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ABSTRACT

A catalyst ink for a fuel cell including a catalytic material
and poly(vinylidene fluoride). The ink may be applied to a
substrate to form an electrode, or bonded with other elec-
trode layers to form a membrane electrode assembly (MEA).

CARBON DIOXIDE\ T

L

180\

(21) Appl. No.: 09/912,804
(22) Filed: Jul. 24, 2001
120 / 110
H H
*::E::C:
MHH
CO, & WATER |  RRIRE
N:N:/N:N
- gl
/ L1 M
7
M b M
1140 e
P11 M
1 120’\ :N:H,:uc
[~ HHH
i
Hi+ 1N
OXYGEN A
1100 AR
[ ROy
:H:N/:N:
OXYGEN [T b
M TH
COMPRESSOR D
HH 1
w”r:"N"r

e e o
e erveints e e
H :

\ METHANOL
TANK

METHANOL/
WATER

METHANOL/ l—
WATER PUMP|

LOAD

150"



Nov. 6, 2003 Sheet 1 of 2 US 2003/0207167 Al

Patent Application Publication

!

~_
80\

METHANOL
TANK

\

1 70\

METHANOL/
WATER

METHANOL/ L
= WATER PUMPl—‘

CARBON DIOXIDE

L~1130

130

X

M

LA WAN
> @ T I I XX I I X
P P BB PP OGO
TIITIXTIXXYT X XXX XX X,
D 4l GD TP I W W A I B B @ D S O

120 / Cm

CO, & WATER
<

/
1120~
SN

OXYGEN
COMPRESSOR

LOAD

FIG. 1



Patent Application Publication  Nov. 6, 2003 Sheet 2 of 2

US 2003/0207167 A1
.0
ox \—————"—' — ’ |
o7 A . : ’
08 Jrmmeer— - . ' ]
—— e b, SnCp e
g 600C, 1.0 M MeOH, 30 PFIG 02
3 - . —
w 0.4 | et —
o AR
! o o(., 20 pale . _ X |
02 T—- \
0 \ —
8

r r - v 1 T r T T pl
g ; =] o 12 158 hi.1 e 240 fel.] um axd o aw
Catroal Drasity {mAteml)

~— e, =




US 2003/0207167 Al

MEMBRANE ELECTRODE ASSEMBLY FOR A
FUEL CELL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a divisional of U.S. application Ser. No.
09/489,515, filed Jan. 21, 2000, which claims the benefit of
provisional application U.S. Ser. No. 60/116,747, filed Jan.
22,1999.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] The U.S. Government may have certain rights in
this invention pursuant to NASA Contract No. NSD7-1407.

FIELD OF THE INVENTION

[0003] This invention relates to membrane electrode
assemblies for direct feed methanol fuel cells. In particular,
this invention relates to catalytic ink formulations for mem-
brane electrode assemblies.

BACKGROUND

[0004] Many advanced direct methanol fuel cell systems
use as the electrolyte a proton-exchange membrane made of
perfluorocarbon material available from E. 1. duPont, Wilm-
ington, Del., USA, under the trade designation NAFION
117. However, when NAFION based membranes are used in
direct methanol fuel cell applications, the methanol diffusion
through the membranes is too high, which allows some fuel
to cross over to the cathode side of the cell. Methanol
crossover to the cathode results in fuel loss, lower overall
efficiency and lower cell performance. Thus, a large amount
of research has focused upon methods to decrease the
methanol crossover rates in direct methanol fuel cells.

[0005] In addition to problems of methanol crossover,
large water permeability is observed with NAFION based
systems, which causes water management problems in fuel
cell stacks. To address these issues, an alternative polymer
electrolyte membrane has been proposed that is made of a
composite of polystyrene sulfonic acid and poly(vinylidene
difluoride). Initial studies of PSSA-PVDF membranes have
shown lower methanol permeability than NAFION 117
membranes and comparable proton conductivity.

[0006] Conventional PSSA-PVDF membrane MEAs have
been prepared using the same processes used to prepare
NAFION membrane MEAs. Catalyst electrodes are pre-
pared by making a catalyst ink including a catalyst material,
typically either Pt or Pt/Ru, and an alcohol solution of a
perfluorosulfonic acid ionomer available from E. I. duPont
de Nemours, Wilmington, Del., USA under the trade desig-
nation Naflon-H. The catalyst ink was either applied to a
substrate such as porous carbon paper or, alternatively,
directly deposited upon the membrane surface. This sand-
wich structure was then placed in a hot press for bonding
with catalyzed TEFLON impregnated porous carbon elec-
trodes to form a single MEA component. While this method
worked well for MEAs with NAFION membranes, MEA
samples made with the PSSA-PVDF membranes made by
this process displayed substantially lower electrical perfor-
mance in experimental fuel cells and were generally char-
acterized by high cell resistance and low catalyst utilization
values.
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[0007] Therefore, the electrical performance of MEAs
with PSSA-PVDF membranes requires further improvement
for implementation in power sources.

SUMMARY

[0008] In one aspect, the invention is a catalyst ink for a
fuel cell including a catalytic material and poly(vinylidene
fluoride).

[0009] In another aspect, the invention is a process for
making a catalyst ink for a fuel cell, including mixing
components including a catalytic material and poly(vi-
nylidene fluoride).

[0010] The catalyst ink may be applied to a surface of a
substrate to form an electrode for a fuel cell assembly. The
substrate may be a membrane or a backing.

[0011] The electrode with the deposited ink layer may be
bonded with a membrane or another electrode at a tempera-
ture greater than about 180° C. to form a membrane elec-
trode assembly (MEA).

[0012] The MEA with the deposited ink layer may be
incorporated into a fuel cell stack.

[0013] The catalytic ink of the invention improves the
interfacial bonding characteristics of the deposited electro-
catalytic layers with the proton conducting moieties of the
membrane structure, which improves the electrical perfor-
mance and reduces the impedance compared to MEAs made
with conventional inks. The catalytic ink of the invention
also reduce methanol crossover when used in a fuel cell
stack. MEAs made with the catalytic inks of the invention
demonstrate good electrical performance, excellent cross-
over characteristics, and unique water management proper-
ties when evaluated at the cell level.

[0014] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and advan-
tages of the invention will be apparent from the description
and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is schematic cross sectional view of a direct
feed fuel cell.

[0016] FIG. 2 is a plot of cell voltage vs. current density
that compares the performance of a conventional membrane
electrode assembly to that of a membrane electrode assem-
bly of the invention.

[0017] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION

[0018] FIG. 1 illustrates a liquid feed organic fuel cell
having anode 110, cathode 120 and solid polymer proton-
conducting cation-exchange electrolyte membrane 130,
preferably made of a perfluorinated proton-exchange mem-
brane material available from E. I. duPONT de Nemours,
Wilmington, Del., USA, under the trade designation
NAFION. NAFION is a co-polymer of tetrafluoroethylene
and perfluorovinylether sulfonic acid. Other membrane
materials can also be used.
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[0019] Anode 110, cathode 120 and solid polymer elec-
trolyte membrane 130 are bonded to form a single multi-
layer composite structure, referred to herein as membrane-
electrode assembly “MEA”140.

[0020] A fuel pump 150 is provided for pumping an
organic fuel and water solution into anode chamber 160. The
organic fuel and water mixture is withdrawn through outlet
port 170 into a methanol tank 190 and recirculated. Carbon
dioxide formed in anode chamber 160 is vented through port
180 within the tank 190. An air compressor 1100 is provided
to feed oxygen or air into a cathode chamber 1120. Carbon
dioxide and water are removed through a port 1140 in the
cathode chamber 1120.

[0021] Prior to use, anode chamber 160 is filled with the
organic fuel and water mixture. Cathode chamber 1120 is
filled with air or oxygen either at ambient pressure or in a
pressurized state. During operation, the organic fuel in
anode chamber 160 is circulated past anode 110. Oxygen or
air is pumped into cathode chamber 1120 and circulated past
cathode 120. When electrical load 1130 is corrected between
anode 110 and cathode 120, electro-oxidation of the organic
fuel occurs at anode 110 and electro-reduction of oxygen
occurs at cathode 120. The occurrence of different reactions
at anode 110 and cathode 120 give rise to a voltage differ-
ence between those two electrodes.

[0022] Electrons generated by electro-oxidation at anode
110 are conducted through external load 1130 and are
captured at cathode 120. Hydrogen ions or protons gener-
ated at anode 110 are transported directly across membrane
electrolyte 130 to cathode 120. A flow of current is sustained
by a flow of ions through the cell and electrons through
external load 1130.

[0023] The cathode 120 is a gas diffusion electrode in
which unsupported or supported platinum particles are
bonded to one side of the membrane 130. In the process of
the invention, a catalytic composition, referred to herein as
a catalyst ink, is applied to at least one surface of the
membrane 130 or to at least one surface of an electrode
backing material.

[0024] The cathode 120 and the anode 110 are gas diffu-
sion electrodes in which electrocatalyst particles are bonded
to at least one side of the membrane 130. To make the
cathode 120 and the anode 110, an electrocatalytic compo-
sition, referred to herein as a catalyst ink, is applied to at
least one surface of the membrane 130 or to at least one
surface of an electrode backing material.

[0025] For the cathode 120, the catalytic material may be
in the form of fine metal powders (unsupported), or dis-
persed on high surface area carbon (supported), and is
preferably unsupported platinum black, fuel cell grade,
available from Johnson Matthey Inc., USA or supported
platinum materials available from E-Tek Inc., USA. The
loading of the alloy particles in the electrocatalyst layer is
preferably in the range of about 0.5 mg/cm?® to about 4.0
mg/cm®. More efficient electro-oxidation is realized at
higher loading levels.

[0026] The electrocatalyst in the anode 110 is formed from
supported or unsupported platinum-ruthenium particles. A
bimetallic powder, having separate platinum particles and
separate ruthenium particles gives better results than plati-
num-ruthenium alloy. In a preferred embodiment, the plati-
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num and ruthenium compounds are uniformly mixed and
randomly spaced throughout the material, i.e., the material is
homogeneous. This homogeneous bimetallic powder is used
as the anode catalyst material. The preferred ratio of plati-
num to ruthenium can be between 60/40 and 40/60. The
desired performance level is believed to occur at 60%
platinum, 40% ruthenium. Performance degrades slightly as
the catalyst becomes 100% platinum. Performance degrades
more sharply as the catalyst becomes 100% ruthenium. For
platinum-ruthenium, the loading of the alloy particles in the
electrocatalyst layer is preferably in the range of about 0.5
mg/cm? to about 4.0 mg/cm®. More efficient electro-oxida-
tion is realized at higher loading levels.

[0027] The catalyst ink may also include an ionomer to
improve ion conduction and provide improved fuel cell
performance. Ionomer materials perfluorosulfonic acid, e.g.
NAFION, alone or in combination with TEFLON. A pre-
ferred form for the ionomer is a liquid copolymer of per-
fluorovinylether sulfonic acid and tetrafluoroethylene. To
improve the performance of PSSA-PVDF membranes,
PVDF is added to the catalyst ink, preferably in a powder
form.

[0028] While not wishing to be bound by any theory, it is
believed that the formation of the proton conducting chan-
nels at the interface of the PSSA-PVDF membrane and
deposited catalyst layer is governed by inter-miscibility of
the various polymers. Conventional catalyst inks included
only NAFION ionomer. However, NAFION and PVDEF-
PSSA do not have similar properties, and the entropy of
mixing between these to polymers is not favorable. There-
fore, to improve the miscibility between the polymers in the
catalyst ink and the membrane, it is important add a com-
patible ionomeric material to the catalyst ink so that the
deposited catalyst layer acquires properties similar to the
membrane. PVDF having a low intrinsic permeability to
methanol will result in low crossover through the anode
structure into the membrane.

[0029] In addition, since PSSA-PVDF membranes do not
swell significantly in water, they do not have the desired
plasticity when the membrane is bonded to the electrodes
under hot pressing conditions. The use of a high boiling
solvent in the catalyst ink, such as, for example, N,N-
dimethylacetamide (DMA), provides a plasticizing effect.
The use of N,N-dimethylacetamide (DMA) and other sol-
vents also prevents membrane dry-out during the MEA
fabrication process and thereby result in an MEA that is has
a lesser tendency to de-laminate.

[0030] The catalyst ink is preferably applied directly on at
least one side of a substrate such as the membrane 130 or on
an electrode backing material to form a catalyst-coated
electrode. Suitable backing materials include, for example,
carbon fiber papers manufactured by Toray Industries,
Tokyo, Japan. These carbon papers are preferably “TEFLO-
Nized” to be about 5 wt % in TEFLON.

[0031] The application process includes spraying or oth-
erwise painting the catalyst ink onto the substrate, with both
the ink and the substrate at or substantially near room
temperature. No high temperature treatment step is required
to activate the hydrophobic particles in the catalyst ink
solution. After drying on the substrate, the loading of the
catalyst particles onto the substrate is preferably in the range
of about 0.5 mg/cm? to about 4.0 mg/cm®.
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[0032] The application of the catalyst ink on to the mem-
brane is significantly improved if the membrane surface is
roughened prior to application of catalyst ink. Surface
roughening provides additional anchoring sites for the cata-
lyst and the polymer.

[0033] The membrane may be roughened by contacting
the membrane surface with a commercial paper coated with
fine abrasive. The abrasive should preferably have a grit size
in the range of about 200 to about 400.

[0034] The abrasive material should be selected such that
particles of the abrasive impregnated in the membrane are
tolerated by the fuel cell. Abrasives that are preferred are
silicon nitride, boron nitride, silicon carbide, silica and
boron carbide. Abrasive using iron oxide or aluminum oxide
should be avoided as these materials result contaminate the
membrane with metal ions leading to increased resistance
and this is undesirable.

[0035] Both sides of the membrane are roughened. The
membrane is then held in a fixture and preferably allowed to
dry before the catalyst ink is painted.

[0036] The anode 110, the membrane 130, and the cathode
120 may be assembled into the membrane electrode assem-
bly 140. Once bonded together, the anode 110, cathode 120
and membrane 130 form a single composite layered struc-
ture. Preferably, the electrode and the membranes are first
laid or stacked on a CP-grade 5 Mil (0.013 c¢m), 12-inch
(30.5 cm) by 12-inch (30.5 cm) titanium foil to prevent acid
from the membrane from leaching into the electrode.

[0037] Improving the melt-flow characteristics of the
polymer membrane during the hot pressing process
enhances the interfacial bonding. TGA analysis indicates
that PSSA-PVDF systems are relatively stable to about 220°
C. In addition, conductivity measurements of membrane
samples before and after being subjected to high temperature
(up to about 200° C.) suggest that loss of sulfonic acid
groups (conducting moieties) does not occur under these
conditions. Both of these aspects suggest that temperatures
higher than about 180° C. should be employed to improve
the melt-flow characteristics of membrane sample, thus
improving the interfacial bonding characteristics of the
MEA.

[0038] The invention will now be further described with
reference to the following non-limiting example.

EXAMPLE

[0039] Prior to deposition of the catalyst ink, PSSA-PVDF
membrane samples were dried and the surface scoured with
240 grade abrasive-coated paper to roughen the membrane
surface for enhanced bonding characteristics.

[0040] The membrane sample was then sandwiched
between two TEFLON (PTFE) blocks with a 2 inch (5
cm)x2 inch (5 cm) window exposed. The membrane sample
is then dried with a hand held blower for approximately 30
minutes or until the membrane surface is taut and dry.

[0041] Two different types of catalyst ink mixtures were
prepared. The inks were applied to the membrane surface
and to the surface of a TEFL.ONized backing paper available
from Toray Industries, Tokyo, Japan. The backing paper was
impregnated with about 5% by weight TEFLON.
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[0042] The catalyst ink mixtures in Table 1 were applied
to the eventual anode and cathode sides of the membrane.
Sonication was used to ensure adequate mixing of the
components.

TABLE 1
ANODE CATHODE
140 mg Pt/Ru 180 mg Pt
400 mg H,O 400 mg H,O
720 mg NAFION 720 mg NAFION
(5 wt %) (5 wt %)
400 mg DMA

[0043] The catalyst ink mixtures in Table 2 were applied
to the carbon papers. Sonication was used to ensure adequate
mixing of the components.

TABLE 2
ANODE CATHODE
140 mg Pt/Ru 180 mg Pt
400 mg H,O 400 mg H,O
720 mg NaFION 720 mg NAFION
(5 wt %) (5 wt %)

[0044] The catalyst ink prepared for the membrane was
applied to the membrane surface using a painting technique.
A painting technique was also used to apply the catalyst ink
onto the carbon paper. For the carbon paper, one coat was
applied one day prior to the MEA fabrication and a second
coat approximately one hour prior to fabrication.

[0045] To fabricate the MEA, the catalytic coated mem-
brane was positioned between the two painted gas diffusion
electrodes on the surface of an 8 inch (20 cm)x8 inch (20
cm) die. Once the membrane is positioned and fastened
down, a fine coating of DMA/H,O solution was painted on
the membrane edges. A titanium plate was inserted on the
top of the membrane and a copious amount (5-7 ml) of water
was added to the die. The top plate was then inserted and the
die was then placed into a hot press.

[0046] Once the die was inserted into the press the die
platen was closed with a force of 2000-2500 Ibs (909.1-1136
kg) over a 36 cm” area electrode. The die was heated to a
temperature of 180-185° C. for a period of 15 minutes and
then cooled using an automated chiller. Following this
procedure, the die was opened and the MEA removed and
assembled into a cell for evaluation.

[0047] The electrical performance of fuel cells employing
membrane-electrode assemblies prepared by the process of
the invention was measured and their performance com-
pared with MEAs prepared by conventional processes.
These results are shown in FIG. 2 for 1.0 M MeOH and 20
psig O,. Curve I shows fuel cell performance using an
MEAs prepared by the process of the invention, while curve
II represents an otherwise identical fuel cell using an MEA
prepared by a conventional process.

[0048] The results demonstrate that the process of the
invention leads to a higher fuel cell performance. Compar-
ing curve I and curve II, the voltage at 150 mA/ecm® is
increased by about 0.1 V, and the improvement at higher
current densities is more than 0.2 V.
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[0049] The conditions of testing, for the results shown in
FIG. 2, were similar except for the temperature. It is
important to remember that increasingly higher tempera-
tures leads to improved performance in methanol fuel cells.
The results show that even at a test temperature of 60° C.
(curve I), the MEAs prepared by the process of the invention
exceed the performance at 83° C. (curve II) obtained with
MEAs prepared by the conventional process. Thus these
results confirm the value of the process of the invention.

[0050] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other
embodiments are within the scope of the following claims.
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What is claimed is:

1. A catalyst ink for a fuel cell comprising a catalytic
material and poly(vinylidene fluoride).

2. The catalyst ink of claim 1, wherein the catalytic
material comprises Pt.

3. The catalyst ink of claim 1, wherein the catalytic
material comprises Pt and Ru.

4. The catalyst ink of claim 1, further comprising a second
ionomer.

5. The catalyst ink of claim 1, wherein the ionomer
comprises a liquid copolymer of tetrafluoroethylene and
perfluorovinylethersulfonic acid.
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