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Description 

The present invention relates to improved elec­
trocatalytic gas diffusion electrodes and to pro­
cesses or methods for making and using the same, 
being more particularly directed to improvements 
in the type of thin carbon cloth-based electrodes 
that are useful for electrochemical cells, as in hy­
drogen or other ionizable fuel anodes and air or 
oxygen or other ionizable oxidant cathodes, and in 
a variety of acid, alkaline anc;l other electrolyte­
containing electrochemical cells including, in addi­
tion to fuel cells, electochemical cells for metal 
electrowinning, caustic chlorine cells, metal air bat­
teries, and other systems employing such diffusion 
electrodes. Electrodes if this type are described, 
for example, in prior US Letters Patent 4 293 396 
and 4 248 682. 

French Patent 2 344 969 also discloses a 
method for preparing a gas diffusion electrode 
wherein a mixture of PTFE and· carbon paricles is 
applied to one side of a carbon cloth, and to the 
other side a layer formed from PTFE and carbon 
particles, which are activated with platinum. 

There are occasions when thin carbon cloth­
based electrocatalytic gas diffusion electrodes of 
the type described in said Letters Patent require 
improved operation, particularly under circum­
stances such as those encountered in air or oxy­
gen cathodes in phosphoric acid and similar fuel 
cells. Here I have found it advantageous to in­
crease the platinum content of the portion of the 
electrode facing the electrolyte (herein called "the 
electolyte side" of the electrode) at the expense of 
the portion of the electrode facing the gas, eg air or 
oxygen, (herein called "the gas side" of the elec­
trode). While I do not want to be held to any 
particular theory, the "gas side" platinum appears 
to be relatively ineffective because of , perhaps, a 
poor 3-phase contact (Pt-02-electrolyte). 

There are similar situations in connection with 
hydrogen or other ionizable fuel anode electrodes 
where such improvement is also desirable; and it is 
to improved techniques and electrode structures 
for addressing these ends that the invention is 
primarily directed. 

An object of the invention, therefore, is to pro­
vide a new and improved electrocatalytic gas diffu­
sion electrode comprising an open pore carbon 
cloth of the type described, and improved methods 
for making the same, that enables the active agent, 
catalytic carbon, to be provided at the electrolyte 
side of the electrode and thereby effectively nar­
rowing the active zone of reaction of, for example, 
the oxidant and catalyzed carbon and electolyte. 

A further object is to provide an improved gas 
diffusion electrode having a catalytic surface and 
adapted for more general use as well. 
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According to one aspect of the invention there 
is provided an electrocatalytic gas diffusion elec­
trode comprising an open pore carbon cloth the 
yarns of which are coated with a rigidising car­
bonised coating · and carrying on one side a first 
uniform mixture of noble-metal-catalyzed carbon 
and a hydrophobic binder adhered within the cloth 
pores and to the rigidised yarns of the cloth to a 
depth less than the thickness of the cloth, and a 
second uniform mixture of non-catalytic carbon and 
a hydrophobic binder adhered to the remaining 
open pore portion on the other side of said cloth, 
said first and second uniform mixtures comprising 
preformed sheets of one or both of the catalyzed 
and non-catalyzed carbons in the hydrophobic 
binder press-fitted against the respective sides of 
the cloth. 

The invention will now be described without 
reference to a drawing, because it is considered 

20 sufficiently understandable, particularly in light of 
the prior art provided by said Letters Patent. with­
out the necessity of illustration. 

The novel electrode of the invention comprises 
the same type of open pore carbon cloth described 

25 in the said Letters Patent, such as, for example, 
Stackpole PWB-3 carbon cloth (15 mils thick, of 
about 25-50 yarns/in). Generally, however, here I 
prefer cloth thicknesses of 10 to 50 mils to accom­
modate the two layers. In said prior Letters Patent, 

30 catalytic carbon particles, such as Vulcan XC-72 or 
the other types described in said Letters Patent, 
are provided with Pt or other noble metal catalyst 
coatings, as by the methods described in said 
Letters Patent and other well known methods, and 

35 are mixed within a hydrophobic binder which was 
applied to the carbon cloth uniformly over the sur­
face thereof and uniformly through and within the 
pores of the cloth and through which and to the 
yarns of which the combined mixture of catalytic 

40 carbon particles and hydrophobic binder were 
evenly adhered. As before stated, in accordance 
with the present invention for the particular pur­
poses above described and other similar purposes, 
this mixture of the noble metal catalyzed carbon 

45 and the hydrophobic binder, as of, for example, 
Teflon (polymeric flourinated hydrocarbon) or the 
like, is adhered to one side of the carbon cloth and 
within the pores and to the yarns, but is delib­
erately restricted to extend only partially into the 

50 thickness of the cloth. In accordance with the 
present invention, a second uniform mixture, this 
time of non-catalytic carbon, such as the same 
Vulcan XC-72 or similar particles, again mixed in a 
hydrophobic binder, as of Teflon or the like, is 

55 adhered on the other side of the cloth into the 
remaining open pore portion in the yarns of the 
cloth. Preferably, the two mixtures applied and 
adhered to the opposite sides of the cloth together 
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substantially fill the thickness of the cloth and elec­
trical conductive contact between the catalyzed 
and non-catalyzed carbon mixtures is established 
by and within the interior of the cloth. 

To aid in improving such conductive contact of 
the mixtures within the cloth, it may be desireable 
in some instances to insert into the interior of the 
cloth conductive carbon particles as an interior 
layer. The carbon powder may be applied to the 
interior of the cloth after one side has beer:i coated 
or had applied to it its electrocatalyst or non­
catalyzed carbon layers. 

One or both of the mixtures are preformed as a 
sheet and press fitted and then thus adhered 
against the respective sides of the cloth with pene­
tration into the cloth. Suitable techniques for for­
ming such sheets are descriped, for example, in U. 
S. Letters Patent 3,493,006. 

As discussed in the first named patents of the 
common assignee, the preferred catalyst, particu­
larly for the phosphoric acid fuel cell and similar 
applications, is platinum and preferably of optimum 
initial particle size in the range of from about (15 
-25) x 10-s ems (15 ·25A) as described in U.S. 
Letters Patent No. 4,044, 193. Clearly other cata­
lyzing noble metal particles may also be used. 

Successful gas diffusion electrodes of this 
·character have been constructed and tested in a 
phosphoric acid fuel cell of the type described in 
said Letters Patent with 20 -30 mv better perfor­
mance at about 200 milliamps per square centi­
meter at atmospheric pressure and about 190 • C. 
In this application, the operation of the invention 
was as an oxygen (air) cathode, about 25.4 mm x 
25.4 mm (1" x 1 ") active area, wherein the cata­
lyzed carbon hydrophobic layer on the electrolyte 
side had its electrocatalyst surface protruding 
somewhat of the order of .025 mm (0.001 of an 
inch) or so on the electrolyte side of the thin 
carbon cloth, and wherein the cathode contained a 
similarly protruding thin layer of non-catalyzed hy­
drophobic carbon-Teflon layer on its opposite (gas) 
side. These layers, of course, fill the interstices of 
the yarn and are adhered thereto during the 
spreading of the mixtures on each side. It has also 
been found that when the hydrophobic binder and 
the carbon particles (either catalyzed and/or non­
catalyzed) are preformed as an extruded sheet, for 
example, that a somewhat thicker layer is provided 
on each of the surfaces, still, of course, penetrating 
into the yarn and pores and adhering to the same 
within the cloth. 

Another technique for improving conductive 
contact between the opposing layers and/or provid­
ing a further most advantageous feature of rigidiz­
ing or stiffening the cloth to resist flexure in re­
sponse to gas and/or liquid flow over the electrode 
(a decided problem with carbon paper and flexible 

carbon matte or cloth electrodes), resides in car­
bonizing the carbon cloth fiber yarn by coating the 
same with a phenolic resin or the like and reducing 
the same to a stiffening carbon coating on the yarn 

5 at high temperature in an inert atmosphere. The 
present invention is concerned with synergistically 
combining this rigidizlng carbonizing with hydro­
phobic binder-electrocatalyst and/or hydrophobic 
binder non-catalyzed carbon layers on the faces of 

10 the rigidized cloth to constitute an electrode as­
sembly that simultaneously enables both resistance 
to flexure of the electrode under the forces of gas 
or liquid flow in the electrochemical cells, and also 
can provide the improved contact within the elec-

75 trade. As an example, thusly stiffened carbon cloth 
carrying opposing electrocatalyst and non-catalytic 
carbon layers as before discribed has displayed, in 
pieces 76.2 mm square (three inches square) in 
size. a substantially imperceptable flexure deflec-

20 tion under gravitational forces acting on the piece 
when held by an edge, as compared with the 
limpness of the non-rigidized cloth electrode with 
said layers. Intermediate degrees of stiffening may 
also be produced. 

25 

Claims 

1. A method of preparing an electrocatalytic gas 
diffusion electrode with an open pore carbon 

30 cloth, comprising the steps of rigidising said 
cloth by forming a carbonising coating on the 
yarns thereof, depositing a first uniform mix­
ture of noble-metal-catalyzed carbon and a hy­
drophobic binder on one side of said rigidized 

35 cloth and adhering said first mixture within the 
cloth pores and to the carbonized yarns of the 
cloth to a depth less than the thickness of the 
cloth, depositing a second uniform mixture of 
non-catalytic carbon and a hydrophobic binder 

40 to the remaining open pore portion on the 
other side of said rigidized cloth, said deposit· 
ing steps comprising preforming a sheet of 
one or both of the catalyzed and non-catalytic 
carbons in the hydrophobic binder and press-

45 fitting the same against the respective sides of 
the rigidized cloth. 

2. A method as claimed in claim 1 wherein said 
mixtures together substantially fill the thickness 

5o of the said cloth. 

3. A method as claimed · in claim 1 wherein a 
conducting carbon is inserted into the interior 
of the cloth between said two mixtures within 

55 the cloth. 
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4. A method as claimed in claim 3 wherein con­
ducting carbon is inserted into the interior of 
the rigidized cloth between said sheets to im­
prove conductive contact of the same within 
the cloth. 

5. An electrocatalytic gas diffusion electrode 
comprising an open pore carbon cloth the 
yarns of which are coated with a rigidising 
carbonised coating and carrying on one side a 
first uniform mixture of noble-metal-catalyzed 
carbon and a hydrophobic binder adhered 
within the cloth pores and to the rigidised 
yarns of the cloth to a depth less than the 
thickness of the cloth, and a second uniform 
mixture of non-catalytic carbon and a hydro­
phobic binder adhered to the remaining open 
pore portion on the other· side of said cloth, 
said first and second uniform mixtures com-

* C L N S * 

2. Procede si.Jivant la revendication 1, dans lequel 
les melanges remplissent ensemble sensible· 
ment l'epaisseur du tissu. 

s 3. Procede suivant la revendication 1, qui consis-
te a inserer un carbone conducteur a l'interieur 

· du tissu entre les deux melanges au sein du 
tissu. 

10 4. Procede suivant la revendication 3, qui consis-

15 

te a inserer un Carbone COnducteur a l'interieur 
du tissu rigidifie entre les feuilles. pour amelio­
rer le contact conducteur de celles-ci au sein 
du tissu. 

prising preformed sheets of one or both of the 20 

5. Electrode electrocatalytique a diffusion gazeu­
se, comprenant un tiSSU en Carbone a pores 
ouverts, dont les fils sont revetus d'un revete­
ment carbonise de rigidification et portant sur 
une face un premier melange uniforme de 
Carbone catalyse par un metal noble et d'un 
liant hydrophobe, qui adhere au sein des pores 
du tissu et aux fils rigidifies du tissu jusqu'a 
une profondeur inferieure a l'epaisseur du tis­
su, et un second melange uniforme de carbo­
ne non catalytique et d'un liant hydrophobe, 
qui adhere a la partie restante des pores ou­
verts sur l'autre face du tissu, ces premier et 
second melanges uniformes comprenant des 
feuilles preformees d'un ou des deux carbones 
catalyse et non catalyse dans le liant hydro­
phobe adaptees par pression sur les faces 
respectives du tissu. 

catalyzed and non-catalyzed carbons in the 
hydrophobic binder press-fitted against the re­
spective sides of the cloth. 

6. An electrode as claimed in claim 5 wherein 25 

said mixtures together substantially fill the 
thickness of said cloth. 

7. An electrode as claimed in claim 5 or 6 
wherein conducting carbon is inserted into the 30 

interior of the cloth between said two mixtures 
to provide improved conductive contact of the 
mixtures within the cloth. 

Revendications 

1. Procede de preparation d'une electrode elec­
trocatalytique a diffusion gazeuse, ayant un 
tiSSU de Carbone a pores ouverts, qui com· 
prend les stades de rigidification du tissu en 
formant un re~tement de carbonisation sur 
ses fils, de depot d'un premier melange unifor­
me de carbone catalyse par un metal noble et 
d'un liant hydrophobe sur l'une des faces du 
tissu rigidifie, et d'adherence de ce premier 
melange au Sein des pores du tiSSU et aux filS 
carbonises du tissu. jusqu'a une profondeur 
inferieure a l'epaisseur du tissu, de depot d'un 
second melange uniforme de carbone non ca­
talytique et d'un liant hydrophobe a la partie 
restante des pores ouverts. sur l'autre face du 
tissu rigidifie, ces stades de depOt comprenant 
le preformage d'une feuille de l'un ou des 
deux des carbones catalyse et non catalytique 
dans le liant hydrophobe, et leur adaptation par 
pression sur les faces respectives du tissu 
rigidifie'. 

35 6. Electrode suivant la revendication 5; dans la-
quelle les melanges remplissent ensemble 
sensiblement l'epaisseur du tissu. 

7. Electrode suivant la revendication 5 ou 6, dans 
40 laquelle un Carbone COnducteur est insere a 

l'interieur du tissu entre las deux melanges, 
pour donner un contact conducteur ameliore 
des melanges au sein du tissu, 

45 PatentansprUche 

1. Verfahren zum Herstellen einer elektrokatalyti· 
schen Gasdiffusionselektrode mit einem offen­
porigen Kohlenstoffgewebe, wobei man durch 

5o Ausbildung eines karbonisierenden Oberzuges 
auf den Garnen des Gewebes dieses versteift, 
ein erstes einheitliches Gemisch aus edelme­
tallkatalysiertem Kohlenstoff und einem hydro­
phoben Bindemittel auf eine Seite des versteif· 

55 ten Gewebes aufbringt und es in den Poren 
und mit den karbonisierten Garnen des Gewe­
bes bis zu einer Tiefe verklebt, die kleiner ist 
als die Dicke des Gewebes, eine zweite ein· 
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heitliche Schicht aus nichtkatalytischem Koh· 
lenstoff und einem hydrophoben Bindemittel 
auf der anderen Seite des versteiften Gewebes 
in den verbleibenden offenporigen Tail des Ge­
webes einbringt, dabei wird ein Blatt aus dem 
katalytischen undloder dem nichtkatalytischen 
Kohlenstoff und dem hydrophoben Bindemittel 
vorgeformt und in die entsprechende Seite des 
versteiften Gewebes eingepre/3t. 

2. Verfahren nach Anspruch 1, dadurch gekenn­
zeichnet, da/3 die genannten Gemische zusam­
men das Gewebe im wesentlichen in seiner 
ganzen Dicke ausfOllen. 

3. Verfahren nach Anspruch 1, dadurch gekenn­
zeichnet. da/3 zwischen _den beiden genannten 
in dem Gewebe vorhandenen Gemischen ein 
leitfahiger Kohlenstoff in das lnnere des Gewe­
bes eingebracht wird. 

4. Verfahren nach Anspruch 3, dadurch gekenn­
zeichnet, da/l zum Verbessern des leitenden 
Kontaktes zwischen den genannten Slattern in 
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dem Gewebe in das lnnere des versteiften 25 

Gewebes leitender Kohlenstoff eingebracht 
wird. 

5. Elektrokatalytische Gasdiffusionselektrode mit 
einem offenporigen Kohlenstoffgewebe, dessen 30 

Game mit einem versteifenden karbonisierten 
Oberzug Uberzogen sind und das auf der einen 
Seite ein erstes einheitliches Gemisch aus 
edelmetallkatalysiertem Kohlenstoff und einem 
hydrophoben Bindemittel tragt, das in den Po- 35 

ren des Gewebes und an den versteiften Gar-
nen des Gewebes bis zu einer Tiefe klebt, die 
kleiner ist als die Dicke des Gewebes, und das 
auf der anderen Seite des Gewebes im verblei­
benden offenporigen Teil ein zweites einheitli­
ches Gemisch aus nichtkatalytischem Kohlen­
stoff und einem hydrophoben Bindemittel ein­
geklebt aufweist, wobei das erste und das 
zweite einheitliche Gemisch aus vorgeformten 
Slattern aus dem katalysierten und/oder dam 
nichtkatalysierten Kohlenstoff und dam hydro­
phoben Bindemittel gebildet warden und diese 
Blatter an die entsprechenden Seiten des Ge­
webes angepre/lt warden sind. 

6. Elektrode nach Anspruch 5, dadurch gekenn­
zeichnet, daB die Gemische zusammen das 
Gewebe im wesentlichen in seiner ganzen Dik­
ke ausfUllen. 
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7. Elektrode nach Anspruch 5 oder 6, dadurch 
gekennzeichnet, da/l zum Verbessern des lei­
tenden Kontaktes zwischen den Gemischen im 
lnnern des Gewebes leitfahiger Kohlenstoff an­
geordnet ist. 


