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ABSTRACT

Thisarticle describesthe fabrication and characterization of an anode based
direct methanol fuel cell using natural phosphate (NP) electrodeposited
into aperforated nickd plate. Acimpedance spectroscopy, cyclic voltammetry
and sguare wave voltammetry were utilized alongside characterization to
determine the influence of the presence of NP on the cell performance. It
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was found that NP shows a catalytic activity towards methanol oxidation
better than massive Ni. The presented fuel cells also show a high peak

power density.

INTRODUCTION

Direct methanol fuel cell (DMFC) isanew genera
tion aternative energy harnessing device3. Theelec-
trochemical processesthat yield energy areessentially
pollution free. Water formed during the operation of
thedeviceisbeneficia in spacetravel and submarines.
Applicationsof fud cellsarediverserangingfrom sta-
tionary (individua homesor district schemes) or mo-
bile(transformation ascars, buses, etc.), mobilephones
and lap top computers*S.

Theliquidfeed direct methanol fud cell (DMFC) is
considered asapotentia power sourcefor stationary
and transportation application because of characteris-
ticssuch assmpleconstruction, easy operation, liquid
fud and high efficiency™8. However, obstacl estill pre-
vent their widespread commercia applications”d, eg.
low activity of methanol electrooxidation catalysis,
methanol crossover from the anode to the cathode,
carbon dioxide gas management and water manage-
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ment®.

Hydrogeniscurrently theonly practicd fue for use
inthe present generation of fuel cells. Themainreason
for thisisitshigh eectrochemical reactivity compared
with that of the more common fuelsfromwhichitis
derived, such ashydrocarbons, alcohols, or codl.

Also, itsreaction mechanismsarenow rather well
understood*®!! and are characterized by therelative
simplicity of itsreaction steps, which lead to no side
products.

Purehydrogenisattractiveasafud, becauseof its
high theoretical energy density, itsinnocuous combus-
tion product (water), and itsunlimited avail ability so
long asasuitable source of energy isavailableto de-
compose water. One of the disadvantages of pure hy-
drogenisthat itisalow density gasunder normal con-
ditions, sothat storageisdifficult and requires consid-
erableexcessweight compared with liquid fuels.

M ethanol hasbeen considered for fuel cell power
generation for anumber of yearsbecauseit can bepro-
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cessed into ahydrogen-richfuel gasfairly, easly and ef-
ficiently, by steam or auto thermd reforming. Methanol,
asaliquidfuel iseadly transported and stored in com-
parisonto hydrogen gas. Themethanol fuel hasasupe-
rior specificenergy density (6000 WH/kg) incomparison
with the best rechargeabl e battery, lithium polymer and
lithiumion polymer (600 Wh/kg) systems. Thismeans
longer conservation timesus ng mobile phones, longer
timesfor useof lgptop computersand more power avall-
able on these devices to support consumer demand.
Another sgnificant advantageof thedirect methanol fud
cellsover therechargeable battery istheir potentia for
ingantaneousrefuding***3, Themethanol fud cdlsin
dkainesolutionshavemany advantagessuchasincreasng
their efficiency, awider selection of possibledectrode
materids, abetter efficiency of oxygen cathode, andthe
oxidationreactionsof organicfud sexhibitdmost nosan-
sitivity tothesurface structurg 4%,

Moreover, theuseof themethanol fuel cdllsislim-
ited by the poor anode performance and counteract
the poisoning effects at the cathode dueto the metha-
nol cross-over617, In the el ectro oxidation of metha
nol, theelectrode material isclearly animportant pa-
rameter whereahigh efficient dectro catal yst isneeded.

Theuseof Pt aloneislimited by the adsorption of
severa incompletely oxidized intermediates®®9 which
provoke deactivation of platinum surface. For thisrea:
son, thereare severd studiesinvestigating modified P,
for methanol e ectro oxidation, such, Pt-Ru®, Pt-P?,
Pt-Ni and Pt-Ru-Ni(?2,

Severd studiesof thea coholselectro oxidation on
Ni have beeninvestigated24 duetoitssurface oxida:
tion properties.

Inthiswork, NP modified Nickel (NP-Ni) anode
was prepared by el ectrodeposition NP catalyst layer
onto Ni plate. The morphology and structure of the
catalyst layer were analyzed by SEM and XRD. The
relativeactivitiesof the NP-Ni electrodewas assessed
inhaf-cdl and singledirect methanol fud cell (DMFC)
experimentsand compared with aconventiona Ni an-
odeinaDMFC.

EXPERIMENTAL DETAILS

Electrodepreparation

El ectrochemica measurementswere performed on
Research & Reotews On

nickel plate e ectrodeof gpparent surfaceareaof 1 cm
x cm. Catalyst coating onthenickel platewas prepared
using e ectrodeposition. Thenickel dectrodewas me-
chanically polished usng smooth paper, andthen it was
subsequently degreased with acetone and rinsed with
distilled water. Before each experiment, the el ectrode
surfacewasactivated viathe cyclic voltammetry at scan
rate of 500 mV/sfor 20 cycles. Theworking electrode
(Ni and NP-Ni) were sealed in Teflon jacket. The ap-
parent surface areawas cal cul ated from geometrical
areaand the current density wasreferred toit.

Reagents

A natura phosphate (NP) used in thiswork was
obtained in the Khouribgaregion (Morocco)®!. Prior
touse, thismaterid wastreated by techniquesinvolving
attrition, sifting, calcinations (900 °C), washing, and
recalcination’?®. Measurementswerecarried out in aer-
ated 1M KOH at room temperature (20+ 0.2 °C).

Instrument

Cyclic voltammetry, chronoamperommetry,
chronopotentiommetry, impedance spectroscopy (E1S),
pol arization curvesand square wave voltammetry were
carried out with a Voltalab potentiostat (Model
PGSTAT 100, EchochemieB.V., Utrecht, the Nether-
lands) driven by the general purpose e ectrochemical
systems data processing software (Voltalab Master 4
software). Theelectrochemical cell was configured to
work with three el ectrodes using prepared el ectrode
astheworking e ectrode, platinum plate (1cmx cm) fot
counter electrodeand Ag-AgCl asreference electrode.

RESULTSAND DISCUSSION

Natural phosphatecharacteristics

The surface structure of natural phosphate (NP)
was observed using scanning e ectron microscopy (Fig-
urel). Thetreatment of NP describesaboveleadtoa
fraction between 100 pm and 400 umthat isrichin
phosphate and ascan be seen that compeact natura phos-
phate appearancewas evident. Thetreated NP hasfol-
lowing chemica compostion:

Ca0 (54.12%), PO, (34.24%), F (3.37%), SIO,
(2.42%), SO, (2.21%), CO, (1.13%), Na,0 (0.92%),
MgO (0.68%), Fe,O, (0.36%), K,O (0.04%) and
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Figurel1: Scanningdectron micrograph of natural phosphate
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several metalsintherangeof ppm.

It is seen that the morphology of NP catalyst sur-
faceisporous.

The crystal-structure of matter issimilar to that of
fluorapatite (Ca,, (PO,) 6F,), asshown by X-ray dif-
fraction (Figure 2) and infrared emi ssion spectroscopy
(Figure 3). Thenetwork of fluorapatiteisvery tolerant
of substitutionsisvacant sites, such as Cacan bere-
placed by Sr, Pb, Coand Na, PO, by AsO,, VO, and
SO, and F-can bereplaced by OH" and Cl *. The phos-
phate has alow specific surface areaof about 1m?g™.

Electrochemical characterization of prepared elec-
trode

Figure 4 showsthe polarization curvesrecorded
for nickel and NP-Ni electrodes, respectively, in 1M
KOH solution.

Thecathodic current potentid curvesgiveriseto par-
dld Tafd lines, indicating that thehydrogenevolutionre-
actionisactivation controlled and the presence of the
electrodeposition NP doesnot modify themechanism of
thisreaction. Inthe anodic domain, theaddition of NP
catayst increasesthecurrent dengitiesinlargedomain of
potential. The collected parameters deduced from the
polarization curves, such asthecorrosionpotentid (E_ ),
corrosioncurrent density (J | ), cathodicandanodic Tafel
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Figure2: XRD pattern of thenatural phosphate

dopes(Bcand ), areshownin TABLE 1.
Theresultsof the potentiodynamic polarization ex-
perimentswere confirmed by impedance spectroscopy
measurements. The Nyquist plotsfor thetested elec-
trodes(Ni, NP-Ni) inalkainesolutionare presentedin

Figureb.

Thelocusof Nyquist plotsisregarded asonepart
semi circlein NP-Ni electrode, but in Ni electrodethe
plot was not perfect semi circle. Thisfeature had been
attributedto frequenc%di spersion of interfacia imped-
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Figure3: IR spectraof thenatural phosphate
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Figure4: Polarization curvesfor Nickel and NP-Ni electrodesin 1M KOH solution

TABLE 1: Electrochemical parameters

Samples E(i=0) Rp Jeorr. (mA/cmz) Ba (mV) Bc(mv) corrosion
mV ohm/em’
Ni 232.6 mv 279.01 0.0669 88.4 -250.7 782.4 um/year
NP-Ni -1098.7mv 58.21 1.026 560.1 -216.8 12.00 mm/year
ance. trodes, areshowninFigure 7. The CV wascarried out

The cyclic voltammograms (CV's) of theNi and
NP-Ni eectrodeswererecorded in thesupporting €l ec-
trolyte (1M KOH solution). The change of the CVs
shapes (Figure 6), before and after modification, isa
major signthat effectively, Ni wasmodified with NP,

M ethanol oxidation
Thec;y%cvoltarymetryfor theNi and NP-Ni elec-

to analyzethe activity of the synthesized catalyst to-
wardsmethanol € ectrooxidationinakainemediaand
to analyzetheeffect of NPadditionto Ni catalyst. The
anodic oxidation behaviorson Ni and NP-Ni indicate
that the Ni surface has changed after aloying with NP,

Cons dering that the cyclic voltammetry of 1 mol/L
of NaOH + 0.3 mol/L of methanal, it could be noticed
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Figure5: Electrochemical impedance spectr oscopy r ecor ded
for Ni and NP-Ni electrodes,in 1M KOH solution
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from Figure 7 that the onset potential for methanol
electro-oxidation of indkalinemediumusing the cata:
lyst Ni was about 500 mV. On the other hand, using
NP-Ni catalyst the onset potential for electro-oxida-
tionof methanol inakainemediumwas480mV. There-
forethe onset potential has decreased 20mV after NP
addition. Thecurrent dengity valueshavebeenincreasd
in case of NP-Ni moreNi.

Addition of methanol to 1M KOH solution pro-
vokes change onthe NP-Ni el ectrode voltammogram
(Figure8). Thisfigureshowsthat thee ectro-oxidation
of methanol causesasignificant decrease of the onset
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Figure6: Cyclic voltammogramsobtained by a- Ni and b- NP-Ni electrodesat 100 mV/sin 1M KOH solution
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Figure7: Cyclicvoltammetry in N_-saturated 1M KOH containing 0.3M methanol, a- Ni, b- NP-Ni

potentia. The prepared NP-Ni el ectrode showsagood
cadyticactivity.

Themethanol concentration effect wasinvestigated.
Aswe can observe, the oxidation current density of

methanol, increaseswith the concentrati on of methanol
(Figure9). Theeffect of methanol concentration on fuel
cell leads to an increase on the coverage of the
electrocatd yst, increasing themethanol oxidationreac-
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Figure8: Cyclicvoltammogramsin N,-saturated 1M KOH, a- without methanol, b- with methanol, recor ded for Ni-NP
electrode, scan rate 100 mV/s
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Figure9: Cyclicvoltammogramsin N_-saturated 1M KOH, recorded at NP-Ni electrodein presence of variousconcentra-
tionsof methanol
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Figure10: Influence of methanol concentration on power density
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tion, and to anincrease of thelimiting current density.

In Figure 10 the power density curvefor the NP-
Ni electrode was presented. After 0.5 mol / L, the
power density becomesstable. Probably, because of
the saturation of the catalyst surface.

CONCLUSION

Thecurrent study introducesanovel anodefor the
€l ectro-oxidation of methanol inakainemedium. The
NP-Ni anodewas prepared by the potentiostatic depo-
sition of natural phosphate onto nickel plate, appears
to beagood catayst for methanol oxidation. The power
density of passive DM FC made of the modified el ec-
trode was better than Ni electrode.
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