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ABSTRACT

The importance of materials synthesis and characterization for the purpose of tailoring them for
specific applications which could potentially assuage the various problems faced by and
affecting our bludgeoning economy cannot be over emphasized, particularly in terms of
identifying and developing materials that could have the potential to complement our
dependence on fossil fuels and thus alleviate the recurrent and persistent fuel crises in the
energy sector. Moreover, there is enormous research activity taking place in various fields to
develop alternative and renewable sources of energy with enormous implications for our revenue
base. The study of NASICON materials for energy applications in diverse fields such as fuel cells
for transportation, biomaterials, nuclear waste demobilization and environmental concerns,
. among others, has been actively pursued in recent times. However, the effort required to
synthesize and characterize these materials locally is enormously daunting in terms of
information, chemicals, facilities, experts, constant power supply and unfavourable institutional
framework suitable for the successful implementation of research. This paper explores and
highlights these problems based on an ongoing research on Sodium Zirconium Phosphate (NZP),
a member of the NASICON family and proffers solutions to them,

Keywords: Superionic conductors; NASICON; Sodium Zirconium Phosphate; Solid state synthesis

INTRODUCTION claimed here that the problems are entirely
Undertaking research in Nigeria for academic  exclusive fo this research rather that they are
purposes that reflect basic science and more pronounced and something need to he
technology or for applied purpeses is a herculean  done about it. The paper is based on an ongoing
task which can blunt the doggedness of even the  work by the authors in the course of conducting
most determined researcher. Different kinds of research on a family member of ionic conductor
problems are faced by researchers in different NASICON  (Na-Super-lonic-CONductor), ie.,
fields, just as the issues at stake in the various Sodium Zirconium Phosphate, NZP. Superionic
fields may be walls apart. There are problems  conductors, also known as solid electralytes, are
that remain inherently the same, nevertheless. a class of materials exhibiting high ionic
However, in the area of materials synthesis and  conductivity at elevated temperatures. They may
characterization, the challenges are daunting and  be jelly, rubbery and solid in nature and 1-, 2- or
can overwhelm even the most confident and  3-dimensional in structure. Their conductivity
ambitious researcher. may reach 10"-10°Sm" or 10%-10Scm’(Yip, 2005)
In the academics, research and at room temperatures and are insulators .The
publications are part and parcel of the nerve of interest in NASICON is due to their three.
the institutions, but lack of identification and dimensional structure which offers increased
recognition of the peculiar problems affecting ionic conductivity suitable for electrochemical
the output of research and the training needs in  applications, the flexibility with which some of
the different disciplines and the subsequent the ions could be substituted and thus lead to
enactment of strategic policy to address them  different physical and chemical properties and
has lead to researchers in specific disciplines potential  applications for  the ensuing
being disadvantaged in terms of the ease with compounds, such as in immobilization of nuclear
which they could carry out research and wastes by NZP(Kutukcu ,2005), environmental
publications. This has slowed down the pace of gas sensors, electrochromic devices for displays,
their progress through the academic ladder and  rechargeable lithium ion batteries for laptop
curtailed their potential academic output for computers and mobile phones and Solid Oxide
reasons not due to default on their part, rather Fuel Cells (SOFCs) for transportation: others
institutional failure to address the peculiar include thermal insulation for diesel engine
problems that exist in the field. The challenges  exhaust components, space technology optical
are multifaceted in terms of facilities, materials,  systems, substrate material for electronic
funding and even general information relevant to packaging, braze fixtures for aircraft engines
a well-coordinated and targeted research which . (Tantri et al., 2000), among others,
would have involved minimal effort. It is not

32
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Farmer U.S. Presidential candidate, John Mccain
did promise any researcher or group able to
develop fuel cells, 300 million Dollars (Tantri et
al, 2000). This came on the heels of the recent
fuel crises that engulfed the World and that saw
the prize of petrol reaching 140 US Dollars, a
record price. SOFCs can be used in the area of
transportation to power vehicles and thus
complement the use of fossil fuels. The problems
and challenges in the study of these advanced
materials include the need to improve their
conductivity at room temperature; reduce the
temperature to near ambient and understanding
the scientific basis of their conductivity and to
tailor them for appropriate technological
applications by changing their composition and
structure. Many studies have been carried out on
these materials to fully characterize them for
appropriate applications, such as structural,
thermal, dielectric  properties, impedance
spectroscopy at different frequencies and
temperatures, ionic conductivity at different
temperatures, Fourier  Transform  Infrared
spectroscopy (FTIR), among others.

The objectives of the paper are therefore
to present to researchers the relevance and wide
range of gpplications of this class of materials,
their properties and characterization techmques
and highlight the problems faced in their
characterization for prospective researchers. Also
to generally identify with the problems of
researchers which are of diverse perspectives and
intensity so that solutions can be proffered to
improve the situation. The paper is expected to
induce the will to formulate policies that will
improve the research atmosphere, considering
the multifaceted nature of the problems raised
in our various institutions to stop them being run
as government bureaucracies by administrators
and policy formulators at those levels.
Institutions and centres, wherever mentioned
refer to dedicated research centres, agencies,
etc., in particular and Universities in general,
unless otherwise stated.

NASICON and Sodium Zirconium Phosphate
(NZP) Structure and Properties

Sodium  Superionic  conductor  (NASICON),
basically inorganic ceramic material, has
attracted scientific and technological attention
due to its promising electrical properties suitable
for gas sensors applications and energy storage
systems (Aono et al, 2002; Kida et al, 2001;
Travers et al, 2002). It has some useful and
unique characteristics such as low sintering
temperature, three-dimensional -framework and
considerably good ionic conductivity compared
to other solid electrolytes particularly alumina
{Hong, 1976; Gordon et al, 1981).The general
formula of these compounds is represented as
Na ZrSiP O (x=0-3).Itisa three-dimensional
network of ZrO octahedra sharing corners with
PO/SiO? tetrahedra The Na' are located in the
interstitial sites in the framework and ionic
conduction takes place when Sodium ions move

-
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from one site to another through bottlenecks
formed by oxygen ions(Dong-mei et al, 2007). It
has a strong covalent bond. The total electrical
conductivity strongly depends on the density and
nature of the grain boundaries (Fuentes et al,
2001; Shimizu et al, 2000). NASICON compounds
exhibit a few crystalline forms depending on
temperature and composition(x) and most
sintered NASICON contain certain amount of ZrO,
second phases. NASICONs are usually
synthesized by two methods, the traditional
ceramic route or sol-gel method. Only the
experimental details of the solid state synthesis
are provided here. The microstructure of samples
is usually affected by the preparation methods
(Ahmad et al, 1987; Schaf et al, 2004).

The structural formula. of NZP s
M’ ][M"][A "I[8,10,,, where M’ ,M” are interstitial
sites occupied pamally or fully by Na or other
substituting ions. A and B lattice sites are
primarily occupied by Zr and P or by possible
substituting ions. The crystallographic structure
of the parent composition, NaZr (PO) was first
determined by Hangman and Krlekgaad in 1968
(Breval et al, 1995).The above general formula for
NASICONs are indeed solid solutions derived
from NaZr (PO) by partial replacement of P by Si
with Na excess to balance the negatively charged
framework (Mouahid et al, 2001). NZP materials
generally exhibit anisotropic expansion
properties, as thermal expansion behavior may
involve the expansion of some axes and
contraction of others (White, 2006). The
composition of NZP family being studied in this
work is Na Li Zr},(PO) x= 0-1(0,0.25,0.50,0.75
and 1.00). What is requlreci is to substitute fully
the amount of Na in the structure by Li and
determine the effect on the structural, thermal
and electrical properties of the compositions,
with a view to applications in energy storage as
electrolytes. Lithium cells have a very important
market due to their unmatchable properties of
high potential, very light weight nature and
hence wvery high energy density properties
(Mouahid et al, 2001), accounting for 63% of
Worldwide sales of portable batteries (Taracson
and Armand, 2001).There is intense research
effort in the area of three-dimensional Lithium-
based solid electrolytes for all solid lithium
batteries. NASICON type materials with lithium
cations in the channels are candidates as
electrolytes in these cells if the conductivities at
room temperatures can be enhanced.

Problems, Challenges and Characterization
Methods in NASICON Research

Research Theme and Literature Survey

Ideally research theme must be relevant to and
have bearing on national problems that we face,
starting from the immediate environment within
the walls of a university, local government or any
other problem which may be brought to the
attention of the relevant research institutions by
the government or may be derived from the
experience of the researcher.
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In order to start research one begins from the
library and what we find are outdated books that
cannot provide meaningful gquide to current
problems, where available at all. |n spite of the
vaunted embrace of information technology by
many government agencies and institutions,
many libraries do not have institutional
subscription for online transactions to give
researchers free access to Journal materials and
other useful resources that will enable them
achieve their objectives with minimal dissipation
of efforts, time and resources, In many cases
there is problem with the functioning and
effectiveness  of such InfoTech centres,
particularly in providing internet services that are
easily accessible. The researcher thus pays for
the cost of browsing, printing and has to put up
with all the inconveniences that characterize
internet cafes as currently being run in the
country. Thus almost 100% of the literature and
other resources relevant to this work were
obtained via browsing the Web.

Exhaustive and thorough literature review
would eventually lead to the researcher making a
decision on the subject or topic of the research
without full or detailed information within a
reasonable time, this may lead to problems in the
future as there is no way to know everything
from the beginning. The most identifiable feature
in the case of the synthesis and characterization
of NASICON, NZP is the final decision that was
made about the materials to be investigated.
Other aspects of the problem were identification
of the appropriate characterization techniques
needed to derive relevant resylts expected from
the outcome of the work. Some of these
techniques, problems and the information they
provide are described below and are not limited
to the actual characterizations (to be) used.

X-ray powder diffraction techniques are
used for structural, lattice parameter, phase and
particle size determination of NZP materials.
Various designs of such machines are available
with  different capabilities, accessories and
software (using ICDD). Accessories normally
accompany these machines which are normally
not expressly stated during literature survey, but
can become a major problem during the actual
research. The survey revealed that XRD machines
are available at NSC Kaduna, EMDI Akure and
CERD, OAU, lle-Ife, with different charges and
conditions surrounding their use. The XRD for
this work is expected to be carried out at CERD.
The information from this characterization is
important as it determines whether the relevant
NASICON has begun to form through
crystallization and the different phases present,
that is if impure. It can also be used to determine
the size of the particles appropriate for the
relevant applications.

Scanning  electron microscopy (SEM)
machines are used for morphological and
microstructure to give a graphical idea of the
surface features of these substances .Such
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information as the distribution of the constituent
compounds  forming the sample  under
investigation are observable, homogeneity, grain
boundaries, etc., for both calcined and sintered
samples. For this investigation, the constituent
compounds, homogeneity and grain boundaries
are of profound effect on the impedance
characteristics of the samples and thus their
distribution. In this case the grain size of
different sample compositions can  be
determined. Generally, the machines can be
adapted for solid conductors or insulators with
some additional accessories, for example, the
use of special paints to cover insulators and
automation software such as LINCE, for repetitive
and quick computations. SEMs are sometimes
used in conjunction with EDX(S) (energy
dispersive spectroscopy) to determine the
elemental compositions of samples as it also
provides a profile of the distribution of elements
on the surface of the samples. The survey
revealed that only BUK, Kano has this machine
but can only be used for electrically conducting
materials for now. However, the sample under
study is an insulator, so alternatives are being
sought. Elemental compositions may also be
determined by other complimentary methods
with some special sample preparations, such as

~ AAS (atomic absorption spectroscopy) and X-ray

34

Fluorescence spectroscopy (XRF), regrettably,
these cannot detect Li and Na and are available in
many institutions. However, inductively coupled
plasma optical absorption/emission spectroscopy
(ICP-O/AES) which can detect the metallic
constituents Zr and P( Jayswal and Chudasama,
2007), not available locally, and neutron
activation analysis (NAA), using NIRR-1 research
reactor at CERT Zaria and PIXE or Gamma
detector at CERD Ife, could detect the whole
range of the elements in the NASICON, though
there is often the problem of availability of liquid
Nitrogen, a problem that impedes the use of
these latter facilities. These options are being
considered anyhow since they all attempt to
ascertain the purity of the investigated
compounds in quantitative and qualitative terms
to some minimum level of detection.

Another analysis technique that has been
used in this field is Fourier Transform Infrared
Spectroscopy (FT-IR), currently available in
NARICT, Zaria. The infrared spectrum of these
substances provides information on their
characteristic absorption or transmittance
properties. Water of crystallization or hydroxyl
groups present can be revealed. Machines such
as Bomen MB series spectrometer and Perkin
Elmer 1605 model (Jayswal and Chudasama,
2007; Sreenivasu and Chandramouli, 2000),
using KBr wafer and relevant software and
accessories are used. Wavenumber range could
be 400-4000cm’. Impedance spectroscopy (IS) is
one of the most important tools used in NASICON
studies to characterize their electrical properties.
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They studied the composition Ba  SrZrPSiO,
with x= 0-1.5, in steps of 0.25 t'i':rcugh solid
state reaction method. The result showed that
the x= 0 sample had a negative O (coefficient of
thermal expansion) whereas the other extreme
composition with x=1.5 had a positive 1. The
starting chemicals used were BaCO_],
Sr(NO)),,Zro »3i0, and NHH,PO,. Stoichiometric
mixtures of the compounds were hand mixed
and dried at 100°C, followed by heat treatment at
200°C-3h,400°C-3h,500°C -6h. Calcinations were
carried out at 900°C -9h.The calcined product
was ground and sintered for 14h at 1400°C after
pelletizing. The samples sintered at 1400°C had
densities 90-95% of theoretical values. The
thermal expansion behavior was measured by a
Variable Differential transformer (LVDT) based
dilatometer, from room temperature to 800°C. In
their study of NASICON of composition
Na,Zr Si PO Fuentes et al (2004) showed that the
formation of NASICON is expected to start from
1000-1100°C, and that this is strongly enhanced
at higher temperatures (1200-1300°C).The phase
formation, sintering behavior and electrical
characteristics of NASICON compounds were also
studied by Kang and Cho (1999). They correlated
the behavior of two NASICON compositions
Na ZrSi PO and Na Zr Si_ P. O , called the
Hojng "and Von AI|::rhen;f~,.«p'é3 NASICON respectively,
The result showed that it is essential to choose
an appropriate sintering temperature and cooling
rate to produce sintered NASICON with less Zro,
and higher electrical conductivities and that the
cooling rates should not be too slow. Also it was
observed that denser sintered bodies are
favorable for higher electrical conductivity
.Lithium compounds (analytical grade) have also
beer difficult to obtain and are very expensive,
such as,LiNO, LiCl (hydrothermal route) and
LICO. Importation of these chemicals from
overseas through the Web also has its peculiar
problems, together with other alternatives such
as contacting someone overseas. In the efforts at
acquiring genuine chemicals one had to contend
with attempts to pass off fake or repackaged
chemicals for genuine, coupled with the
exhaustion of having to travel all over, making
phone calls, etc. The salient point to be noted is
the lack of foreknowledge of where to get the
relevant experts in synthesis and credible
sources of genuine chemical suppliers without
actually embarking on physical journey which
many a time had turhed abortive. The main
problems faced in this case were in obtaining
Furnaces that can function at high temperatures
>1300°C. Crystallization of NASICON starts above
1000°C  and reaches its best above
1300°C.Calcinations and sintering had to be done
for various lengths of time, up to 24hours, in
some cases. The survey showed that most
institutions lack such Furnaces and where
available can only go as far as 1200°C as
permissible limit and 4-10 hours, maximum. In
some cases the furnaces have simply broken

36
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down and spare parts are difficult to come by.
This does not include the issue of power supply
which obviously would not be provided for such =
period and would have to be borne by the
researcher. High temperature crucibles made of
Platinum, Silica, etc. are critical, so that they de
not react with the substance under study and ar=
thermally stable. Na and P are volatile at high
temperatures. The availability of these crucibles
presents their own difficulties.

In the hydrothermal case however
reaction autoclaves are normally used, e, g.acid
digestion bombs with inner parts made of PTFE
(Polyteterafluoroethylene). PTFE lined digestive
bombs are used because Teflon is an inert
material so it does not react with the reactants
(Ozman, 2004). However, it has a limitation of
the size of crystal formed in single crystal
experiments which are kept for days at low
temperatures, 150-230°C (Ozman, 2004). One
such digestion bomb was bought for the
purpose.

It should be noted that for whatever
reason some research institutions simply refuse
to enter into any form of communication in
respect of applications on the use of their
facilities, even though they have it and due
process in putting in for such a demand was
followed.

Institutional Issues and problems

There are many institutional problems that beset
research centres vis-avis the attempt to carry out
research in them and thus hamper the effective
utilization of the facilities and successful
implementation of research to its logical end.
Information is not available to an inquirer due to
bureaucratic procedures and other nonchalant
attitudes toward researchers, in some cases.

-Many such centers do not operate an open policy

towards achieving research objectives and having
easy access to information and use of facilities
and other resources could be difficult.

The charges that are in place for the use of
facilities for characterization or sample
preparation are in some cases on the high side.
There is need for synergy and communication
between research centers and universities in
order to arrive at reasonable costs for such
analyses for would-be researchers, since most
researchers have to pay from their pockets from
the meagre resources available to them. A case
where a researcher had to pay for pelletization of
sample is mind- buggling.There is issue of
accommodation for researchers in whichever
institution he/she may wish to base research.
Where a researcher has plenty of samples and
needed different characterization methods and
would like to have his/her results immediately
and not wait for months on the queue of waiting
lists, it is conceivable and reasonable that
accommodation is available for such resident
researchers, ideally free but reasonable charges
might be ok, as against the present manner in
which the researcher has to contend with hotel
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Gills, feeding, local transport, characterization
‘use of apparatus charges and other
miscellaneous expenses. All these and more have
to be articulated and harmonized within a
strategically formulated and holistic policy
framework which embraces all the relevant issues

m a workable symbiosis between research
centres  and  universities in  particular. The
zcademic  or commercial peculiarities or

inclination of the research should be reflected in
the deliberations in view of the poor funding of
academic research in universities and in the
country in general. The government in
conjunction with research institutions should
make funds available and easily accessible for
such purposes and in particular seek
collaborative initiatives and linkages with
overseas institutions in this regard, at least for
the experimental phases of research, where such
facilities are not locally available, This can greatly
improve the situation in the short term.

Another characteristic problem that criss-
crosses some of the centres is the potential for a
facility to breakdown and no certainty as to when
it would be fixed, it could mean the end of the
road for a researcher where no other facility is
available or it could lead to prolonged period of
waiting, more than necessary for the work, since
one has to restart the process all over again in
the next available laboratory with new-charges,
etc., that may come into force. In some cases the
facility is available and it would be suggested
that the scale of the work be compromised, as a
safety measure for the upkeep of the facility for
fear of breakdown when operated to such
capacity as may be required by the researcher, a
measure which would not provide the researcher
with the needed result in some cases. There is
thus the need for a permanent framework to be
worked out for the purpose of ensuring local
availability of the technical know-how to fix such
squipment and possible repository of potential
components that could fail in the system. This
seem to be the most acute and recurrent problem
threatening all institutions with research
facilities. It is suggested that these and more
should be integrated into the original contract
that saw the installation of the equipment in the
first place and applicable in all institutions, not
only research centres or universities, so that
prompt attention can be paid to such facilities
within a short notice by the company that
supplied and installed the equipment, of course
there would be financial implication to this.

Incomplete Systems

One characteristic which feature prominent in
some cases where facilities are available is the
incomplete nature of some of the facilities in
terms of their accessories and other ancillary
attachmnets.This had often rendered many
expensive facilities useless and abandoned,
simply due to the absence of one component or
the other. There is need for inclusiveness of staff
working in the relevant field in which the
equipment is to be bought to be allowed to fully
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participate in all
acquisition of the

the steps leading to the

relevant facility. Present
manner where the purchase of equipment
excludes experts in the relevant field is
counterproductive to our desire to achieve our
national objectives through science and
technology and even to the spirit and letters of
the objectives of such institutions. This problem
afflicts wvirtually all our institutions and its
resolution should be pursued in tandem with the
training and re-training needs in that field due to
the dynamics of technology which results in new
and better performing systems on an almost
annual basis. This would enable the staff
handling the machines to be properly grounded
in the theoretical and the experimental nitty-
gritty in using such machines and thus maximize
the efficient utilization of the facilities towards
better accuracy of results. There are cases in
which officers manning such machines lack
adequate theoretical grounding in the use, data
analysis and the technical know-how needed to
resolve basic electromechanical problems or
similar that could arise in the course of the use
of such facilities. Also in some cases the senior
officers, of high academic qualifications and with
the appropriate theoretical grounding on the
subject, who are normally in charge, are rarely
available for consultations or show uncooperative
attitude to the researcher in solving his
problems, by not giving him their time and
necessary attention. In many cases the machines
have the capability to undertake analyses more
extensive in scale than they are hitherto limited
to but one would be told that they could not do
them, simply because the officer in charge has
not done it before or does not know how to do it.
There are cases where software that are
supposed to be part and parcel of the facilities or
certain components thereof are missing and
therefore the machines remain only for show.
Nevertheless, it must be acknowledged that there
are cases in which officers in charge of
equipment demonstrate excellent understanding
of the theoretical and analytical components of
the data derived from such machines, such
people should be encouraged.

Prospects for in Materials
Characterization

Nigeria is increasingly creating new research
bodies specialized in various fields within
universities and outside, There is need to create
a database of all the scientific-technological
based institutions that we have, with specific
reference to their facilities and expertise in
various disciplines, their addressees, emails and
telephone numbers. These institutions should as
matter of urgency publish all their available
research facilities, equipment, material,
specialized software, chemicals and the list of
professionals in the wvarious fields of
specializations. The list could be both in print
and on the internet and should be frequently
updated. They could send copies to all our
research institutions.

Improvement
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Similarly, the working state of each equipment or
facility should be stated. The idea is that a
website for all such institutions where
researchers can easily log on to and access
virtually all the information he/she requires and
not subjected to the problems currently being
faced by researchers. The list is not exhaustive
and other information deemed relevant could be
included, incorporating institutions that deal in

materials and have scientific-technological
relevance for our research and development
purposes.

There is the need for communicating,

synergizing and harmonizing, including defining
research focus, objectives and problems by these
institutions and to pool their resources together
to facilitate the establishment of such a database
which would be a one stop shop for researchers.
The government should encourage private
entrepreneurs to engage in the business of
materials characterization so as to make it more
affordable and accessible, even as the cost
implication might be on the high side for the
average researcher, but would make the services
easily accessible, creating competition in the
process. As a nation there is need to define in a
targeted manner, what our problems are and
define research objectives accordingly in focused
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areas to harmonize, strategize and implement -

research programs that will lead to visible
economic  dividends, confer respect and
recognition on our scientists and engineers.
There is no doubt that the present manner in
which research is being carried out in most of the
sectors and fields and by various intuitions lacks
properly defined borders, harmony, target and
time-frame-it is open-ended with no target dates
for completion or realizing the set objectives and
subsequent evaluation needs. There are
overlapping, duplicated and diffuse functions.
Reorganizing, narrowing down and streamlining
of these functions will certainly lead to more
effective and better management of scarce
resources and effective use of facilities thereby
contributing effectively to Nigeria’s aspiration for
self-reliance, by giving our research at all levels a
sense of direction and potency. Though many
research institutions have made impact through
their consulting services with industries, ete,
however, more need to be done to effectively
utilize their facilities in a more comprehensive
manner. There is need to develop and generate a
compendium of all the problems we face in the
various sectors of our social, economic, and
political lives through defined means, such as
workshops, seminars, etc. which should form the
nucleus of research by universities and other
research centers with targets, evaluation
procedures and mechanisms in place to assess
achievement and stimulate competition so as to
induce the drive necessary to produce results. It
will  thus make our undergraduate and
postgraduate research objectives and goals
attuned to our national problems and aspirations

U
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and the output from such endeavors would be
visible to Nigerians. It must be noted that at
present many Undergraduate to PhD. level
research projects, comprising theoretical and
construction work with those in research centres,
are lying waste, a waste of time, money and
energy, due to the fact that works were not based
on real problems thrusted to the institutions by
any government or private institutions in the
country and were not generated by any formal
process, as observed elsewhere in this work.
Thus there is research (R) but no development (D)
across all institutions. We must base our research
on our national aspirations and these must be
generated through workshops and seminars, in
particular, and attuned to the vision 2020 of the
present Yar'adua administration. For example,
energy is the most important problem for now, it
is reasonable to redirect 60-70% of research in
the country towards this objective from various
alternative  energy  perspectives and  the
appropriate funding provided. There is presently
no such attempt to harmonize our researches
with and into the Vision 2020 Programme. The
government must encourage or enforce the
awarding of contracts of scientific and
technically-based problems faced by industries
and allied companies to universities and research
institutions to solve, without prejudice to their
know-how capacities, rather than contracting
them out overseas. This will challenge our
professionals and researchers and provide them
the needed experience and stimulus to proffer
solutions to our problems. Our legislators may
need to enact a law to enforce such policies to
create the enabling environment for our scientific
and technological capacity to blossom.

CONCLUSION

The role that Superionic conductors play through
NASICON research in fuel cells for applications in
transport sector to reduce and diversify our
energy base should be explored, as concerted
efforts are being exercised all over the World
towards realizing this objective. Other relevant
applications of these materials in the industry for
their tailorability should be researched into. It is
obvious that the full characterization of these
materials is both extensive in scope and depth
and certainly in terms of cost. The present harsh
research climate must be subdued in other to
ease the problem in terms of increased funding
of postgraduate research, accommodation and

other miscellaneous expensnses incurred by
researchers. The issue of charges for
characterization should be addressed

synergistically and communicatively between the
relevant  research-based organizations and
universities to energize the present nonexistent
communication between these bodies, It is also
suggested that the issue of incessant breakdown
of equipment, affecting all research-based
organizations must be seriously looked into with
a view to permanently.addressing the problem.
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Database development for facilities, manpower,
chemicals, expertise and other related matters
should be kick-started within an agreed
timetable. The need to define research directions
in the various sectors together with requisite
evaluation mechanisms, time-frame and proper
focus on narrow areas must be in our board
room for integration with vision 2020. The
research in universities and related institutions
must be derived from and generated through a
national consensus of the problematic areas. All
such areas agreed upon as the focus for the next
phase, supposedly the Vision 2020 is a
programme in phases, must be funded since they
are supposedly derived from national problems.
There should be concerted efforts by
universities authorities to improve on the
provision of facilities for research both at the
undergraduate and postgraduate levels and to
review the present framework within which
fellowships are granted with their attendant
implication on the academic progression of staff.
Government's research focus annually,
biannually, etc., should be gazzeted periodically
and according to the peculiar features of the
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