Office de la Propriéte Canadian CA 2503030 A1 2005/04/21
Intellectuelle Intellectual Property
du Canada Office (21) 2 503 030
v organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2004/06/09 (51) CL.Int.”/Int.CI.* C22C 38/00, HO1M 8/10, HO1M 8/02

(87) Date publication PCT/PCT Publication Date: 2005/04/21 (71) Demandeur/Applicant:

(85) Entree phase nationale/National Entry: 2005/04/19

JFE STEEL CORPORATION, JP

(86) N° demande PCT/PCT Application No.: JP 2004/008401 | (/%) Inventeurs/Inventors:

ISHIKAWA, SHIN, JP;

(87) N° publication PCT/PCT Publication No.: 2005/035816 FUKUDA, KUNIO, JP:
(30) Priorité/Priority: 2003/10/07 (2003-348/772) JP KATO, YASUSHI, JP;

TAKAOQO, KENJI, JP

FURUKIMI, OSAMU, JP;

(74) Agent: MOFFAT & CO.

(54) Titre : ACIER INOXYDABLE POUR SEPARATEUR DE PILE A COMBUSTIBLE A MEMBRANE ECHANGEUSE DE
PROTONS ET PILE A COMBUSTIBLE A MEMBRANE ECHANGEUSE DE PROTONS UTILISANT L'ACIER

INOXYDABLE

(54) Title: STAINLESS STEEL FOR PROTON-EXCHANGE MEMBRANE FUEL CELL SEPARATOR AND PROTON-

EXCHANGE MEMBRANE FUEL CELL USING THE SAME

9

POTENTIAL \ "' |

\

(57) Abréegée/Abstract:
A stainless steel for a solid polymer fuel cell separator, which has a chemical composition, In

mass % that C: 0.03 % orless, N: 0.03

% orless, Cr: 16 to 45 %, Mo: 0.1 t0 5.0 %, provided that the sum of the contents of C and N Is 0.03 % or less, and the balance: Fe

and Inevitable impurities, wherein the Cr/Fe ratio calculated from the contents of Cr and

-e contained In the passive state film

formed on the surface of the stainless steel Is 1 or more In terms of the atomic ratio; and a solid polymer fuel cell using the stainless
steel. The stainless steel exhibits good corrosion resistance and also has a low contact resistance (that Is, exhibits excellent

electroconductivity).

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
% N [ 1/
S
N

OPIC




CA 02503030 2005-04-19

ABSTRACT

Provided are a stainless steel for a proton-exchange
membrane fusel cell separator having high durability and a

low contact resistance (i1.e., high electrical conductivity)

and a proton—exchange membrane fuel cell using the same.
More specifically, a stainless steel for a proton—-exchange
membrane fuel cell separator has a composition comprising

C e,

0.03% mass % or less of C, 16-45 mass % of Cr, 0.03 mass %

\C

or less of N, 0.1-5.0 mass % of Mo, wherein a total of the C

cecntent and the N content satisfies 0.03 mass % or less: a

balance portion is comprised of Fe and unavoildable
impurities; an atomic ratio of Cr/Fe with respect to Al, Cr,
and Fe contained in a passive film on a surface of the

stalnless steel 1s 1 or greater.

(Selected Drawlng) FIG. 2
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DESCRIPTION

STAINLESS STEEL FOR PROTON-EXCHANGE MEMBRANE FUEL CELL
SEPARATOR AND PROTON-EXCHANGE MEMBRANE FUEL CELL USING THE

SAME

Technical Field

The present invention relates tTo a stainless steel Ior

a proton—-exchange membrane fuel cell (or solid-polymer fuel

cell) separator having high durability and a low contact

resistance and to a proton-exchange membrane fuel cell using

—he same.

Background Art

In recent years, from the viewpoint of the global

snvironmental conservation, the development has been

progressed for fuel cells of the type that has high electric

power generation efficiency and that do not emlitting COs.

Fuel cells of this type generate electricity by causing the

reaction between H, and 0,. Depending on the type of

clectrolyte, the fuel cells under development are classified

by the type of electrolyte 1into, for example, phosphoric

acid type fuel cells, molten carbonate fuel cells, solid

oxide fuel cells, alkaline type fuel cells, and proton-

exchange membrane fuel cells.

Of +hese cells, comparad with other fuel cells, a

proton-exchange membrane fuel cell has the following
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advantages:

(a) The fuel cell has an electric power generation

temperature of 80°C; that is the cell is capable of

ficantly low temperature;

generating electricity at a signi:

(b) The mainbody of the fuel cell can be formed to be

light and compact; and

The fuel cell can start up in a short time.

(C)

The proton-—-exchange membrane fuel cell 1s, therefore, one of

today's most attractive fuel cells that are appreciated for

use as electric vehilicle on-board power sources, home-use

statlonary power generators, and portable compact power

Jgenerators.
A protcecn—exchange membrane fuel cell of this tvpe

generates electricity from hydrogen and oxygen through

polymer membranes. As shown 1n FIG. 1, tThe cell is

structured such that a2 membrane-electrode asssembly 1 is

(carbon paper,

fusion layers 2 and 3

-

p——
—
h—

clamped between gas di:
and further between separators 4 and 5 to form

for example)
(so—called a "unit

To be a single constitutional element

cell”"), whereln electricity force 1s generated between the

separators 4 and oS.
The membrane-electrode asssembly 1 1s called "MEA (or,

membrane—-electrode assembly) that 1s formed by integration

cof a polymer membrane and an electrode material such as a

platinum-based catalyst on obverse

carbon black carrylng a

thereof and have a thickness of from

and reverse surfaces

To several hundreds of

several tTens of micrometers (um)
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micrometers (um). Many alternative cases can pe seen where

tha gas diffusion layers 2 and 3 are 1ntegrated with the

membrane—-slectrode asssembly 1.

=

In the case of adaptation of such the proton—-exchange

membrane fuel cell for the use as described above, The fuel

cell 1s used in the form of a fuel cell stack that is formed
by series connecting several tens to several hundreds of

unilit cells as described above.

The separator 4, 5 1s required to have functionalities
as
(A) A barrier wall to play the role of separating

between unit cells;

(R} A conductor for carryving generated electrons;

(C) An ailrflow channel or hydrogen flow channel along

which O, (1.e., a2alr) or H, flows; and

(D) A discharge channel along whilich generated water,

gas and the like flows.

Further, for the separators 4 and >, separators having high
properties such as high durability and electrical

conductivity are required to be used for practical using of

the proton—-exchange membrane fuel cell.

Regarding the durability (1.e., output voltage fall

withstanding property), when used as an electric—-vehicle on-

board power source, the fuel cell is contemplated to have a

durability time cf about 5000 hours. As an alternative case
where the fuel cell 1s used as, for example, a home-use

stationary power generator, the durability time 1s
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mplated to have about 40000 hours. As such, the

CnNntT

(D

(n
(b

parator 4, 5 1s required to have properties such as

P
p—e-
fp—

corrosion resilistance sufficient to be durable agalnst the

long-time power generatlon.

Regarding the electrical conductivity, the contact

resistance between The separator 4, 5 and the gas diffusion

layer 2, 3 1s desired to be as low as possible. A reason 1S

that an i1increase of the contact resistance between the
separateor 4, 5 and the gas diffusion layer 2, 3 causes a
reduction of the electric power dgeneratlon efficiency of the
croton—exchange membrane fuel cell. That 1s, as the contact

rasistance 1s lower, the electrical conductivity 1s higher.

Hitherto, a proton—-sxchange membrane fuel cell using

graphite for a separator 4, 5 has been put 1nto practical

use. The separator 4, 5 formed of tThe graphite has

advantages of having a relatively low contact resistance and
not causing corrosion. On the other hand, however, the
separator 1s easily damaged by shock. In addition, the

separator has a disadvantage of 1ncreasing the processing

costs for forming airflow channels 6 and hydrogen channels 7.

These disadvantages of the separator 4, 5 formed of the

i

graphite causes disturbance against popularization o:
proton—exchange membrane fuel cells.

As such, attempts have been made to apply metallic

materials 1in lieu of the graphite as tThe material of the

separator 4, 5. Particularly, various studies and

4

1)

approaches have been made to 1mplement practical use of
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separators 4, 5 using stainless steels as materials.

For example, Japanese Unexamined Patent Application

Publication No. 8-180883 discloses a technique using metal,

such as stainless steel that readily forms a passive film.

pr—

However, the formatlicn of the passive film causes an

increase 1n the contact resistance, leading To a decrease in

the electric power generation efficiency. As such, problems

have been polnted out regarding the matters i1n which the

metalllic materials have, for example, high contact
resistances and low corroslon reslstance 1n comparison with
carbon materials such as graphite.

n addition, attempts have been made such that

stalnless steels not subjected surface treatment are used as

They arse Ifor separators. For example, Japanese Unexamlined

Patent Application Publications No. 2000-239806 and No.

2000-294256 each discloses a separator-use ferritic

stainless steel formed such that Cu and N1 are positively

added, 1mpurity elements such as S, P, and N are then

reduced, and C + N £ 0.03 mass%s and 10.5 mass%s < Cr + 3 x Mo

WP ppr—

< 43 masss are satisfied. In addition, Japanese Unexamined

Patent Application Publications No. 2000-265248 and No.
2000-294256 each discloses a separator-use ferritic

stainless steel formed such that Cu and N1 are restricted to

0.2 mass% or less thereby to 1nhibit dissolution of metallic
lons, 1mpurity elements such as S, P, and N are then reduced,

and C + N £ 0.03 mass% and 10.5 mass% £ Cr + 3 x Mo < 413

Nrd - ———

mass% are satisfied.



CA 02503030 2005-04-19

Any of the 1nventions described above 1s based on the
tollowing 1dea. The composition of the stalnless steel are
controlled to The predetermined range To strengthen the
passive fi1lm, whereby the stainless steel 1s not subjected
to the surface treatment and 1is used as 1t 1s for reducing
deterloratlion due to dissolved metallic i1ons in the
catalytic activity of the electrode-carrying catalyst,
thereby to restraln the increase in contact resistance with
The electrode due to corrosion products. Thus, the

stalnless steel 1s not of the type that reduces the contact

resistance 1tself of the stalnless steel. Neither 1s a

stalnless stesl of the type that enables securing the

durabillity (1.2., output-voltage withstanding property)

sufficient to withstand electric power generation over

—

several tens of thousands of hours.

In addition, Japanese Unexamined Patent Application
Publication No. 10-228914 discloses techniques enabling

securing c¢f high output 1n the manner that gold plating is

applied to the surface of separators of, for example, a SUS
304 metallic material, thereby to reduce the contact

resistance. However, wilth thin gold plating being performed,

1t is difficult prevent pinholes; and 1n contrast, with

thick gold plating being performed, there remains a cost

problem pendling resolution.

-t

Further, Japanese Unexamlined Patent Application

Publication No. 2000-277133 discloses technigues of

obtalning separators i1mproved 1in electrical conductivity in
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the manner —hat carbon powder 1s dispersed on a I[erritilc

O
I,_.J
3
(_‘.
-
(D
(1
(1}
(N
(D
O
g0t

als

stalinless steel base material. However,

fp—

the surtface ~h=

QL

usling such powder, Lreatmant sSeparator

reqguires correspondlng costs, still remaining cost problems

pending resclution. In addition, a problem 1s polnted out

in that 1n an event where the surface-treated separator 1s,

for example, damaged during assembly, the corrosion

pl—

rasistance thereof

decreases significantly.

Japanese Unexamlned Patent Applilcation Publication No.

2003-223904 discloses an invention developed by the present

Applicant. The 1nventlon aven 1lncorporates results of

—

rasearches and investligations on the i1nfluence of

surface

In this case,

roughness of tThe surface of stalnless steel.

The stainless steel surface roughness 1s set as: Ra: 0.01 um

~he contTact

to 1 um; and Ry: 0.0l to 20 um. However,

resistance was found insufficilent from the viewpclnt of

securing higher cell output.

Disclosure of Invention

In view of the above-described problems with the

conventional technigques, the object of the present 1nvention

e a stalnless steel for a

1s to provic

proton—-exchange

membrane fuel cell separator
resistance and a low contact

and

electrical conductivity)

membrane fuel cell using the

More specifically,

—hat has a2 high corrosion

reslstance (1.e., high
—0o provide a prcton—exchange
same .

the object of the present 1nventilon
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1s to provide a stainless steel for a proton-exchangs

membrane fuel cell separator and a proton—sexchangs membrans

fuel cell using the same, whersin tThe proZon—-sxchange

membrane fuel cell separator 1s provided by speclfyving not

only composition of stainless steel belng as base material,

but also composition of a passive film existing on the

surface thereotf, thereby to have a low contact resistance, a

high electric power generation efficiency, and a high

p—- p—

corrosion resistance of the stainless steel 1tsalf even

without being subjected to a surface treatment.

In order to achieve the object described zbove, the

present inventlion has features described hereunder.

In one aspect, the present 1lnvention provides a

stalnless steel for a proton—-exchange membrane fuel cell

separator, having a compositicn comprising 0.03 mass % or

-y Q

less of C, 16-45 mass % of Cr, 0.03 mass % or less of N,

Q

0.1-5.0 mass % of Mo, wherein a zZTotal of the C content and

\O

the N content satlsfies 0.03 mass % or less; a balance

pertion 1s comprilsed of Fe and unavoidable 1mpurilities; with

respect to Al, Cr, and Fe contained 1n a passive film on a

surface of the stainless steel an atomic ratio of Cr/Fe is 1
or greater; and an atomic ratio of Al/ (Cr+Fe) 1s less than
0.10.

in addition, the present 1nventlion provides a stainless
steel for a proton-sxchange membrane fuel cell separator,
having a compositicon comprising 0.03 mass % or less cof C,

gt

0.03 mass % or less of N, 20-45 mass % of Cr, and 0.1-5.0
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mass % of Mo, wherein a total o0f the C content and ths N

content satisfies 0.03 mass % or less; a balance portion is

comprised oI Fe and unavoldeble i1mpuritles; wlith respect to

Al, Cr, and Fe contained 1n a passive fi1lm on a surface of

o

“he stainless steel an atomic ratio of Cr/Fe is 1 or greater,

and an atomic ratio of Al/ (Cr+Fe) 1s less than 0.05.

In accordance with the above-described aspect, the

present 1nvention further provides a stainless steel for a
proton—exchange membrane fuel cell separator wherein in

additlon to the compositicon, the stainless steel comprises

at least one selected from a group of i1tems (1)-(4) :
(1) S1: 2.0 mass % or less;
(2) Mn: 1.0 mass % or less;
(3) Al: 0.001-0.2 mass % or less: and

(4) Ti1 or Nb: 0.01-0.5 mass %; or a total of Ti and Nb:

0.01.-0.5 mass %.

In addition, 1n accordance with the above-described
aspect, the present invention provides a stalnless steel for

a proton—exchange membrane fuel cell separator wherein, of

VTl

oxygens contalned 1n the pass_ve film, an atomic ratlo o:
O(M)/O(H) between an oxygen O(M) present in the state of =z
metal oxlde and an oxygen O(H) present in the state of a

metal hydroxide 1s 0.9 or less.

Further, in accordance with the above-described aspect,
—he present inventlion provides a stainless steel for a
proton—exchange membrane fuel cell separator, wherein the Cr

0

content 1s 20 to 45 mass %.
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In another aspect, the present 1nvention provides a

proton—-exchange membrane fuel cell formed to comprilise a

solid polymer film, an electrode, and a separator, whereiln

i

bove—described stalnless steels 1s used for

any one of the a

the separator.

Brief Description of the Drawings

FIG. 1 1s a perspectlive view schematically 1llustrating

an exemplary proton—-exchange membrane fuel cell.

FIG. 2 1s a cross sectional view schematically

illustrating a test sample used for measurement of contact
resistances.

Reference Numerals

1: membrane—-electrode asssembly,; 2: gas diffusion

layer; 3: gas diffusion layer; 4: separator; 5: separatoer;

65: alrflow channel,; 7: hydrogen flow channel, 8: tTest piliece;

9. carbon paper; and 10: electrode.

Best Mode for Carrying Out the Invention

From the viewpolnts of composition of stalnless steels
and composition of passive flilms, the present inventor
carried out extensilive study and research regardlng a
stainless steel separator that would exhibit high corrosilion
resistance with'contact resistance being restrained to be

low. As a result, the 1nventor discovered that with an Mo-

containing high purity ferritilic stalnless steel beilng used

as a base material, the compositlion of a passive film beilng
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i

generated on the surface thereof 1s adjusted, whereby the

contact reslstance 1s significantly reduced.

To bagin with, results of experimentation led to the
presant invention will be described herebelow.

As base materials, tThe experimentation used cold rolled
ferritic stainless steels (sheet thickness: 0.5 mm)
containing 0.004 mass % C, 0.007 mass % N, 0.1 mass % Si,

0.1 mass % Mn, 30.5 mass % Cr, 1.85 mass % Mo, 0.03 mass % P,

pro.

and 0.005 mass % S. Some of base materials were subjected

to annealing (950°C, 2 minutes) 1n the atmosphere and then

o #600 wet polishing. Others of the base materials wers

subjected to annealing (950°C, 2 minutes) in a 75 vol.$% of BH-

p—

+ 25 vol.% of N; amblent at a dewpoint of —-60°C, whereby

materlals wers prepared with a so-called bright anrnnealing

("BA" hereafter) finish. Further, the base materials were

subjected To etching at varlous temperatures for wvarious

time periods by using an acidic solution containing 10

mass % nitric acid, 50 mass % hydrochloric acid, and 1

\C

mass % plcric acid, and then to pure-water cleaning and
cold-ailr drying for submittal to contact-resistance
measurement. Concurrently, some of wet-polished samples
were subjected to pickling by being immersed in an acid
mixture solution (8 mass % nitric acid and 2.5 mass %

hyvdrofluoric acid, at 55°C) for 300 seconds, and are then

subjected to pure—-water cleaning and cold-alr drving for
submittal To Tthe contact-resistance measurement.

The contact-reslistance measurementT was carrilied out 1n
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the following manner. Four test specimens (50 mm x 50 mm)

sukbjscted to etching and pickling under same conditions were

prepared. As shown 1n FIG. 2, two test specimens 8 were

placed to be 1ndividually alternately sandwiliched from both

sldes by three same-sized carbon paper sheets 9 (Toray Ind.

Brand: TGP-H-120}) of the same size; electrodes 10

—

individually formed of gold-plated copper sheets were

further placed i1n contact therewith; and a pressure of 137.2

d

N/cm” (or 14 kgf/cm®) per unit area was appiied thereon,
whersby the resistance between the test specimens 8 were

measured. Then, the measurement value was multiplied with

——
pu—

The areas of contact planes, and divided by the number of

the contact planes (= 2), and the value obtained thereby was

recorded as a contact resistance.

The respective contact reslistance was calculated in

accordance wlth measurement values obtained by performing

the measurement si1x Times by changing the pair of test
specimens 8, and the average thereof is shown in Table 1.

By way of a referential example, similar measurement

was performed on a stainless steel sheet (thickness: 0.3 mm;
SUS 304 equivalence) with good plating (thickness: about 0.1
pum) on the surfaces and a graphite sheet (thickness: 5 mm),
and contact resistances were calculated. The results are

showrn 1n Table 1. In this case, 1f the resistance value 1is

10 mQ-cm® or lower, no adverse effects are imposed on the

fuel cell properties.

In addition, passive films after etching and pickling

L | elonflisbwlle LPHU NP R0. ,.'.-‘-I':p-‘a%.»”w.ﬁv\l} ‘o 4 .. .
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were measured by a photoelectron spectroscopy, whereby

spaectral 1ntensities 0f Fe, Cr, and Al contained in the

passive film (1.2., 1n an oxlidlzed state) were calculated in
accordance wilith a peak separation method. Then, an atomic
ratio of Cr/Fe and an atomic ratio of Al/ (Cr+Fe) were

calculated from the spectral 1ntensities and relative

sensitivities of the respective elements (i.e., respective

conversion factors between the spectral intensitiss and the

numbers of atoms) . The results are shown in Table

v *

Of O (oxygens) contained i1n the respective passive film,

F

an oxvygen O(H) present in the state of a metal hvydroxide and

oxygen O (M) present 1n the state of a metal oxide were peak-

separated, and an atomic ratio of OM)/O(H) was calculated

from spectral intensitlies ¢of the oxygens. The results ars

shown 1n Table 1.

In the experimentation, a phectoelectron-spectroscopy

measuring apparatus of a KRATOS brand AXIS-HS was used,
whereby the measurement was performed with an Al-Ka ray
being used as an exciltation source under conditions with an
accelerating voltage of 15 kV and a current density of 5 mA.

The peak separation of the respective element was carried

out by using software accompanying the above-described

apparatus.

Clearly from Table 1, the etching of the stainless
steel sheet causes reduction 1n the contact resistance.

Particularly, when the Cr/Fe atomic ratio of the passive

film is 1 or greater, the contact reslstance of the
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stalnless steel sheet becomes 10 mircm” cr lower. In
addition, whereas the contact reslstance 1s reduced eaven by

pickling of the type that 1is generally applied for

stainless—-steel pickling, a Cr/Fe ratio 1s 1 or less and the

contact resistance 1s not reduced even at. In addition,

when the O(M)/0O(H) atomic ratio 1is 0.9 or less, the contact

resistance 1s further reduced to 8 m@Q-cm” or lower.

Further, in the case of the BA-finished stainless steel,
although Al 1s contalned in the passive film, the contact

resistance 1s reduced when the Al content 1s rasduced by

performing etching. In this event, i1f the Al/ (Cr+Fe) atomic
ratio wilith respect to Cr, Fe, and Al, which are main metal

slements constituting the passive f£ilm, 1s 0.10 cr less, the

contac™ resistance of the BA-finished stainless stesel sheet

VA

hecomes 20 mcm” or lower.

AT the contact resistance of 10 mG-cm”™ or lower,
substantially no adverse effects are i1mposed cn the
properties of the fuel cell.

To date, there have been cases of 1nvestigation

conducted on the effects of the Cr/Fe atomic ratio of the

passive film. However, knowledge regarding mechanism having

never been disclosed before has been obtained from the

experimentation. The knowledge teaches that adjusting the

composition of the passive film enables the contact
resistance to be significantly reduced. The mechanism 1s
unclear, but can be envisaged as follows. The contact

resistance is envisaged to be reduced for the reason that
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~he increase in Cr/Fe atomlic ratio increases the closeness

of the passive film and reduces voids or voiding pressnt 1n

the passive film that interfer=s electrical conduction. In

addition, the contact resistance 1is envisaged to be reduced

due the reduction in O(M)/0O(H) atomic ratio for the reason

+hat the electrical conductivity of the hydroxide 1s

relatively higher than the oxide. Further, the contact

resistance is envisaged to be reduced due to the reduction
in the Al content for the reason that the Al oxide having
low electrical conductivity is reduced in the passive fl.lm.

The following will now describe reasons for restriction

of composition of the stainless steel for the separator.

-

o

—— C:- 0.03 Mass % or Less:; N: 0.03 Mass % or Less,; and

C+N: 0.03 Mass % or Less

Fither C or N reacts with Cr in the stainless steel TO
precipitate Cr carbonitrides 1n grailn boundariss, resulting
in decrease of corrosion resistance. As such, preferably,
+he content of the respective compconent is minimized, and
~he corrosion resistance is nct diminished as long as the
~ontents are maintained in the ranges, that 1s: C: 0.03

Q

or less: and N: 0.03 mass % or less. When the total

o\

masSsS

content of the C content and the N content (whlich total

hereafter will be referred to as "C+N") exceeds 0.03 mass %,
cracking occurring in pressforming extremely lncreases. For

~his reason, the C+N content 1s restricted to 0.03 mass % Or

less. More preferably, the respective contents are C: 0.015

Q

mass % or less: N: 0.015 mass % cor less; and C+N: 0.0Z2
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Cr is an elament necessary to secure the corrosion

p—

rasistance of the stainless steel. At a Cr content of less

than 16 mass %, the separator cannot withstand a long-term

C

operation. In addition, a Cr content of less than 16 mass %

makes it difficult to decrease the contact resistance to 10

griv—- g—
p— e

P | . ' '
mQ-cm® through the adjustment of the Cr/Fe atomic ratio o=

the passive film to 1 or greater. On the other hand, at a

C

Cr content exceeding 45 mass %, precipitation of a ¢ phase

occurs =<hereby to diminish the tToughness. For these reasons,

0 ——

+he Cr content is restricted to 16-45 mass %. In the case
+hat a long-Term durability of a tens-of-thousands hour
level is required, a higher Cr content 1is advantageous 1D

+rerms of corrosion resistance, so that the content 1s

preferably restricted to 20-45 mass %, and more preferably,

C

To 22-35 mass .
~— Mo: 0.1-5.0 Mass %
Mo is an element that has an effect of enhancing

pitting/crevice corrosion resistance of the stainless steel.

Q

The stainless s—-eel needs to contain Mo of 0.1 mass % oOr
higher to exhibit the effect. On the other hand, the
addition of Mo exceeding 5.0 mass % causes a significant

ipcrease in the brittleness of the stainless steel, causing

difficulty of production. For these reasons, the Mo content

is restricted to 0.1-5.0 mass %. A more preferable content

Q

1s 0.5-3.0 mass %.
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I |
~.]
l

1T 1s preferable that the stainless steel for the

separator according to the present lnvention be restricted

not only the above-described composition, but also for

composition described herebelow.

\C

-- S1: 1.0 Mass % or Less
S1 1s an eiement that has an effect of deoxldization,
and 1s added 1n the melting stage of the stainless steel.

C

The content 1s preferably 0.01 mass % or higher to obtailn

the effect. However, an excessive content causes hardening

of the steel sheet, and concurrently causes decrease 1n

pl—

ductilizy. For these reasons, the upper limit of the S1i

R

content 1s preferably restricted to 1.00 mass %, and more

rreferably, to 0.01-0.6 mass %.

——Mn: 1.00 Mass % Or Less

Mn binds to S and thereby has an effect of decreasing

the S content. More specifically, Mn 1s an element that has

fect of restraining segregation of S at grain

1)

an e’

boundaries, thereby to prevent cracking of the steel sheet

pm—
—

during hot rolling. To obtain the effect, the content of Mn

\O

is preferably 0.01 mass % or more. The effect 1is

sufficiently exhibited at the Mn content of 1.0 mass % or

less. However, 1t 1s more preferable that the content be

0.001-0.8 mass %.

~-— Al: 0.001-0.2 Mass %

Al 1s an element that has an effect of deoxidization 1n

the steel making process, and the content of 0.001 mass % or

more 1s necessary to exhiblt the effect. However, addition



CA 02503030 2005-04-19

&) a— e

o an amount exceeding 0.2 mass % causes saturatiorn of the

ftect, only leadling to a cost increase. For these reasons,

(D

o

T“he content 1s preferably restricted to 0.001-0.2 mass %.

Ti1: 0.01-0.5 Mass %; or Nb: 0.01-0.5 Mass %: or Total

cf Ti1i and Nb: 0.01-0.5 Mass %

Ti1 and Nb cause C and N in the stainless steel to beae

fixed as carbonitrides, thereby offering an effect improving

press—formabllity of the steel sheet. In the case of

addition of Ti or Nb under the condition where the C content

and the N content satisfy the above-mentioned ranges, <the
effect 1s exhibited when the Ti content 1s 0.01 mass % or
more or The Nb content 1s 0.0]1 mass % or more. n addition,

- -

in the case of addition of Ti and Nb, the effect is

———
p—

exhibited when the total content of Ti and Nb is 0.01 mass &%

or more. On the other hand, 1in the case of addition of Ti

cr Nb, the effect 1s saturated when the Ti content exceeds

e

0.5 mass % or The Nb content exceeds 0.5 mass %. In

addition, 1n the case of addition of Ti and Nb, the effect

pi—

1s saturated when the total content of Ti and Nb excesds 0.5

mass. For these reasons, 1n the case of addition of Ti or

Nb, Ti 1s preferably contained in an amount of 0.01-0.5

mass s or Nb 1s preferably contained in an amount of 0.01-

0.5 mass %,; and 1n the case of addition of Ti and Nb, the Ti

4

and Nb are preferably contained in the total amount of 0.01-

C

0.5 mass %.

In the present 1nvention, in addition to the elements

described above, Ca, Mg, REM (or, rear earth metal), and R
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may each be added in an amount of 0.1 mass % or less, or 1

mass % or less of N1 may be added to improve hot workability

p—
Pt

stainless steel being used as the base material of

of the

—he separator. -n addition, Ag 1n an amount of 1 mass % or

less and Cu 1n an amount of 5 mass % or less may be added to

further, V may be added

decrease the contact resistance, and

1n an amount of 0.05 mass % to cause Ag to be finely

dispersed.

Other elements are balancs Fe and unavoidable

impurlties.

Meanwhile, the steel sheet ¢f the present invention is

the ferritic stainless steel made of a ferrite structure

composed of the above-described compositional ranges.

Properties and/or characteris+tics that the stainless

for the separator of the present invention should own

steel

wlll now be described herebelow.

—— Cr/Fe Atomic Ratlio of Passive film on Stainless

Steel Surface: 1 or Greater

Although the passive film has a thickness of at most

the film 1s 1nferior in electrical

-l

several nanometers (nm),

conductivity to metal, so that cases can take place whers

the contact resistance 1s 1ncreased depending on the

The electrical conductivity of the

composition of the film.

passive film 1s varilable depending on the composition o:

from the Cr

= tThe

film. As such, the Cr/Fe ratio to be calculated

content and Fe conzTent of the passive film needs tTo be

increased 1n order to 1ncrease the electrical conductivity
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of the passive film and to thereby reduce the contact

resistance. More specifically, as described in conjunction

wlth the experimentation results, tThe Cr/Fs atomic ra:tio

-y

needs To be restricted To Or greater 1n order to gailn the

Z

contact resistance of 10 mcnr” or lower.

—— O(M)/O(H) Atomic Ratio of Passive film on Stainless

Steel Surface: 0.9 or Less

The binding state, as well, of O (oxygen) contained 1n

L.

the passive film 1s an important factor for decreasing the

contact resistance. Reducing the O0(M)/0O(H) atomic ratio

between the oxygen {(1.e., O(M)) present 1n the state of the

metal oxide and the oxvygen (1.e., O(H)) present 1n the szate

of t—he metal hvydroxide is effective to r=duce the contact
reslistance. As described 1n conjunction with the

experimentation results, at the O(M)/0O(H) atomic ratio o:

¢ T

0.9 or less, tThe contact resistance of 8 m-cm™ can be

galned.

—— Al/ (Cr+Fe) Atomic Ratio of Passive film on Stainless

Steel Surface: Less Than 0.10

Inclusion of Al oxide 1in the passive film 1ncreases the

contact resistance. In comparison to, for example, a

stalnless steel with a pickled finish or polished finish, a

stalnless steel sheet with bright annealing finish ("BA

finish", hereafter) has a passive film contalning a larger

g—

amount of Al. Accordingly, tThe Al amount contailined 1n the

passive film needs to be reduced to reduce the contact

resistance of the stainless steel sheet with Tthe RA finish.
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As described 1n conjunction with the experimentation results,

r—

at the Al/ (Cr+Fe) atomic ratio of less than 0..0 as well,

, . - 2 :
the contact resistance of 10 mQ-cm” or lower can be gained.

More pretferably, the Al/ (Cr+Fe) atomic ratio is

restricted to lower than 0.05 in order to reduce the contact

resistance to 8 HQPCH@ or lower.

A pretferred manufacturing method of the inventive steel

will now be described here. Conditions of manufacturing the

lnventlve steel are not specifically limited, but a general

manufacturing method for ferritic stainless stesels can be

used. For example, preferably, respective steel 1is produced

1n such a manner that refining is conducted using a

converter, and secondary refining 1s conducted in accordance

wlth a strongly stirred vacuum—-oxygen—-decarburization (SS-

VOD) process. As a casting process, a continuous casting

process 1s preferable from the view points of productivity

and quality. A respective slab produced by casing is heated

to, for example, 1000-1250°C, and is hot rolled into a hot-

=

rolled stainless sheet of a desired thickness. Preferably,

after having undergolng hot-rolled-sheet annealing at 800-

1150°C and hence pickling, the hot-rolled stainless sheet is

p—

further subjected to a step of cold rolling to be rolled to

a predetermined product thickness; or alternatively, the

cold-rolled sheet 1s further subjected to cold -rolled-sheet

annealing at 800-1150°C or 1is rfurther subjected to pickling,

thereby being formed into the product steel. For the sake

of productivity, two or more operations of cold rolling



CA 02503030 2005-04-19

1nclusive oI 1ln=er—-operatlion annealing may be performed by

necesslty 1n the above-described step of cold rolling. A

f

total rolling-reduction rate in the step of cold rolling

including one or two operations of cold rolling is set ©o
560% or higher, preferably 70% or higher. In addition,

depending on the usage, low reduction temper rolling (such

as skin pass rolling) moderate skin pass rolling is applied

after cold-rolling and annealing. After a gas flow channel

1s formed by pressforming, the stalnless steel sheet having

thus been produced 1s preferably subjected to a process for

adjustment of the passive f£i1lm, thereby to be used as =z

separator.

A process such as acid-using etchiling, l1mmersion into an

acidilic solution, or electrolytic etching can be used to

adjust the Cr content, Fe content, Al content, and bound

state of O (oxvyvgen) o¢f the passive film.

In many cases of stainless—steel manufacturing

processes, descaling 1s performed in a so-called pickling

step by using the process of l1mmersion 1nto various acids or

an acid mixture or electrolytic process. In addition,

varlous passilvatlion processes 1ncluding pickling for

enhancing corrosion reslistance are known. For enhancing

both the corrosion resistance and electrical conductivity,

p—

however, a solution totally different from a solution used

1n ordinary pickling should be used to adjust Cr content,

s

content, Al content, and binding state of O (oxygen) of th

passive film.

Fe

e
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Accordling tTo tThe results of researches and

Lnvestigations by the i1nventor, as shown 1n the conditions

according to the present 1nvertion, for example, in the

processing of a high Cr stalnless steel by using a nitric

acld+hydrochloric acid solution, the Cr/Fe atomic ratio was

increased and O(M)/0O(H) was decreased and favorable results
could be gained when an acidic solution having a 2-10 times
higher concentration of hydrochloric with respect to the

concentration of nitric acid was used. In this case, 1t 1is

preferable to perform the processing by using the acidic

p—

solutlion to which a picric acid of 0.5-1.0 mass % is further

added. Thereby, the effects of the processing can be galned

ol

in & short time.
in addition, 1n the case of a nitric acid+hydrofluoric
aclid solution, favorable results could be gained with an

aclidic solution having a 1.5 times higher concentration of

the hydroflucoric acid with respect to the concentration of

the nitric acid. In the case of each of the nitric

acid+hydrochloric acid soluticn and the nitric

acld+hydrofluoric acid solution, the preferred temperature

—

of a acidic solution 1is 45°C or higher, and the processing

time can be reduced to be shorter as the respective

Temperature 1s higher. However, processing liguilds usable

in the processing accordlng to the present invention are not
limited to those as exemplified above. In the event of the

processing according to the immersion process, the condition

may be selected 1n regard to, for example, the respective
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acid tType, composition, temperature o0of the acidic soclution

nd the processing tlime depencing upon, for example, the

(1)

composition and the surface finish of the base-material
stalnless steel. In the event of the processing according
to the electrolytic process, the condition may be selected

p—

in regard to, for example, the composition of the respective

clectrolyte, electrolytic conditions, the temperature of the

acidic solution, and the processing time.

_

The above-described composition adjustment of the

passive film may be performed either before the processing

p

of The stTainless steel 1nto the separator or after the

processing of the stalnless steel i1nto the separator.

However, a case can occur 1n which the passive film 1is

broken down by the processing. As such, The composition

adjustment process 1s preferakly performed after the

-
p—

processing of the stainless steel 1nto the separator to

maintain the individual Cr/Fe, O(M)/O(H), and Al/ (Cr+Fe)
atomlc ratlios 1n the predetermlined ranges.

When a proton—-exchange membrane fuel cell 1is
manufactured using the stainless steel separator thus

produced, the proton—-exchange membrane fuel cell can be

manufactured to have low contact resistance, high electric

_
p—

power efficiency, and high corrosion resistance.

Examples

Example 1

Stainless steels having composilitions shown in Table 2



CA 02503030 2005-04-19

Y

(D

re refined by using a converter 1n accordance with the

STrong stTlrring vacuum-oxygen-decarburizacion (SS-V0OD)

process, and were further processed by continuous casting

inTto slabs each having a thickness of 200 mm. The

respective slab was heated to 1250°C and hot rolled into a

hot rolled stainless steel sheet having a thickness of 4 mm.

The hot-rolled stalinless steel sheet was subjected to
annealing (at 850-1100°C) and pickling. Subseguently, the

sheet was cold rolled to a thickness of 0.3 mm and was

further subjected to annealing (at 850-1100°C) and pickling,

and the sheet was then subjected to tTemper rolling, thereby

formed into a so-called ZR-finished cold rolled stainless
steel] sheet.

Four 200 mm x 200 mm test specimens were cut out from

central portions in the sheet-width direction and central
portions in the sheet-length direction of the respective
cold rolled stainless steel sheet having been produced.

Four test specimens having been cut out from each of cold

P

rolled stainless steel sheets of Steel Nos. 1-9 were

pressformed into separators each having a predetermined

shape. Thereafter, some o©of the separators of each Steel No.

were each subjected to a composition adjustment process of

the passive film, thereby to adjust the Cr/Fe atomic ratio.

At this stage, when performing composlitlon adjustment

process of the passive film, the followlng solution was used.
The solution 1is A: solution containing 10 mass % nitric acid,

50 mass % hydrochloric acid, and 1 mass % picric acid (50°C,
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120 seconds); or B solution contailning > mass % nitric acid
and 20 mass % hydrofluoric acid (50°C, 300 secconds). Test

F

specimens of Steel Nos. 5 and 6 were each subjected o

pickling using an acid mixture (pickling 1:8 mass % nitric

acid + 2.5 mass % hydrofluoric acid, 55°C, 300 seconds;

pickling 2:5 mass % nitric acid + 3 mass % hydrofluoric acid,

40°C, 600 seconds).

In addition, 1n a case where the composition adjustment

process of the passive film was not performed, the Cr/Fe,

O(M)/O(H), and Al/ (Cr+Fe) atomic ratios were measured after

pressforming. In a case where the composltion adjustment

process of the passive film wes performed, the above-

described atomic ratios were measured after pressforming and

_

the composition adjustment process of the passive film. In

each of the cases, the atomic ratlos were measured 1n the
same method as 1n the above—-described experimentation (Table
1), and were calculated in the peak separaticn method.

Further, in the same method as 1n the above-described

experimentation (Table 1 and FIG. 2), contact resistances

were measured, and the values of the contact resistances

were galined.

Individual electric power generation performance were
investigated by usling the separators thus subjected to the
composition adjustment process of the passive film and the

separators not subjected to the compositlon adjustment

process. For evaluation of the electric power generation

performance, a unit cell having the shape as shown 1n FIG. 1
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was prepared by usling a membrane—-electrode asssambly .

(brand of Electrochem Inc.: FCO0-MEA) that 1s integral unitc

PP
p— ~ e
B l—

-3

of a polymer membrane, electrodes, and gas diffusion layers

2 and 3 and that has an effective area of 50 cm®. An
airflow channel 6 and a hydrogen flow channel / were each
formed into to rectangular of a height of 1 mm and a width

of 2 mm, and totally 17 rows each of the channels were

disposed. Air was flowed to the cathode side and an ultra-

high purity hydrogen (purity: 99.9999 vol. %) was flowed to

the anode side after having been humiditied by a bubbler

maintained at 80x1°C. Thereby, output voltages at current

densities of 0.4 A/cm® (condition 1) and 0.7 A/cm® (condition

2} were measured.

‘n addition, after contilinuous operation for 2000 hours

under the conditions of 0.4 and 0.7 A/cm®, and the output
voltages under the conditions 1 and 2 were measured. Durilng
the time period of the electricity generation of a maln body
of the unit cell was maintained at 80zx1°C. The components
such as the membrane-electrode asssembly 1 and the carbon
paper sheets 9 were replaced wilith new ones each time the

test plece was changed.

By way of referential examples, output voltages at the

2

output current densities of 0.4 and 0.7 A/cm” were measured

by using separators plated with gold (thlckness: about 0.l

um) on the individual surfaces thereof after stainless steel

sheets (SUS 304 equivalence) were formed 1nto the same

shapes as those of Steel Nos. 1-9, and by using separators
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wherein 17 rows of grooves each with a width of 2 mm and a

height of 2 mm were disposed at a spaclng O0I Z mm OIl One

v

side of a 3-mm thick graphite plate. The measuring method

is The same as that for the Steel Nos. 1-9.

The results of the above are shown i1in Table 3.

—

Clearly in FIG. 3, unit cells using a separator IOX

which the processing was performed using the liguid A or B

on stainless steels satisfyving the compositional ranges of

the present invention (specifically, Steel Nos. 3-6 and 9),

and the Cr/Fe atomic ratio was set to 1 or greater by

adjusting the composition of the passive fl1lm were each

found to be as follows. The contact resistance 1s low, tThe

initial output voltage, the output voltage aftesr The passage

of 2000 hours, equivalent to those of, for example, a gold-

plated separator or a separator of a graphlite plate can Dbe

gained. Thus, the respective unit cell can sufficlently

withstand practical use.

In addition, respective unlt cell using a separator

with an OM)/0O(H) atomic ratio of 0.9 or less was found to

be such that the performance therecf 1s further i1mproved,

and the initial output voltage, the output voltage after the

1)

passage of 2000 hours, equivalent to those of, for example,
the gold-plated separator or the separator of the graphite

plate can be gained.

-

However, 1in the case of any of stainless steels

(specifically, Steel Nos. 1, 2, /7, and 8), the initial

output voltage and the output voltage after the passage or
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2000 hours are lower in comparison tTo the gold-plated

—

separator or the separator of the graphlite plate, regardless

of the presence or absence of the composition adjustment

L.-*J.

process of the passive film.

gl

Fven in the case of each of the stainless steels

satisfying the compositional ranges of the present invention
(specifically, Steel Nos. 3-6 and 9), when the composition
adjustment process of the passive film 1s not performed or
when the pickling generally used as pickling of the
stainless steel 1s performed, the Cr/Fe atomlc ratio of the

passive film is low, and the initial output vcltage 1s lower

in comparison to the gold-plated separator or the separator

pr—

of the graphite plate.

Example 2

The stainless steels used in Example 1 were each cold
rolled to a thickness of 0.2 mm, and was further subjected

to annealing (900-1000°C, 2 minutes) 1in ammonla decomposed

gases having a dewpoint of —60°C, thereby to form a so—-called

RA-finished cold rolled stainless steel sheet. A BRA film of

2-10 nm is formed through the annealing.

Test specimens were taken in the same manner as 1in

Example 1 from the respective cold rolled stailnless steel

sheet having been produced, and were pressformed 1into
separators each having a predetermined shape. Further, the
Cr/Fe ratio, O(M)/O(H) ratic, and Al/ (Cr+Fe) ratio of the

passive film of the respective separator were calculated.
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Fur=her, the contact resistance Thereof was measured. For

=xample, the shape of the separator, the forming method,

composition adjustment process of the passive film, pickling

method, measuring method for the content of the respective

element, and contact-resistance measuring method for the

respective separator ars the same as those in Example 1, soO

that descriptions thereof are omitted herefrom.

Similarly as in Example 1, the electric power
generation performance of the separators were investlgated.
The results thereof are shown in Table 4.

Clearly in Table 4, also in the cases of respective BA-

finished stainless steel sheets, unit cells using a

separator for which the processing was performed using the

ligquid A or B on stainless steels satlisfylng the

compositional ranges of the present invention (speclfically,
tael Nos. 3-6 and 9), and the Cr/Fe atomic ratio was set to

1 or greater and the Al/(Cr+Fe) atomic ratio was set to 0.10

or less by adjusting the composition of the passive film
were each found to be as follows. The contact resistance 1s
low, the initial output voltage, the output voltage after
the passage of 2000 hours, equivalent to those of, Ior

p—
—

example, a gold-plated separator or a separator oIl a

graphite plate can be gained. Thus, the respective unit

cell can sufficiently withstand practical use.
Respective unit cell using a separator with an

O(M)/0O(H) atomic ratio of 0.9 or less or a separator with an

P-

Al/ (Cr+Fe) atomic ratio of less than 0.05 was found to be
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gu—

such that the performance thereof is further improved, and

the initial output voltage, the output voltage after the

Ty

gl
e

of 2000 hours, eqgquivalent to those cf, for example,

(D

passag

the gold-plated separator or the separator of the graphite

plate can be gained.

gty

However, 1n the case of any o0f stainless steels not

satisfying the compositiconal ranges of the present invention

(specifically, Steel Nos. 1, 2, 7, and 8), the 1nitial

L)

output voltage and the output voltage atfter the passage O

{

2000 hours are lower in comparison to the gold-plated

separator or the separator of the graphite plate, regardless

-t

of the presence or absence of the composition adjustment

process of the passive film.

Further, even in the case of each of the stainless

steels satisfyving the compositional ranges of the present

invention (specifically, Steel Nos. 3-6), when the

composition adjustment process of the passive film is not

performed or when the pickling generally used as pickling of

"

+he stainless steel is performed, the Cr/Fe atomic ratio of
the passive film is low, and the initial output voltage 1is
lower in comparison to the gold-plated separator or the

separator of the graphite plate.

Industrial Applicability
According to the present 1invention, a stailnless steel

fcr a proton—-exchange membrane fuel cell separator that has

a2 low contact resistance and a high corrosion resistance can
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be obtained. For a proton-exchanges membrane fuel cell which

has used an expensive graphite separator because oI

b

durability problems, a low cost stalnless steel separator

can be provided.

The present invention 1s not limlted to the proton-

exchange membrane fuel cell separator, but can widely De

used also as a stainless steel electrical component having

clectrical conductilivity.
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TABLE 1
Etching ! Passive ilm
"E | N ! Contact

R s I L L R vieoel

30 60 [0.48 1.84 0.01 80. 1

30 120 1 0.60 1.68 0.02 | 75 .3

50 300 [0.78 | 1.5% 0.01 55 6

45 50 1 0.95 | 1.21 0.02 391

) 45 120 11.08 1.15 <0.01 9.8

é 45 300 11.20 50.97 <0.01 9.2
v E 50 60 | 1.28 50.91 <0.01 9.1
D | i |
< 60 120 ' 1.65 10.62 <0.01 5.3
é 50 f 300 '1.76 20.58 <0.01 5.25
(c; Pickling . 0.82 31.32 0.01 30.2;
% No Process 0.33 '1.99 0.07 | 94.2
: 45 560 | 1.85 %0.87 5 0.10 21.5

45 120 2.20 50.95 i 0.08 ! 9.5

45 300 |2.63 ?0.97 i 0.06 | 3.3
B 60 60 2.01 | 0.88 ; 0.06 f 9.3

A 60 120 |2.42  10.74 0.04 6.1

; 60 i 300 |2.55 |0.54 <0.01 1 5.0

{ No Process 2.88 | 0.75 0.61 48 .6

Gc-l-::i Plating: SUS 304 | ! : 2.1

Graphite 3.0
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TABLE 3

LIV ANRAEV T WL VS | S —— W S T AT AR . —

; Zzssive film Outbhut Vec.otage (V)
| 7 ; [
'Steel Compeosizion e oMY/ ! Al/ ! contact Inztial Time . After 2000 Hours Remarks
| Ne Acusiment Ratio = LK) i{Cr+Fe} jRes:S:aﬂceECond;:loniConditianiCond;tion' cond-_tion .
| ProcessX* Ratio | Ratio @ (mQ-cm*; | - i 5 | - ; 5 i
i ; T I r Compazative,
Nona 0.33 | 1.85 ] 0.06 | 58.2 | 0.38 i — - — Compazative;
-. | i P LXamp.ie
1 A 0.88 | 0.99 | <0.01 36.% | 0.5 | 0.32 | 0.21 — vomparat-ve’
a | : I ; ! f Lxample
B 0.71 | 0.87 | <0.01 | 40.8 0.51 | ©0.33 . — 1 — ~ompazat-ve
5 | : { ? | Exampie
Nons 0.38 | 2.05 | 0.06 | 50.6 0.42 | — | - -  [|compazative
] 1_ 4 1 | | Example |
: l ' ] [ i - Relh
2 A 1.59 | 0.88 | <0.01 7.8 | 0.67 | 0.57 0.27 - comparative.
: | ‘ -. ! : EX&IT\P..',Q :
' : | '; I | . arac: :
: B 1.52 | 0.92 | <0.01 8.4 . 0.66 | 0.51 0.33 - ~omparative
| | | ] | Example
i | ' } | - v 1+ - -
. None 0.34 | 1.98 | 0.07 45.8 | 0.38 S - Comparative
] | | | ; | Example
i ; I : | ; ‘ : > = 1
3 A 1.29 1 0.77 1 <0.01! 7.8 | 0.67 0.58 | 0.64 | 0.55 tnventive .
: ! i ) .‘anfnp.Le :
| i ; i | ! ! Pt -
B 1.04 | 0.95 | <0.01 | 3.8 0.66 0.50 0.63  0.47 , TRUeRT-ve
. ! 3 . ' ...txaInP,Le
| None 0.38 | 1.87 | 0.05 48 .6 0.36 — - = Comparat:ve
. | |  Examp.e
4 A 1.39 [ 0.85 | <0.01 7.2 0.67 0.58 0.64 . 0.55 | TDvent-ve
| : = ! Examp.e
B 1.36 | 0.74 | <0.01 7.6 0.67 0.58 0.65 ' 0.56 | ‘DVeRT-ve
, ! | ! ' LXxamp.e _
p None 0.40 ; 1.93 | 0.04 55 .3 0.37 —~ - | - [Comparat-ve
T , | 5 | _Examp.e |
2 Pickiing 1| 0.85 . 1.15 | 0.02 29.5 0. 60 0. 40 - 1 = Comparative
~— : ’ - _Example
_ | | : i | N T
o! 5 'pickling 2! 0.65 ! 1.20 1 0.03 33.2 0.60 0.38 0.57 - ~omparat-ve
IS 1 - | B | | Examp.e
v | 5 i ' I :
; A " 1.37 1 0.78 | <0.01 &.9 0.67 0.58 0.65 0.56 DYenE-ve
g : ? : | Sxamp..e
e B 1.26 | 0.90 | <0.01 8. 0 0.66 0. 54 0.65 0.50 -OVeRtIve |
— : : | : | ,_.xanl__DLe
© None 0.48 | 2.12 | 0.07 | 49.2 0.4 - — — Compazetive
- . | 4 | Zxample
3 | - ratl
‘Pickling 1] 0.89 | 0.96 | 0.02 26.3 0.61 0.45 0.57 — Comparative
i Zxample
6 pickling 2| 0.70 | 1.31 | 0.06 39.5 0,52 0.35 — — comparative
L 1 . Example
| T i
A 1.75 | 0.59 | <0.01 5.5 0.68 0.59 0.66 0.57 -aventive
Exampile
B 1.58 | 0.60 | <0.01 6.3 0.67 0.58 0.65 0.56 | Toventive |
Example
_ _ . Comparative
4
None 0.55 | 2.10 | 0.07 16 .9 0.42 Exampls |
7 A 1.81 | 0.61 | <0.01 5.1 0.68 0.58 0.40 — Comparazive
! g Example
| Comparasive.
I a : —
B | 1.60 | 0.55  <0.01 5.5 0.68 0.59 0.40 . framoie
5 { } | ' ' Comparative
i : 4 : — — —_

None ; 0.48 1.91 | 0.05 ; 18 8 f 0.39 f i Example
| 8 A 1.65 | 0.58 | <0.01 5.0 ' 0.67 |- 0.59 | 0.36 - comparative
; ' | : ! Examp.e

' B 1.49 | 0.59 | <0.01 6.7 | 0.67 | 0.58 0.31 | - SOTRRES .
| g i ! | | Example
| : 'r | | i T nts
9 A 1.77 1 0.71 | <0.01 6.2 0.68 | 0.58 | 0.66 | 0.56 -nvent-ve
{ ; ] i é - Examp.e
L g - o | - | ? - g 2 Inventive
10 A 1.19 ,0.91 | <0.01 .2 ! 0.66 | 0.50 . 0.62  0.47 ramo - o
Gold Plating: SUS 304 2.1 ' 0.70 ¢ 0.61 . 0.68 0.60 -
Graphize 3.0 0.6% © 0.60 0.567 0.60 -

*A: 10 Mass % Nitric Acid, 50 Mass % Hyvdrochloric Acid - 1 Mass % Picric Acid (50°C, 120 Sec.)
B: 5 Mass % Nitric Acid and 20 Mass % Hydrofluoric Acid (50°C, 300 Sec.)
~: Not Measured
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TABLE 4

; % i | Passive f11m | Output Vo_tage (V) B g
| Steel; Compos:zzion | o oM/ AL/ Contact Tnotial Time | After 2000 Hours | . i
I NC AT USsSTmMen-T ; e P (Cr-<+F=1 Res- s+ aznce :' . . . . | Remarks
; Bl St I - P e RO N R 'Cond1:13n|$ond1t19n Zoncd.tiorn; Condicion j
; | | Process* Ratic i Ratio (m&cm”} 1 j 5 ) > |
|  None  0.88 | 0.95 | 0.41 60.5 | 0.48 | 0.32 = - Conpasativel
- ' : i ’ . | Example
| | i rative;
1 A 0.7910.99 | 0.02 28.3 | 0.5 | 0.46 | 0.19 — womparative;
: ~ ; Exampie
B 0.81 1 1.12 | 0.02 23.8 0.52 0.48 - 0.14  |-omparative
g . - | i Example
None | 2.43 | 0.79 | 0.49 32.1 | 0.62 0.47 0.38 - Comparative
; i i Eamp.e
| ; 5 T
f 2 A 2.3000.77 | 0.03 7.9 | 0.65 0.57 0. 30 0.29  [-omparative
| : k Example
| ) : — e =
i B 1.98 | 0.68 | 0.02 7.8 0.66 0.57 0.32 0.25 |-omparative
| ! : , Example
! None . 1.43 {1.08 | 0.44 29.6 0.62 0.47 0.50 0.44 comparative
i , | Example
3 A 1.3811.05| 0.02 8.2 0.67 0.50 0.65 0.48 tnvent-ve
| ' Example
B 1.25{0.93 | 0.03 8.1 0.67 0.52 0.64 0.49 Inventzve
| ; | Examplie
None : 1.60 | 1.19 | 0.39 27.3 0.63 0.47 0.62 0.45  [|-omparative
. ' Exampie
’ 4 A 1.4411.03] 0.01 8.8 0.66 0.51 0.63 0.47 Invent-ve
| | | Examp.e
B 1.38 | 0.81 | <0.01 7.2 | 0.67 0.58 0.65 | 0.55 IOVRRTL e
W L ? i | Example
| ' = | | | v = A=
O None - 1.52 | 1.11 | 0.37 26.8 | 0.62 0.46 0.50 | 0.44 |comparativel
! ! . | . Example |
b ptt ' ; I -— |
e Pickling 1 1.48 { 0.98 | 0.11 18.2 0.63 0.48 0.59 | 0.a1 [-omparativel
- , L | Example |
0| 5 |Pickling 2 1.55|1.10 | 0.16 24.2 | 0.62 0.47 - — Compazat.ve|
N | | | Exampie
9 , i | T . :
; A ' 1.48 | 1.05 | 0.01 6.3 | 0.67 0.51 D.65 | 0.48 mventive
g i ' l _ Examp.e :
L B 1.47 | 0.75 | <0 .01 6.5 0.68 0.58 0.56 0.56 rnvent-ve
S 9 Examp_.e 3
. . None . 2.81|0.80 | 0.62 21.2 0.63 | 0.46 | 0.6l p.43  |Ccomparative
3 ; f ; Example
pickling 1] 1.98 | 0.87 | 0.24 16.9 | 0.63 0.49 — — Comparative
- i | Example
6 ‘pickling 2| 2.21 | 0.76 | 0.33 20.2 | 0.61 0. 48 0.58 0.43  [-OMPEIative
| ‘ | Example
{ T .
1 A 2.25 | 0.77 | 0.03 6.5 0.67 0.57 0.66 | 0.55 tnventive
| ! | Example
B 2.31 | 0.65 | 0.01 5.5 0.68 0.58 0.67 0.57 inventive
| ExampJ.e
None 2.59 | 0.78 | 0.58 22.9 0.63 0.46 0.43 — Compazative
Example
7 A 2.11 | 0.68 | 0.02 5.9 0.67 0.58 0.41 p.27 [-omparative
; . Example
B 2.03 1 0.5 | 0.01 5.5 0.68 0.59 0.39 0.30 [|-omPAzative
! Example
None 2.50 { 0.83 | 0.52 33.9 0.62 0.46 0.33 — Comparative
| Examp.e
| | -
8 A 2.15 | 0.70 | 0.02 6.0 D.67 0.57 0.31 0.26  [comparative
F Example
. | -
I | B 2.22 | 0.62 | 0.02 5. 8 0.67 D.58 0.30 0.24  |-omparative
; ' i | E:xamP;..e
9 B 2.22 | 0.62 | 0.02 | 5.2 0.70 0.58 0.68 0.56 fnventive
| ) ] Example
10 A 1.58 | 0.08 | 0.01 9.4 0.66 0.50 0.63 0.47 | Inventive
' — ’ ; 1 omXample
|
Goid Plating: SUS 304 2.1 0.70 0.61 0.68 0.560 —
Graphite 3.0 0.69 0.60 0.67 0.60 I

*A: 20 Mass % Nizric Acid, 50 Mass % Hydrochloric Acid + 1 Mass % Picric Acid (50°C, 120 Sec.)
B: 5 Mass % Nitr:ic Acid and 20 Mass % Hydroflucric Acid (50°C, 300 Sec
—: Notw Measur=d

-
—"
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CLAIMS

-

L. A stainless steel for a proton-exchange membrane

fuel cell separator, having a composition comprising 0.03

\O

mass s or less of C, 16-45 mass % of Cr, 0.03 mass % or less
of N, 0.1-5.0 mass % of Mo, wherein a total of the C content
and the N content satisfies 0.03 mass % or less; a balance
portion 1s comprised of Fe and unavoidable impurities; with
respect te Al, Cr, and Fe contained in a passive film on a
surface of the stainless steel an atomic ratio of Cr/Fe is 1

Or greater,; and an atomic ratio of Al/ (Cr+Fe) is less than

0.10.

2. A stainless steel for a proton-exchange membrane

fuel cell separator, having a composition comprising 0.03

0 gt

mass s or less of C, 0.03 mass % or less of N, 20-45 mass %

of Cr, and 0.1-5.0 mass % of Mo, wherein a total of the C
content and the N content satisfies 0.03 mass % or less; a
balance portion is comprised of Fe and unavoidable
impurities; with respect to Al, Cr, and Fe contained in a
passive film on a surface of the stainless steel an atomic

ratio of Cr/Fe 1is 1 or greater, and an atomic ratio of

Al/ (Cr+Fe) 1s less than 0.05.

3. A stalnless steel for a proton-exchange membrane

pr——-

fuel cell separator according to any one of claims 1 and 2,

whereln 1n addition to the composition, the stainless steel
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comprilises at least one selected from a group of itams (1) -

(4)

\O

l..._.l

(1) S1i: .0 mass % or less;
(2) Mn: 1.0 mass % or less;
(3) Al: 0.001-0.2 mass % or less: and

(4) Ti1 or Nb: 0.01-0.5 mass %; or a total of Ti and Nb:

0.01-0.5 mass %.

4. A stainless steel for a proton—-exchange membrane

fuel cell separator according to any one of claims 1 to 3,

wherelin, of oxygens contained in the passive film, an atomic

ratio of O(M)/0O(H) between an oxygen 0{(M) present in the

F

state of 2 metal oxide and an oxygen O(H) present in the

state of a metal hydroxide 1s 0.9 or less.

2. A stalnless steel for a proton—exchange mempbrane

fuel cell separator according to any one of claims 1, 3, and

Q

4 wherein the Cr content 1s 20 to 45 mass %.

6. A proton—-exchange membrane fuel cell formed to
comprlse a solid polymer film, an electrode, and a separator,

wherelin the stalnless steel according to any one of claims 1

To 5 1s used for the separator.
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