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Introduction:Global warming and greenhouse emissions are twioadrissues currently

addressed by the scientists all over the world.&Sgreenhouse gases, such as,©8cur
naturally and are emitted to the atmosphere thraagiral processes and human activities.
Among the human activities, automobiles, powerethbgrnal combustion engines, are
significant producers of harmful greenhouse emmssiéor instance, in Canada, about 80%
of the anthropogenic emissions of £during the past 20 years are due to burning fhssis
and cement production. The amount of greenhousergasions come from the combustion
of fossil fuels is about 90%. Recent research sttgavs that the amount of GProduces

from a small car can be reduced by as much as 72én wowered by a fuel cell running on
hydrogen reformed from natural gas instead of algasinternal combustion engine. In
addition, the world’s fossil fuel reserve is lindtenence, alternative and green energy
sources are required for better future of our igexteration. Hydrogen is the most attractive
fuel for fuel cells. It has excellent electrocheatieactivity, provides high levels of power
density, and has zero emission characteristicsefttesless, distribution and storage
difficulties currently pose serious disadvantagethe use of pure hydrogen as the feed for
fuel cells in automotive-propulsion. Three formsootboard hydrogen storage are usually
considered: compressed gas, liquid hydrogen, asdligaolved in metal hydrides or carbon
nanotubes. Metal hydride systems are the safébedhree, but they have low mass and
volumetric energy densities. Liquid hydrogen is pten, expensive, and bulky, and subject
to considerable losses during and after refuell8tgrage of practical amounts of H2 as
compressed gas requires very large high-pressgeeige Distribution of hydrogen also poses
difficulties as serious as storage. The infrastmector its widespread distribution does not
yet exist. Nevertheless, eventual cost effectivevelsy and dispensing of hydrogen can
undoubtedly reduce the complexity and cost of éedll vehicles, thus enhancing the

likelihood for success of the technology. Todaypragimately 95% percent of all hydrogen




is produced by steam restructuring of natural titesmost energy-efficient, large scale
method of production. Another choice is to feedild fuel directly to the anode. In 1839,
William Grove British Physicist first developed thancipal of fuel cell. Direct methanol

fuel cell is an alternative power source for pdegiower applications. Direct methanol fuel
cell (DMFC) is one such possibility. The advantagkesupplying methanol directly to the
fuel cell are significant due to consumer accepanfdiquid fuels. Methanol distribution
infrastructure exists to some extent already. Mongortantly, a direct methanol fuel cell
system does not require a large and heavy hydrogelmg system. This advantage, in terms
of simplicity and cost, means that direct methdnel cell presents an attractive alternative
to hydrogen, in principle, fed system. The anodidation of methanol is a catalytic reaction

in which the CQ and six electrons are produces.

CH;OH + HO — CO, + 6H" + 6€ (Anodic reaction- oxidation)

%Oz + 6H" + 66 —» 3 H0 (Cathodic reaction- Reduction)

CHsOH +§o2 —CO, + 2H0

Fuel cells are able to produce electricity dingftbm fuel with a good efficiency. For
stationary applications, they would replace the loostion-based electric-generating methods
where energy losses occur in the thermal enginegelisas in the electric generator. They can
be applied to residential, commercial and indulsseators for electricity as well as for heat
production. However, there are some inherent probieith direct methanol fuel cell. The
slow anode methanol electro oxidation requires@elaverpotential and severely decreases
the cell voltage. Furthermore, the perfluorsulfeatd based membrane such as Nafion is
prone to the problem of methanol crossover, whmsgns the cathode O2 reduction catalyst

and reduces the total fuel efficiency as well. Aligh composite membranes and membranes




different from Nafion are being actively pursudtg aichievement so far is limited. The best
performance with the most up to date DMFC technpisgtill too low to be used as a power
source. The main factors that limit the practagblication of direct methanol fuel cell are
the slow kinetics of methanol electrooxidation mb@e and the poisoning of electrode
surfaces. Therefore, the development of highlyatife methanol electrooxidation catalysts
seems very attractive. Pt shows a good electrgti@talctivity towards the methanol
electrooxidation; however, it is easily poisonedd®, the intermediates of methanol
electrooxidation. Much effort has been made to bigvBt-based catalysts with higher CO
poisoning tolerance and electrocatalytic activityproved electrocatalytic activity towards
the methanol electrooxidation has been reporte®tdrased catalysts with other elements
such as Ru, Sn, and Os. Among these Pt-basegstaidt-Ru bimetallic catalyst has shown
the best electrocatalytic activity towards the maetl electrooxidation. The improvement of
electrocatalytic activity towards the methanol #leaxidation with PtRu catalyst can be
ascribed to the bi-functional mechanism. The COoahprocess is achieved at Pt-Ru

catalyst because of the reaction of Ru-OH groupis meighbouring CO adsorbed on Pt.

Metal nanoparticles possess a high catalytic efficy and a large surface-to-volume ratio. A
large variety of methods including impregnationaidal deposition, supercritical fluid, and
electrodeposition have been reported for the sgigled Pt-Ru nanoparticles. The
electrochemical route is an effective procedurernwdmmpared with others which are

intricacy of the fabrication steps and impurity ftidpe involved during the preparation.

The synthesis of Pt-Ru nanopatrticles on a suitedti@lyst support which provides dispersion
and stability is important in the field of direcethanol fuel cell. In recent studies, carbon
nanotubes have been considered as a promisingiah&bercatalyst support because of their
good electrical conductivity, high chemical stalijland large surface-to volume ratio. The

applications of transition metal on carbon nancesuin fuel cells as a catalyst support have




been reported in literature. It is well known t&D binds strongly on Pt at low
temperatures, thus, reducing Pt surface sitesadblaifor H2 adsorption and oxidation.
Although the electrochemical oxidation of CO witk(His thermodynamically favourable,
the kinetics are slow, and in practice, a largepetential is required before electrooxidation
occurs. Surface coverage of CO on Pt at even theggs concentrations is very high at

typical PEM fuel cell operating temperatures.
CO + H20—CO2 + 2H+ + 2e-

Gottesfeld and Pafford have shown that the fuelpmsformance is highly dependent on the
feed CO concentration. Even 5 ppm CO in hydrogenceaise performance degradation
when the current density is over about 400 mA/amd the voltage loss is over 300 mV at a
current density of 1000 mA/cm2. The voltage lose ttuCO poisoning is more dramatic
initially with an increase in the anode feed COgmntration, at a current density of 700
mA/cm2, the voltage loss is over 400 mV for a C@aamtration increase from 0 to 20 ppm,
while the subsequent voltage loss is only aboutri®Cfor a further CO concentration
increase from 20 to 100 ppm). A more detailed expantal work on the effect of CO
concentration on PEM fuel cell performance is réggbby Oetjen et al.14 Both Pt and PtRu
catalyst were evaluated using/@0 as anode feed with different CO concentrafidre
results show that with a 100 ppm CO in the anodd,fthere is a 60% voltage loss as
compared to pure Heed on Pt anode catalyst. On the other handgatical experimental
conditions, the PtRu (1:1atomic ratio) anode catgbyovides only about 100 mV voltage
loss at a current density of 500 mA/cm2. Similawutts are given by Acres et al, 15 for a 240
cm2 Ballard Mark V cell. They investigated the iropaf 10, 40, 100 ppm CO in the
hydrogen fuel stream on the performance of a Pédasode at a platinum loading of 0.37
mg/cm2. Another parameter that determines how Cgaats PEM fuel cell performance is

fuel cell temperature. The CO adsorption on Ptaaafwvill become weaker as the




temperature increases. Lee et al16 showed the effeamperature on fuel cell presentation
with a feed of H2 containing 20 ppm CO. It is shawat the poisoning outcome is much
more severe for low temperatures than at highepéeatures. For a cell voltage of 0.4 V,

less than 100 mA/chtould be sustained at 40C. However, a current density of 1500
mA/cn? could be sustained when the cell temperature masased to 115 C. This is an

indication that operating PEM fuel cell at highemperatures can improve the cell
performance in the presence of CO. In more recenk weported the effect of Pt-Ru catalyst
loading on the performance of a PEM fuel cell vdathanode feed of 10 ppm CO/70%/30

% CQ.. It was found that higher catalyst loading is bemna to CO tolerance. For example,
at a current density of 200 mA/éntell voltage is 0.69 V for a loading of 0.19 myfdPt-

Ru. When the catalyst loading is over 0.43 md/dhe cell voltage at the same current
density can achieve 0.75 V. However, a still higtegalyst loading of 1.06 mg/cm2 does not
increase the cell voltage. This was ascribed tditjeer conducting resistance and mass
transport limitations caused by the thicker catalyger when the catalyst loading is
increased. Since the fuel processing reactor wjlegence start up, shut down or load
change if used in the on-board generation of H&ethvould be concentration changes of CO
superimposed on the steady-state CO concentraiti®b0 ppm.18 Thus, the response of the
fuel cell system to the transient change of CO eatration is also of practical interest.
Bauman reported the performance decay and recavé&iM fuel cell in response to step
changes in the level of CO in the feed streamals found that the transient time is primarily
controlled by the CO inlet flux, which depends uploa CO concentration and anode inlet
flow rate. Another important observation is that transient time for a step change from 10
ppm to 200 ppm is much shorter than that for a skgmge from 0 to 200 ppm. The recovery
by hydrogen purge was found to be sluggish andusetion of cell temperature. The rate is

thought to be controlled by the rate of the therdesdorption of C. There has been a great




deal of effort invested into overcoming the detnimad effect of CO on the fuel cell
performance. The most successful approach to gpamede poisoning problem is the
development of CO tolerant electro-catalysts capabbperating in the presence of, e.g.,
100 ppm CO. Thus, much effort has been spent infgod Pt by alloying with other metals
to produce catalysts with improved CO tolerancee iitost successful alloy thus far is the
binary Pt-Ru alloy catalyst. Pt-Ru is also knowibéoa better catalyst for methanol
electrooxidation based on the early work of Watandlater it was shown to have better CO
tolerance as well by many other researchers. Rurtifgovement in the preparation and
optimization of the Pt-Ru catalyst is still a fiedflactive research. Thus, Schmidt and Paulus

tried to simplify the preparation procedure andiiowe the alloying of Pt with Ru.

An organometallic preparation scheme was employatidan synthesize the colloid

Precursors for bimetallic catalyst. However, a necesult reported by Papageorgopoulos

seems to challenge the effort in obtaining anyallbPt-Ru catalyst. It was found that the
non- alloyed PtRu was even better in the electaetion of H containing 100 ppm CO. This
positive effect was believed to stem from the high2 oxidation activity of non-alloyed Pt
compared to that of Pt alloyed with Ru, althouglai®d Ru being in close proximity was still
necessary for the CO electrooxidatibte introduced a third component such as Os, Au,
SnOx, to the PtRu alloy in an attempt to furtheptiave the H2 electrooxidation activity in
the presence of CO. It was found that the addio8nOx resulted in a very poor
performance for H2 oxidation. However, Pt/Ru/WOxsviaund to be twice as active as the
PtRu catalyst at practical potentials for the etatidation of H2 with 1% CO. Despite the
improvements in the CO tolerance of PtRu over éthaete tolerance to 100 ppm CO is not
yet achievable at low catalyst loadings. Thus, oBtéased alloys have also been

investigated as potential CO tolerant anode catafps PEM fuel cell. A non Pt-based alloy




is reported by Schmidt Carbon supported PdAu ysttalas prepared via deposition of
preformed bimetallic colloidal precursors. It wa®wn that in the overpotential range
relevant to the fuel cell anode (0.1 V- 0.5 V), geeformance of PAAuU/C catalyst is better

than the state-of-the-art PtRu (1:1 atomic ratatplyst at 60 C in the lower current density

range using both 250 ppm and 1000 ppm.

Plenty of research has been domkstmver new kind of membrane materials such
as, Dow chemical’s XVS membrane, 3p energy memb@ganic and inorganic composite
membrane etc. The most commonly used membrane BoDtis Nafion membrane. Nafion
is a sulfonated tetrafluoroethylene based fluorgpelr-copolymer discovered in the late
1960s by Walther Grot of Du Pont'#.is the first of a class of synthetic polymergtwionic
properties which are called ionomers. Nafion's uaignic properties are a result of
incorporating perfluorovinyl ether groups termirthteith sulfonate groups onto a
tetrafluoroethylene (Teflon) backbonlafion has received a considerable amount of
attention as a proton conductor for proexthange membrane (PEM) fuel cells because of
its exceptional thermal and mechanical stabilitye chemical basis of Nafion's superior
conductive properties remain a focus of researattoRs on the S§M (sulfonic acid) groups
leg from one acid site to another. Pores allow mwam of cations but the membranes do not
conduct anions or electrons. Nafion can be manufadtwith various cationic conductivities.
Nafion derivatives are first synthesized by theatgmerization of tetrafluoroethylene (TFE)
(the monomer in Teflon) and a derivative of a penfb (alkyl vinyl ether) with sulfonyl acid
fluoride. The latter reagent can be prepared bypirolysis of its

respective oxide or carboxylic acid to give thdfiolgted structure.

The resulting product is an -g&containing thermoplastic that is extruded intm§. Hot

agueous NaOH converts these sulfonyl fluoride (F5@roups into sulfonate groups
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(-SO;"Na’). This form of Nafion, referred to as the neutiabalt form, is finally converted to
the acid form containing the sulfonic acid (s5{pgroups. Nafion can be cast into thin

films by heating in aqueous alcohol at 250 °C iraatoclave. By this process, Nafion can be
used to generate composite films, coat electramteagpair damaged membran&he
combination of the stable Teflon backbone withdhlic sulfonic groups gives Nafion its
characteristics. It is highly conductive to catiomaking it suitable for many membrane
applications. It resists chemical attack. AccordimdpuPont, only alkali metals (particularly
sodium) can degrade Nafion under normal temperatmd pressures. The Teflon backbone
interlaced with the ionic sulfonate groups givedidlaa high operating temperature, e.g. up
to 190 °C, however, in membrane form, this is radtgible due to the loss of water and
mechanical strength. It is a super acid catalys& dombination of fluorinated backbone,
sulfonic acid groups, and the stabilizing effectra polymer matrix make Nafion a very
strong acid, with pK~ -6. In this respect Nafion resembles the tiftmethanesulfonic

acid, CBRSGO;H, although Nafion is a weaker acid by at leastéhwrders of magnitude.

It is selectively and highly permeable to waterafibin, a perfluorosulphonic acid, is the
commercially available electrolyte membrane, whgctvidely used in PEMFCs due to its
excellent proton conductivity in the order of 1&/m and good mechanical stability.
Though it possesses several advantages, it siktime disadvantages such as high cost,
permeability of methanol through membrane in DMGd fluorine content which is not
eco-friendly. In order to overcome these disadvgeganany research works are being
carried out on hydrocarbon membranes like polysaigh polystyrene, poly ether ether

ketones, polyvinylidine fluoride (PVDF), poly etleyle oxide and poly propylene oxide.
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Problemsin Direct methanol fuel cell:

Various seeming intermediates are formed durindharetl electro-oxidation.

Methanol is mainly decomposed to CO which is thether oxidized to CO2. Other CO like

species are also formed: COHads, HCOads, HCOORds¢tiple by-products are

formaldehyde and formic acid. Some of these intéliates are not readily oxidizable

and remain strongly adsorbed to the catalyst serfaonsequently, they avert fresh methanol
molecules from adsorbing and undergoing furthectrea. Thus electrooxidation of
intermediates is the rate limiting step. This pniag of the catalyst surface seriously slows
down the oxidation reaction. Besides, a small peege of the intermediates desorbs before
being oxidized to CO2 and hence reduce fuel efimyebut undergoing in complete

oxidation. Thus, a very important challenge is ¢valop new electro-catalysts that inhibit the

poisoning and increase the rate of the reactiothdtsame time, they should have a

better activity toward carbon dioxide formation.

Methanol Crossover is another problem in directhaweol fuel cell. In PEM fuel cells, one

of the objectives of the membrane is to stop fuel axygen to reach the electrode on the
other side and undergo non-electrochemical oxidatitowever, in DMFC, the fuel diffuses
through Nafion membrane. Due to the hydroxyl graogd its hydrophilic properties,
methanol interacts with the ion exchange sitesisupdlled by hydronium ions in addition to
diffusion as a result of concentration gradientuaein anode and cathode. Methanol that
crosses over reacts directly with oxygen at thbard . Electrons are brought directly from
the anode to the cathode along with methanol riegut an internal short circuiting and
consequently a loss of current. Besides, the catbathlyst, which is pure platinum, is fouled

by methanol oxidations intermediates similar todeo
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M ethodology:

The most significant part of a direct methanol fuel is the membrane electrode assembly
(MEA). Its basic structure consists of the polyrakerctrolyte membrane (PEM), two catalyst
layers and two diffusion layers. The polymer elelgte membrane, which separates the
anode and the cathode compartment, preferably affoinproton transport. The anodic and
cathodic electrochemical reactions take place withé connected catalyst layers directly
attached to the surface of the polymer electratygenbrane (PEM). The diffusion layers on
either side of the membrane electrode assembly ldiexide for good electrical contact of

the catalyst layers across the whole surface.§déaments were carried out using,

) Nafion 117 resin, a per fluorinated ion exchange polymemiorane.
i) Carbon-supported platinum molybdenum bi metaliode catalyst.
i) Carbon- supported platinum Nickel bi metallic ancdtalyst.

iv) Carbon- supported platinum molybdenum bi metalfiode catalyst.

Nafion 117 resin, a per fluorinated ion exchange polymemiorane were treated with
H,0O/C,HsOH-Tetra ethoxy silane(TEOS) and Titanium isopradexTi(O-i-Pr), )mixture
solution in methanol in variable % compositidrhis was developed using a situ-sol-gel
technique. Methanol permeability of the composieamhrane was evaluated. The solid
proton exchange membrane was then assimilatedomtétallic alloy catalyst of Pt-Ni, and,
Pt-Mo. Various % composition of catalysts composkdbout platinum — molybdenum and
platinum - nickel were prepared on a graphitizeth@a black paper. Solution of ammonium
Molybdenum sulphate in methanol for Melution of [ Pt -( 4(2-methoxybenzylidene
amino)-1,5 dimethyl-2 phenyl-1 H pyrazol- 3(H)ph&hydrazin}]Cl, for Pt were used to
load catalyst on carbon support NCK-77 (thickne246 um). After deposition of the

active components, the substrate was subjectestitection and neutralization. All samples
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were subjected to thermal treatment for 1 h &BK1 Structural information about the
catalysts was received from X-ray diffractiorR¥) analysis. Varying percentage of
bimetallic/C catalyst on carbon paper was useddpare the anode. Nafion 117 proton-
exchange membranes (Du Pont) was used after séajuesdatment with 2% bD,, deionized
water, 0.5 M HSQO, and again with deionized water in order to remang inorganic and
organic impurities. The membrane electrode asse(MiBA) was prepared by hot pressing
in a Model C Carver hot press at 130 °C and ungeessure for about 2 minutes. The fuel
cell performance were studied at different conain of CO by varying anode flow rate.
The methanol solution of various concentrations (B mol/L) was served into the anode at
a flow rate of 0.5- 10 mL/min. Oxygen was serveth® cathode at 150 mL/mimhe
measurement is generally conducted using a three-electrode setup, working electrode, counter
electrode and reference electrode. In case of non-zero net current on the electrdads, i
essential to minimize the | R drop in the electr®)y.g., by positioning the reference
electrode near the surface of the working electramteby using a supporting electrolyte of
sufficiently high conductivity.. The potential measments are performed with the positive
terminal of the electrometer connected to workilegteode and the negative terminal to the

reference electrode.




14

Experimental:

Preparation of Nafion/SiO,/ TiO, composite membr anes:

Nafion/SiQ/ TiO, composite membranes were prepared via in sitgedakaction. Firstly,

the Nafion 117 membrane was dried aiBfbr five hrs. Then the membrane was dipped into
the methanol/water solution and kept for 1 hr.eAftards, the sample was rubbed out with
filter paper. The membrane was then immerged iateous proportion of CkDH-
H,0O/C,HsOH-Tetra ethoxy silane(TEOS)/Titanium isopropoxidg-i-Pr), )mixture solution

for five minutes and then membranes were soak@biM HSO, for one hour. Finally
membranes were rinsed with deionised water. [Effereaction concentrations adopted are

as shown as in table no. 01.

Table No.01
CH:OH H,O TEOS Ti(O--Pr).

1 40 cm 05 cn? 05 cn? 00 cn?
2 30 cm 10 cn? 10 cnt 00 cn?
3 40 cm 05 cn? 00 cn? 05 cn?
4 30 cm 10 cnv 00 cn? 10 cm?
5 30 cm 10 cn? 05 cn? 05 cn?
6 25 cml 10 cn? 10 c? 05 cn?
7 25 cml 10 cn? 05 cn? 10 cm?
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Methanol, oxygen per meability:

The crossover of methanol is subjective to men#draracteristics, temperature, the
operating current density. In general, an incréasemperature causes an increase in the
diffusion coefficient of methanol. This effectsntribute to an increase in the methanol
crossover rate. The crossover includes both mettemmeability due to a concentration
gradient and molecular transport caused by elaxgroetic slog in the presence of a proton
conducting electrolyte. The latter is directly tethto the proton migration through the
membrane and it increases with the current derisitg.polarization curve, the
commencement of diffusional limitations occurs wiies rate of reactant supply is lower
than the rate of its electrochemical consumptidrusT if the anode is sufficiently active to
oxidize methanol electrochemically to CO2 at a cateparable to or higher than the rate of
the methanol supply, the methanol concentratiodigra between anode - electrolyte and
cathode-electrolyte interfaces could be reducedifszggntly. Membranes that are very thick
are effective barriers for reducing methanol crgeson opposition, an increase in thickness
causes an increase of ohmic over potentials. Irestases, it may be more dynamic to use a
thinner membrane with reduced ohmic limitations aeléct appropriate operating

circumstances which limit the methanol crossover.

Experiment to evaluate methanol permeability wasexh out using a diaphragm diffusion
cell, consisting of two reservoirs separated bglantrolyte membrane with a dense layer of
composite membranes to reproduce a phenomenontb&nw crossover in DMFC system.
The PEM is sandwiched between compartments. liyitlaé one compartment was filled
with 50 ml of aqueous methanol solution and otleengartment with 50 ml of deionized

water. The solution in each bath was stirred usiagnetic stirrer during measurement to
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keep uniform concentration. Due to the presendmjoiid water on either side of the cell, the
membrane remains hydrated. Equal amount of solutitsoth the compartments ensures that

equal hydrostatic pressure is maintained. The ahangoncentration of methanol in receptor

compartment was measured for various composite merab. The methanol permeability
across the Nafion 117/ SHOTiO, composite membrane was measured by taking 50 B%oof
,10%and 30% methanolic solution on one side ofhteebrane and 50 ml of water on other
side the membrane was equilibrated. In this camliiquid sample of 50 pL were taken
every 30 min. from the permeate compartment antysisavas carried out by colorimetric

micro-determination method using chromotropic asgdeagent as given below

Ho_ & Q _oH

» S
0oL

50, SO,H HO,S
HO O _Iho HO
2 + CH OO ———»
1
SO, SO,H HO,S
CA
FO,-H0 | (2)
SO.H HO,S

5

SO,H HO,S
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Colorimetric micro-deter mination of methanol:

10 cc of sample solution in 50 cc standard meaguiask was treated with4R0O, and

KMnQO, solution. The solution was kept for 10 min at rommperature with occasional
swirling to ensure oxidation of methanol to forneliglde. Sodium bisulphite is then added
dropwise to reduce excess of KMnO4. Solution wadexd and kept in ice bath and 4 ml of
cold conc. H2S0O4 and four drops of chromotropic aeagent were added. Flask was kept in
water bath at 6QC for 15 min. The solution was diluted up to tharknwith distilled water.
Using distilled water as a blank, absorbance otilation and standard were measured at

580nm.

The methanol molecule diffuses along the conceaantrgradient through membrane into the
opposite compartment of the diffusion cell. Thidunes concentration gradient hence,

diffusion coefficient is obtained by equation,

Cs = ViB X DL—K X Ca (t-t) where,
A = effective area of membrane.
L= thickness of membrane.
Ca= methanol concentration in feed compartment in fohor.
Cs= methanol concentration in permeate compartmeiftadnd

D= Methanol diffusivity (n/ sec )

to=is time lag (sec).

2
to=|_ o D
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Methanolic permeability is defined as product of the diffusivity of metlb&® and partition

coefficient K.
I'= DxK

The methanol concentration in diffusion reservairaE€t was calculated from the linear
interpolation G at t was calculated from the linear interpolatdnCg v/s t and the slop of

the graph can be written as follow,

M= Cp(t)
t—to

Therefore, the above equation can be rearrangeal¢alate the methanol permeability as

expressed below,

= VBL

ACy

From the slope of the plot, the membrane methamohpability was found to be DK = 1.27
x 10°%n? . The partition coefficient between the membrame the adjacent solution (K) is
dimensionless. Methanol cross over using NafionWitff 1:1 1”TEOS and Ti(O-i-Pywas
found to be minimum. By using appropriate celligestreating Nafion 117 with 1:1TEOS

andTi(O-i-Pr), significant drop in methanol crossover was acldeve
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Preparation of precursor complexes:

For DMFC anode catalyst, Pt-Ni/C and Pt-Mo/C matklye on carbon NCK-77 were

prepared using molecular precursors as a sounceetal.

The synthesis strategy employed involves ,

)] Preparation of molecular precursor molecule/complex

i) Absorption of precursor molecule from solution oo&wbon support giving a
precursor/carbon composite material.

i) Reactive thermal degradation of the surface sugpedursor molecules
depositing the core matel atoms on the surfackeotarbon support.

iv) Thermal annealing to initiate matel migration oa furface of the support leading

to formation of Pt-Ni, Pt-Mo alloy nano-crystals.

Metal alloy loading is controlled by adjusting ttedative masses of precursor compound

and carbon support used as reagent.

For experimental convenience of application, tHe¥ang research criteria was adopted.

)) Precrsor complex should be comparatively easilpgmed and should possess
relatively moderate stability to permit easy inlsttdbn of metal onto carban
support.

i) Ligand molecule should have relatively higher molacweight to deposite nano
metal crystalt on the carbon support.

i) Precursor complex should have sufficient solubilitgommon organic solvent
like methanol,ethanol ect, for effective solutidmape absorption or deposition

onto a carbon support.
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iv) Condition of reactive degradation of precursor erdhould produce Pt-Ni, Pt-
Mo nano crystals.
V) Pt-Ni, Pt-Mo nano composite synthesis should prediramm-scal quantities of a

desired nano composite by reproducible synthasisepiure.

Molebdium ammonium sulphate , [ Pt -( 4(2-methaxybylidene amino)-1,5 dimethyl-2
phenyl-1 H pyrazol- 3(H)phenyl-hydrazghomplex and, [ Ni-( 4(2-methoxybenzylidene
amino)-1,5 dimethyl-2 phenyl-1 H pyrazol- 3(H)phE&hydrazin}] complex reagents have

been used as precursors.

Synthesis of new copound, 4[2-methoxybenzylidenaa]-1,5 dimethyl-2 phenyl-1 H
pyrazol- 3(H)phenyl-hydrazin has been obtaineduyhothe reaction of 4- amino atipyrine

with anisaldehyde and phenylhydrazine.

A mixture of 1.78g of 4 amino antipyrine,1.83g oisadehyde in 50cc of ether and 30 cc of
methanol was refluxed for 5.30hrs. after thatwdgive was filtered and purified by

recrystalisation.

The intermediate product was furether treated piténylhydrazine. 3.4g of product was
refluxed with 2.0g of phenylhydrazine in 40cc ofthaol for 4.5 hrs. white coloured

moderatly stable regent was synthasised.




HoN CH3 O- _H
N~
07N~ CHg .
OCHs
CHsOH A\ For 5 hours 30 minutes
W
O—=CH,
H
H:C |
M
H.e—N"
1l.'H
O

4-{[( E)-(4-methoxyphenyl)methylidene]lamino}-1,5-dimett34phenyl-1,2-dihydro-8-
pyrazol-3-one
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O_CH_'J_,
H
H1C |
N +
He—N H,N—NH
\
N o
CH:OH | 2\ For 4 Hours 50 minutes
L
O—CH,
H
Hg,C
=
H,C—N

b
M \‘N
:_j |
HN\@

Using the above newly prepared reagent Ni anaiptexes were prepared. A solution of
NiCl4.6H,0O in methanol was added drop wise to the solutfaeagent in methanol. The
mixture was stirred at room temprature for four. larsd then evaporated to'®@intill the
solution darken. Light pink colour complex was atéa which were filtered and washed
with ethanol water mixture and then ethyl etherikamy, a solution of PtCJwas treated

with reagent to obtain purpul coloured Pt complex.
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O..--"CHS
2 H
+  PiCl
H:C ]"IN
HE_C"‘H \N “""NIL
f MNH
CHzOH
W

Pt-Ni/C and Pt-Mo nano composites were preparatgugpetative deposition to ensure both
high total metal loading and formation of well désped Pt-Ni and Pt-Mo alloy nano crystals.
Following each cycle of precursor deposition , phecurcor/C composite is heated up to

280C . Pt/C, Ni/C
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And Mo/C have been characterised by XRD.

XRD is powerful method to characterize bulk composiand crystallite size of metal on C

support.

The diffraction peak suggest that the prepared, Ni©C and Mo/C exist in small partical

size.

The average size of metal was estimated by usigerge’s equation,

D= 0.947&((131/ Boe c0P5

Where,

d is the average crystallite diameter,

Akov1 Wave length of X ray radiation,

O5 is the angle of (220) crystallographic plane,

B is the width in radians of the diffraction pealhatf height.

) Ptc




D=0

= 6.

i)

. 94KKd)1/ Bze coPg

0.9 x 11x18/2xcos42

6nm

Ni/C

D=0
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ii)

su000

. 94KKd)1/ Bze coPg

0.9 x 11x18/3.5xcos45

000Nnm
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as00a

zs000
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D= O.94KKd)1/ Bos c09p

= 0.9 x 11x18/2xcos41

= 6.5nm

The membrane-electrod assembly set up :

The cell typically consists of graphite bipolarteks gaskets, two electrodes and an ion
conducting membrane. The bipolar plates are premgaitist the electrode with gaskets for
sealing and collecting current. The membrane-aldetassembly (MEA), which consists of

the proton

conducting membrane sandwiched between two elextr@a@hode and cathode), is the

heart of a PEM fuel cell. In each electrode, theme catalyst layer and a gas-diffusion

backing layer. The membrane-electrode assembly (iwhich consists of the proton
conducting membrane sandwiched between two elexdradode and cathode. In each
electrode, there is a catalyst layer and a gassidh backing layer. The membrane electrode
assembly having an active area of 9.0 cm - 9.vamfabricated employing a Nafion 117
membrane and two electrodes. The employed Nafigmidmbrane with a thickness of 125
Im was pre-treated in this work. The pre-treatnpgotedures included boiling the membrane
in 5 vol.% HO,, washing in DI water, boiling in 0.5 M430, and washing in DI water for 1

h in turn. Nafion/SiQ TiO, composite membranes were prepared via in sitgedakeaction.
Firstly, the Nafion 117 membrane was dried aC8@r five hrs. Then the membrane was
dipped into the methanol/water solution and keptlfar. Afterwards, the sample was

rubbed out with filter paper. The membrane was thenerged into various proportion of
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CH30OH-H,0O/C,;HsOH-Tetra ethoxy silane(TEOS)/Titanium isopropoXidéD-i-Pr),

)mixture solution for five minutes and then meml@aswere soaked in 0.5 M,8&0, for one
hour. Finally membranes were rinsed with deionisater. Composite membrane was placed
between the two catalytic electrodes which wergetted by graphite gas diffusion layers.
This catalyst layer is in good contact with the rbeame, which serves as the electrolyte and
the gas separator in the cell. The membraneretezassembly was fixed between two
bipolar grooved graphie plate which were designgetve methanol and oxygen . The
catalysts for the anode were loaded with Pt-Nii@ Bt-Mo/C each metal were loaded

1g/cnt.the catalyst for cathod was loaded Pt/C . cattitideading were 2.0 mg/cm2.

The methanol solution containing 50 ppm CO of saveoncentrations of methanol (0.5 - 3
mol/L) was served into the anode at a flow rat8.6f- 5 mL/min. Oxygen was served to the
cathode at 150 mL/min with humidification. Figurslows the cell performance at 300 K
and that at 353 K for comparison. The methanol flate was varied from 0.5 to 05 mL/min.
The performance of the DMFC system dropped at 31& lll flow rates in comparison with
353K. The lower flow rate showed a slightly befterformance. At 333 K, both the open
circuit voltage and the current density at 0.4Vrdased with increasing flow rate. Although
a similar tendency was observed at 318 K, the digrare of the methanol flow rate on the
DMFC performance was small because of the low teatpee. Figure 1 shows the cell
performance at 318 K at different methanol con@iains with the flow rate of 0.5 mL/min.
The open circuit voltage decreased with increaiegnethanol concentration to 3 mol/L,
because the crossover of methanol formed a mixaghpal. In case of the methanol
concentration of 1.5 mol/L, The current densitynsed to approach a limiting value. The
study shows that in the overpotential range relet@mthe fuel cell anode 0.1 V- 0.5V, the
performance of Pt-Mo/C catalyst is better thanRh&li/C catalyst at 60 °C in the lower

current density range using 50 ppm CO.




fig.2 Anode catalyst- pt-/C anode feed 2M methanol
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Fig 6 anode flow rate0.5 ml 1M methano withl50 pgissolved CO /min
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Fig 7 anode flow rate0.5 ml 1M methanol50 ppnsaliged CO /min at 333

Fig 8 anode flow rate0.5 ml 1M methanol with Fpdissolved CO and 50 ppm &r,0;

/min
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Fig 9. anode flow rate0.5 ml 1M methanol withdn dissolved CO and 50 ppm &rO,

/min
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Result and discussion: Experiment to evaluate methanol permeability easied out using

a diaphragm diffusion cell, consisting of two regers separated by an electrolyte membrane
with a dense layer of composite membranes to rejged phenomenon of methanol
crossover in DMFC system. using appropriate calgie treating Nafion 117 with 1:1TEOS

and Ti(O-i-Pr) significant drop in methanol crossover was achdeve

XRD image 1 for Pt/C shows the partical size 6hén of Pt on carbon support NCK-77.

XRD. image 2

forNi/C shows partical size of 4nm on carbon supplK-77 . XRD image 3 for Mo/C

show the partical size of 6.5 nm on the C carb@pstt NCK-77.

Variation of cell voltage with respect to time anstant current density shows the better
performance of Pt-Mo catalyst . Fig 1 shows the imax drop of 500mV in cell voltage
when Pt/C was used as catalyst. The performanBéRf is comparetively better than Pt/c
as votage drop was 280mV .the minimum voltage ofd0 mV was observed for Pt-Mo /C

ctalyst. This shows that catalytic activity of P#et-Ni/C<Pt-Mo/C.

Figure 2,3 and 4 shows the cell performance atk3&a8d that at 333 K for c. The methanol
flow rate was varied from0 .5 to 5 mL/min. The penmhance of the DMFC system dropped at
318 K for all flow rates in comparison with 333Khd lower flow rate showed a slightly
better performance. At 333. Both the open cirealtage and the current density decreased
with increasing flow rate. Although a similar temdg was observed at 318 K, the

dependence of the methanol

flow rate on the DMFC performance was small becadfiske low temperature.

Figure 2 ,3 and 4 shows the cell performance atk3383K at different methanol

concentrations with the flow rate of 0.5 mL to 5mmin. The open circuit voltage decreased
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with increasing the methanol concentration to 3/mdiecause the crossover of methanol

formed a mixed potential.

It ia observed from the graph that cell performaisdeatter at higher temperature and lower

rate of anod feed.

Variation of Cell voltage withrespect tocreent sigyn fig.5 shows the better catalytic
activity of Pt-Mo/C over PT-Ni/c and Pt/C. flmmance of Pt-Ni/C is found to be better

than Pt/c.

Addition of 50 ppm CO in the anod flow degradesbyat this can be shown by potential
drop (.Fig.5,6,7) . in presence of CO Pt-Mo/C wasd to be showing more tolarance
towards CO compare to pt/C and Pt/C.The effectiditeon of 50 ppm K2Cr207 and
K2CrO4 in the stream of methanol and CO was noindato have positive effect on the
system . it is obsreved that cell voltage furthecrdases on addition of K2Cr207 and

K2CrO4. .

Effect of temperature on Surface process atlpt{lIH , Oxide formation and co oxidation
are well studied ; J phy chemB1999 ,103 , 8568783Y.M.Markovic . T.J Schmidt &
others . The chemisorption bond energy of the @ldtate is reported to be temperature
dependent pt. —Ohab bond energy is reported askjiri6l.Gibbs energy of adsorption
AGHupd®6 is a function of coverage at varing temperatusegiven by langmuis equatron

assuming 3 order kinetics as ,

The Gibbs energy of adsorption is assumed to laegrly with coverage ,
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AGHupd = AGHupd =0+ y0—————————————— 2

Egn1l & 2 produces,

- Erh;F) * exp (—AGupd 0= %) —————————————— 3

AG Hupd 6 =0 is initial zero coverage energy of adsanptiequation 3 produces a
linear® v/s E relation for intermediate value®f, since theterm  6/(1-6) =1 and

verymuch more slowly with E than the exponentaits.

The apparent free energy of adsorption at any giteenperature is charactorised by two

parametere\G upd 6=0 and interaction parameter f; #/RT.

The isosteric heat of adsorption can be obtain@u temperature dependence of gibbs free

energy of adsorption qH st from the relation

qHst:a(

AGupd (0]
T JaT-1

and the entropy of adsorption from the nelotron

A S upd =30(AG upd) 5

has been reported that heat of adsorption showarlwveriation with OH upd from 42kj/mol
to 24kj/mol.

The pt — OH bond energy was estimated as 350kj/mol

The heat of adsorption of co on the surface of yaries from 140kj/mol to 45 kj/mol.

Journal of physical chemistry vo.92.
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The langmuir — Hinshelwood reaction betweerods=sd CO and O atom is well studied

and given as ,

CO(g) — CO(ads)

02(g)— 20(ad)

CO+0—CO2

From the above rate expression can be formulated as

Ad{COZ} EdesCO\ Po2
a e <_ RT )W

The activation energy varies from 33 to 13 k callm

Pu 238 is a radio active isotop and very powexf@mmiter. Plutonium-238 is a special
material that emits steady heat due to its natadibactive decay. Several unique features of
plutonium-238 have made it the material of choa@lelp produce electrical powe
Plutonium-238 has a specific power of 0.56 watts/Bmin form of Plutonium oxide dopted
pt-Pu/C catalyst is assumed to have maximum toberatowards CO as Pu acts as a

continuas sourse of thermal energy for longer jgerio
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