that at 70°C the conductivity of BSA
doped PBI (7.79PRU) is almost 0.1S.cm™ which is higher than
the conductivity of the commercial Nafion NRE 211 about
(0.05681 S.cm™) [17] and Nafion® 117 around 0.068 S.cm™
[18]. In comparison with H3;PO, doped PBI membranes,
conductivity of BSA doped PBI membrane at 70°C is 0.1S.cm™
which has been greater than the conductivity of H;PO, doped

PBI membranes (0.038 S.cm™ at 140°C).

The high value of BSA doped PBI conductivity at low
temperatures might be due to the presence of sulfonated groups
on the acid structure, higher stability at lower temperatures due
to avoiding hydrolysis and decomposition and higher water
content at temperatures below 100°C. However, as the
temperature rises above 100°C , the conductivity drops. This
behavior has caused concerns about the expected incoming
results for oxygen reduction reaction (ORR) kinetics and fuel
cell polarization curves. Therefore, it was suggested to
compare the performance of BSA doped PBI with Nafion 112
at low temperatures in terms of oxygen reduction reaction,
ORR kinetics and fuel cells polarization curves.

0.3 -
s 5,58 PRU
0.25 e=fli=6.45 PRU
0.2 7.79

o
=

o conductivityd (S.cm)
=
wn1

o
%]

0 m\w——"——u—" —

40 50 60 70 80 90 100 1i0 120 léO 1'42) 150 160 170 180 190
Temperature, °C
Fig. 11 BSA doped PBI membranes conductivity variation with
doping levels at low and high temperatures.
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B. Rotating Disk Electrode (RDE) measurement
results
Fig. 12 compares the oxygen reduction reactions (ORR)
kinetics for PA, SA and BSA solutions using a Pt rotating disk
electrode. At low current densities, weak oxygen reduction
reaction kinetics was observed which could be due to fairly
high overvoltage losses which are about 220mV [19]. It can be
seen that H,SO, supports higher current densities and had the
highest limiting current about 4x10™A. For instance, at
overpotential of 0.2 V, the current densities of BSA, H;PO, and
H,SO, were approximately 2.5x107, 2.49%x10™ and 3.25x10™
Al/em® respectively. However, BSA had the lowest limiting
current around 1x10™A. In addition, at low exchange current
densities, BSA suffered higher activation polarization
compared to the other acids due to very slow oxygen reduction
reaction kinetics on the Pt catalyst surface that could be as a
result of very high adsorption of its anions on the platinum
surface causing a poisoning effect of the Pt catalyst [20].

0.00E+00 (L T

0.2
-5.00E-05 -

-1.00E-04 -

cm?)

-1.50E-04 el H2504,0.5 M, 900rpm

i(A/

'3-2.00E-04

y

e H3PO4, 0.5M, 900rpm
-2.50E-04 -

-3.00E-04 BSA, 0.5M, 900rpm

current densit

-3.50E-04 -

-4.00E-04

-4.50E-04
Potential vs reference electrode(Ag/AgCl) ,E(V)

Fig. 12 linear sweep voltammetry measurements of (PA), (SA)
and (BSA) solutions with rotating speed of 900 rpm.
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C. Cyclic voltammetry (CV) measurements results
Fig.13 compares cyclic voltammetry graphs for PA, SA and
BSA acids solutions at scan rate of 100 mV/s. It can be seen
that the CVs for H;PO,4 and H,SO, acids solutions gave clear
hydrogen, double layer and oxygen regions. These clear and
identified regions are a sign of high purity of these electrolytes
[21]. However, the hydrogen adsorption and desorption current
peaks were not well defined in BSA cyclic voltammetry graph.
In addition, it can be noticed that increasing scan rate resulted
in worse hydrogen/oxygen regions. In addition, Fig. 13 reveals
that the potential of the oxygen reduction reaction (ORR)
kinetics of BSA 1s very poor compared to H3;PO,4 and H,SO,

acid solutions.

6.00E-05

H3PO4

4.00E-05 -

2.00E-05 -

0.00E+00 -
-0.

current desity, j(A/cm?)

-2.00E-05 -

-4.00E-05 -

-6.00E-05 - E(V)

Fig. 13 a comparison of steady-state cyclic voltammetry of 0.5
M of BSA, PA and SA solution at room temperate and scan
rate of 100 mvs

D. Fuel cells I-V polarization curves results

Fig. 14 compares the polarization curves of BSA doped PBI
membrane with Nafion 112 membrane at 20°C in H,/O, low
temperature fuel cell. The literature data [22] of polarization
curves of Nafion membranes 112 at 23°C and 3atm was quite
consistent with the above experimental results of Nafion 112
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which took place at 20°C and atmospheric pressure. It can be
noticed that for the literature data, the open circuit voltage
(OCV) about 0.94 mV was higher than the experimental data
voltage for Nafion 112 cycle 20 about 0.85 mV. This
difference can be due to the fact that at higher operation
pressure, the overall voltage cell perfomance improves higher
than at lower operation pressures [22]. It can be cleary seen
that the perfomance of Nafion 112 is significantly higher than
BSA doped PBI membrane. The evidence of the presence of
acid anion poisoning effects on the BSA -V polarization
curve was that the open circuit voltage (OCV) of cycle 20
decreased by almost 300 mV compared to cycle one resulting
in high overpotential losses. Meanwhile, the perfomance of
Nafion 112 membrane at cycle 20 improved by almost 100 mV
compared to cycle one. Therefore, due to the poisoning effect
of BSA on the Pt catalyst, the fuel cell polarization test
experiment was not measured at higher temperatures such as
30, 40 , 60 and 80°C. Therefore, it can be concluded that
benzene sulfonic acid doped PBI membrane is neither a
suitable alternative for phosphoric acid doped PBI membranes
at high temperatures nor for Nafion membranes at low
temperatures due to the hydrolysis and decomposition effects at
high operation temperatures and poisoning effects due to high

acid anion adsorption at low temperatures.
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Fig. 14 a comparison of oxygen reduction polarization curves
between Nafion membrane and BSA doped PBI membrane in
H,/O, low temperature fuel cell at 20°C, TH = 30°C

V. Conclusion

This research paper has aimed to study the potential of three
selected organic acids to be a suitable organic acid alternative
to phosphoric acid as a dopant for PBI membranes. These
three organic acids ( chloroacetic acid, C,H;ClO,, benzoic acid,
C;H¢O, and benzene sulfonic acid, C4HsO3S ) have been
investigated.

It was found that benzene sulfonic acid BSA (5.58PRU) doped
PBI membranes had the highest conductivity about (3.97x107
S.cm™ at 100°C) compared to chloroacetic acid (5.8PRU)
doped PBI membrane at around 2.07x10™ S.cm™ and benzoic
acid (3.75PRU) doped PBI membrane at approximately
5.5%10”S.cm™ at the same conditions. However, compared to
the conductivity of phosphoric acid doped PBI membrane
(0.0225 S.cm™) at 100°C the above conductivity of benzene
sulfonic acid doped PBI membrane was significantly lower.
Therefore, it was concluded that all the above organic acids
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doped PBI membranes were not a suitable alternative to H;PO,

doped PBI membrane at high temperature fuel cells.
The strategy of this study has been shifted to study the
conductivity of these acids at low temperatures in the range of
40 — 80°C. Then, it was found that the conductivity of benzene
sulfonic acid doped PBI membranes at 70°C was 0.1 S.cm™
with doping level of (7.79 PRU). This conductivity results has
been considerably greater than the conductivity of H3;PO,
doped PBI membranes at 140°C which was 0.038 S.cm™ and
the conductivity of Nafion NRE 211 about (0.05681 S.cm™).
Therefore, it was decided to study the potential of benzene
sulfonic acid doped PBI membranes at low temperatures and to
compare it with Nafion 112 membranes at low temperatures.
The comparison study between benzene sulfonic acid doped
PBI membranes and Nafion 112 membranes at low
temperatures was based on the study of oxygen reduction
reaction (ORR) kinetics of using cyclic voltammetry and
rotating disk electrode techniques considering phosphoric and
sulfuric acid solutions as benchmarks for this test and steady-
state polarization (I-V) curves. The rotating disk electrode
results revealed that 0.5 M of benzene sulfonic acid solution
had the lowest limiting current around 1x10™A/cm” comparing
to 3x10™ and 4x10™* A/cm” limiting currents of 0.5 M of
phosphoric and sulfuric acids solutions, respectively. In
addition, at low current densities, benzene sulfonic acid
exhibited the least favourable oxygen reduction reaction
kinetics compared to the other two acids. On the other hand,
steady-state cyclic voltammetry data for benzene sulfonic acid
solution showed unclear hydrogen and oxygen regions in
contrast to phosphoric and sulfuric acid solutions which their
regions were significantly identified. The hydrogen adsorption
and desorption peak currents of benzene sulfonic acid solution
was dramatically lower than those for phosphoric and sulfuric
acid solutions. Therefore, the CV and RDE tests concluded that
the poor oxygen reduction reaction kinetics performance of
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benzene sulfonic acid tests could be due to high adsorption of
acid anions on the Pt catalyst surface causing a poisoning effect
on the catalyst electrode.

On the other hand, the polarization (I-V) curves revealed that
the performance of Nafion 112 membranes was significantly
higher than that of benzene sulfonic acid doped PBI
membranes at 20°C and ambient pressure. Since those curves
showed that the open circuit voltage (OCV) of BSA doped PBI
membranes of cycle 20 decreased by almost 300 mV compared
to cycle one resulting in high overpotential losses. This
behaviour was proof of the poisioning effect for benzene
sulfonic acid anions on the catalyst surface. In contrast, the
perfomance of Nafion 112 membrane at cycle 20 improved by
almost 100 mV compared to cycle one.

Overall, 1t has been concluded that benzene sulfonic acid doped
PBI membrane was neither a suitable alternative for
phosphoric acid doped PBI membranes at high temperatures
nor an alternative to Nafion membranes at low temperatures
due to the hydrolysis and decomposition effects at high
operation temperatures and poisoning effects due to high acid
anion adsorption at low temperatures.
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