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BORON-DOPED DIAM'OND COATED CATALYST SUPPORT
BACKGROUND

The present invention relates to a catalyst support. More particularly, the present
disclosure relates to a high surface area catalyst support for use, for example, in a fuel
cell.

Electrodes containing supported metal catalyst particles are used in
electrochemical cells, such as fuel cells. For example, in a conventional hydrogen fuel
cell, a supported platinum catalyst is used to oxidize hydrogen gas into protons and
electrons at the anode of the fuel cell. At the cathode of the fuel cell, another supported
platinum catalyst triggers an oxygen reduction reaction (ORR), leading to the formation
of water.

The catalyst support is typically a conductive high surface area carbon. The
catalyst support provides a surface over which the catalyst particles are dispersed and
stabilized. However, carbon catalyst supports in fuel cells are susceptible to corrosion
that results in carbon oxidation and, as a final stage, collapse of the carbon structure.
Causes of corrosion include the presence of oxygen, water, and high electrode potential,
especially on the cathode side. Additionally, mixed potential resulting from the
electrochemical reaction may exist locally. Corrosion causes microstructural derogation
and surface chemistry changes, which may result in an irreversible loss in catalytic
performance, cross-over and ultimately in the complete failure of the fuel cell.

Additionally, the carbon support may have poor interactions with the catalyst
particles, which results in electrode changes, and more specifically, particle growth of
catalyst particle sizes under dissolution/redeposition processes. The increase in size of
the catalyst particles through dissolution/redeposition causes a loss in fuel cell
performance. An improve catalyst support that resists corrosion is needed so that the
performance of an electrochemical cell can be maintained.

SUMMARY

A catalyst support for an electrochemical system includes a high surface area
refractory material core structure and boron-doped diamond (BDD). The BDD modifies
the high surface area refractory material core structure.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic of a fuel cell that uses the catalyst supports described

herein.
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FIG. 2 is a cross-sectional view of a catalyzed catalyst structure having catalyst
particles deposited on a continuous layer of boron-doped diamond (BDD).

FIG. 3 is a cross-sectional view of a catalyzed catalyst structure having a non-
continuous layer of boron-doped diamond (BDD) and catalyst particles dispersed and
engaged with a catalyst support structure and the BDD layer

FIG. 4 is a cross-sectional view of two catalyzed catalyst structures of FIG. 3
connected by BDD.

It is noted that the drawings are not scale.

DETAILED DESCRIPTION

A catalyst support structure is described herein which includes boron—doped
diamond (BDD) modifying a high surface area refractory catalyst support structure. The
BDD and the refractory material produce a stabilized catalyst support structure, which
can be used in fuel cells and other electrochemical devices as a support for catalyst
particles, such as platinum. These catalyzed catalyst support structures typically form
the basis for electrochemical cell catalyst layers.

FIG. 1 is one example fuel cell 10, designed for generating electrical energy, that
includes anode gas diffusion layer (GDL) 12, anode catalyst layer 14, electrolyte 16,
cathode gas diffusion layer (GDL) 18, and cathode catalyst layer 20. Anode GDL 12
faces anode flow field 22 and cathode 18 GDL faces cathode flow field 24. In one
example, fuel cell 10 is a fuel cell using hydrogen as fuel and oxygen as oxidant. It is
recognized that other types of fuels and oxidants may be used in fuel cell 10.

Anode GDL 12 receives hydrogen gas (H») by way of anode flow field 22.
Catalyst layer 14, which may be a platinum catalyst, causes the hydrogen molecules to
split into protons (H") and electrons (€). While electrolyte 16 allows the protons to pass
through to cathode 18, the electrons travel through an external circuit 26, resulting in a
production of electrical power. Air or pure oxygen (O,) is supplied to cathode 18
through cathode flow field 24. At cathode catalyst layer 20, oxygen molecules react with
the protons from anode catalyst layer 14 to form water (H,O), which then exits fuel cell
10, along with excess heat.

Catalyst particles dispersed and stabilized on catalyst support structures can from
the basis of anode catalyst layer 14 and cathode catalyst layer 20. In one example, the
catalyst particles are platinum. As described above, cathode catalyst layer 20 is used to
increase the rate of the oxygen reduction reaction (ORR) ultimately resulting in the

formation of water from protons, electrons and oxygen. Cathode catalyst layer 20
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contains platinum as a catalyst but the platinum is unstable in this environment. During
potential cycling, platinum atoms tend to dissolve and redeposit. This
dissolution/redeposition process results in catalyst particle growth that decreases the
performance of the fuel cell.

In one example, fuel cell 10 is a polymer electrolyte membrane (PEM) fuel cell,
in which case electrolyte 16 is a proton exchange membrane formed from a solid
polymer. In another example, fuel cell 10 is a phosphoric acid fuel cell, and electrolyte
16 is liquid phosphoric acid, which is typically held within a ceramic (electrically
insulating) matrix.

-FIG. 2 is a cross-sectional view of catalyzed catalyst support structure 100 that
can be used, for example, as basis for anode catalyst layer 14 and cathode catalyst layer
20 in fuel cell 10. Catalyzed catalyst support structure 100 includes high surface area
refractory catalyst support structure 102 (having inner surface 104 and outer surface
106), boron-doped diamond (BDD) 108 and catalyst particles 110. For convenience,
catalyzed catalyst support structure 100 will be referred to as having outer surface 112.
Outer surface 112 is in contact with the environment surrounding catalyzed catalyst
support structure 100. Refractory support structure 102 is modified by a continuous layer
of BDD 108. Catalyst particles 110 are dispersed and stabilized on BDD 108.

Refractory catalyst support structure 102 is a high surface area refractory
material, such as a metal oxide, a metal phosphate, a metal boride, a metal nitride, a
metal silicide, a metal carbide and combinations thereof. Example refactory materials
include, but are not limited to, TiO,, ZrO,;, WO;, TaO,, Nb,O3, TaPO,, BPO,, ZrPO,,
TiPO,, TiB,, TiC, WC, WSi, BC, BN, SiC, ZrN, TaB; and NbC. Refractory support
structure 102 provides an increased surface area for the dispersion of catalyst particles
110, allowing a greater number of catalyst particles 110 to be dispersed on support
structure 102. In one example, refractory catalyst support structure 102 is a powder. In
another example, refractory catalyst support structure 102 has a surface area between
about 10 and about 2000 m%/g.

BDD 108 is located on outer surface 106 of refractory catalyst support structure
102 and modifies outer surface 106. BDD 108 forms a continuous layer on refractory
catalyst support structure 102 so that catalyst support structure 102 is not exposed at
outer surface 112 to the environment surrounding catalyzed catalyst support 100. As
will be explained in detail below, BDD 108 improves the stability of catalyzed catalyst

support structure 100. For example, BDD 108 provides corrosion resistance when
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catalyzed catalyst support structure 100 is used in the presence of watef, oxygen, and
high electrode potential, such as the conditions present on the cathode side of a fuel cell.
Although the continuous layer of BDD 108 is illustrated as having a generally
homogenous thickness, the thickness of BDD 108 may be non-homogenous such that the
thickness of BDD 108 varies on catalyst support structure 102.

Catalyst particles 110 are deposited on BDD 108. Catalyst particles 110 can be a
catalyst for an oxidation reduction reaction (ORR). For example, catalyst particles 110
can be catalyst particles for use in a fuel cell or other electrochemical device. In one
example, catalyst particles 110 are platinum or binary, ternary or quaternary platinum
alloys or combinations thereof.

High surface area refractory catalyst support structure 102 and BDD 108 are
stable in the high potential environments presented by electrochemical systems, such as
fuel cells. Refractory catalyst support structure 102 stabilizes catalyst particles 110 on
support structure 102 due to the strong metal-support interaction (SMSI) characteristics
of the refractory material. The SMSI characteristics of refractory catalyst support
structure 102 prevent or at least slow down the rate of dissolution/redeposition of catalyst
particles 110, enhancing the oxidation reduction reaction (ORR) activities of catalyst
particles 110.

However, some refractory materials, such as metal oxides and phosphates, are
generally non-conductive and extremely hyrdrophilic. When such refractory materials
are present, BDD 108 provides the necessary conductivity for catalyst support structure
102. In one example, BDD 108 has a conductivity equal to or greater than about 0.05
Siemens/centimeter (S/cm) at operating temperatures equal to or greater than about
100°C. In another example, BDD 108 has a conductivity equal to or greater than about
0.1 Siemens/centimeter (S/cm) at operating temperatures equal to or less than about
100°C. Additionally, BDD 108 plays a significant role in balancing the physical
properties of catalyzed catalyst support 100. For example, the hydrophobic characteristic
of BDD 108 compensates for the hydrophilic characteristic of the refractory material of
catalyst support structure 102. These physical properties are important for water and
reactant management in an electrochemical device, such as a fuel cell.

BDD 108 also provides corrosion resistance when catalyzed catalyst support 100
is used in the presence of water, oxygen and high electrode potential. BDD 108 provides

corrosion resistance especially at voltage as high as 1.2V/RHE. Thus, BDD provides
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corrosion resistance when catalyzed catalyst support 100 is used in an electrochemical
device, such as a fuel cell.

Refractory catalyst support structure 102 having BDD 108 has an increased
stability and improved corrosion resistance in harsh environments such as those present
in a fuel cell. In one example, refractory catalyst support structure 102 is a powder and a
plurality of catalyzed supports 100 can be used to form the basis of a catalyst layer of an
electrode, such as anode catalyst layer 14 and cathode catalyst layer 20 in fuel cell 10 of
FIG. 1. Catalyst particles 110 on catalyst support 100 will experience less dissolution
and redeposition during potential cycling compared to catalyst particles on a
conventional carbon support structure. Catalyst support 100 experiences less corrosion
and the performance of the fuel cell is improved.

FIG. 3 is a cross-sectional view of catalyst support structure 114, which includes
high surface area refractory catalyst support structure 102 (having inner surface 104 and
outer surface 106), boron-doped diamond (BDD) 108 and catalyst particles 110. For
convenience, catalyzed catalyst support structure 114 will be referred to as having outer
surface 116. Outer surface 116 is in contact with the environment surrounding support
structure 114. Refractory support structure 102 is modified by a non-continuous layer 6f
BDD 108. Catalyst particles 110 are dispersed and engaged with refractory catalyst
support structure 102 and BDD 108.

Refractory catalyst support structure 102 is a high surface area refractory
material, such as a metal oxide, a metal phosphate, a metal boride, a metal nitride, a
metal silicide, a metal carbide and combinations thereof. Example refactory materials
include, but are not limited to, TiO,, ZrO,, WO;, Ta0,, Nb,Os3, TaPO,, BPO,, ZrPOy,
TiPO,, TiB,, TiC, WC, WSi, BC, BN, SiC, ZrN, TaB; and NbC. Refractory catalyst
support structure 102 provides an increased surface area for the dispersion of catalyst
particles 110, allowing a greater number of catalyst particles 110 to be dispersed on
refractory catalyst support structure 102. In one example, refractory catalyst support
structure 102 is a powder. In another example, refractory catalyst support structure 102
has a surface area between about 10 and about 2000 m*/g.

BDD 108 is located on outer surface 106 of refractory catalyst support structure
102. BDD 108 is a partial or non-continuous layer. BDD 108 does not completely cover
outer surface 106 of refractory catalyst support structure 102 so that islands of BDD 108
are formed on outer surface 106. The non-continuous layer of BDD 108 means

refractory catalyst support structure 102 may be exposed at outer surface 116 and to the
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eﬁvironment surrounding catalyzed catalyst support structure 114. As explained above,
BDD 108 improves the stability of catalyst support structure 114. For example, BDD
108 provides corrosion resistance when catalyst support structure 114 is used in the
presence of water, oxygen, and high electrode potential.

Catalyst particles 110 are dispersed on and engaged with refractory catalyst
support structure 102 and BDD 108. Example catalyst particles 110 include platinum
particles, binary, ternary or quaternary platinum alloys and combinations thereof.
Catalyst particles 110 can be located on outer surface 106 between the islands of BDD
108. When refractory catalyst support structure 102 is exposed, catalyst particles 110
will preferentially bond to refractory catalyst support structure 102. Catalyst particles
110 can also be dispersed on BDD 108.

Refractory catalyst support structure 102 stabilizes catalyst particles 110 on the
catalyst support due to the strong metal-support interaction (SMSI) characteristics of the
refractory material. The SMSI characteristics of refractory catalyst support structure 102
enhance the oxidation reduction reaction (ORR) activities of the catalyst by preventing
movement of catalyst particles 110 under dissolution/redeposiﬁon. Additionally, the
ORR activity of platinum (Pt) catalyst particles 110 is dependent on the surface coverage
with oxides. When catalyst particles 110 are platinum, the refractory material further
enhances the ORR activities of the catalyst by lowering oxide coverage on Pt.

BDD 108 provides corrosion resistance, especially at high potentials, as
discussed above, and plays a significant role in balancing the physical properties, such as
the hydrophilicity and hydrophobicity properties, of catalyzed catalyst supports 114.
These physical properties are important for water and reactant management during use in
an electrochemical device, such as a fuel cell. Additionally, as noted earlier, some
refractory materials, such as metal phosphates and metal oxides, are non-conductive.
When these refractory materials are present in refractory catalyst support structure 102,
BDD 108 provides the necessary conductivity for refractory catalyst support structure
102.

FIG. 4 illustrates the interaction of two catalyzed catalyst supports 114 of FIG. 3.
FIG. 4 is a cross-section of first high surface area refractory catalyst support structure
102a and second high surface area refractory catalyst support structure 102b, which each
include inner surface 104, outer surface 106, BDD 108 and catalyst particles 110.
Refractory catalyst support structures 102a, 102b are modified with a non-continous

layer of BDD 108. Additionally, BDD 108 joins first refractory catalyst support
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structure 102a to second refractory catalyst support structure 102b. Catalyst particles
110 are dispersed on refractory catalyst support structures 102a, 102b.

Refractory catalyst support structures 102a, 102b are formed from a high surface
area refractory material such as metal oxides, metal phosphates, metal borides, metal
nitrides, metal silicides and metal carbides. Example refractory material includes TiO,
Zr0O,, WO;, Ta0,, Nb,Os, TaPOy, BPOy, ZrPOy, TiPOy, TiB,, TiC, WC, WSi, BC, BN,
SiC, ZrN, TaB, and NbC.

The high surface area of refractory material of refractory catalyst support
structures 102a, 102b provides an increased surface area for the dispersion of catalyst
particles 110. In one example, the refractory materials have a surface area between about
10 and about 2000 m%*/g. The increased surface area increases the catalyst dispersion
and, as result, increases the ORR activity of catalyst particles 110 on refractory catalyst
support structures 102a, 102b.

As illustrated in FIG. 4, BDD 108 is a non-homogenous layer that partially
covers outer surface 106 of first refractory catalyst support structure 102a and second
refractory catalyst support structure 102b. BDD 108 covers only selected portions of
outer surface 106 so that islands of BDD 108 are formed. A mixed structure of BDD
108 and refractory catalyst support structures 102a, 102b can be exposed to the
environment surrounding catalyzed catalyst support structures 114. Additionally, BDD
108 extends from first catalyst support structure 102a to second catalyst support structure
102b so that first and second catalyst support structures 102a, 102b are connected.

Catalyst particles 110 are deposited on BDD 108. Additionally or alternatively,
catalyst particles 110 can be deposited on outer surface 106 such that catalyst particles
110 are located between the islands of BDD 108. Further, as illustrated in FIG. 4,
portions of outer core 106 may not be covered by either BDD 108 or catalyst particles
110 such that refractory catalyst support structures 102a, 102b are exposed to the
environment surrounding catalyzed catalyst support structures 114.

The refractory material of catalyst support structures 102a, 102b provides
increased SMSI characteristics, which enhances the ORR activities and the stability of
catalyst particles 110. For example, the increased SMSI characteristics decreases or
eliminates movement of catalyst particles 110 under a dissolution/redeposition process
and, when catalyst particles 110 are platinum, lowers the oxide coverage on catalyst

particles 110.
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BDD 108 provides corrosion resistance. Catalyst supports without BDD 108 can
experience corrosion (oxidation) due to potential cycling in a fuel cell. This is a
particular problem when conductive refractory materials, such as metal metal carbides
and metal borides, are present. Support material corrosion leads to irreversible loss in
fuel cell performance and can ultimately lead to the failure of the fuel cell. The
corrosion resistance of BDD 108 is especially noticeable at high potential. BDD 108
maintains the fuel cell performance by maintaining the electrode integrity and activity.
BDD 108 also provides the necessary conductivity property on outer surface 106 of
catalyst support structures 102a, 102b. Further, BDD 108 plays a significant role in
balancing the physical properties, such as the hydrophilicity and hydrophobicity
properties, of catalyzed catalyst supports 114. These physical properties are important
for water and reactant management during use in an electrochemical device, such as a
fuel cell.

_ High surface area refractory catalyst support structures 102 having BDD 108 can
be formed in a reactor using the following method. The conditions of the reactor can be
varied to produce catalyst support structures having a continuous layer of BDD 108 or a
non-continuous layer of BDD 108. Following the deposition of BDD on the high
surface area refractory material catalyst support structures, catalyst particles can be
deposited using known methods to form a catalyzed catalyst support structure.

A method of forming modified high surface area refractory material catalyst
support structures includes introducing a powder refractory material into a BDD reactor
and applying microwave plasma assisted chemical vapor deposition (MWPACVD).
First, the refractory material is introduced into a BDD reactor. In one example the
refractory material is the metal oxide titanium dioxide (TiO,). Next, a mixture of gas
consisting of methane (CHy), diborane (B,Hg), hydrogen (H,) and argon (Ar) is supplied
to the reactor chamber and MWPACVD is applied. The power of the plasma generator
is maintained at 700 watts and the pressure is adjusted to 140 torr before deposition.

During MWPACVD, radicals such as CH; H and BH, are generated in the plasma and

_reacted on the surface of the TiO,, leading to formation of a BDD layer.

For metal oxides, MWPACVD occurs in two steps. First, a high flow of H, and
CH,4 gas is introduced in the reactor for a 30 minute. In the second step, the flow of H,
and CHy gas is reduced for two hours. It is believed that in the first step of the

MWPACVD, a layer of oxide is reduced into a mixture of metal carbide, oxo-carbide
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and perhaps boride before BDD deposits. Following MWPACVD, x-ray diffraction
(XRD) analysis confirmed the presence of titanium carbide (TiC).

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form

and detail without departing from the spirit and scope of the invention.
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CLAIMS:
1. A catalyst support for an electrochemical system, the catalyst support comprising:

a high surface area refractory material core structure; and

boron-doped diamond (BDD) modifying the high surface area refractory material

core structure.

2. The catalyst support of claim 1, wherein the high surface area refractory material
core structure has a surface area between about 10 and about 2000 m*/ g.
3. The catalyst support of claim 1, wherein the high surface area refractory material
core structure contains at least one member selected from the group consisting of metal
oxides, metal phosphates, metal borides, metal nitrides, metal silicides, metal carbides
and combinations thereof
4. The catalyst support of claim 1, wherein the high surface area refractory material
core structure contains at least one member selected from the group consisting of TiO,,
Zr0,, WOs3, TaO,, NbyO;, TaPOy, BPOy, ZrPOy, TiPOy, TiB,, TiC, WC, WSi, BC, BN,
SiC, ZrN, TaB,; and NbC.
5. The catalyst support of claim 1, wherein the BDD is a continuous layer on the
high surface area refractory material core structure.
6. The catalyst support of claim 1, wherein the BDD is a non-continuous layer on
the high surface area refractory material core structure.
7. The catalyst support of claim 1, wherein the BDD has a conductivity greater than
about 0.05 Siemens/centimeter (S/cm) at temperatures equal to or greater than about
100°C.
8. The catalyst support of claim 1, wherein the BDD has a conductivity greater than
about 0.1 Siemens/centimeter (S/cm) at temperatures equal to or less than about 100°C.
9. A catalyst structure for an electrochemical cell comprising the catalyst support
material of claim 1, and further comprising a catalyst deposited onto the catalyst support
material.
10. The catalyst structure of claim 9, wherein the catalyst is selected from the group
consisting of platinum and binary, ternary and quantanary platinum alloys.
11. The catalyst structure of claim 9, wherein the BDD is a continuous layer on the
high surface area refractory material core structure.
12. The catalyst structure of claim 9, wherein the BDD is a non-continuous layer on

the high surface area refractory material core structure.
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13. A fuel cell comprising:
an anode;
a cathode;
an anode catalyst layer; and
a cathode catalyst layer, wherein at least one of the anode catalyst layer and the
cathode catalyst layer comprise:

a catalyst support structure including a high surface area refractory
material core structure and boron-doped diamond (BDD)
modifying the high surface area refractory material core structure;
and

catalyst particles dispersed on the catalyst support structure.

14. The catalyst support of claim 13, wherein the high surface area refractory
material core structure contains at the at least one member selected from the group
consisting of metal oxides, metal phosphates, metal borides, metal nitrides, metal
silicides, metal carbides and combinations thereof.

15. The catalyst support of claim 13, wherein the high surface area refractory
material core structure contains at the at least one member selected from the group
consisting of TiO,, ZrO,, WOs, TaO,, Nb,O;, TaPOy, BPOy, ZrPOy, TiPOy, TiB,, TiC,
WC, WSi, BC, BN, SiC, ZrN, TaB; and NbC.

16. The catalyst support according to claim 13, wherein the BDD is a continuous
layer on the high surface area refractory material core structure.

17. The catalyst support according to claim 13, wherein the BDD is a non-continuous
layer on the high surface area refractory material core structure.

18.  The catalyst structure of claim 13, wherein the catalyst is selected from the group

consisting of platinum and binary, ternary and quantanary platinum alloys.
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