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[DESCRIPTION]
[Invention Title]

STAINLESS STEEL SEPARATOR FOR FUEL CELL HAVING M/MN,
AND MOyN, LAYER AND METHOD FOR MANUFACTURING THE SAME

[ Technical Field]

The present invention relates to a stainless steel separator for fuel cells and a
method for manufacturing the same, and more particularly to a stainless steel
separator for fuel cells having metal/metal nitride layers and a metal oxynitride layer,

and a method for manufacturing the same.

[Background Art]

A separator is an essential component for fuel cells along with a membrane
electrode assembly (MEA) and performs various functions, such as structural
support for the MEA and gas diffusion layers (GDLs), collection and transmission
of current, transmission and removal of reaction gas and reaction product,
transmission of water coolant used for removing reaction heat, and the like.

Hence, it is necessary for separator materials to have excellent electrical and
thermal conductivity, air-tightness, chemical stability, and the like.

Generally, graphite-based materials and composite graphite materials
consisting of a resin and graphite mixture are employed as the separator material.

However, graphite-based materials exhibit lower strength and air-tightness
than metallic materials, and suffer from higher manufacturing costs and lower
productivity when applied to manufacture. of separators. Recently, metallic
separators have been actively investigated to overcome such problems of the
graphite-base separator.

When the separator is made of a metallic material, there are many

advantages in that volume and weight reduction of fuel cell stacks can be
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accomplished via thickness reduction of the separator, and in that the separator can
be produced by stamping and the like, which facilitates mass production of the
separators.

In this case, however, the metallic material is likely to undergo corrosion
during the use of the fuel cell, causing contamination of the MEA and performance
deterioration of the fuel cell stacks, and a thick oxide film can form on the surface of
the metallic material by extended use of the fuel cells, causing an increase in internal
resistance of the fuel cell.

Stainless steel, titanium alloys, aluminum alloys, nickel alloys, and the like
are proposed as candidate materials for the separator of the fuel cell. Among these
matetials, stainless steel has received attentions for its lower price and good
corrosion resistance, but further improvements in corrosion resistance and electrical
conductivity are still needed.

Referring to Fig. 1, Japanese Patent Laid-open Publication No. 2003-
277133 discloses a technique that distributes relatively inexpensive carbon powder 3
in a passive film 2 on a metallic separator to improve electrical conductivity of the
metallic separator.

However, when applying such fuel cells of the disclosure to a vehicle, the
carbon powders 3 tend to be separated due to vibration and the like generated when
driving the vehicle, and, stainless steel 1 of the metallic separator exhibits a high
contact resistance without proper pretreatment, making it difficult to use the metallic
separator for the fuel cell.

Referring to Fig. 2, Japanese Patent Laid-open Publication No. 2000-
353531 discloses a technique that forms a titanium nitride film 2 on stainless steel 1
through high temperature nitridation of titanium.

However, since this process requires a long period of treatment and must be
performed under vacuum, it has difficulty in constitution of a process for mass

production and suffers from high manufacturing costs.

[Disclosure]
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[Technical Problem]

The present invention is conceived in view of the above problems of the
conventional techniques, and an aspect of the present invention is to provide a
stainless steel separator for fuel cells having excellent electrical conductivity and
corrosion resistance. |

Another aspect of the present invention is to provide a method of

manufacturing such a stainless steel separator.
[ Technical Solution)

In accordance with one embodiment of the present invention, the above and
other aspects can be accomplished by the provision of a stainless steel separator for
a fuel cell including a stainless steel sheet; a first coating layer comprising
metal/metal nitride films (M/MNy) (0.5=x< 1) on a surface of the stainless steel
sheet; and a second coating layer comprising a metal oxynitride film (MOyN,)
(0.055y=<2,0.25=2z<1.0).

In accordance with another embodiment of the present invention, a method
of manufacturing a stainless steel separator for a fuel cell comprises: performing
sputtering with a metal target in an argon atmosphere to form a metal film of a first
coating layer; performing sputtering in a combined argon-nitrogen atmosphere to
form a metal nitride film of the first coating layer (when forming the first coating
layer comprising multiple metal/metal nitride films (M/MNy), repeating the
sputtering while alternating between the argon atmosphere and the combined argon-
nitrogen atmosphere); and performing sputtering in a combined nitrogen-oxygen
atmosphere to form a second coating layer comprising a metal oxynitride film
(MOyN,) on the first coating layer.

In accordance with a further embodiment of the present invention, a method
of manufacturing a stainless steel separator for a fuel cell comprises: performing

sputtering with a metal target in an argon atmosphere to form a metal layer (M) of a
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first coating layer; performing sputtering in a combined argon-nitrogen atmosphere
to form a metal nitride film (MN) of the first coating layer (when forming the first
coating layer comprising multiple metal/metal nitride films (M/MN), repeating the
sputtering while alternating between the argon atmosphere and the combined argon-

5 nitrogen atmosphere); and heat treating the stainless steel sheet having the first
coating layer comprising the metal/metal nitride films (M/MN) in an oxygen
atmosphere to form a second coating layer via thermal oxidation or plasma oxidation
for transforming a portion of the outermost metal nitride film into a metal oxynitride
film (MO,N,).

10 { Advantageous Effects]

A stainless steel separator according to the present invention exhibits
excellent corrosion resistance, electrical conductivity, and contact characteristics
with respect to a gas diffusion layer (GDL).

Additionally, the surface coating method for the stainless steel separator

15 according to the invention prevents elution of metal ions during the use of the
stainless steel separator, thereby suppressing contamination of electrolyte films and
electrodes and thus ensuring excellent long-term performance of the fuel cell.

Further, the surface coating method for the stainless steel separator
according to the invention suppresses oxide generation, which can cause high

20 electrical resistance of the fuel cell, on a coating layer during the use of the stainless
steel separator, thereby suppressing an increase in internal resistance of the fuel cell

and thus ensuring excellent long-term performance of the fuel cell.
[Description of Drawings]

Fig. 1 is a view of a conventional metallic separator including a passive film
25 and conductive powder.

Fig. 2 is a view of another conventional metallic separator having a titanium
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nitride film formed on the surface thereof,

Fig. 3 is a flow diagram illustrating a method of manufacturing a stainless
steel separator according to one embodiment of the present invention.

Figs. 4 to 7 are cross-sectional views of the stainless steel separator at
respective steps shown in Fig. 3.

Fig. 8 is a cross-sectional view of a contact resistance tester for measuring
contact resistance of a stainless steel separator according to the present invention.

Fig. 9 is a graph depicting the relationship between corrosion current and
atomic ratio of [O/N] at a depth of about 10 nm from a surface of a second coating
layer for each stainless steel separator made using examples.

Fig. 10 is a graph depicting the relationship between contact resistance and
atomic ratio of [O/N] at a depth of about 10 nm from a surface of a second coating
layer for each stainless steel separator made using examples.

Fig. 11 is a graph depicting the relationship between contact resistance and
atomic ratio of [O/N] at a depth of about 50 nm from a surface of a second coating
layer for each stainless steel separator made using examples.

Fig. 12 is a graph depicting the relationship between contact resistance and
atomic ratio of [O/N] at a depth of about 100 nm (near an interface between a first
contact layer and a second contact layer) from a surface of the second coating layer
for each stainless steel separator made using examples.

Fig. 13 is a graph depicting contact resistance of Example 4 over time in a
simulated fuel cell environment.

Fig. 14 is a graph depicting results of evaluating fuel cell performance of
Example 4 and Comparative Example 1, in which voltage of fuel cells incorporating
Example 4 and Comparative Example 1 was measured after application of constant
current (1 A/ci) to the fuel cells.

[Best Mode)

Fig. 3 is a flow diagram illustrating a method of manufacturing a stainless
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steel separator according to one embodiment of the present invention, and Figs. 4 to
7 are cross-sectional views of the stainless steel separator at respective steps shown
in Fig. 3.

In order to manufacture a stainless steel separator according to one
embodiment of the present invention, a stainless steel sheet is first prepared as
shown in Fig. 4 (S310).

In this embodiment, the stainless steel sheet 400 is an austenite stainless
steel, such as SUS 316L 0.2t, and the like, which is readily available in the
marketplace.

Although the stainless steel sheet 400 is shown as having no film on the
surface thereof in Fig. 4, the stainless steel sheet 400 may have a passive film on its
surface. Alternatively, the passive film may be completely removed from the surface
of the stainless steel sheet 400 by etching, or Fe and Ni components may be
selectively removed from the passive film by etching.

Further, the surface of the stainless steel sheet 400 may be imparted with a
predetermined roughness in consideration of coupling force with respect to a
subsequent coating layer.

This operation is performed for the purpose of ensuring proper subsequent
coating, and may comprise removing impurities from the surface of the stainless
steel sheet 400 by means of acid or alkaline degreasers.

Then, as shown in Fig. 5, a first coating layer 405(1) is formed on the
surface of the stainless steel sheet (S320).

The first coating layer 405(1) comprises a metal film (M) 410(1) and a
metal nitride film (MNy) 420(1). Here, impurities are inevitably added to the first
coating layer during the process of forming the first coating layer.

Metal film (M) of the first coating layer 405(1) can be selected from
transition metals having excellent electrical conductivity and corrosion resistance,
and preferably from Cr, Ti, and Zr.

The first coating layer 405(1) can be formed by physical vapor deposition
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such as sputtering or arc ion plating, but the present invention is not limited to these
processes.

In this embodiment, Cr is used as the metal for the first coating layer 405(1),
and a reactive sputtering process is employed to form the first coating layer 405(1)
in order to ensure excellent physical properties of the coating surface and easy
control of the process.

In this regard, it should be noted that other transition metals can be used as
the metal for the first coating layer 405(1) instead of Cr, and that other processes can
be used instead of sputtering.

Referring again to Fig. 5, Cr is used as a sputtering target for forming the
first coating layer 405(1).

The Cr target is preferably a high purity target formed of 99.999% or higher
purity Cr.

To form the first coating layer 405(1), with the stainless steel sheet 400 and
the Cr target loaded in a sputtering chamber, sputtering is performed in an argon
atmosphere to form a chrome film (corresponding to 410(1) in Fig. 5) on the surface
of the stainless steel sheet 400.

The chrome film 410(1) may have a thickness in the range of 5~500 nm.

Next, as a continuous process, a chrome nitride film (CtN) 420(1) is formed
on the chrome film 410(1) by additionally supplying nitrogen gas (Ny) to argon gas
(Ar) within the chamber.

At this time, the chrome nitride film 420(1) may have the same or similar
thickness to that of the chrome film 410(1).

When forming the chrome film 410(1), sputtering is performed in an argon
atmosphere, and, when forming the chrome nitride film 420(1), sputtering is
performed in a combined argon-nitrogen atmosphere.

Next, as shown in Fig. 6, a chrome film 410(2) is formed on the chrome
nitride film 420(1) by performing sputtering again in the argon atmosphere within
the chamber, and a chrome nitride film 420(2) is formed on the chrome film 410(2)
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by performing sputtering again in the combined argon-nitrogen atmosphere. As such,
the first coating layer 405(n) is formed by repeating the process of forming the
chrome film/chrome nitride film (S330).

Referring to Fig. 6, the first coating layer 405(n) comprises a total of “n”
chrome/chrome nitride films. Here, the number of chrome/chrome nitride films
constituting the first coating layer 405(n) is 2~200, and preferably 5~100.

In this manner, the first coating layer 405(n) is formed by deposition of
multiple chrome/chrome nitride films for the purpose of enhancing the corrosion
resistance by suppressing formation of through-holes in the first coating layer 405(n).

Further, the reason for alternately depositing the chrome films and the
chrome nitride films instead of forming the first coating layer 405(a) with a single
chrome film 410 or a single chrome nitride film 420 is to prevent reduced corrosion
resistance, which can occur when depositing only the chrome film 410, and to
prevent reduced electrical conductivity, which can occur when depositing only the
chrome nitride film 420.

In the first coating layer 405(n) formed as described above, a single
chrome/chrome nitride film preferably has a thickness in the range of 1/200~1/60 of
the total thickness of the first coating layer 405(n).

Last, as shown in Fig. 7, a second coating layer 430 is formed on the first
coating layer 405(n) (S340).

The second coating layer 430 is a metal oxynitride film (MO,N,), and has a
thickness greater than 0 to 100 nm or less, and preferably 10~100 nm (0.05=y=<2,
0.25< z< 1.0).

The metal oxynitride film (MOyN,) may be formed by simultaneously
supplying nitrogen (N») and oxygen (O,) into the chamber for continuously
performing sputtering after forming the first coating layer. Alternatively, the metal
oxynitride film (MOyN;) may be formed by diffusion of oxygen instead of
deposition. In other words, the metal oxynitride film (MO,N,) may be formed via

thermal oxidation or plasma oxidation, by which the stainless steel sheet having the
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first coating layer 405 formed thereon is heat treated in an oxygen atmosphere to
diffuse oxygen into the metal nitride film.

The thermal oxidation is preferably performed at 300~900 C.

Preferably, the metal oxynitride film (MO,N,) 430 is formed by continuous
sputtering after forming the first coating layer in order to ensure an easy process and
superior properties of the metal oxynitride film (MO,N,) 430.

In other words, when forming the metal oxynitride film (MOyN,) 430 by
continuously performing the sputtering in the state wherein nitrogen and oxygen are
supplied into the chamber after the first coating layer 405 is formed, a metal
oxynitride film (CrOyN,) is formed to have an increasing oxygen concentration
toward the surface of the first coating layer 405.

In this embodiment, when forming the first coating layers 450(1)~405(n)
and the second coating layer 430, argon gas is employed. However, the present
invention is not limited to this, and any inert gas, such as helium (He), neon (Ne),
etc. can also be employed.

At this time, when the second coating layer has a thickness of 100 nm, the
atomic ratio of [O/N] is 0.2~8 at a depth of 5~15 nm from the surface of the second
coating layer, and the atomic ratio of [O/N] is preferably 0.5 or less at a depth of
45~55 nm from the surface thereof in view of good electrical conductivity.

The metal oxynitride film (CrOyN,) constituting the second coating layer
430 exhibits a superior corrosion resistance and a similar electrical conductivity to
the metal nitride film 420. These properties of the metal oxynitride film (CrO,N,)
can be obtained only when the metal oxynitride film (CrO,N,) has a thickness of 100
nm or less as described above. When the metal oxynitride film (CrOyN,) has a
thickness exceeding 100 nm, the electrical conductivity of the metal oxynitride film
falls below a desired value irrespective of good electrical conductivity thereof.

The stainless steel separator for fuel cells manufactured by the method of
the invention described above has a contact resistance of 10 mS&2 cu’ or less and a

corrosion current of 1 pA/ar’ or less.
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These values of the stainless steel separator satisfy standard levels suggested
by the Department of Energy (DOE) wherein the contact resistance is set to 10

m& arf or less and the corrosion current is set to 1 zA/cut or less.
Hereinafter, a description will be given with reference to examples wherein
5 the stainless steel separator for the fuel cell manufactured by the method according
to the embodiments of the present invention has excellent electrical conductivity and
corrosion resistance. Here, since other details not described herein can be

sufficiently and technically achieved by those skilled in the art, a description thereof
will be omitted herein.

10

1. Examples and Comparative Examples

<Examples>

A matrix of 316 L stainless steel was coated using a chrome target and a
PVD sputtering system available from J&L, Inc. under conditions as described

15 below.

Table 1 shows coating conditions for respective Examples.

Table 1
Cr Coating CrN, Coating
No Conditions Conditions CrOyN, Coating Conditions
) Ar flux Ar/N, flux N, flux O, flux

(sccm) time (sccm) time (sccm) (sccm) time
Example 1 50 2 min. 30720 2 min. 20 0—>2 2 min.
Example 2 50 2 min. 30/20 2 min. 20 0—2 4 min.
Example 3 50 2 min. 30/20 2 min. 20 0—5 4 min.
Example 4 50 2 min. 30/20 2 min. 20 — 10 0— 10 4 min.
Example 5 50 2 min. 30/20 2 min. 20 — 5 0— 10 4 min.

20 At a substrate temperature of 200 C and a plasma power of 2.9 kW, an

argon flux of 30 sccm was maintained when depositing CrN,/CrOyN,, whereas a
flux of oxygen or a flux of oxygen and nitrogen was varied at a predetermined rate
as shown in Table 1 when depositing CrO,N,.

In each Example, a first coating layer was formed to a thickness of about 1

25 (m by sputtering 25 times while alternating between Cr/CrNx coating conditions.
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In Example 1, a second coating layer was formed to a thickness of about 50 nm, and
in each of Examples 2 to 5, a second coating layer was formed to a thickness of

about 100 nm.

<Comparative Examples>
A matrix of 316 L stainless steel was coated using a chrome target and a
PVD sputtering system available from J&L, Inc. under condition as described below.

Table 2 shows coating conditions for respective Comparative Examples.

Table 2
[ Cr Coating CrN, Coating
No Conditions Conditions CrO,N, Coating Conditions
’ Ar flux Ar/N, flux N, flux O, flux
L (sccm) time _{sccm) time {sccm) (sccm) time
Example 1 50 2 min. 30/20 2 min. 20 0— 1 2 min.
Example 2 50 2 min. 30/20 2 min. 20 = 5 2 — 15 5 min.

At a substrate temperature of 200 C and a plasma power of 2.9 kW, an
argon flux of 30 sccm was maintained when depositing CrN,/CrOyN,, whereas a
flux of oxygen or a flux of oxygen and nitrogen was varied at a predetermined rate
when depositing CrOyN,. In each Comparative Example, a first coating layer was
formed to a thickness of about 1 ym by sputtering 25 times while alternating
between Cr/CrNx coating conditions. In Comparative Example 1, a second coating
layer was formed to a thickness of about 50 nm, and in Comparative Example 2, a

second coating layer was formed to a thickness of about 120 nm.

2. Measurement of Properties

(1) Measurement of compositional ratio depending on thickness of second
coating layer by means of AES

A compositional ratio of oxygen O to nitrogen N depending on the thickness
of the second coating layer of each stainless steel separator manufactured using the

aforementioned examples was measured by means of ESCALAB250 available from '
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VG Scientific, Inc.

(2) Measurement of Contact Resistance (Electrical Conductivity)

Fig. 8 is a cross-sectional view of a contact resistance tester for measuring
the contact resistance of a stainless steel separator according to the present invention.

Referring to Fig. 8, in order to obtain optimized parameters for cell
assembly through measurement of contact resistance of a stainless steel sheet 500, a
modified Davies method was used to measure contact resistance between stainless
steel (SS) and two pieces of carbon paper.

The contact resistance was measured based on the principle of measuring
four-wire current-voltage via a contact resistance tester (available from Zahner Inc.,
Model No. IM6).

Measurement of contact resistance was performed by application of DC 2A
and AC 0.2A to a measuring target in a constant current mode at a frequency in the
range of 10 Kz to 10 mHz.

The carbon paper was 10 BB available from SGL Inc.

In the contact resistance tester 50, a sample 500 was disposed between two
pieces of carbon paper 520 and copper plates 510 connected to both a current
supplier 530 and a voltage tester 540.

After positioning the sample 500, voltage was measured by applying DC
2A/AC 0.2A to the sample 500 using a current supplier 530 (available from Zahner
Inc., Model No. IM6).

Then, the sample 500, carbon paper 520, and copper plates 510 were
compressed to form a stacked structure from both copper plates 510 of the contact
resistance tester 50 using a pressure regulator (Model No. 5566, available from
Instron Inc., compression maintaining test). Using the pressure regulator, a pressure
of 50~150 N/ci was applied to the contact resistance tester 50.

Finally, the contact resistances of samples 500, that is, stainless steel sheets,

of the inventive and comparative examples shown in Tables 1 and 2 were measured
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using the contact resistance tester 50 installed as described above.

(3) Measurement of Corrosion Current

Corrosion current of the stainless steel sheet according to the present
invention was measured using EG&G Model No. 273A as a corrosion current tester.
Tests for corrosion endurance were performed in a simulated environment of a
polymer electrolyte fuel cell (PEFC).

After being dipped at 80 C with 0.IN H,SO4 + 2ppm HF as an etching
solution, the stainless steel sheet samples according to the invention were subjected
to N bubbling for 1 hour, and, corrosion current thereof was measured at an open
circuit voltage (OCV) of -0.25V~1V vs. SCE (Saturated Calomel Electrode).

Further, physical properties were measured at -0.24V vs. SCE for a PEFC
anode environment and at 0.658V vs. SCE (0.9 vs. NHE) for a PEFC cathode
environment.

Here, the measured properties were evaluated based on data of corrosion
current at 0.658V vs. SCE (0.9 vs. NHE) in a cathode environment of a fuel cell
environment.

The anode environment is an environment in which hydrogen is split into
hydrogen ions and electrons while passing through a membrane electrode assembly
(MEA), and the cathode environment is an environment in which oxygen combines
with the hydrogen ions to produce water after passing through the MEA.

As described above, since the cathode environment has a high potential and
is a very corrosive environment, the cathode environment is preferred to test the
corrosion resistance.

Further, it 1s desirable that the stainless steel sheet have a corrosion current
of 1 uA/cw’ or less at 0.658V vs. SCE (0.9 vs. NHE), which satisfies the DOE

standard.

3. Results and Analysis of Property Measurement
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Fig. 9 is a graph depicting the relationship between corrosion current and
atomic ratio of [O/N] at a depth of about 10 nm from the surface of a second coating
layer for each stainless steel separator made using Examples and Comparative
Examples. Here, a target value of the corrosion current was set to 1 wA/af which
1s the DOE standard.

Referring to Fig. 9, when the atomic ratio of [O/N] at the depth of about 10
nm from the surface of the second coating layer is about 0.2 or more, the corrosion
current satisfactorily approaches the target value, whereas when the atomic ratio of
[O/N] is less than 0.2, the corrosion current deviates from the target value.

Fig. 10 is a graph depicting the relationship between contact resistance and
atomic ratio of [O/N] at a depth of about 10 nm from the surface of a second coating
layer of each stainless steel separator made using Examples and Comparative
Examples. Here, a target value of the contact resistance was set to 10 m&Q ar
which is the DOE standard.

Referring to Fig. 10, when the atomic ratio of [O/N] at the depth of about 10
nm from the surface of the second coating layer is about 8 or less, the contact
resistance satisfactorily approaches the target value, whereas when the atomic ratio
of [O/N] exceeds 8, the contact resistance deviates from the target value.

Fig. 11 is a graph depicting the relationship between contact resistance and
atomic ratio of [O/N] at a depth of about 50 nm from the surface of a second coating
layer for each stainless steel separator made using the examples. A target value of
the contact resistance was also set to 10 m& o' which is the DOE standard.

Referring to Fig. 11, when the atomic ratio of [O/N] at the depth of about 50
nm from the surface of the second coating layer is about 0.5 or less, the contact
resistance satisfactorily approaches the target value. When the atomic ratio of
[O/N] exceeds 0.5, the contact resistance deviates from the target value.

Fig. 12 is a graph depicting the relationship between contact resistance and

atomic ratio of [O/N] at a depth of about 100 nm (near an interface between a first
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contact layer and a second contact layer) from the surface of the second coating
layer for each stainless steel separator made using the examples.

Referring to Fig. 12, when the atomic ratio of [O/N] at the depth of about
100 nm exceeds 0, the contact resistance deviates from the target value.

In other words, it can be appreciated that it is advantageous in view of
electrical conductivity to have no oxygen element at the depth of 100 nm from the
surface of the second coating layer.

From these results, it can be appreciated that it is desirable for the second
coating layer to have a thickness of 100 nm or less.

Fig. 13 is a graph depicting contact resistance of Example 4 over time in a
simulated fuel cell environment. After applying a potential of 0.658V vs. SCE
(0.9V vs. NHE) to the stainless steel separator immersed into 0.1N H,SO4 + 2ppm
HF solution at 80 C, the corrosion current was measured at predetermined time
intervals.

Referring to Fig. 13, although the contact resistance increased by about

2.2% from 9.1 mQ c’ before immersion to about 9.3 m@ cif after 1500 hours, the
contact resistance was less than the target value of 10 mQ cu’, showing the stainless
steel separator of Example 4 had excellent properties after a long period of time.

Fig. 14 is a graph depicting results evaluating fuel cell performance of
Example 4 and Comparative Example 1. In this graph, voltage of fuel cells
incorporating Example 4 and Comparative Example 1 was measured after
application of constant current (1 A/cr’) to each fuel cell.

Referring to Fig. 14, both Example 4 and Comparative Example 1 initially
exhibit a high voltage of 0.625V. However, Comparative Example 1 has a
continuous voltage decrease down to 0.578V after 1500 hours, whereas Example 4
has a voltage of 0.623V even after 1500 hours, showing that excellent performance
of the fuel cell incorporating the stainless steel separator of the invention continues

for a long period of time.
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[CLAIMS]

[Claim 1)

A stainless steel separator for a fuel cell comprising:
a stainless steel sheet;
5 a fist coating layer comprising metal/metal nitride films (M/MNy)
(0.5=x=1) on a surface of the stainless steel sheet; and
a second coating layer comprising a metal oxynitride film (MOyNy)
(0.05=y=2,025<z=1.0).

[Claim 2]

10 The stainless steel separator according to claim 1, wherein the surface of the
stainless steel sheet is in one state selected from a superficial state in which a
passive film is formed on the surface thereof, a surface state in which the passive
film is completely removed from the surface by etching, and a surface state in which

Fe and Ni components are selectively removed from the passive film by etching.
15 [Claim 3]

The stainless steel separator according to claim 1, wherein the first coating

layer comprises multiple metal/metal nitride films (M/MN).
[Claim 4]

The stainless steel separator according to claim 3, wherein the number of

20 multiple chrome/chrome nitride films is 2~200.

[Claim 5]
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The stainless steel separator according to claim 1, wherein the metal/metal
nitride films (M/MN) of the first coating layer comprises the metal film (M)
contacting the stainless steel sheet and the metal nitride film (MN) contacting the

second coating layer.
5 [Claim 6]

The stainless steel separator according to claim 1, wherein a metal film (M)
in the first coating layer and the second coating layer is at least one selected from

chrome (Cr), titanium (T1), and zirconium (Zr).
[Claim 7]

10 The stainless steel separator according to claim 1, wherein a metal film (M)
in the first coating layer and the second coating layer is one selected from transition

metals.
[Claim 8]

The stainless steel separator according to claim 1, wherein the metal/metal

15 nitride films comprise Cr/CrN films.
[Claim 9]

The stainless steel separator according to claim 1, wherein the metal
oxynitride film comprises CrOyN, (0.05 <y =<2, 0.25<2<1.0).

[Claim 10]

20 The stainless steel separator according to claim 1, wherein the second

coating layer has a thickness of 10~100 nm.
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[Claim 11]

The stainless steel separator according to claim 1, wherein when the second
coating layer has a thickness of 100 nm, an atomic ratio of [O/N] at a depth of 5~15

nm from a surface of the coating layer is 0.2~8.

5 [Claim 12]

The stajnless steel separator according to claim 1, wherein when the second
coating layer has a thickness of 100 nm, an atomic ratio of [O/N] at a depth of

45~55 nm from a surface of the coating layer is 0.5 or less.

[Claim 13])

10 A method of manufacturing the stainless steel separator for the fuel cell
according to claim 1 by sputtering, comprising:
performing sputtering with a metal target in an argon atmosphere to form a
metal film of a first coating layer;
performing sputtering in a combined argon-nitrogen atmosphere to form a
15 metal nitride film of the first coating layer (when forming the first coating layer
comprising multiple metal/metal nitride films (M/MN), repeating the sputtering
while alternating between the argon atmosphere and the combined argon-nitrogen
atmosphere); and
performing sputtering in a combined nitrogen-oxygen atmosphere to form a
20 second coating layer comprising a metal oxynitride film (MOyN;) (0.05=y=2,
0.25= z< 1.0) on the first coating layer.

[Claim 14]

A method of manufacturing the stainless steel separator for the fuel cell
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according to claim 1 by sputtering, comprising:

performing sputtering with a metal target in an argon atmosphere to form a
metal film of a first coating layer;

performing sputtering in a combined argon-nitrogen atmosphere to form a
metal nitride film of the first coating layer (when forming the first coating layer
comprising multiple metal/metal nitride films (M/MN), repeating the sputtering
while alternating between the argon atmosphere and the combined argon-nitrogen
atmosphere); and

heat treating the stainless steel sheet having the first coating layer
comprising the metal/metal nitride films (M/MN) in an oxygen atmosphere to form a
second coating layer via thermal oxidation or plasma oxidation for transforming a
portion of an outermost metal nitride film into a metal oxynitride film (MO,Ny,)
(0.05< y<2,0.25< z< 1.0).

[Claim 15]

The method according to claim 13 or 14, wherein a metal film (M) in the
first coating layer and the second coating layer is at least one selected from chrome

(Cr), titanium (T1i), and zirconium (Zr).
[Claim 16]

The method according to claim 13 or 14, wherein a metal film (M) in the

first coating layer and the second coating layer is one selected from transition metals.
[Claim 17]

The method according to claim 13 or 14, wherein the sputtering is

performed by a reactive sputtering process.

[Claim 18]
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The method according to claim 14, wherein the heat treating is performed at
300~900 C.
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