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Application No:

Titte: ENHANCEMENT OF DIRECT METHANOL FUEL CELL PERFORMANCE
WITH NAFION PROTON EXCHANGE MEMBRANE OPTIMALLY EXPOSED TO
ULTRAVIOLET RAYS

Applicant: ALVA'S EDUCATION FOUNDATION

ABSTRACT

According to the basic aspect of the present invention there is provided an enhanced
direct methanol fuel cell (DMFC) device power. The DMFCs used fuel flow channels
fabricated in <100> silicon wafer orientation for transport of fuel (methanol with water at
anode and airfoxygen at cathode in this case) and nafion membrane with optimally
irradiated ultraviolet (UV) rays as proton exchange membrane. The process comprises:
cleaning of <100> silicon wafers, growing of silicon dioxide (SiOz) by wet oxidation,
spinning positive photo resist on both sides and front side UV exposure using level 1
mask (to feed methanol with water at anode and air at cathode), development of positive
phofo resist, etching front side SiO; using buffered hydrofluoric acid, stripping front side
and back side positive photo resist using acetone, etching silicon by means of tetra
methyl ammonium hydroxide (TMAH) for through holes, spinning positive photo resist on
both sides and front side UV exposure using level 2 mask (fuel flow channel mask),
development of positive photo resist, etching front side SiO; using buffered hydrofluoric
acid, stripping front side and back side positive photo resist using acetone, etching
silicon by means of TMAH for fuel flow channels, sequential sputtering of Chrome-Gold
to form electrical contacts and electrodes on fuel flqw channels. Further, Pt nano-
particles (for anode) and Pt-Ru nano-particles (for cathode) are suspended in Isopropyl
alcohol to form the catalyst solutions which are then loaded in gas diffusion layers
(GDLs). DMFC devices are assembled: first, by preparing membrane electrode
assembly {MEA) consisting of optimally UV irradiated nafion membrane sandwiched
between two catalyst loaded GDLs; and second, by sandwiching MEA between two
silicon fuel flow channels and placing the assembly between two identical aluminum
reservoirs both at anode and cathode of DMFC for enhanced power output.

Ref: Fig 1.

ATENT UFFICE CHENNAT  14/03/7819% 1056
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FIELD OF INVENTION

The present invention is for the enhancement of direct methanol fuel cell (DMFC)
performance using nafion membrane irradiated with optimum dosage of ultraviolet
(UV) rays as proton exchange membrane (PEM). Particularly, the present invention
contains processes like fabrication of fuel flow channels in silicon wafers, exposure
of nafion membrane to UV rays, preparation and loading of catalysts on gas diffusion
layers (GDLs), preparation of membrane electrode assembly (MEA) and assembling
of DMFCs. The present invention uses UV irradiated nafion membrane as proton

conducting membrane.

BACKGROUND OF THE INVENTION

DMFCs are of immense interest for stationary and portable applications, as well as
automotive industries due to their potential for generation of clean electrical energy
with high efficiencies at a lower environmental cost than currently available energy
sources. They are electrochemical devices that use humidified hydrogen, or
hydrogen-rich fuels such as methanol and ethanol, along with oxygen from air, to
produce electrical energy and heat. The technology of DMFC devices is maturing
and these devices are increasingly finding applications in many types of electronic

devices.

The new and renewable sources of energy are constantly evolving to decrease long-
term dependence on oil and other fossil fuels. DMFCs are potential candidates for
this purpose. These devices have the potential to be a renewable energy source,
owing to their high efficiency, high energy density and quiet operation. The PEM is
the key component of DMFC. The chief function of the membrane is to allow the
transport of protons generated at the anode and prevent the direct contact with the
fuel and oxidant. Another key component of these fuel cells is flow field plate through
which the fuel reaches the anode and oxygen reaches the cathode. The second

function of the flow field plate is the electron collection for delivering power to the

ATENTOUsdewoldE""CHENNAT  14/83/,2019 108255 -
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Various DMFCs have been devised in prior art some of the measures are as follows:

US6387559B1 relates to a fuel cell system and the method of forming the fuel cell
system including a base portion, formed of a singular body, and having a major
surface. At least one fuel cell membrane electrode assembly is formed on the major
surface of the base portion. A fluid supply channel including a mixing chamber is
defined in the base portion and communicating with the fuel cell membrane electrode
assembly for supplying a fuel-bearing fluid to the membrane electrode assembly. An
exhaust channel including a water recovery and recirculation system is defined in the
base portion and communicating with the: membrane electrode assembly. The
membrane electrode assembly and the cooperating fluid supply channel and
cooperating exhaust channel forming a single fuel cell assembly.

US6660423 relates to a fuel cell device and the method of forming the fuel cell
device including a base portion, formed of a singular body, and having a major
surface. At least one fuel cell membrane electrode assembly including a plurality of
hydrophilic threads for the wicking of reaction water is formed on the major surface
of the base portion. A fluid supply channel including a mixing chamber is defined in
the base portion and communicating with the fuel cell membrane electrode assembly
for supplying a fuel-bearing fluid to the membrane electrode assembly. An exhaust
channel including a water recovery and recirculation channel is defined in the base
portion and communicating with the membrane electrode assembly and the plurality
of hydrophilic threads. The membrane electrode assembly and the cooperating fluid
supply channel and cooperating exhaust channel forming a single fuel cell assembly.

US20060183015 relates to an efficient and passive micro fuel cell includes an anode
plate, a reaction plate, a cathode plate and a condensation plate. The anode plate
draws a dilute solhtion of methanol from a fuel tank to delivery to a series of upper
oxidation reaction room through micro-channels by thermal capillarity. The

(S i
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the methanol solution is delivered to a plurality of lower oxidation reaction rooms.

Protons pass through the inner walls of the reaction holes and a porous membrane

layer and arrive in the lower reduction reaction rooms. The lower reduction reaction
rooms and the lower oxidation reaction rooms have reaction holes whose inner walls
have carbon nanotubes and catalysts. A plurality of upper reduction reaction rooms

delivers oxygen for the reduction reaction and drains the reduced water at the same

time.

CN101579632 relates to the field of fuel-cell catalyst, in particular discloses a nickel
palladium/ silicon micro channel catalyst. The preparation thereof is as follows: the
step of electroless plating deposit of a nickel palladium membrane is carried outon a
silicon micro channel frame, and a nickel palladium/ silicon micro channel composite
material is processed by rapid annealing for 6 to 10 minutes at the temperature from
300 to 500 DEG C under the argon atmosphere. The nickel palladium/ silicon micro
channe! catalyst can be used for preparing the electrode of the integratable direct

methanol fuel cell.

CA 2400027 relates to a membrane, in particular, a membrane for use in a methanol
fuel cell. The inventive membrane comprises complexing agents for cations and,
therefore, functions like an anion exchanger. In a particular embodiment, the
membrane comprises complexing agents selected from the group of crown ethers,
cryptates, or of cryptate-like compounds based on carbon cyclic compounds or

silicon cyclic compounds.

EP 1804326 relates to a flow connector for a microfluidic system through which a
solution of at least an oxidable compound is fed to a feed manifold of an energy
converting electrochemical device having a flat coupling area with the flow connector
is made as a distinct article of manufacture applidab|e onto the electrochemical
device. The flow connector comprises a monocrystalline silicon platform having at

0 Fu5st twaTdistinét Ehannetsdefined on the bottom side of the platform, on the top side
L o= 7 13 I
342019 109:55



of which a plurality of functional modules of said microfluidic system are fixed in
correspondence of respective through holes communicating with a respective
channel; a first channel connecting two or more of said through holes; the second
channel connecting two or more other through holes; through holes first and second,
respectively connected to said channels first and second, coinciding with a suction
port and with a delivery port, respectively, of a micropump medule fixed onto the
silicon platform; at least the through hole coinciding with the suction port of the micro
pump being connected through said first channel to a through hole coinciding with
the outlet port of a first solvent release micro valve module from a first supply
cartridge and to a through hole coinciding with the outlet port of a second oxidable
compound release micro valve module from a second supply cartridge; upon
coupling the channeled bottom side of said silicon platform to said flat coupling area
of the device, an inlet of said solution feed manifold coinciding with said second
channel. The depleted solution discharge manifold of the device has an outlet,
connecting to the first channel of the silicon flow connector and through a fifth
through hole coinciding with the inlet of a third solution discharge micro valve

module, to a third cartridge into which bleeding depleted waste solution.

EP 1191621 relates to an inorganically modified membrane consists of an organic
sulfonated polymer and an inorganic phase made of oxides of silicon, organically
modified silicon, titanium and/or zirconium. The oxides can be partially replaced by

phosphates.

US6833167 relates to a methanol fuel cell comprising a membrane which conducts
metallic cations, in which the metallic cations induce the transport of the charge
inside the membrane and are advantageously guided in a circuit in the form of a
base from the cathode chamber to the anode chamber. The inventive methanol fuel
cell prevents the methanol drag associated with proton-conductive membranes, thus
producing higher power outputs on a regular basis. A separate transport of the water
ENT oOF fproduged by the: f\??x?t};?? is not necessary.
‘ ‘14’,'@’3'*,:2@19 Lo sc
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CN 103490081 provides a modified nafion proton exchange membrane and a
preparation method thereof. The method comprises the steps as follows: a nafion
proton exchange membrane is soaked in a polybenzimidazole phosphoric acid
dissolved liquid at vacuum; the soaked nafion proton exchange membrane is dried,
and the modified nafion proton exchange membrane is obtained. The invention
further provides a direct methanol fuel cell membrane electrode and a preparation
method thereof. The method comprises the steps as follows: a cathode catalyst layer
and an anode catalyst layer are loaded on a cathode gas diffusion layer and an
anode gas diffusion layer respectively; a cathode electrode and an anode electrode
are obtained:; the anode electrode, the modified nafion proton exchange membrane
and the cathode electrode are stacked sequentially and subjected to hot pressing;
the membrane electrode is obtained; and the modified nafion proton exchange
membrane is adjacent to the anode catalyst layer and the cathode catalyst layer
respectively. The nafion proton exchange membrane modified by phosphoric acid
dissolved polybenzimidazole to reduce a transfer space of a hydrotropic substance,
so that methanol solution penetration can be reduced; and the properties of the
membrane, such as a proton conduction rate and the like, are better, so that the

property of a cell can be improved.

W02017084377 relates to the technical field of fuel cells, and specifically, to a novel
proton exchange membrane for a methano! fuel cell. The proton exchange
membrane comprises a porous anode aluminum oxide template. A nafion membrane
layer is disposed on the surface of the porous anode aluminum oxide template. An
inert meta! layer is disposed on the surface of the nafion membrane layer. In the
present invention, the structure is compact and does not have a crackle, which
effectively restrains the infiltration of methanol in the methanol fuel cell, and
improves the utilization rate of the methanol of the methanol fuel cell and the service

life of the methanol fuel cell; the proton exchange membrane has a simple structure

= @nd ow production cost.

CEUUHENNAT 14;@3;2@19'1@-55
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WO02016205972 discloses a poly(oxadiazole aryl ether-co-bisphenol fluorine)} proton
exchange membrane and a preparation method thereof. The proton exchange
membrane is obtained by one step; specifically: mixing and reacting a base polymer
obtained from a decafluorobenzadiazole and bisphenol fiuorine copolymer with a
functionalized reagent and forming a membrane to obtain the proton exchange
membrane. The reaction with the functionalized reagent is primarily realized via
nucleophilic aromatic substitution. The proton exchange membrane obtained by the
present invention has a high ion conductivity; at 30°C the conductivity is 58 mS-cm™,
and at 70°C it reaches 137 mS-cm™. Further, the proton exchange membrané has
strong mechanical properties and a low methanol permeability, the methanol
permeability being less than half that of a nafion® 117 membrane. Upon assembling
the membrane in a direct methanol fuel cell and testing, results showed that at 90°C,
the maximum power of the cell was 75 mW-cm™, and at 100°C, the maximum power
reached 85 mW-cm.

CN105680077 belongs to the technical field of a fuel cell, in particular to a proton
exchange membrane. The proton exchange membrane is prepared from a
combination comprising a sulfonated poly ether ether ketone solution,
sulfonatedpolyphenylene oxide sppo, a polyaniline filter liquid, heteropoly acid and a
titanium dioxide fluid. The proton exchange membrane has the advantages of
favorable mobility and processability; with the combination of the titanium dioxide
fluid, the sulfonated poly ether ether ketone solution, the suifonatedpolyphenylene
oxide sppo and the polyaniline filter liquid, the reduction of proton conductivity can be
reduced, the methanol pérmeability of the composite proton exchange membrane is
effectively reduced, the comprehensive performance of the proton exchange
membrane is improved, the methanol permeation problem when an nafion
membrane is used for a direct methanol fuel celi (DMFC) is solved, the proton
conductivity is also not reduced, and the requirement for PEM used by the DMFC is

1470372019 1¢g: 55
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met: and the proton exchange membrane can be used for the DMFC and also can

be used for an alcoho! fuel cell such as a direct ethanol fuel cell.

OBJECT OF THE PRESENT INVENTION
One or more of the problems of the conventional prior art may be overcome by

various embodiments of the present invention.

Accordingly, the primary object of the present invention is to provide a DMFC device
with higher efficiency and power output by using UV irradiated nafion membrane as
PEM.

It is another object of the present invention, wherein the said DMFC device uses
processes of silicon wafer cleaning, UV lithography, silicon etching and Cr-Au
deposition methods for preparation of fuel flow channels in silicon.

It is even another object of the present invention, wherein the said DMFC device
uses Pt nano particles (at anode) and Pt-Ru nano-particles (at cathode) as catalysts.

it is even another object of the present invention, wherein the two catalyst nano-
particles are suspended in Isopropyl alcohol (IPA) and are loaded in GDL.

It is one aspect of the present invention, wherein the said nafion membrane is
irradiated on both sides with UV rays of optimum dosage of 200mJicm?.

It is one aspect of the present invention, wherein the said DMFC device uses
aluminium reservoirs for storage and supply of fuel at anode and oxygen/air at

cathode.

It is one aspect of the present invention, wherein the said DMFC device is

P AT ER T assembledby sandwiching WY irradiated,nafion, membrane in between two catalyst. -~
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loaded GDLs which is placed between two silicon fuel flow channels and further

sandwiched between two aluminium reservoirs.

SUMMARY OF THE PRESENT INVENTION

According to the basic aspect.of the present invention there is provided an enhanced
DMFC performance. This invention uses UV irradiated nafion membrane as PEM.
The process for fabrication of silicon fuel flow channels comprises: cleaning of <100>
silicon wafers, growing of silicon dioxide (SiOz) by wet oxidation, spinning positive
photo resist on both sides and front side UV exposure using level 1 mask {(methanol
feed mask), development of positive photo resist, etching front side SiO; using
buffered hydrofluoric acid (BHF), stripping front side and back side positive photo
resist using acetone, etching silicon by means of tetra methyl ammonium hydroxide
for through holes, spinning positive photo resist on both sides and front side UV
exposure using level 2 mask (fuel flow channel mask), development of positive photo
resist, etching front side SiO2 using buffered hydrofluoric acid, stripping front side
and back side positive. photo resist using acetone, etching silicon by means of tetra
methyl ammonium hydroxide for fuel flow channels, sequential sputtering of Chrome-
Gold (Cr-Au) to form electrical contacts on fuel flow channels. Pt nano-particles (for
anode) and Pt-Ru nano-particles (for cathode) are suspended in Isopropy! alcohol
and are loaded in GDLs. Karl Suss aligner Model MJB4 is used to irradiate optimized
dosége of 200 mJdiem? UV rays on both sides of nafion membrane. Aluminium
reservoirs are used for storage and supply of methanol and water at anode and
oxygen/air at cathode. DMFC devices are assembled by sandwiching UV irradiated
nafion membrane in between two catalyst coated GDLs which is placed between two
silicon fuel flow channels and further sandwiched between two aluminium reservoirs.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 illustrates schematic of DMFC, wherein a represents inlet for methanol with

P ATENT waterh representsioutletfor carbon; dioxide, - represents silicon, fu}elbﬂow channels,




esents GDL, € represents Pt catalyst, f.represents UV irradiated nafion

mbrane, g represents Pt-Ru catalyst, h
lic layer

d repr
membrane as proton exchange me
represents outlet for water, i represents inlet for oxygen, j represents metal

for electrical contacts, k represents a ts electrons, H*
ns, according to present invention.

juminium reservoir, € represen
represents hydrogen io

strates the schematic for UV irradiation of nafion membrane, wherein |

Figure 2 illu
amp, N represents UV radiation, O

represents UV source, m represents uv i

represents nafion membrane.

Figure 3 illustrates the peak in proton conductivity of nafion membrane exposed to

various dosages of UV radiation.

es the flow chart of process flow for assembling of DMFC comprising

Figure 4 illustrat
GDLs, UV rays exposed nafion

of silicon fuel flow channels, catalysts loaded

membrane, according to present invention.
Part Name Part Number
Methanol and water iIN

(Title Page)

Carbon dioxide ouT

Silicon fue! flow channels

GDL
Pt catalyst
Modified nafion membrane

""(DCLOU'!D

Pt-Ru Catalyst
Water OUT

;| W

Oxygen IN
Metallic (Cr-Au) contacts

Aluminium reservoir

]
k
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m UV bulb
n UV radiation
0 Nafion membrane

DETAILED DESCRIPTION OF THE INVENTION WITH REFERENCE TO
ACCOMPANYING DRAWINGS

The preferred embodiment of the present invention will now be explained with
reference to the accompanying drawings. It should be understood however that the
disclosed embodiments are merely exemplary of the invention, which may be
embodied in various forms. The following description and drawings are not to be
construed as limiting the invention and numerous specific details are described to
proVide a thorough understanding of the present invention, as the basis for the
claims and as a basis for teaching one skilled in the art how to make and/or use the
invention. However in certain instances, well-known or conventional details are not

described in order not to unnecessary obscure the present invention in detail.

DMFCs are among the leading contenders for energy generation for variety of
applications. DMFC consists of the following: A proton conducting membrane
(Nafion) is sandwiched between two catalyst loaded GDLs at anode and cathode
(electrodes) of DMFC; this MEA is the heart of the DMFC. Methanol diffuses through
the micro-porous GDL (which regulates the transport of fuel) to the catalyst which
generates protons and electrons. The protons then diffuse through the nafion
membrane to the cathode. The electrons move from anode to cathode through
external circuit. Protons and electrons react with oxygen at the cathode to form
water.

The equations for the process with methanol as fuel are as shown below:

Anode reaction: CH3OH + H,0 —8H" + 6e” + CO, (Oxidation)

PATENT OFFICE Cathoderéaction: %05‘;+=‘6H+C+f6e? 23H;03(Reduction) &5
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Overall reaction: CH;OH + 302 —2H20 + CO; (Redox reaction)

A schematic of DMFC is shown in Figure 1.

The entire MEA is sandwiched between two silicon chips with fuel flow channels
which regulate the flow of methanol at the anode and air at cathode as shown in
Figure 1. The negative charge (electrons) collected by the metallic electrode moves

into the external circuit from anode to cathode, thus balancing the charge transfer
process.

The heart of the DMFC is MEA which consists of micro-porous GDL (Toray carbon
paper) which regulates the flow of fuel to the catalyst at the anode, a high efficiency
catalyst layer (Pt) for the generation of protons (H') from hydrogen rich fuels like
humidified hydrogen, methanol, ethanol etc, a high proton conductance membrane
layer (nafion) for the transfer of protons and a high efficiency catalyst (Pt-Ru) at the
cathode for the conversion of o'xygen, protons and electrons into water. Fuel flow
channels etched in silicon wafers for the flow of fuel at the anode and airfoxygen at
the cathode serve as flow channels. A metallic layer (Cr-Au) on the fuel flow
channels of silicon chips (both at anode and cathode) is used for the exit of electrons

from anode through the external circuit and entry into the cathode for charge
balance.

The detailed process flow for fabrication of silicon fuel flow channels are given

below, which is only illustrative and should not be construed as limitation. The said
process flow comprises:

1) RCA cleaning of silicon wafers with following features: 2 inch, <100>, Single
Sided Polished (SSP) and resistivity: 4-7ohm-cm. '

2) Wet oxidation of wafers for growing oxide (1000 nm thickness).

ATENT OFFICE CHENHKHAL 140342019 1U:56b
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TENT UFFICE CHERNN AT

3) Positive Photo Resist (PPR) spinning at the rate of 300 rpm for 10 sec and 3000
rpm for 30 sec on both sides of the wafers.

4) UV exposure for through-holes using methanol feed mask (level 1). Development
of the PPR for 25 sec using photoresist developer MF319.

5) Oxide removal using 5:1 BHF for 10 min.

) Strip PPR on both sides of silicon wafers using acetone. TMAH etching of silicon
for 4 hours to etch 150 pm for methano! feed holes.

7) PPR spinning at the rate of 300 rem for 10 sec and 3000 rpm for 30 sec on both
sides of the wafers.

8) UV exposure for flow channels using micro channel mask (level 2). Development
of the PPR for 25 sec using photoresist developer MF319.

9) Oxide removal using 5:1 BHF for 10 min.

10)Strip PPR on both sides of silicon wafers using acetone. TMAH etching of Si for 3
hours to obtain fuel flow channels of depth 140 um.

11)While etching the flow channels, the through holes (etched earlier in step 6) will

also be etched along with the flow channels. As a result through holes will be
formed.

12)Chrome-gold sputtering to deposit Cr (10 nm) and Au (150 hm) for conduction of

electrons (that accumulate on the GDL surface facing the flow channels) towards
external electrical circuit.

14 n 03 :‘_‘27‘6'_.[ ! -L ':IJ : S 6
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Preparation of catalyst:
13)Platinum (Pt) nano-particles are used as catalyst at the anode of the DMFC while

Platinum-Ruthenium (Ru) nanc-particles are used as catalyst at the cathode of
DMFC. These nano-particles are taken in two separate glass bottles (i.e. for
anode and cathode) and the solvent (Isopropyl Alcohol (IPA)) is added. The
mixture is sonicated for 1 hour for the catalyst nanoparticles to be suspended in

the solvent. The catalysts are coated on GDLs.

Preparation of UV exposed PEM:

14)Nafion is cut into required dimensions. it is cleaned with acetone and IPA. It is
post-baked at 100°C for 1 hour to remove any moisture or water molecules
present. With reference from Figure 2, the said process for the irradiation process
is carried out by using UV source of Karl Suss aligner Model MJB4 with optimized
UV dosage. UV exposure on nafion membrane ‘was done on both sides with
optimum dosage of 200 mJ/cm?. Figure 3 is plot showing dependency of proton
conductivity of nafion membrane on UV radiation dosage. The peak proton

conductivity is at 200 mJ/cm? of UV radiation.

Preparation of MEA:
15)The UV irradiated nafion membrane is sandwiched between two catalyst loaded

GDLs at anode and cathode (electrodes) to form the MEA of DMFCs.

Assembling of theDMFCs

16)With reference to Figure 1, the said process for assembling the DMFCs - starting
from anode to cathode, comprises: Trapezoidal silicon fuel flow channels with Cr-
Au layer | Nano-particles Pt loaded GDL | UV irradiated nafion membrane |
Nano-particles Pt-Ru loaded GDL| Trapezoidal silicon fuel flow channels with Cr-

T OFFIUTE CHEWNNATI 14*‘U51’2019 12:56
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Au layer. This assembly is sandwiched between two identical aluminium

reservoirs both at anode and cathode.

Although the invention has been described with reference to specific embodiments,
this~ description is not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiments, as well as alternative embodiments, will
be apparent to persons skilled in the art. It is therefore, contemplated that the
appended claims will cover all modifications that fall within the true scope of the

invention.

ATENT OFFICE CHENNAI 14/083Y2019 10:5g
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Fabrication of fuel flow channels in silicon.

¢

Sputter Cr-Au layer on silicon fuel flow channels for
electrical contacts.

v

Preparation of catalyst coated GDLs.

!

Preparation of modified nafion membrane by
exposing it to UV rays.

v

Preparation of membrane electrode assembly (MEA)
by sandwiching modified nafion membrane in
between the two GDLs and two silicon fuel flow
channels with electrodes.

'

Integration with aluminium reservoirs for supply of
fuel at anode and air at cathode.

v

Electrical characterization of DMFC.

FIGURE 4
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WE CLAIM
1. A DMFC device with enhanced performance with the use of nafion membrane

irradiated with optimum dosage of UV rays as proton exchange membrane, the

process comprising of:

a) Growing of SiO; on <100> silicon wafers by wet oxidation.

b)

2

d)

9)

h)

OFFICE CHENNATI

Spinning of positive photo resist followed by UV lithography with fevel 1 mask
(methanol feed mask) and development using photoresist developer MF319.

Etching front side SiO; using buffered hydrofluoric acid and stripping the
positive photo resist on both sides using acetone and etching silicon by

means of Tetra Methyl Ammonium Hydroxide.

Spinning of positive photo resist followed by UV lithography with level 2 mask
(fuel flow channel mask) and development using photoresist developer
MF319.

Etching front side SiO2 using buffered hydrofluoric acid and stripping the
positive photo resist on both sides using acetone and etching silicon by

means of Tetra Methyl Ammonium Hydroxide.
Sputtering Cr-Au on fuel flow channels. -

Irradiating UV rays with optimum dosage of 200 mJicm? on both sides of
nafion membrane and using it as proton exchange membrane in DMFC.

Preparing the catalysts by suspending Pt nano-particles (as anode catalyst)
and Pt-Ru nano-particles (as cathode catalyst) in isopropyl alcohol and

coating it on GDLs.
14/03/2319 10: 58
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Where DMFC is assembled by sandwiching membrane electrode assembly
(consisting of optimally UV irradiated nafion membrane sandwiched between two
catalyst loaded GDLs) between two silicon fuel flow channels and the assembly is
placed between two identical aluminum reservoirs both at anode and cathode of

DMFC for enhanced power output.

"/
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