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The invention‘dis"closed.”in this'document resulfed from

. N

research in aeronautlcal and space actlvities performed under ,. . | ?f.
programs of the National Aeronautlcs and Space Adm1n1strat10n o ; %}i{l
The 1nvent10n is owned by NASA and is therefore avallable for L o -' l};}
llcensmg in. accordance w1th the NASA Patent Llcensmg Regu- _ o }x“
‘._lat1on (14 Code 'of Federal Regulatlons 1245, 200) S g:
o To encourage commercml utlllzatlon of: NASA owned inven- - = - o %,(
_'tions it is NASA pohcy to grant nonexcluswe royalty free, L . ,‘ :. E fzg
' revocable 11censes to any company or individual desiring to use ) }%
the invention wh11e the patent appllcatlon is pending in the U, S, ' iif

" Patent Offlce and w1th1n a: spec1f1ed perlod presently two years, - R {%
after issuance of the patent to NASA If commerc1a1 use of the (%
1nventlon does not occur durmg this perlod - NASA may grant a 4"‘
'llrnlted exclus1ve royalty free llcense thereby addmg an incen- %‘
tive to further encourage commerc1al development Any company ‘ ‘ ;!f’,

de51r1ng to make, use, or se11 this’ 1nvent10n is encouraged to e e

g, T
T TN

obtain a rOyalty free- 11cense from NASA
Address 1nqu1r1es and a11 requests for 11censes to Assistant . : A
General Counsel for Patent Matters, Code GP 1, Nat10na1 L o8

Aer‘onautlcs and Space. Adm_mlstratmn, Washmgton DC 20546, R ' V-h

NASA-HQ 1
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("f. - Larpry. Leronywette - NASA Case HQN 10537 1»
¢ NASw-1233 ' R
Contractor~ Tyco Laboratories, Inc.y December, 1970

'-hELECTROCATALYST FOR OXYGEN REDUCTION

f“temperature alkaline fuel. cells. Further, an object of the\
-invention is to prov1de a: catalyst which has improved properties
over those prev1ously utilized, .as well as belng less expen51 e

: The figure discloses a typlcal alkaline fuel cell for
:he ‘electrochemical oxygen reduction. As seen in the- flgure,
the fuél cell 1l contains cell plates 13 and 15 which have.

cav1t1es 17 and 19 formed at the centers thereof. A2n G-ring
“seal 21 surrounds the: cavities. Disposed between' the plates
- ig an electrolyte 25 containing an aqueous solution ‘of potassi:
-hydroxlde in a suitable matrix. ,On-one side of the: electrolyte
_ is a hydrogen oxidation anode’ 27 of conventional construction ‘s
‘as’ platlnum black dispersed in a binder therefor. The anode
© .27, /is maintained in place by screens . 34. Hydrogen is dlrected
o through an -inlet 29 and exits through line 31. Disposed on*
~the opposite side.of the electrolyte is the oxygen reductlon
i electrode 33 of this invention which is comprised of a mixtur

jof platinum and silver dispersed in & suitable inert binder .
‘. such’ as tetrafluoroethylene. The catalytic mixture will conta;n !
" from 20.to 40 atomic percent platinum with the remalnder belng a
‘silver. An inlet 35 directs oxygen gas to cavity 19 while. ex1t
line 37 will conduct excess oxygen. The reaction- of ‘the above
:descrlbed fuel cell 1nvolves in the anode

H2 + 20H - 2H20 + 2e .'

~At the cathode of the cell, the reaction is : N PR

1/2 O, + H,0 + 2e~ + 20H.

2 2

A preferred comp051tlon for the catalyst of this invent
= {30 atomlc percent platinum with the remainder.,silver. Thus
~typlca1 electrode having a loading of 20 mg/cm” of catalyst,
would- have a platinum loading of 8.6, Such an electrode will"
prov1de*better perfgrmance than a similar one having a platihum

loading zof 20 mg/cm® and performance equivalent 50 avallable

“eléctrodes having a platinum loading of 40 mg/cm“. : Thus it can -
beeseen that the herein catalyst will contain 51gn1f1cantly less-
plat num than prev1ous electrodes Whlle providing: superlor :

”ntractor._ TYCO Laboratoriea, Inc.< A
. Bear Hill . ' . . ) ’ A
Waltham, Hass. 0215a~ . | | S

'Ser_yi ﬁo. 112,366
o February 3. 1971

e s
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- SPECIFICATION s :
‘ N | ! _ T %
'+2| TO ALL WHOM ITjMAY CONCERN : : i BT
e . . ' ) " :: : ' l:‘ Y
3, BE IT KNOWN THAT, Larry Leroy Swette, a citizen of,,h“? E
j”é :fhe;United Stafes of America, résiding at~Belmont, in the ij g
58|l 'county of Middlesex, State of Massachusetts, has invented & -y | g
S | Sl g
.6 (¥ new and useful - . _ o H #
A ELECTROCATALYST FOR OXYGEN REDUCTION \ i 4
.8 ﬁb% which the following is a specification. 5
B2 ABSTRACT OF THE DISCLOSURE N e
“'IQ ﬁif““?“"_ A catélyst composition useful for electrochemicaI“ ;g?:'

,fﬁJIl %oxygen reductlon‘ln low temperature alkaline fuel cells comprlseds

o 1“ ‘

.Qe{g‘}offplatlnum and 51lver whlch are drspersed 1n a resinous lngrtiff
A %§‘§§inder'to provide a cell eleerrode. S
;fﬁ&;*av:riﬂl ORIGIN OF THE INVENTION f
.n:Ls%?;fn: :_ The 1nvent10n described herein was made in the éef}df-ﬁ ?
';;Ié‘pmance of work under a NASA. contract and is subject to the pro = ?%
.%7.:y;s;ons of Section 305 of the NatlonalvAeronautlcs and SPaCQ _mywqw ;’
¥§ E?éﬁ:éf 1958, Public Law. 85-568 (72 Stat. 435; 42 USC 2457>;~';2fa,; g
_ %é “'fj‘? | BACKGROUND OF THE INVENTION —— %, ) ?;
' %glf;\L'”. 1, Field of the Invention- iﬁ ?
.21 {;fin : , nThis,invention is in the.field ' of fuel ;elle, %}i?ﬁ 5
22 || More particularly the invention relates to an eleetrode compoiédy )
w23 _isitien useful in oxygen reduction in low temperature alkaline';;A
24 ‘fuei”cells. - : - . ? ; {
25 g 2. ﬁDescriprion of the Prior Art ' ]
26 o _- - Pure platinum catalysts have been considered ¢s .

_7 ‘theﬂbesttcatalysts for electrochemical oxygen reduction in low_ﬁ
28 temperature alkaline fuel cells. However, pure platinum catalyéts

29|l are expensive due to the high cost of the material. Further,

30 0 .
31 \
.32 |
-1- {
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{ipdicated by drastic voltage loss at some limiting or high .

_4 ﬁ catrent density. co o
'; ésév ; Thus- it is an object of this invention te;provide@aa;f:‘
“ﬁus 'imptoved eatalyst for electrochemical oxygen reduction ag*t?:%i;u
%??6 %*Sbmpared to a pufe platinum catalyst.l f m*,ﬂﬂk,.f
: Ly : . T
:iﬁ7‘ ! | Another object of thlS invention is to prov1de'a }ees ‘
;ﬁf 8 1texpens1ve catalyst’ than a pure platlnum catalyst forrelectto~%4ﬁ;
‘};TQ‘ ehemlcal oxygen reduction. L | . : _i;ﬂ:iﬁig:ﬁ
10 s SUMMARY OF THE INVENTION ? ”;f_'gﬂigi
ﬂﬁi{ | The above and other objects of the 1nventlon.a%ei’¥t‘:i:
'fié' accompllshed by a novel catalyst composition whlch 1s comprleedjﬁ
tié of 20" to 40 atomic percent élatlnum with the remalnder belnés.'fﬁ
SR | B o A
,qglé Esilyer.t The platinum and silver is in powder form and mlxed :
;ﬁ‘i%_ilwith;avsuitable binder, polytetrafluoroethylene. The-reeuLtingk
t?f_léygﬁelectrode is formed ty pressing:the:hatertal tdgétﬁer{!d%?ddéi*‘
"}'d7?;iit, and;then heating’ it to a point sﬁfficient.to sinter %he’%'dff?
;ﬂilsg;'ﬁinder. The formed electrode is at least as active as Ahé"{:ia %
'hfﬁéjl'coﬁtalnlng only platinum and is- structurally superlor to platlnum
for hlgh current den51ty operation. ‘It is believed the 1nventlon
- e ?1;111 be further understood from the following detalled descrlpttoa
£:i ;;and‘draw1ngs in wh1ch~
R S ) ) a ‘ .
f:x 4ll= . ' BRIEF DESCRIPTION OF THE DRAWINGS o
5;  }’jf:j;’;.'¢‘The figure represents a cross sectional view of an»;'
‘&f%5~ alkallne fuel cell 1ncorporat1ng the ‘catalyst of this 1nventlon;

¢

Nl .‘7 | DESCRIPTION OF THE PREFERRED EMBODIMENTS °
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land 19 and is held in place by bolts 23 that secure the two'

¥ N . . .
B . T

I L . L C Y ¥
: refs . ,,('r

R . : l "
@inVention-are typically utilized. The fuel cell ll ls comprlsed

of cell . plates 13 and 15. The plates have cavities l7 and 19"
'”“‘"..:'—"‘

%respectlvely formed at the center thereof and facing each other.f

.~,1~-v

. The. o~ ring seal 21 c1rcumferent1ally surrounds the cav1t1es L7“ b
Mg ('

*

P

wcell plates 13 and 15 together; Disposed between the two plates

B
.‘Q""

-iS‘an electrolyte 25.  The electrolyte can be of a conventlonal l

s

materlal such as' a 35 weight percent KOH in an aqueous solutlon

-1n an asbestos. matrlx. The cell:iwill typlcally contain’ a hydrogen

ox1datlon electrode 27 which once agaln can be of a conventlonal

.'

R

i construction such as a,tetrafluoroethylene bonded platinum~black;
materlal having-a loadlng of 40 mg/cm2 of platlnum on -a nlckel

screen. The' electrode 27 is disposed adjacent the electrolyte.,g

hnatrix 25 and held in place by screens 34 or expanded.meualJ; 3};1

PRDARS

‘structures. This leaves the gas cavity 17 to which an inletgzg'i

-and separate outlet 31 are connected. Hydrogen'is.directed”through.

Y
&-"

‘the inlet 29 and exits through line:31. ThlS results An plate 15
DRI

belng the anode or negative plate of the cell as w1ll be further

»

'explalned.' Disposed on.the - opposite s1de of the. electrolyte 25

5» 1x~0

from the. hydrogen anode is the oxygen. reduction electrode 33 of
Tthis invention. The electrode 33 will be comprlsed as w1ll)be k

further descrlbed with a mlxture of platinum and 51lver on - a

- \.‘,

.sultable screen utilizing an‘inert binder such as tetrafluoroeth

ylene. ‘ | ' ' : ‘xf‘,
_yﬁf317~ j' An lnlet .35 dlrects oxygen gas’ to the cav1ty l9=adjacent

6"‘*the oxygen reductlon catalytlc surface 33. An ex1t llne 37rfrom

o a"
; ‘ﬁ\r v‘— Ll
5 e, * g
'

dthe cav1ty 19 Wlll conduct excess oxygen from. the fuel ce115non

5. ¢

the oxygen cathode4s1de thereof This results in plate l3$becom1ng

F ) [ L o e
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“The overall reaction in the fuel cell is:

% E B N SRSV CUEAE "
»‘“ 4 % ' I ’ N ) E * '-'
| ‘
%1 ) "l
Sad . . o . |
g*tﬁe cathode or.positive plate of the fuel cell. The reactron«ln*
.the above descrlbed fuel cell 1nvolved at the anode’ is ﬁaﬂﬁ
oy k3
| H2 + 2.0H- +2H20 +2e . j'. o
In ‘the cathode of the cell, the reaction is: o PR
o ' 1/20 + H O+ 2 e +20H .

Hy +1/20,1 80,
| ; hi : As'indicated, the herein invention :
dlrected to the, oxygen reduction catalyst to be used in. thelnifgéf{
1‘¥Q .electrode.33'of the alkaline fuel cell, PreV1ous to the herelnﬁtfi
f;ii ifnyention, pure:platinum'catalysts were utilized. Such a pﬁégf i
'ggz;i?latinum catalyst waS*comprised of pressing platinun pOWdefﬁf:‘
-:;;,;gﬁfabsuitable screen ‘such ‘as a nickel screen and bonding“the‘ég
i?IQ'-powder with an inert resin such as tetrafluoroethylene or the;
ar B T
“55‘ llke. ~The typlcal loadlng of the platinum was in the:range. of
g lO mg/cm ‘o 40 mg/cm It is believed that a particular r?ii 7;{%
iii?: structure is requlred for optimum mass transfer of reactantsfggm
%éﬁiand products to and from catalytic sites on electrode structures =
”i%g Thls relates to pore size, particle s1ze‘and wettlng propertles f;
'%chog the structure. This»ls achieved by balancing the relatrve}p,iw
1{2¥ ;amounts”of»binder and catalyst present in the structure. ].F“l .
|R;22 ZF ». The purpose of the herein invention is to orovide;é' -
lé??? ,catalyst conp051tlon that is at least as actlve as the pure 3?,i;i
_véf% platlnum one, yet contalns less platlnum Thls results in lower ,
*%25 costs, as well as providing superior structural propertieés at ;f
C S
<6 ‘rhlgh current density operations. » 3
s

{7 - The-electrode of the herein invention comprises a.
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comprlse from 20 to 40 atomic percent platlnum with the rema;nder

4
cXL

i f‘ha “w 4
belng 51lver. To 1nd1cate the superiority of this comp051tibn“

i
N‘ntﬁ f
&

b

“ as’an oxygen reduction catalyst, in an electrode ,having a

loadlng of 20 mg/cm2 of catalyst where the atomic ratio of

W

_platinum.

‘8.6 mg/cm . provides better performance than a 51m11ar electrode
. £

.'«\.\

fWith_a*platlnum 1oad1ng of 20-mg/cm2 and performance equlvalehtny

, observed for pure platlnum electrodes. Thus i

that the herein catalyst at the same loading

an electrode will contain significantly less

\

‘sllver powder‘utlllzed. In practicing the 1nvent10n,ﬁ

iﬁ'ism

yl
preferred to utilize silver oxide rather than pure s11ver '
N ) T s ‘( RS ’ i ‘r,;.‘

y_powder,: The amount of silver required in the catalyst mlxture

'Sjthen.calculated ontthe basis of the silver present i
. " , [ .

311ver oxlde. The reaSOn.for preferring silver oxide.

Therefore, it 1s not as catalytlcally reactlve as desxred.rwl
e .',r_& * t “." . -
Further, 51nce s1lver is very malleable it tends to form a thln'

.n‘

: : ' 'v;g.(
“1f01l when subjected to .rolling. fabrlcatlon processes used*toy g
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‘_make the electrodes., On the other hand, silver oxide is.not:

“imalleable and sinters to a much lesser extent:during thlSQg“~

"is added to the powder and‘blended thoroughly. A typical.{‘“

'Jthen rolled onto a suitablelexpanded metal type screen,whichih{

;r N

' asinter the binder material.

"form the electrodes, it is possible to melt a platinum—silﬁerju-

‘belng the catalyst. Ae has been indicated, it is preferred . "

K

N

operation forming the electrode. Further, the silver oxidef%]: L

'

L
A

has a much flner partlcle size than typlcal silver powders<¢

After blendlng:the platinum with the s1lver-ox1de ﬁ;

!

powder, a dispersion of a binder in a large quantity.of water -fjf

' . P Vg
preferred binder is tetrafluoroethylene. The excess water ig

5o

evaporated from the mixture until:the mixture has.a consistenoYC
o o
Lar g

éﬁpbeiméting.mOdeling;clay-or~dough. This doughy mixture ls .
for example, can be of nickel, which is gold plated. such. a:*

‘.

‘screen 1s typically used for electrodes. The material is rolled

o

on to .the screen between two:thin sheets of inert plastlc

t

materlal such as tetrafluoroethylene films. The formed electrode,

“whlch is drled is then heated at a much higher temperature to

~

N
b

RIS

B

(R In addition .to utilizing the aforegoing mixed powders; to .

alloy at the ‘proper.composition and forming the requlred powder,

for example, by an exploded wire technigue or plasma torch e

r

vaporiiation condensation method. Platinum—silver compositfoné%

have, for example, previously been made by the Bureau of Mlnes.e

In formulatlng the aforegoing electrode the blnder

w S

'”kweight percent can range from 15 to 40 percent with the remaiﬁder

. v
o

u

that an inert’ re31nous material be utilized as a binder. Pafti-
, o

_:"s

'f{cularly preferred is polytetrafluoroethylene. 1In additionwtOY

ke

3 é‘i{l
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~'?polytetrafluoroethylene is sintered- and the wettlng agents used

As‘an'initial side effect,

é.l ghtwelght electrode, which is formed u51ng silver. a

b

tln thls 1nVentlon plays prlmarlly a- structural formlng rolei“‘g

N . . . . . s
i

i
£ ;w,, -

i

some of the silver ox1de, if such is .-

nr

used, is?probably‘reduced"to silver and partially sintered-

}do not show as good a performance for the same loadlng.-

a3

4“'

¥y

loses performance due to 51nter1ng which occurs durlng the

¥ L

1n platlnum black have an ldeal structure to make- such. a

K2

tetrafluoroethylene bonded electrode. However , 1t appears that

3 e +
, - - o _‘~ t

platlnum may. be 1ntr1n51cally 1ess catalytlc for oxygen reductlon

H ~ ,"

' han srlver.. Thus it- appears that the platlnum ln the electrode

.,

2y

i

Yo,

RV T -

,whlle the sxlver is’ a catalyst or at least increases the cata;w

-

the twolmaterlals

‘,»;\ .

'In:other-words,

3y [ A
. . o .

..‘ ‘ "
Further;,
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'; must utilize, as prev1ously mentioned, a much higher platl

* "depositing the catalyst on a gold plated expanded metalptype"

It should be “pointed out that in order to obtaln the

",z:

same performance as achieved hereln w1th platlnum alone, one”

S e
cA

loading and thus incur a much'higher price.

1ncrease in- platlnum loadlng does not necessarlly mean an.uf;'

*

\*to the ohmlc iR drop across the electrode. Eventually,‘lf

the electrode is not‘utlllzed at~all. Thus, further addltlons

2
.

«vof catalyst do not in any way 1mprove performance above a

fac

"h 42~"

AL K " v

PR A
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.‘certain limit or thickness. It is believed that the-lnventron'i,

will be further appreciated from the following detailedx;?'lff;;

examples. ].1"d wl ¥
EXAMPLE | ST

A low temperature alkaline fuel cell was constructed

E vt .

' in accord with that shown in the figure. A circular electrodehr

K

. ’ )
. having an area of 50 centimeters squared was prepared by . .

oy

nickel frame. The catalyst was prepared by blendlng 430 mg

of platlnum black with 612 mg of silver oxide, which was. :‘

solids dispérsed in water was added to the mixture of,powder’.

together with a large qguantity -of water which was then- blended

thoroughly The excess water was evaporated until the mixture.

S _had.a,conSLStency of modeling clay and was then rolled onto.

-

o

‘equlvalent”to-570 mg of silver. "250 mg of tetrafluoroethylenef
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the screen béthen tWé tetfafluoroethylene films. The electrode
was then dried at 30°C and sintered in a nitrogen atmosphere
oven for 15 minuteé at 275°C. This provided an electrode having
a platinum to silver ratié'of 30 to 70 atomic percent. The
resulting tetréfluoroethylene bonded electrode had a loading

of 20 mg/cm2 or 8.6 mg of Pt/cm2. In testing the;formed
electrode, 35% KOH solutién was used in a 30 mil asbestos
matrix. The temperature of the cell was 80°C. The ﬂydrogen

anode was an American Cyanamid AB-40 anode. The duration of

the test was 2275 hours. The electrode of the inVention

supported a current density of 100 ma/cm2 at 930 mv and 140 ma/cm

at 915 mv vs. hydrogen anode. The aforegoing performance was

obtained with a pure platinum catalyst in the same cell utilizing

a loading of platinum of 40 mg/cm2. Thus it can be seen that
to obﬁain the equivglent performance, one had a much'highér,
total loading of catalyst, namely 40 mg vs. 20 of the herein
catalyst mixture and more particularly contained about four
and a half times as much platinum as used in the catalyst of

this invention.
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