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The present invention provides a desulfurization
system for desulfurizing a hydrocarbon fuel containing
a light amount of methanol and a slight amount of water.

The desulfurization system comprises a Y-type

zeolite-based desulfurizing agent contalning at least

copper arranged upstream of the system and an X-type

zeollite-based desulfurizing agent containing at least

s1lver arranged downstream of the system and thus can

~

B

maintain desulfurization effect for a long period ot

time .
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DESULFURIZATION SYSTEM FOR HYDROCARBON FU!

£l
-

[Fi1eld of the Invention]

The present invention relates to desulfurization

systems for a hydrocarbon fuel containing a slight

amount of methanol. The present inventionalsorelates

e,

Lo

fuel cell systems using a hydrocarbon fuel

pre,

contalining a slight amount of methanol as the raw fuel

for the cell systems.

pr—

Background of the Inventidn]

— 1

In a fuel cell system, in particular a

proton-exchange membrane fuel cell system (PEFC) that

has been drastically improved in recent years, 1t 1is

ﬁ

essential 1in the process of producing hydrogen from a

hydrocarbon raw fuel to remove sulfur compounds
contalined therein to an extremely low level in order

Lo allow the following catalytic reaction processes

such as reforming, water gas shift, and selective CO

oxldation to proceed normally for long periods.

Therefore, many of the fuel cell systems are provided

wlith a desulfurization section for removing sulfur

compounds contained in a raw fuel by adsorbing or

hydrocracking. Eligible desulfurizing agents and

catalysts include hydrodesulfurizing agents and sulfur
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adsorbents. Among these, zeollte-based desulfurizing

agents supporting silver or copper py l1on-exchange,

which can remove sulfur compounds down to an extremely

low level under mild conditions that

are atmospheric

pressure and relatively low temperatures close to room

Cemperature are i1ndustrially useful and have been used

wldely 1n domestic fuel cell systems using a low boiling

polnt hydrocarbon such as natural gas or LP gas

—
it

(liquefied petroleum gas) as a raw fuel (see, for

example, Patent Documents 1 to 5 and Non-Patent

Document 1)

(1) Patent Document 1: Japanese

Application Laid-Open Publication No.

(2) Patent Document 2: Japanese

Application Laid-Open Publication No.

(3) Patent Document 3: Japanese

Application Laid-Open Publication No.

(4) Patent Document 4: Japanese

Application Laid-Open Publication No.

Patent

2001-2806753

Patentc

2001-305123

Patent

2004-168648

Patent

2004-277747

(9) Patent Document 5: Japanese Patent
Application Laid-Open Publication No. 2-73887
(6) Non-Patent Document 1: “"Nihonkagakukaishi”,

1981, Vol. 12, pages 1945-1950

(Disclosure of the Invention]
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However, a slight amount of methanol may often Dbe
added in some of the hydrocarbon fuels as the need arises.

For example, methanol may be added 1in an LP gas

particularly in order to prevent entralned molsture

b

from freezing during a winter season. It was found that

the use of the methanol-added hydrocarbon fuels

Jp—

decreases the performances of the above-described

1y

zeollte desulfurizing agent. In the case O:

’-‘- ﬁ

coexlistence of methanol, the phenomencn of the

decreased desulfurization performance 1s not

preferable because the durability of a fuel cell system

is impaired. Therefore, adesulfurlizing agent nas been

demanded which has a higher desulfurization

performance even though a fuel contains methanol.

Whereas, Patent Document 1 discloses that

deposition of silver on a hydrophobilic zeolite can

obtain a higher desulfurization performance when

molsture 1is mixed in a hydrocarbon fuel. However, the

p—

inventors of the present invention have found that the

desulfurizing agent of Patent Document 1 exhibits only

limited performances if i1t 1s used for a hydrocarbon

fuel containing methanol.

F
-

Therefore, there has been a demand for the

development of a desulfurizing agent that 1s not

decreased 1n performances even 1f 1t 1s used under
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conditions where a fuel contains methanol and water.

In order to solve the foregoing problems, the

inventors of the present invention have carried out an

extensive study for the development of a

desulfurization system that can maintain the

performances of desulfurizing agents for a long period

#

of time 1n a state where slight amounts of methanol and

molsture are mixed in a fuel. As the result, the

present 1nvention has been accomplished on the basis

of the finding that the foregoing problems can be solved
wlth a system using a Y-tyvpe zeolite-based
desulfurizing agent containing'at least copper
arranged upstream of the system and an X-type
zeolite-based desulfurizing agent containing at least

fh

si1lver arranged downstream of the system.

That 1s, the present invention relates to a

desulfurization system for a hydrocarbon fuel

comprilising a Y-type zeolite-based desulfurizing agent

P

containing at least copper arranged upstream of the

system and an X-type zeolite-based desulfurizing agent

pr—

contalining at least silver arranged downstream of the

system.

The present 1nvention also relates to the

foregoing desulfurization system for a hydrocarbon
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fuel wherein the reaction temperature 1s 100°C or

The present 1nvention also relates to the

fuel wherein the hydrocarbon

foregoling desulfurization system for a hydrocarbon

fuel 1s an LP gas.

The present 1nvention also relates to the

fuel wherein the zeo!

foregoing desulfurization system for a hydrocarbon

1te-based desul:

‘urlzlng agent 1s

produced by depositing copper or silver on a zeolite

through 1on-exchange.

The present invention also relates to a device for

producing hydrogen for a

fuel.

fuel cell system using the

foregoing desulfurization system for a hydrocarpbon

The present invention also relates to a fuel cell

system using the foregoing desulfurization system for

a hydrocarbon fuel.

F

[ E—
1]
I

The desulfurization system of

"fects of the Invention]

fﬂ

invention enables desulfurizing age

where slight amounts o:

ﬂ

1n a hydrocarbon fuel.

the present

nts to malntaln

ey

chelr performances for a long period of time 1n a state

" methanol and molsture are mixed
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[ Best Mode for Carrving cut the Invention)]
The present invention will be described 1n more

detaill below.

,—

Examples of hydrocarbon fuels that may be used as

the raw fuel in the present invention 1nclude natural

gas, LP gas, naphtha, gasoline and kerosene. Among

these, preferred are fuels that are gaseous at normal

temperatures and pressures, such as natural gas and LF

gas, and more preferred 1s LP gas. In the present

invention, the hydrocarbon fuels are those contalning

0.1 mass ppm or more, preferably 0.5 mass ppm Or more
of sulfur compounds. There 1s no particular

restriction on the upper limit of the sulfur compound

content. However, it is preferably 200 mass ppmor less,

more preferably 50 mass ppm or less. Some of the sulfur

compounds are mixed 1n the course of production of a

hydrocarbon fuel and the others are artificially mixed

as odorants. According to the present 1nvention, both

o)

cof the sulfur compounds can be effectively removed.

Description will be given of the types and

concentrations of sulfur compounds contalned 1n

various hydrocarbon fuels. Natural gas contains very

little sulfur compounds at the refinery stage but often
1ncorporates lower mercaptans such as ethyl mercaptan,

1sopropyl mercaptan, and t-butyl mercaptan and lower
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sulfides such as dimethvyl sulfide, ethylmethyl sulfide

-~
—

fTor gas leak

and tetrahydrothiophene as odorants

detection. These compounds are usually contalned at

a sulfur concentration of 0.1 to 10 mass ppm (the weight
of sulfur atoms per weight of the sulfur-containing
hydrocarbon). For LP gas, 1n addition to these

components to be i1ncorporated 1n natural gas, 1t also

contains lower mercaptans such as methyl mercaptan,

ethyl mercaptan and propyl mercaptan, lower sulfides

such as dimethyl sulfide, components such as carbonyl

sulfide, disulfides to which mercaptans are

oxldatively coupled, all of which are incorporated

during the process of producing LP gas.

The sulfur concentration of the LP gas to be used

1s usually on the order of 0.1 to 10 mass ppm. However,

when LP gas 1s taken out from an LP gas cylinder, 1t
1s known that the sulfur concentration varies depending

on the remaining LP gas amount 1in the cylinder.

Therefore, the sulfur concentrationmay exceed 100 mass

F

ppm for a short time 1f much sulfur is contained. For

naphtha and kerosene, which are large in average
molecular welght, 1t 1s not necessary to add odors
because they are ligquid at normal temperatures.

gorre—

However, the sulfur concentration of the raw materials

1s high, and the sulfur compounds have each a high
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molecular weight and vary in type 1n a wide range. The

sulfur compounds include mercaptans and sulfides as

well as thiophenes, substituted thiophenes, and

penzothliophenes. The sulfur content ranges from

several mass ppm to several dozen mass ppm.

Hydrocarbon fuels used 1n the present invention
are those containing methanol in addition to the

above-mentioned sulfur compounds. The methanol

content 1s usually 1 mass ppm or less, for example, from

1l to 10,000 mass ppm, preferably from 10 to 5,000 mass

ppm, more preferably 100 to 2,000 mass ppm. In

particular for LP gas, methanol is artificially added

thereln 1n order to avold entrained molsture from

freezing during a winter season and causing
disadvantages that piping or a switching regulator are

clogged. Methanol is usually added in an amount of 100

to 5,000 mass ppm, preferably 300 to 2,500 mass ppm on

the basis of the ligquid LP gas in a cylinder. For a

fuel cell system wherein LP gas is drawn out as it is

liguilid and then gasified outside of the cylinder, the
methanol concentration of the hydrocarbon fuel to be

introduced into the fuel cell system will be equal to

—

Che methanol concentration of the liquid LP gas.

pl—

Whereas, for a fuel cell system wherein the LP

gasified in the cylinder is introduced thereinto, the
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methanol concentration of the gasified LP gas does not
always coincide with the methanol concentration of the
liguid LP gas. However, an LP gas containing methanol

r—

in a concentration of 1 to 10,000 mass ppm, preferably

10 to 5,000 mass ppm, more preferably 100 to 2,000 mass

ppm 1s introduced into a fuel cell systemn.

Hydrocarbon fuels used 1n the present invention

are those containing water in addition to the

above-mentioned sulfur compounds and methanol. The

water content is usually 1 mass ppmor more, for example,

from 1 to 500 mass ppm, preferably 2 to 200 mass ppm.

In the present invention, the desulfurizing

agent used upstream of the system 1s a zeolite—-based

desulfurizing agent containing copper. The zeolite

P b

used upstream of the system may be any of various

—

zeolites such as those of A-type and faujasite-type.

Preferred 1is a Y-type zeolite.

The amount of copper to be deposited 1s from 3 tO

20 mass percent, preferably from 5 to 15 mass percent,

onn the basis of the total mass of the desulfurizing agent.

"

—e

ficient

If the amount is less than 3 mass percent, SsSu:

!

desulfurization performance is not obtained. If the

amount is more than 20 mass percent, desulfurization

performance 1is not exhibited as balanced with the

amount of copver.
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ion-exchange i1s preferably used to deposit copper.

Various types of zeolites such as sodium-, ammonium-

and hydrogen-type zeolites may be used for 1on exchange.

However, sodium-type zeolites are most preferably used.

Copper 1s usually prepared 1in the form of cation

dissolved in water. Specific examples include agueous

solutions of copper sulfide, copper nitrate, copper

P
p—

chloride and copper acetate and aqueous solutions of

copper complex i1ons such as copper amine complex 1o0on.

The copper concentration of such agueous solutions

containing copper ions is usually from 0.1 to 10 mass

percent, preferably from 0.5 to 5 mass percent.

There 1s no particular restriction on the

ion-exchange method. In general, the above-described

zeolite 1s added in the aforesaid solution containing

catlonic copper and then 1on—-exchanged at a temperature

ﬁ

of usually 0 to 90°C, preferably 20 to 70°C for one hour

e

to several hours preferably while being stirred.

Thereafter, the solid 1is separated by way of filtering
and washed with water. The solid 1s dried at a

temperature of 50 to 200°C, preferably 80 to 150°C.

This 1on-exchange may be repeated. If necessary, the

b

resulting product may be calcined at a temperature of

200 to 600°C, preferably 300 to 500°C for several hours.

In thls manner, the 1ntended copper 1on-exchanged

~10-
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zeollte can be produced.
I'he copper-supporting zeolite prepared as above
may be molded by a conventional method such as extrusion,

tablet compression, rolling granulation, and spravy

bov)

drying and 1f necessary calcination, using alumina,

silica, clay mineral or a precursor thereof such as

Pboehmite as a sultable binder. Alternatively, amethod

1s also preferably used wherein a zeolite is molded in

advance and then ion-exchanged as described above.

In the present invention, the desulfurizing agent

used downstream of the system is a zeolite-based

desulfurizing agent containing silver. The zeolite

used downstream of the system may be any of various

—

zeolites such as those of A-type and faujasite-type.

Preferred is an X-type zeolite.

pr—

Tﬁmaamountcx:silver'Uobwadepositedjxspreferably

from 10 to 30 mass percent, more preferably from 15 to

25 mass percent, on the basis of the total mass of the

desulfurizing agent. 1If the amount is less than 10 mass

percent, suificient desulfurization performance is not

obtalned. LI the amount is more than 30 mass percent,

desulfurization performance is not exhibited as

A

balanced with the amount of silver.

lon-exchange is preferably used to deposit silver.

Various types of zeolites such as sodium—-, ammonium-

....l]_._.
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and hydrogen-type zeolltes may be used for 1on-exchange.

However, sodium-type zeolites are most preferably used.

Silver 1s prepared in the form of cation dissolved 1n

water. Specific examples include agueous solutions of

silver nitrate and silver perchlorate and an agueous

ﬁ

solution of silver amine complex ion. Most preferred

is an aqueous solution of silver nitrate. The si1lver

concentration of such agueous solutions contalning

silver i1on 1s usually from 0.5 to 10 mass percent,

preferably from 1 to o mass percent.
There 1s no particular restriction on tne

ion-exchange method. 1In general, the above-described

zeolite is added in the aforesaid solutlion containing

cationic silver and then 1on-exchanged at a temperature

of usually 0 to 90°C, preferably 20 to 70°C foxr one nour

to several hours preferably while being stlrred.

filtering

N

Thereafter, the solild 1s separated by way O:

and washed with water. The solid 1s dried at a

temperature of 50 to 200°C, preferably 80 to 150°C.

—— pr—
e

This 1on-exchange may pbe repeated. necessary, the

resulting product may be calcined at a temperature of

200 to 600°C, preferably 250 to 400°C tor several hours.

In this manner, the intended silver 1on-exchanged

zeollite can be produced.

The silver-supporting zeolite prepared as above
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may be molded by a conventional method such as extrusion,
Cablet compression, rolling granulation, and spravy

drying and 1f necessary calcination, using alumina,

silica, clay mineral or a precursor thereof such as

poehmite as a suitable binder. Alternatively, amethod

1s also preferably used wherein a zeolite i1s molded in
advance and then ion-exchanged as described above.

In the present invention, the copper

1on-exchanged zeolite and silver ion-exchanged zeolite

as prepared above are arranged as desulfurizing agents,
upstream and downstream of the sysytem, respectively
CO carry out desulfurization.

Ihese copper 1on-exchanged zeolite and silver

1on-exchanged zeolite can be suilitably used to remove

sulfur compounds contained in hydrocarbon fuels,

preferably those such as natural gas and LP gas, which

are gaseous at normal temperatures and normal pressures,

more preferably LP gas. Desulfurization is preferably

carried out under conditions where the hydrocarbon

fuels are gasified. The desulfurization temperature

1s preferably 100°C or lower, for example, selected

pr—

within the range of -50 to 100°C, more preferably -20

Lo 80°C. A desulfurization temperature of higher than

Sy

100°C 1s not preferable because deformation of copper

and si1lver is facilitated under conditions where the
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nydrocarbon fuel contains methanol. A

desulfurization temperature of lower than -50°C is not

p—
-

preferable because a sufficient activity 1is not

exhibited.

pp—

In the case of using a hydrocarbon fuel such as

natural gas or LP gas, which is gaseocus at normal
Cemperatures and normal pressures, the GHSV is selected

within the range of 10 to 100,000 h™', preferably 100

to 10,000 h™'. A GHSV of lower than 10 h™! is not

preferable because the desulfurizing agents are used

more than needs, resulting in an excessively large

ﬁ-
e

desulfurizer though a sufficient desulfurization

g

performance 1s obtained. Whereas, a GHSV of higher

than 100,000 h™' is not also preferable because a

F
—

S U .

ficient desulfurization performance is not obtained.

Alternatively, a liquid fuel may be used. In this case,

the WHSV is selected within the range of 0.1 to 1,000

h“l

Pressure for desulfurization is selected within

o

the range of usually normal pressures to 1 MPa (gauge

pressure, herelnafter the same), preferably normal

pressures to (.5 MPa, more preferably normal pressure

to 0.2 MPa. However, desulfurization can be carried

out most preferably under atmospheric pressure.

g~

ln the desulfurization system of the present

-1 4~
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invention, the above-described zeolite-based

desulfurizing agents are usually filled 1into

desulfurizers arranged in a circulation-type reaction

plpe. The circulation-type reaction pipe may be of any

conventional type or shape andmay or may not be provided

wlth temperature and pressure adjusting functions. If

"

ficient with the

desulfurilzation 1s 1insuj

above-described desulfurizing agents, other

desulfurlzing agents may be arranged in the following

stage. The other desulfurizing agents may be those

—
—

from the group

contalning at least one type selected
consisting of nickel, chrome, manganese, cobalt,

copper, silver, zinc and 1ron. However, preferred are

those containing nickel.

The desulfurization system of the present

invention may be used as a part of a hydrogen production

]

device for a fuel cell system. The hydrogen production

device usually comprises a desulfurization section for

removing sulfur compounds from a hydrocarbon fuel, a

reforming section for decomposing the hydrocarbon fuel

g~
e
e

1
L

1n coexlstence of steam and 1f necessary oxygen, a shi:

section for converting carbon monoxide mixing in

hydrogen generated in the reforming section to carbon
dioxlide and hydrogen by a reaction with steam, and a

selective oxldation section for removing a trace amount

_15_
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0of carpbon monoxide remaining in the shift section by

convertling 1t selectively to carbon dioxide by a

reaction with oxygen. Alternatively, a device for

producing pure hydrogen may be assembled by arranging

the reforming section or shift section in combination
with a membrane separation hydrogen refining device

with a palladium membrane. As described, the hydrogen

production device of the present invention may be one
with a conventional structure. However, the hydrogen
production device preferably has a structure wherein
a desulfurization section using the desulfurization

system of the present invention is arranged in the prior

stage of the reforming section.

F ]

An example of the hydrogen production device will

pe described in more detail. The hydrogen production

device may be comprised of a desulfurization section,

a reforming section, a shift section and a selective

oxldatlon section. The desulfurization section 1s as

described above.

The reforming section may take a system of either

steam reforming reaction or self-heat reforming

reaction. There 1s no particular restriction on the

reforming catalyst used in the reforming section.

Therefore, the reforming catalyst may be selected from

P
anand

any or those conventionally known as reforming
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catalysts for hydrocarbon fuels. Examples of the

reforming catalysts include those wherein preclous
metals such as nickel, ruthenium, rhodium and platinum
are supported on a suitable support. These metals may

be used alone or 1n combinatlon.

When a steam reforming reaction 1s employed 1n the

reforming section, the reaction temperature 1s from 450

to 900°C, preferably from 500 to 850°C, more preferably

550 to 800°C. The amount of steam o be 1ntroduced 1nto

the reaction system is defined by the ratio of the number

ﬁ
—

of mole of water molecules to the number of mole otf

carbon contained in a raw hydrocarpbon fuel

(steam/carbon ratio) and is preferably from 0.5 to 10,

more preferably from 1 to 7, more preferably from 2 to

5. Thereupon, the space velocity (WHSV) 1s defilined by

A/B wherein A is the flow rate of a hydrocarbon fuel

in a liguid state (kg/h) and B is the catalyst weight

Jp—
—

(kg). The space velocity 1s set wilithin the range of

preferably 0.05 to 20 h™', more preferably 0.1 to 10

h™, more preferably 0.2 to 5 h™*.

Whereas, 1t 1s also possible to employ a self-heat

reforming reaction wherein oxygen, preferably alr 1s

introduced into the reforming section and combustion

and decompositlion reactions are allowed to proceed 1n

the same reactor. Inthis case, the reaction is usually
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—

carrlied out 1n the presence of a metallic catalyst

Cyvpical examples of which metals 1nclude the group VIII

y——

metals of the periodic table, such as nickel, cobalt,

iron, ruthenium, rhodium, 1ridium and platinum. The

amount of steam to be introduced into the reaction

system 1s preferably from 0.3 to 10, more preferably

from 0.5 to 5, more preferably from 1 to 3 as defined

by the steam/carbon ratio.

In the self-heat reforming, oxygen 1s added to the
raw material 1n addition to steam. In general, oxygen
1s added 1n such an extent that 1t can generate calorie
that can balance the endothermal reaction accompanied

with the steam reforming reaction. The amount of

oxXxygen to be added 1s properly determined depending on
heat loss or relation wilith external heating provided

1f necessary. The amount 1is preferably from 0.05 to

—r

-
1

, more preferably from 0.1 to 0.75, more preferably

from 0.2 to 0.6 as defined by the ratio of the number

P‘ r‘

cf mole of oxygen molecules to the number of mole of

carpon contalined 1n a raw hydrocarbon fuel. The

e

reaction temperature of the self-heat reforming

reaction 1s set within the range of 450 to 900°C,

preferably 500 to 850°C, more preferably 550 to 800°C

similarly to the steamreforming reaction. Thereupon,

the space velocity (WHSV) is selected within tne range

-1 K-
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of preterably 0.1 to 30 h™*, more preferably 0.5 to 20

h™, more preferably 1 to 10 h™*.

ITneither case, there is no particular restriction

on the pressure for the reforming reaction. However,

the pressure 1s preferably from atmospheric pressure

to 2 MPa, more preferably from atmospheric pressure tO

0.5 MPa, more preferably from atmospheric pressure tO

2 MPa.

The reformed gas generated 1n the reformer

contains, in addition to hydrogen, carbon monoxlde,

carbon dioxide, methane and steam. When air 1S

e

supplied as an oxygen source in the self-heat reforming,

the reformed gas contains nitrogen as well. In order
to enhance the hydrogen concentration or decrease the
carbon monoxide concentration because carbon monoxide
may be a catalyst poison, the section where carbon

monoxide is converted to hydrogen and carbon dioxide

by being reacted with water is the shift section.

B

Generally, the reaction proceeds 1n the presence OrL a

catalyst. The carbon monoxide content (moles3

calculated excluding steam) 1is dropped to preferably

2 mass percent or less, more preferably 1 mass percent

or less, more preferably 0.5 mass percent or less using

a catalyst containing a mixed oxide of Fe-Cr, a mixed

oxide 0of Zn-Cu or a precious metal such as platinum,
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ruthenium, or 1ridium. The shift reaction may De

carried out at two stages. In this case, the shift

reactor is preferably composed of a high temperature

shift reactor and a low temperature shift reactor.

For example, in a proton-exchange membrane fuel

cell system, the carbon monoxide concentration 1s

preferably further decreased. Therefore, the outlet

gas at the shift reactor is treated 1in the selectilve

oxidation section. In this step, carbon monoxilde 1S

selectively converted to carbon dioxide by adding

g

oxvgen in an amount of preferably 0.5 to 10 times mole,

more preferably 0.7 to 5 times mole, more preferably

1 to 3 times mole of the number of mole of the remaining
carbon monoxide using a catalyst containing 1ron,

cobalt, nickel, ruthenium, rhodium, palladium, osmium,
iridium, platinum, copper, silver or gold so that the

carbon monoxlide concentration 1s decreased to

preferably 10 mass ppm or less. In this case, the
carbon monoxide can be decreased by generatling methane

by reacting with coexistent hydrogen simultaneously

wlith the oxidization of carbon monoxlde.

In the fuel cell system of the present invention,

hydrogen with less carbon monoxide as prepared above

is introduced to the fuel cell to generate electricity.

p—
p—

The fuel cell may be 0of a conventional cell stack o:

T

_..20..
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such as proton~-exchange membrane fuel cell type (PEFC),

phosphoric-acid fuel cell type (PAFC), solid-oxide

fuel cell type (SOFC) and molten carbonate fuel cell

Cype (MCEFC). Preferred 1s the proton-exchange

membrane fuel cell.

Next, the structure of a proton—-exchange membrane

rﬁ

fuel cell will be described as an example of the fuel

cells.

The proton—-exchange membrane fuel cell comprises

an anode (fuel pole), a cathode (air pole), and a solid
polymer electrolyte sandwiched therebetween. To the
anode 1s suppliled a reformed gas containing hydrogen
produced through the aforesaid reforming section after

Peing decreased 1n carbon monoxide concentration

through the shift reactor and selective oxidation
reactor. To the cathode 1s supplilied an

cXxygen-contalning gas such as alr. The gases supplied

to the anode and the cathode are introduced after being
subjected to a suitable heat treatment if'necessary.

Thereupon, a reaction wherein the hydrogen gas
pecomes protons and releases electrons proceeds at the
anode while a reaction wherein the oxygen gas obtains

clectrons and protons and thus becomes water proceeds

at the cathode. In crder to facilitate these reactions,

-] -
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platinum black and a Pt or Pt-Ru alloy catalyst with

an active carbon support are used for the anode while

platinum black and a Pt catalyst with an active carbon

support are used for the cathode. Generally, 1if

—

necessary, both of the catalysts of the anode and the

cathode are formed 1nto porous catalyst layers,
together with tetrafluoroethylene, a low molecular
welght polymer electrolyte membrane material, and

achtive carbon.

xamples of the sollid polymer electrolyte 1nclude

| —

poiymer electrolyte membrane known as product names

such as Nafion (Du Pont Kabushiki Kaisha), Gore (JGI),

Flemion (ASAHI GLASS CO., LTD.) or Aciplex (Asahikasel

Corporation). On bcth sides of the electrolyte 15

laminated the aforesald porous catalyst layer therepy

forming an MEA (Membrane Electrode Assembly). Further,

the MAE 1s sandwiched by a palir of separators comprising

a metal material, graphite, a carbon composite and

having a gas feed function, a current collecting

function and a draining function, which 1s 1mportant

4

fuel cell.

1n particular for the cathode, to assemble a
An electric load 1s electrically connected to the anode

and the cathode.

 Examples]

- )7 —
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Hereinafter, the present invention will Dbe
described 1n more details by way of the following
examples and comparative examples, which should not be
construed as limiting the scope of the invention.

(1) Copper l1on-exchanged zeolite catalyst

An aqueous solution of copper sulfide was prepared

by adding 600 ml of distilled water to 32 g of copper

sulfate pentahydrate. Next, the solution was mixed

with 50 g of an Na¥Y-type zeolite powder with Si0O,/A1,0;
(molar rati1o0)=5.5, while being stirred to 1on-exchange.

Washling with distilled water was carried out so as to

remove the remailning sulfuric acid residues. After

washing, the resulting product was dried at a

g

temperature of 180°C in air flow over night. With 30

g of a dried powdery copper i1on-exchanged zeollite were

p—

mixed 5 g of an alumina binder, and the mixture was

extruded to be 1 mmd® 1in diameter thereby producing
desulfurizing agent (A). The deposited amount of
copper 1n desulfurizing agent (A) was 12 mass percent.
(2) Sillver 1on-exchanged zeolite catalyst

y—

An agueous solution of silver nitrate was prepared

py adding 000 ml of distilled water to 30 g of silver

nitrate. Next, the solution was mixed with 50 g of an
NaY-type zeolilite powder with Si0,/A1,0; (molar

ratio)=2.5, while being stirred to ion-exchange.

~ )3
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Washing with distilled water was carried out so as to

remove the remaining nitric acid residues. After

washing, the resulting product was dried at a

temperature of 180°C in air flow over night. With 30
g of a dried powdery silver ion-exchanged zeollte were
mixed 5 g of an alumina binder, and the mixture was

extruded to be 1 mmd® in diameter thereby produclng

desulfurizing agent (B). The deposited amount of

silver in desulfurizing agent (B) was 24 mass percent.

(3) Performance test of desulfurizing agents

(Example 1]

Desulfurizing agents A and B each 1in an amount ot

3mlwere filled in anupstreamportion and an downstream

portion of a circulation type reaction pilpe,

respectively, and an LP gas (sulfur concentration:

about 3 mass ppm) containing methanol and water 1n the

-

amounts set forth 1in Table 1 was circulated at a
GHSV=9,000 h™", normal pressure and normal temperature

(25°C) . The sulfur concentrations at the inlet and

outlet of the reaction plipe were measured through SCD

(Sulfur Chemiluminescence Detector) gas

chromatography. The time after the initiation of the

experiment till the sulfur concentration of the outlet

gas exceeds 20 mass ppb that 1s detection limit was set

forth 1n Table 1. However, 1f the sulfur concentration
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1s below the detection 1limit after 200 hours, 1t 1S

7

evaluated as “below detection limit

 Comparative Example 1]

Desulfurizing agent performance test was carried

out under the same conditions as 1n Example 1 except

that © ml of desulfurizing agent (A) were fi1lled 1nto

the circulation type reaction pipe. The results are

set forth in Table 1.

Comparative Example 2]

Desulfurizing agent performance test was carried

out under the same conditions as 1n Example 1 except

that 6 ml of desulfurization agent (B) were filled into
the circulation type reaction pipe. The results are

set forth in Table 1.

It 1s found from the results set forth in Table
1 that when the copper ion—-exchanged Y-type zeolite and
si1lver 1on-exchanged Y-type zeolite are arranged

upstream and downstream of the system, respectively,

resistance to methanol and water is high.

._25...
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Table 1
Methanol 2000 2000 500 500
Mass ppm
Water 200 10 200 10
Mass ppm
Example 1 Below Below Relow Below

detectionidetection |{detection idetection

limit limilt limit limit

Comparative 1o h 17 hn Below Below
Example 1 detection |detection

limat limit

Comparative 112 h Below 118 h Below
Example 2 detection detection

limit limit

(Example 2]

A fuel cell system using the desulfurization

system of the presen

t ilnvention wilill be described. F1g.

1l 1s a schematic view 1llustrating an example of the

——

fuel cell system of the present 1nvention.

In Fig. 1, a f

uel gasified 1n an LP gas cylinder

3 flows through a pressure reducing valve 4 1n a

desulfurizer 5 of which upstream 1s filled with

-

desulfurizing agent (A) and of which downstream 1s

filled with desulfurizing agent (B). Thereupon, the

_2 6_




CA 02683630 2009-10-09

GHSY of the desulfurizer was set to 500 h™-. The fuel

desulfurized in the desulfurizer 5 is mixed with steam

produced from a water tank 1 through a water pump 2 and

a vaporizer 6 and fed into a reformer 7 in which 2 mass 5%

e
.

of Ru/Al1,05; were filled as a catalyst. Thereupon, tThe

steam/carbon ratio was set to 3.0. The space velocity

WHSV of the circulated raw material was set TO 0.5 h™t.

The reformer reaction pipe is warmed with a burner 18

using fuel from a fuel tank and anode offgas as fuels
and adjusted in temperature to 700°C.

The gas containing hydrogen and carbon monoxide

thus produced 1s passed through a high temperature

shift reactor 9 with an iron-chrome catalyst, a low
temperature shift reactor 10 with a copper-zinc

catalyst and a selective oxidation reactor 11 with a
ruthenium catalyst in this order so that the carbon

monoxide concentration 1s decreased Lo such an extent

(ﬂ'

that the characteristics of the fuel cell are not

1)

adversely affected.

A proton-exchange membrane fuel cell 17 1s

composed of an anode 12, a cathode 13, and a solid

polymer electrolyte 14. To the anode was suppliled the

fuel gas containing high purity hydrogen prepared DYy

the above method while to the cathode was supplied alr

—

- necessary, the ftuel and

—d,

fed from an air pblower g.

-] -
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alr are 1ntroduced after being subjected to a suitable

numldifying treatment (humidifier is not shown). An

electriclxmmilSifselectricallycmmnected@botﬁmzanode

and The cathode.

n

I'he anode offgas 1s discharged after being

compbusted 1n a burner 18 and used to warm the reforming

0

—

pipe. The cathode offgas is discharged through an

exhaust 16.
I'ne above-described apparatus was operated using
an LP gas containling 1000 mass ppm of methanol, 100 mass

N

ppm of water and 7 mass ppm of sulfur when it is 1in a

liguid state in the LP gas cylinder, as fuel. As the

result of analysis of the gas at the anode inlet, the

gas contalined 72 volume percent of hydrogen (excluding

steam) .

During the test period (200 hours), the reformer

operated normally and no decrease in catalyst activity

was recognized. The fuel cell operated normally, and

the electric load 15 also operated normally.

P i P

Brief Description of the Drawing]

F1g. 1 is a schematic view illustrating an example

o

0L the fuel cell system of the present invention.

(Description of numerals)

- =
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11

12

13

14

1o

16

17

18
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water tank
water pump
LP gas cylinder

pressure reducling valve

desulfurizer
vaporizer
reformer

Alr blower

high temperature shift reactor

low temperature shift reactor
selectilive oxidation reactor
anode

cathode

solid polymer electrolyte

electric load

exhaust for cathode offgas

F
-

proton-exchange membrane fuel cell

burner

Applicability 1in the Industry]

The desulfurization system of the present

1nvention enables desulfurizing agents to maintain

their performances for a long period of time in a state

where slight amounts of methanol and moisture are mixed

in a hydrocarbon fuel and thus has a significant

-7 9_
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lndustrial value.
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What 1s claimed is:

1. A desulfurization system for a hydrocarbon
fuel comprising a Y-type zeolite-based desulfurizing
agent containing at least copper arranged upstream of
the system and an X-type zeolite~-based desulfurizing

agent containing at least silver arranged downstream of

the systemn.

2. The desulfurization system for a hydrocarbon

fuel according to claim 1, wherein the hydrocarbon fuel

is an LP gas.

3. The desulfurization system for a hydrocarbon
fuel according to claim 1 or 2, wherein the zeolite-based

desulfurizing agent 1is produced by depositing copper or

silver on a zeolite through i1on-exchange.

4. A device for producing hydrogen for a fuel
cell system using the desulfurization system for a

hydrocarpbon fuel according to any one of claims 1 to

3.

31
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5. A fuel cell system using the desulfurization
system for a hydrocarbon fuel according to any one of

claims 1 to 3.

32
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