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ABSTRACT OF THE DISCLOSURE

An adsorbent for removing sulfur compounds from sulfur
compounds-containing fuel gas comprises a zeolite 1on-
exchanged one or more transition metals selected from the group
of Ag, Cu, Zn, Fe, Co and N1 and has an excellent performance
when used to remove the sulfur compound from the fuel gas
irrespective of a moisture concentration in the fuel gas, and a
method for removing sulfur compounds from sulfur compounds-
containing fuel gas by use of an adsorbent of the above-

mentioned type. The zeolite 1s favorably made of an X type

zeolite, a Y type zeolite or a § type zeolite.
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TITLE OF THE INVENTION

ADSORBENT FOR REMOVING SULFUR COMPOUNDS FROM
FUEL GASES AND REMOVAL METHOD

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to an adsorbent for removing sulfur
compounds, which 1s used to remove sulfur compounds by
adsorption from a fuel gas such as a city gas, an LP gas or a
natural gas. The invention also relates to a method for
removing sulfur compounds from a sulfur compound-containing
fuel gas by use of an adsorbent for removal of such sulfur
compounds.

Prior Art

Lower hydrocarbon gases such as methane, ethane, propane.
butane and the like, or gases such as a natural gas, a city gas, an
LP gas or the like gas containing these hydrocarbon gases, are
used not only as an industrial or domestic fuel, but also as a
starting material for preparing hydrogen that is utilized as a
fuel for fuel cells or an atmospheric gas. In a steam reforming
process, which 1s one of industrial preparation processes of
hydrogen, these lower hydrocarbon gases are reformed by
addition of steam in the presence of a catalyst, such as a Ni-
based catalyst, a Ru-based catalyst or the like, thereby forming a
reformed gas mainly composed of hydrogen.

A fuel gas such as a city gas, an LP gas or the like is usually
incorporated with a sulfur compound, such as a sulfide, a
thiophene or a mercaptan, for use as an odorant for the purpose

of security against the leakage thereof. More particularly,
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sulfides include dimethyl sulfide (hereinafter referred to simply
as DMS), ethylmethyl sulfide, diethyl sulfide and the like,
thiophenes include tetrahydrothiophene (hereinafter referred to
simply as THT), and mercaptans include t-butyl mercaptan
(hereinafter referred to simply as TBM), isopropyl mercaptan,
n-propyl mercaptan, t-amyl mercaptan, t-heptyl mercaptan,
methyl mercaptan, ethyl mercaptan and the like.

DMS, THT and TBM are, in most cases, used as an ordinarily
added odorant, and are usually added to not only singly, but also
1in admixture of two or more (e.g. both DMS and TBM have been
added to almost all city gases in the Metropolitan area of Japan
at present). The concentration of the odorant is at a level of
several of ppm without exception. The catalyst used for such a
steam reforming process as set out above is poisoned with these
sulfur compounds, thus leading to the degradation of its
performance. Accordingly, these sulfur compounds in a fuel gas
should be preliminarily removed from a fuel gas. Even if it is
immevitable that a residual sulfur compound be contained in small
amounts in the fuel gas from which the sulfur compounds have
been removed, the amount of the residual sulfur compound
should preferably be as small in concentration as possible.

For the removal of a sulfur compound from a fuel gas, it is
usual to use a hydrodesulfurization process or a process using an
adsorbent. The hydrodesulfurization process comprises adding
hydrogen to a fuel gas, decomposing and converting a sulfur
compound into hydrogen sulfide in the presence of a catalyst
such as a Co-Mo catalyst, and desulfurizing by adsorption of
hydrogen sulfide, which is a decomposition product, by means of
a desulfurizing agent such as zinc oxide, iron oxide or the like.

Although the hydrodesulfurization process is a reliable process,
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it is necessary to convert all sulfur compounds into hydrogen
sulfide by hydrogenation and heating to about 300 to 400°C. 1In
addition, since zinc oxXide or iron oxide is used for adsorption and
removal, operations become complicated. Accordingly, this
process has been employed in a large-scale pilant, but is difficuit
to apply to a small-sized apparatus.

On the other hand, the process using an adsorbent 1s one
wherein a fuel gas is passed through an adsorbent mainly
composed of activated carbon, a metal oxide, zeolite or the like to
remove a sulfur compound by adsorption. Although the process
using an adsorbent includes a process wherein adsorptivity is
increased by application of heat, adsorption at normal
temperatures is preferred because a simpler system is realized.

A process of removing a sulfur compound at normal temperatures

by use of an adsorbent needs neither heat nor hydrogen as in a

hydrodesulfurization process or a thermal adsorption process,

and thus, is a simple desulfurization process.

As a matter of course, however, the process of removing a
sulfur compound by use of an adsorbent is unable to remove the
sulfur compound from a gas i1f the adsorbent is saturated with
once adsorbed sulfur compound. Thus, an exchange or
regeneration of an adsorbent 1s necessary. Because a required
amount of an adsorbent and a frequency of the exchange are
gcreatly influenced depending on the adsorptivity of an adsorbent,
so that there is a demand for an adsorbent having higher
adsorptivity. The performance of an adsorbent is influenced,
especially, by the properties of a sulfur compound. Hence, with
a gas containing a plurality of sulfur compounds such as a city
gas, for example, a single adsorbent should have high

adsorptivity against such plural sulfur compounds. Otherwise,
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a very burdensome problem will arise, e.g. a plurality of
adsorbents corresponding to individual sulfur compounds are
undesirably required.

Up to now, various types of adsorbents for sulfur compounds
in a gas have been proposed. For instance, in Japanese Laid-
open Patent Application No. He1 6-306377, mercaptans that are
used as an odorant for fuel gases such as a city gas, an LP gas
and the like are selectively removed in an oxygen-free
atmosphere by means of a zéolite exchanged with polyvalent
metal other than hydrogen and/or an alkaline earth metal. It is
stated that as the polyvalent metal ions, there are preferably
used those 1ons of Mn, Fe, Co, Ni, Cu, Sn and Zn. The sulfur
compounds, which are to be adsorbed according to this technique,
are directed only to mercaptans that are easy for adsorption.

We conducted experiments using a number of commercially
avallable adsorbents including various types of porous materials
such as zeolites, activated carbon, metal compounds, activated
alumina, silica gels, activated clays, clay minerals and the like.
Part of the results is shown in Table 2 appearing hereinafter.
As a result, 1t was found that a specific type of activated carbon
and a specific type of zeolite (Japanese Laid-open Patent
Application No. Hei 10-237473) is effective for adsorption of
sulfur compounds in fuel gases.

By the way, some fuel gases may contain a trace of moisture
in the course of a manufacture process or a supply process.
Especially, where a fuel gas containing moisture is treated with
zeolite, 1t selectively adsorbs the moisture, so that the
adsorptivity of a sulfur compound significantly lowers over the
case where no moisture is contained or a very small amount of

moisture 1s present. This is assumed for the reason that zeolite
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per se, which 1s utilized as a moisture absorber, is hydrophilic in
nature and preferentially adsorbs moisture made of polar
molecules. In view of this, the adsorbent for removal of sulfur
compounds should selectively adsorb sulfur compounds alone in
a fuel gas, and should also adsorb sulfur compounds selectively
1rrespective of the presence or absence of moisture in a fuel gas.
However, prior-art adsorbents including those adsorbents set out
in the above-discussed patent publications are not taken into
consideration with regard to the selective adsorption.

As stated above, the amount of a residual sulfur compound
contained i1n a fuel gas, from which sulfur compounds have been
removed, should be at a concentration as low as possible when
the fuel gas is used for steam reforming. This is for the purpose
of preventing a steam reforming catalyst from poisoning with
sulfur. Up to now, a copper-zinc adsorbent (Japanese Laid-
open Patent Application No. Hei 6-256779) has been reported for
use as an adsorbent for removing sulfur compounds from a gas to
a very low concentration. However, this adsorbent has to be
heated to a temperature of 150 to 250°C in order to impart
satisfactory properties thereto.

The assignee of the instant application previously proposed
(Japanese Laid-open Patent Application No. Hei 10-237473) an
adsorbent for sulfur compounds in gases, which is made of an
Na-X type zeolite having a pore size of at least 5 angstroms or
over. This adsorbent has excellent adsorptivity at normal
temperatures. Although this adsorbent shows a satisfactory
performance on gases having a low dew point, i.e. gases
containing no or little moisture, however, 1t takes precedence of
adsorption of moisture in a gas having a high dew point, so that

the adsorptivity of sulfur compounds considerably lowers.
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Fig. 1 is a graph showing measurements of the adsorbent.
The test device and conditions are such that there is used a
device as in Adsorption Test 1 described hereinafter wherein the
adsorption test is carried out under different dew point
conditions. As shown in Fig. 1, the adsorption performance is
so excellent that the adsorption of sulfur is at 3 wt% at a dew
point of —70°C. However, as the dew point increases or as the
moisture content in the gas increases, the adsorption of sulfur
sharply drops. For instance, the sulfur content at a dew point
of —50°C 1s at 1.5 wt% that is about the half at a dew point of
~70°C for the same adsorbent, and is as low as 0.2 wt% at a dew

point of —30°C.

SUMMARY OF THE INVENTION

In view of the above-stated problems of prior art, we made
studies on adsorbents that effectively function even when
moisture 1s contained in a fuel gas, and found that an adsorbent
comprising zeolite on which a specific type of transition metal
such as silver, copper or the like is supported thereon through
10n exchange exhibits excellent absorptivity of sulfur compounds
at or in the vicinity of normal temperatures even when moisture
1s contained in a fuel gas.

More particularly, the invention provides an adsorbent for
removing one or more sulfur compounds from a fuel gas
comprising one or more transition metals selected from Ag, Cu,
Zn, Fe, Co and Ni are supported on zeolite through ion exchange.

Further, the invention also provides a process for removing
sulfur compounds from sulfur compounds-containing gas,
characterized by comprising passing sulfur compounds-

containing fuel gas through sulfur compounds-removing
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adsorbent which comprises one or more transition metals
selected from Ag, Cu, Zn, Fe, Co and Ni are supported on zeolite

through ion exchange.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a graph showing measurements of adsorptivity of a
previously developed adsorbent for sulfur compounds:

Fig. 2 1s a schematic view showing an embodiment of a
device for carrying out the invention:

Fig. 3 1s a flowchart showing three methods used for ion
exchange 1in examples and including (a) an agitation method, (2)
an 1mpregnation method and (3) a flow method; and

Fig. 4 1s a schematic view showing a test device used in

examples.

PREFERRED EMBODIMENTS OF THE INVENTION

In the practice of the invention, it is important that one or
more transition metals selected from silver (Ag), copper (Cu),
zinc (Zn), iron (Fe), cobalt (Co) and nickel (Ni) be supported on a
zeolite through 1on exchange. In the invention, it is favorable
to use, as the zeolite, any of X-type zeolites, Y-type zeolites and
B-type zeolites among a diversity of existing zeolites.

Although the exchangeable cation used in the invention may
be, for example, Na* ion or H" 1on, Na-Y-type zeolite i1s more
excellent among Y-type zeolites, and H-Y-type zeolite is ranked
next thereto.

The adsorbent of the invention is able to effectively remove
sulfur compounds contained in a fuel gas irrespective of a
molisture concentration in the fuel gas. An adsorbent

supporting Ag or Cu among the transition metals exhibit
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excellent adsorptivity for sulfur compounds.

The adsorbent for removing sulfur compounds from fuel
gases according to the invention has excellent sulfur compound
adsorptivity, especially, at or in the wvicinity of normal
temperatures. In this regard, the afore-stated
hydrodesulfurization process undesirably needs heating to
approximately 300 to 400°C, aside from the hydrogenation.
Moreover, with the adsorbent proposed, for example, in the
Japanese Laid-open Patent Application No. He1l 6-256779, 1t is
necessary to heat to a temperature of 150 to 250°C. In contrast,
with the adsorbent of the invention, such heating as mentioned
above is unnecessary, and sulfur compounds can be effectively
removed from a fuel gas at or in the vicinity of normal
temperatures, thus being very convemient 1n practical
applications. It will be noted that the adsorbent of the
invention has the excellent capability of adsorption of sulfur
compounds at or in the vicinity of room temperatures, and also
has effective adsorptivity of sulfur compounds at higher
temperatures, e.g. at a temperature of 50°C or over.

The adsorbent of the invention for removing sulfur
compounds can effectively adsorb and remove sulfides,
thiophenes and mercaptans present in various types of fuel gases.
More particularly, the adsorbent can be applied to adsorption
and removal of one or more sulfur compocunds among sulfur
compounds in various types of fuel gases. Especially, the
adsorbent can be favorably applied to removal by adsorption of
sulfur compounds, which are contained in fuel gases, such as city
gas, LP gas and natural gas, at a level of several ppm,

i.e., more than 1 ppm and less than 10 ppm.
It is to be noted that the adsorption of DMS on a silver-
supported Na-Y-type zeolite has been already reported (Journal

. 8.
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of Nippon Kagaku Kaishi, 1981, No. 12, pp. 1945 - 1950). This
report has the intention of treating bad smell substances in air.
Accordingly, those confirmed in this report are directed to an
equilibrium adsorption of DMS in co-existence of nitrogen and
moisture, and the test is such that the concentration of DMS
used 1s as high as 100 ppm. More particularly, no report has
been made yet with respect to the adsorption performance of
DMS at a low concentration, the adsorption performance in fuel
gases, the adsorption performance in the case where other types
of sulfur compounds co-exist, and the performance on residual
sulfur in the course of an adsorption test.

In contrast thereto, it has been found in the practice of the
invention that the adsorbent can be effectively applied for
adsorption and removal not only of sulfides such as DMS, but
also of different types of sulfur compounds such as thiophenes
and mercaptans in fuel gases. In addition, according to the
invention, a sulfur compound, such as DMS, TBM or THT, which
1s contained in a fuel gas at a very low concentration of about 2
ppm, can be effectively adsorbed and removed to a level of a
residual sulfur compound of 7 ppb or below.

For the manufacture of the adsorbent of the invention, one
or more transition metals selected from silver, copper, zinc, iron,
cobalt and nickel are supported on a zeolite according to an ion
exchange technique. More particularly, compounds of silver,
copper and the like are dissolved in water to provide an aqueous
solution, followed by 1on exchange with use of the solution. The
compounds of the metals should be ion-exchanged with a cation
(Na™ or H”) in the zeolite, and thus, should be made of a metal
compound capable of being dissolved in water and existing as a

metal ion in the aqueous solution. This aqueous solution is
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brought into contact with a zeolite according to a general ion
exchange procedure including (1) an agitation procedure, (2) an
impregnation procedure or (3) a flow procedure as is particularly
shown i1n Fig. 3, thereby causing the cations in the zeolite to be
exchanged with these metal ions. Thereafter, the zeolite is
washed such as with water and dried to obtain an adsorbent of
the invention. Although the zeolite may be calcinated after
drying, the calcination is not always necessary.

The treatment of a fuel gas containing sulfur compounds
with the adsorbent of the invention is carried out by passing a
sulfur compound-containing fuel gas through the adsorbent to
bring the gas into contact therewith in the same manner as a gas
treatment using a conventional adsorbent. Especially, the
adsorbent of the invention functions at or in the vicinity of
normal temperatures without resorting to the additional
application of heat, thus making a device structure and
operations simple. Fig. 2 shows an example of a device for
carrying out the invention. In Fig. 2, indicated by 1 is a sulfur
compound-containing fuel gas charge pipe, by 2 is a sulfur
compound adsorbent packed layer (reaction tube), and by 3 is a
treated fuel gas discharge pipe. The sulfur compounds in the
sulfur compound-containing fuel gas charged from the charge
pipe 1 are adsorbed and removed in the adsorbent packed layer 2,
and the resultant fuel gas is discharged from the discharge pipe
3.

According to the invention, a transition metal or metals such
as silver, etc. are supported on a zeolite through ion exchange, so
that the adsorption characteristic of sulfur compounds in a fuel
gas can be appreciably 1improved irrespective of the

concentration of moisture in the fuel gas. Accordingly, not only

-10-
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a required amount of an adsorbent can be reduced, but also the
frequencies of exchange and regeneration can be lessened.
According to the invention, sulfur compounds including not only
DMS, but also sulfides, mercaptans, thiophenes and the like can
be etfectively, simultaneously removed from fuel gases
containing such sulfur compounds. Moreover, the adsorbent of
the invention is able to remove sulfur compounds from a fuel gas
at or 1n the vicinity of normal temperatures, thus being very
advantageous in practical applications. The adsorbent of the
invention undergoes a color change as sulfur compounds are
adsorbed thereon, and the li.fe of the adsorbent can be
appropriately judged from the color change.
Examples

The invention 1s described in more detail by way of
examples, which should not be construed as limiting the
imvention thereto.
(Preparation 1 of test adsorbents)

There were used, as a zeolite, commercially available X-type
zeolite (made by Tosoh Corporation, commercial name: F9-HA
with a S10,/Al,0, ratio (molar ratio herein and whenever it
appears hereinafter) = 2.5), commercially available B-type
zeolite (made by Tosoh Corporation, commercial name:
H57Z930HOD with a SiO,/Al,O; ratio = 27.4), commercially
available Na-Y-type zeolite ' (made by Tosoh Corporation,
commercial name: HSZ320NAD with a Si0,/Al,0, ratio = 5.7),
commercially available H-Y-type =zeolite (made by Tosoh
Corporation, commercial name: HSZ320HOD with a SiO,/Al,O,
ratio = 5.6), H-USY-type zeolite (made by Tosoh Corporation,
commercial name: HSZ360HUD with a Si0,/Al,0, ratio = 13.7),

K-L-type zeolite (made by Tosoh Corporation, commercial name:

-11-
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HSZ500KOD with a Si0,/Al,O; ratio = 6.0), Na-mordenite-type
zeolite (made by Tosoh Corporation, commercial name:
HSZ642NAD with a Si0,/Al,O. ratio = 18.3). These zeolites
were, respectively, 1in the form of cylindrical pellets (1.5 mm in
diameter x 3 to 4 mm in length) shaped by use of about 20 wt% of
alumina or clay as a binder. On the other hand, silver nitrate,
copper acetate, etc., were, respectively dissolved in distilled
water to obtain aqueous solutions of the respective metal salts.
These metal salt aqueous solutions were used for exchange of the
cation (Na™ or H") in the zeolites with an Ag ion, Cu ion, Zn 1010,
Fe 1on, Co ion and/or Ni ion, followed by washing with distilled
water (indicated as DIW in Fig. 3) five times, drying and
calcinating.

In Table 1, the results of the experiments are summarized.
In the column of “Sample Name” in Table 1, abbreviations are
mentioned. In the column, for example, the term “Ag(Na)-Y”
means Na-Y type zeolite supported thereon with Ag through ion
exchange. This is true of Table 2 and also of the following
description. It will be noted that drying and calcinating
conditions were common to all the samples wherein drying was
carried out in air at 100°C for one day, and calcinating was
performed in dry nitroegen at 400°C for 2 hours. In this way,
sample adsorbents wherein metals were, respectively, supported
on different types of zeolites through ion exchange were

obtained.

-12 -
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Table 1 Preparation of adsorbents
Sample Weight of Reagents Amount of Amount of {lon exchange
Name zeolite /g used reagent /g distilled | method
water /g |
Ag(Na)-Y 30 Silver 22.9 500 | Agitation
nitrate |  method
Ag(H)-Y 50 Silver 31.1 500 Flow method
nitrate
Ag(Na)-X 75 Silver 30.6 800 Agitation
nitrate method
Ag(H)-p 30 Silver 11.0 150 Impregnat-
| nitrate 1o0n method
Cu(H)-Y 75 Copper 20.5 800 Agitation
acetate method
Mono-
hydrate
Cu(Na)-X 75 Copper 17.9 800 Agitation
acetate method
mono-
hydrate
Cu(H)-$ 30 Copper 6.9 150 Impregnat-
acetate 1on method
mMono-
hydrate
Zn (H)-p 30 Zinc sulfate 9.4 150 Impregnat.-
hepta- ion method
hydrate
Fe(H)-pB 30 Iron sulfate 4.8 500 Agitation
hepta- method
hydrate
Co(H)-p 30 Cobalt 4.4 150 Impregnat-
acetate ion method
tetra-
hydrate
N1(H)-p 30 Nickel 4.4 150 Impregnat-
acetate 1ion method
tetra-
hydrate
Na(H)-B 30 Sodium 20.3 500 Agitation
chloride method
Ag-USY 50 Silver 14 .4 500 Flow method
nitrate
Ag(K)-L 30 Stiver 21.9 500 Agitation
nitrate method
Ag(Na)-Mor 30 Silver 8.5 150 Impregnat-
nitrate 1on method

<Adsorption test 1 of sulfur compounds (Examples 1 to 13

and Comparative Examples 1 to 17>

Using a test device shown in Fig. 4, adsorption tests of

sulfur compounds were conducted.

In Fig. 4, reference numeral

4 1ndicates a packed column (i.e. a cylindrical reaction tube), 1n

_13.-
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which the respective test adsorbents were packed, followed by
carryimng out an adsorption test of sulfur compounds. The test
conditions are shown below.

Packed column: 28.4 mm in diameter x 63.2 mm in height.
Each test adsorbent was packed therein in an amount of 40 cm?.
Test gas: city gas (13A consists of methane=87.8%, ethane=5.9%,
propane=4.6%, n-pentane=0.8%, and 1-pentane=0.8%
approximately). Sulfur compound concentration of test gas: 4.4
mg-S/N m® (DMS = 50 wt% and TBM = 50 wt%, corresponding to
DMS = 1.8 ppm and TBM = 1.2 ppm in the gas). About 380 ppm
(dew point of —30°C) of water was added to the gas (by bubbling
the test gas in water in a temperature controlled bath). Gas
flow rate: 340 liters/hour, LV (linear velocity of gas = 15
cm/second, SV (space velocity) = 8500 hour'. Temperature:
room temperature (of about 20°C). Pressure: normal pressure.

This adsorption test 1ncluding comparative examples was
performed using the same device and conditions as mentioned
above.

The adsorption of sulfur compounds with each test adsorbent
was determined in the following manner. Under the above-
indicated test conditions, a test gas was introduced from the
inlet of the packed column, and the gas discharged from the
outlet of the packed column was sampled in relation to time and
the concentration of the sulfur compounds were determined by
GC-FPD (flame photometric detector-equipped oA S
chromatoraph). The adsorption of the sulfur compounds at the
outlet 1s calculated according to the following equation wherein
the total adsorption of the sulfur compounds was integrated
before the concentrations of sulfur compounds at the outlet of the

packed column arrived at 0.1 ppm.

.14-
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Adsorption of sulfur compounds (wt%) =

amount of sulfur in adsorbed sulfur compounds (g)
weight of adsorbent (g)

Table 2 shows the results of the adsorption test. In Table 2,

100 (1)

there are also shown, for comparison, the results of the
adsorption tests using, aside from different types of test
adsorbents and commercially available zeolites per se,
commerclally available adsorbents and porous materials that are

considered to have adsorption action.

Table 2-1 Results of Adsorption Test 1

Examples Sample Base §i/A12*1 Name of | Manufact- Ads;rptign of
name material adsorbent urer sulfur
(commer- compounnds
cial name, *2
. L ' etc.) - '
Example 1 | Ag(Na)-Y {Na-Y zeolite 5.7 HSZ320 |Tosoh Corp. 4.10 wt%
NAD |
Example 2 | Ag(H)-Y | H-Y zeolite 5.6 HSZ320 |Tosoh Corp. 1.91 wt%
HOD
Example 3 | Ag(Na)-X [Na-X zeolite 2.5 - F9-HA Tosoh Corp. 1.73 wt%
Example 4 | Ag(H)-B | H-B zeolite 27.4 HSZ330 |Tosoh Corp. 1.70 wt%
- HOD |
"Example 5 Ag(H)- H-USY 13.7 HSZ360 |Tosoh Corp. 0.34 wt%
USY zeolite HUD
Example 6| Ag(K)-L | K-L zeolite 6.0 HSZ500 |Tosoh Corp. 0.19 wt%
| KOD
Example 7 | Ag(Na)- |Na-modenite 18.3 HSZ642 |Tosoh Corp. 0.46 wt%
| Mor zeolite NAD
Example 8 | Cu(H)-Y | H-Y zeolite | 5.6 | HSZ320 | Toso Corp. | 1.17 wt%
HOD
Example 9 | Cu(H)-8 | H-p zeolite 27.4 HSZ3390 Toso Corp. 1.10 wt%
HOD
Example 10| Zn(H)-B | H-B zeolite 27.4 HSZ390 |[Tosoh Corp. 0.24 wt%
| HOD
Example 11| Fe(H)-B | H-8 zeolite 27.4 HSZ390 |Tosoh Corp. 0.14 wt%
HOD
Example 12 Co(H)-p | H-B zeolite 27 .4 HSZ390 |[Tosoh Corp. 0.14 wt%
| HOD
Example 13 Ni(H)-B | H-B zeolite 27.4 HSZ330 |Tosoh Corp. 0.13 wt%
HOD

*1: Si/Al, means a molar ratio of Si0,/Al,O..
**2: The mark “-” at the column of Adsorption of sulfur

compounds means that the break-through of the sulfur

-15-
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compounds started to occur immediately after commencement of

Chem Co.

the test and substantially no adsorptivity of the sulfur
compounds took place.
Table 2-2
Comparative | Sample Base Si1/Al, | Name of Manufact- [Adsorption
Examples name material adsorbent urer of sulfur
(commer- compounds
cital name,
etc.)
Comp. Ex. 1 Na-Y Na-Y zeolite | 5.7 HSZ320 | Tosoh Corp. [<0.01 wt%
NAD
Comp. Ex. 2 H-Y H-Y zeolite 5.6 HSZ320 | Tosoh Corp. | 0.05 wt%
HOD
Comp. Ex. 3 Na-X Na-X zeolite | 2.5 FO-HA Tosoh Corp. | 0.23 wt%
Comp. Ex. 4 H-p H-B zeolite | 27.4 HSZ390 | Tosoh Corp. | 0.06 wt%
HOD
Comp. EKx. 5 Na-g H-B zeolite | 27.4 HSZ390 | Tosoh Corp. | 0.04 wt%
HOD
Comp. Ex. 6 H-USY H-UUSY 13.7 HSZ360 Tosoh Corp. |<0.01 wt%
zeolite HUD
Comp. Ex. 7 K-1L K-1, zeolite 6.0 HSZ500 Tosoh Corp. [<0.01 wt%
KOD
Comp. Ex. 8 | Na-Mor Na-morde- 18.3 HSZ642 Tosoh Corp. | 0.01 wt%
nite zeolite NAD
Comp. Ex. 9 H-Mor |H-morde-nite!| 15.0 HSZ620 Tosoh Corp. |<0.01 wt%
zeolite HOD
Comp. Ex. 10| Activated Activated XRC824 | Takeda Chem. | 003 wt%
carbon carbon (for Ind. Co.
Comp. Kx. 11[Activated halog{en TAC824 Takeda Chem. | 0.03 wt%
L adsorption)
caroon Activated Ind. C‘o.
Comp. Ex. 12| Activated | 3 "5 " SRCX | Takeda @hem. | 0.07 wt%
carbon sulfur
adsorption)
Activated
carbon (for
odorant
adsorption)
Comp. Ex. 13| Metal Zn O C7-2 Toyo CCI -
oxide
Comp. Ex. 14| Alumina Activated KHD12 Sumitomo 0.01 wt%
alumina Chem. Ind. Co.
Comp. Ex. 15| Alumina Activated KHO12 Sumitomo -
alumina Chem. Ind. Co.
Comp. Ex. 16 Silica Silica gel A type Fuji Silicia 0.08 wt%
Chem Co,
Comp. Ex. 17} Silica Silica gel B type Fuii Silicia [<0.01 wt%

As will be apparent from Table 2, with the commercially

available zeolites (Comparative Examples 1 to 9), the sulfur

adsorption 1s, at most, as low as 0.23 wt%.
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adsorbents other than the commercially available zeolites
(Comparative Examples 10 to 17), the adsorption is further lower.
More particularly, these results reveal that the adsorbents made
of the commercially available zeolites and activated carbons and
the like are not useful as an adsorbent for sulfur compounds in a
moisture-containing fuel gas, respectively.

In contrast, 1in view of Examples 1 to 13 wherein a transition
metal such as Ag, Cu, Zr, Fe, Co or Ni is supported on each of the
commercially available zeolites (Comparative Examples 1 to 8)
through ion exchange, the sulfur adsorptivity is effectively
improved over those of the commercially available zeolites alone.

Especially, where silver or copper is supported on the X-type
zeolite, Y-type zeolite or B-type zeolite through ion exchange
(Examples 1 to 4, 8 to 9), the adsorption of sulfur compounds
exceeds 1 wt%, and thus, a very effective adsorption
characteristic is ensured. Among them, the sulfur adsorption
of the case (Example 1) wherein Ag is supported on the Na-Y type
zeolite through ion exchange is at 4.1 wt%, ensuring a very
excellent adsorption characteristic.

It has been demonstrated that the test gas contains 1.8 ppm
of DMS, 1.2 ppm of TBM and about 380 ppm of moisture, and
DMS and TBM can be effectively adsorbed in the co-existence of
moisture.

We unexpectedly found during the course of the experiments
that as the adsorbents of Examples 1 to 9 adsorbed the sulfur
compounds, they underwent a clear color change. The results of
the observation are shown in Table 3. In the column “Prior to
Test” 1n Table 3, a color of each adsorbent in such a state as to
have the capability of sulfur adsorption (i.e. the capability of

desulfurization) before the test is carried out is shown. In the

-17-
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column “After Test”, the color of the adsorbent obtained after
having carried out the adsorption test, or in such a state as to
have little or no sulfur adsorptivity after adsorption of sulfur to

saturation (no capability of desulfurization) is shown.

Table 3 Color Change of Adsorbent
Example Nos. | Name of Sample Prior to Test (with After Test (with no
capability of capability of
desulfurization) desulfurization)
Example 1 Ag(Na)-Y White Brown
Example 2 Ag(H)-Y White Brown
Example 3 Ag(Na)-X Light brown Brown
Example 4 Ag(H)-B White Brown
Example 5 Ag(H)-USY White Brown
Kxample 6 Ag(K)-L White Brown
Kxample 7 Ag(Na)-Mor White Brown
Example 8 Cu(H)-Y Blue Brown
Kxample 9 Cu(H)-8 Blue Brown
Comp. Ex. 1 Na-Y White White
Comp. Ex. 2 H-Y White White
Comp. Ex. 3 Na-X Light brown Light brown
Comp. Ex. 4 H-8 White White
Comp. Activated carbon Black Black
Examples 10
to 12
Comp. Ex. 13 Metal oxide Black Black

In Table 3, for example, with the Na-Y type zeolite of
Comparative Example 1, the adsorbent prior to the test is white
1in color and no color change took place after the test. Similar
results are obtained in the other comparative examples.

In contrast, with Ag(Na)-Y of Example 1, for example, the
adsorbent prior to the test is white in color, which was changed
to brown after the test. This color change took place in a
similar way in other Examples 2 to 7.

In any of Examples 1 to 9, as the adsorption of the sulfur
compounds in the fuel gas is in progress, the color change
gradually proceeds from the inlet side of the adsorbent bed
toward the outlet side. After passage over a certain time after
commencement of the test, it was confirmed that the leading

point of the color change arrived at the vicinity of the outlet of
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the adsorbent bed. During the course of these tests, the treated
gas was sampled i1n relation to time from the outlet of the
adsorption tube and subjected to continuous measurement of the
concentrations of the sulfur compounds in the gas by means of
GC-FPD. As aresult, it was found that in all of Examples 1 to 9,
the sulfur compounds were detected some time after the color
change arrived at the outlet of the adsorbent bed, thus resulting
in the commencement of break-through.

When this color change is utilized, the life of the adsorbent
for sulfur compounds in a fuel gas can be simply, reliably judged
depending on the color change and replacement to the new
adsorbent can be conducted suitably.
<Preparation 2 of test adsorbents>

With respect to the adsorbent of the type wherein Ag was
supported on the Na-Y type zeolite through ion exchange and
which exhibited very excellent sulfur adsorptivity as set out
hereinabove, an adsorption performance was tested in relation to
the mixing ratio between silver nitrate and Na-Y type zeolite at
the time of ion exchange and the ion exchange time. Table 4
shows preparation conditions of samples. The ion exchange of
Ag was carried out by mixing the same type of Na-Y type zeolite
(Tosoh Corporation, commercial name: HSZ320NAD, cylindrical
pellets) as used in Preparation 1 of Test Adsorbent and a silver
nitrate aqueous solution at different Ag/Na ratios (i.e. molar
ratios between Ag in the aqueous solution and Na in the Na-Y
type zeolite) ranging from 0.05 to 0.75 and subjecting to an
agitation method (sample Nos. 1 to 5). Moreover, the Ag/Na
ratio was set at a given value (Ag/Na mixing ration was 0.75),
under which samples were prepared while using an aqueous

solution of 50°C and changing an ion exchange time of 1 hour to
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15 hours (sample Nos. 5 to 7). .
Table 4 Adsorbent preparation method of Examples 14, 15

Sample No. Ag/Na Weight of Silver Distilled lon Ton
(mixing zeolite nitrate water exchange | exchange
ratio) /g /g /g Temperat- time
ure /°C /hours
1 0.05 o0 1.36 S00 50 3
2 0.15 50 4.10 800 50 3
3 0.38 50 10.34 800 50 3
4 0.50 50 13.60 800 50 3
5 0.75 50 20.40 800 50 3
6 0.75 518 20.40 &S00 o0 1
7 0.75 510 20.40 300 o0 15

Example 14 = Sample Nos. 1 to 5, Example 15 = Sample Nos. 5 to

T

<Adsorption test 2 of sulfur compounds (Examples 14, 15)>
Using the test device shown in Fig. 4, an adsorption test of
sulfur compounds was conducted. The cylindrical pellets
obtained in Preparation 2 of Test Adsorbents were divided into
pieces classified to have a size of 0.35 mm t0 0.71 mm and packed
in amount of 1.0 cm” in a quartz tube (packed column as 4 in Fig.
4) having an inner diameter of 8 mm. A test gas used was one
wherein about 1000 ppm of moisture (corresponding to a dew
point of -20°C) was added to DMS diluted with nitrogen (DMS =
10 ppm/N,). The flow rate of the gas was set at 1000 cm?®
/minute (SV (space velocity) = 60000 h'), and a gas at the outlet
side of an adsorbent was sampled in relation to time, followed by
measurement at given intervals of time by means of GC-FPD to
determine a concentration of DMS. The results are shown in
Table 5. In Table 5, the term “break-through time” means a
time betore the concentration of DMS in the gas discharged from
the outlet of the packed column arrived at 0.1 ppm. The term
“Adsorption of Sulfur Compounds” means an amount of sulfur in
DMS adsorbed before arrival at the break-through time and

calculated according to the afore-indicated equation (1).
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Table 5 Test results of Examples 14, 15

Sample No. Measured dew Adsorption Break-through | Adsorption of
point /°C temperature time Sulfur
/°C /minutes Compounds

[wt %

1 -20.6 26.7 504 1.23
2 -20.5 27.5 854 2.12
3 -19.7 295.0 1778 3.02
4 -20.3 26.5 1827 4.30
5 -20.5 25.3 | 2145 4,92
6 -19.4 27.8 1775 3.88
7 -19.7 26.9 2045 4.87

Example 14 = sample Nos. 1 to 5 (adsorbents different in amount

of the 1on exchanged metal).

Example 15 = Sample Nos. 5 to 7 (adsorbents different in ion

exchange time).

As shown in Table 5 (sample Nos. 1 to 5 of Example 14), the
adsorbents wherein the Na-Y type zeolite was io'n~exchanged
with Ag exhibit a sulfur adsorption of 1 wt% or over in all the
cases, and in the case where the amount of the exchanged Ag is
small (wherein an Ag/Na mixing ratio is small), a satisfactory
effect 1s obtained. On the other hand, it will be seen that when
the amount of Ag relative to the Na-Y type zeolite is large
(wherein the Ag/Na mixing ratio is' large), the adsorption is
increased. As shown in Table 5 (sample Nos. 5 to 7 of Example
15), the adsorptivity of the adsorbents wherein the Na-Y type
zeolite 1s 1on-exchanged with Ag is substantially at an intended

level when the ion exchange time is approximately 3 hours or

over.
<Adsorption test 3 of sulfur compound (Example 16)>

Using the same device as used in Adsorption Test 2, an

adsorbent of sample No. 3 prepared in Preparation 2 of test

adsorbent was packed in a quarts tube (packed column 4 in Fig.

_91.-
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4) in an amount of 0.5 cm®, and a test gas composed of DMS
diluted with nitrogen (DMS = 10 ppm/N,), to which about 1000
ppm of moisture (dew point of -20°C) was added, was used. The
gas tlow rate was set at 1000 cm®/minute (SV = 120000 hour!),
and the gas discharged from the outlet of the packed column was
sampled in relation to time, followed by measurement at given
intervals of time by means of GC-FPD to determine a
concentration of DMS. The adsorption tube was placed in a
thermostatic container wherein the adsorption test was carried
out at room temperature of about 20°C, and also carried out at
different temperatures of about 50°C and about 80°C.

The results are shown in Table 6. In Table 6, the term
“break-through time” means a time before the concentration of
DMS 1n the gas discharged from the outlet of the packed column
of Sulfur

Compounds” means an amount of sulfur in DMS adsorbed before

arrived at 0.1 ppm. The term “Adsorption
arrival at the break-through time, which is calculated according
to the afore-indicated equation (1). As shown in Table 6, the
adsorptivity of the adsorbents wherein Na-Y type zeolite was ion
exchanged with silver is the highest in the vicinity of 20°C. As
the adsorption temperature increases, the adsorptivity lowers to
some degree and the lowering of the adsorption at 80°C is only

about 20%, thus exhibiting effective adsorptivity 1irrespective of

the adsorption temperature.

Table 6 Results of Adsorption Test 3 (Example 16)

Adsorption Measured dew | Adsorption of
temperature /°C point Sulfur
/°C compounds /wt%|}
21.5 -20.8 3.65
50.7 -19.0 3.54
80.6 -21.8 2.88

299 _

<Adsorption test 4 of sulfur compound (Example 17)>
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Using the same device as used in Adsorption Test 2, the
adsorbent of sample No. 3 (Ag/Na mixing ratio = 0.38) prepared
1n Preparation 2 of test adsorbent and the adsorbent of sample
No. 5 (Ag/Na mixing ratio = 0.75) were respectively, packed in a
quartz tube (packed column 4 in Fig. 4) in an amount of 1.0 cm?,
and a test gas composed of THT diluted with nitrogen (THT = 10
ppm/N,), to which about 1000 ppm of moisture (dew point of
—20°C) was added, was used. The gas flow rate was set at 1000
cm”/minute (SV = 60000 hour), and the gas discharged from the
outlet of the packed column was sampled in relation to time,
followed by measurement at given intervals of time by means of
GC-FPD to determine a concentration of THT.

The results are shown in Table 7. In Table 7, the term
“break-through time” means a time before the concentration of
T'HT 1n the gas discharged from the outlet of the packed column
0.1 ppm. The of Sulfur

Compounds” means an amount of sulfur in THT adsorbed before

arrived at

term “Adsorption

arrival at the break-through time, which is calculated according

to the afore-indicated equation (1). As shown in Table 7, the

adsorbent wherein Na-Y zeolite is 1on-exchanged with silver
exhibits effective adsorptivity against a small amount of THT

present i1n the gas irrespective of the amount of the ion-

exchanged silver.

25

Table 7 Results of Adsorption Test 4 (Example 17)
Sample No. Measured dew Adsorption Break-through | Adsorption of
point temperature /°C time Sulfur
/°C /minutes Compounds
[wt%
3 -18.7H 30.0 1877 4.13
0 -19.54 26.0 2172 4.45

<Adsorption test 5 of sulfur compound (Example 18)>

In the Adsorption Tests 1 to 4, the performance of the

.93.
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adsorbents was evaluated by sampling a gas from the outlet of

the adsorbent packed column in relation to time and analyzing
by means of GC-FPD. In this Adsorption Test 5, a gas at the
outlet of the adsorbent packed column was analyzed by means of
GC-SCD (gas chromatograph equipped with a chemical emission
detector for sulfur) that could analyze a very low concentration
of sulfur at higher sensitivity. The test conditions were the
same as 1n Adsorption test 1 except that any moisture was not
added to the test gas (dew point of about —60°C). Table 8 shows
the results of the analysis at the time of 25 hours after

commencement of the test. For comparison, the corresponding

values in Example 1 using GC-FPD are also indicated.

Table 8 Results of Adsorption Test 5 (Example 18)
Detector Lower limit of |Results of analysis at outlet of
detection adsorption column
Example 1 GC-FPD About 50 ppb Lower than the lower limit of
detection
Example 18 GC-SCD About 7 ppb Lower than the lower limit of
detection

As stated hereinbefore, the concentration of a residual
sulfur compound contained in a fuel gas after removal of sulfur
compounds should preferably be as low as possible. As will be
apparent from Table 8, when using the adsorbent of the
invention, the sulfur compound component in the city gas can be

adsorbed and removed to a very low concentration of 7 ppb or

below.

_94 .
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CLAIMS:

1. A method for removing a sulfide and a mercaptan

from a fuel gas containing the sulfide and the mercaptan,

which method comprises passing the fuel gas through an
adsorbent for removal of the sulfide and the mercaptan, at
room temperature, the adsorbent comprising a zeolilite which

is selected from a Y type zeolite and a B type zeolite, and

is ion-exchanged with Ag.

2 . The method according to claim 1, wherein the fuel

gas consists of a city gas, a natural gas or an LP gas.

3. The method according to claim 2, wherein the fuel

gas contains one or more sulfur compounds selected from

dimethyl sulfide, and t-butyl mercaptan.

4 . The method according to claim 1 or 3, wherein a

concentration of a residual sulfur compound in the fuel gas

after removal of the sulfide and the mercaptan 1s at a level

of 7 ppb or below.

5. The method according to any one of claims 1 to 4,

wherein a life of the adsorbent i1s judged based on a color

change of the adsorbent.

6. A method for removing a plurality of gaseous
sulfur compounds comprising at least one sulfide and at

least one mercaptan from a hydrocarbon fuel gas containing

the plurality of gaseous sulfur compounds added 1in a

concentration of more than 1 ppm and less than 10 ppm as an

odorant for the purpose of security against a leakage of the

hydrocarbon fuel gas, which method comprises:

passing the hydrocarbon fuel gas through an

adsorbent for removing the gaseous sulfur compounds at room

—D5-
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temperature, thereby reducing the concentration of the

gaseous sulfur compounds to 7 ppb or below,

wherein the adsorbent 1s made of a zeolite

lon-exchanged with Ag.

5 7. The method according to claim 6, wherein the

zeollite 1s selected from the group consisting of a Y-type

zeollite and a P-type zeollte.

8 . The method according to claim 6 or 7, wherein the

hydrocarbon fuel gas from which the gaseous sulfur compounds

10 are to be removed has molsture.

9. The method according to claim 6, 7 or 8, which

further comprises:

observing a color change of the adsorbent to judge

a life of the adsorbent.

15 10. The method according to any one of claims 6 to 9,

wherein the zeolite 1s a Y-type zeollite lon-exchanged with

Ag.

11. The method according to claim 10, wherein the

Y-type zeollte 1s Na-Y-type zeolite.

20 12. The method according to claim 10, wherein the

Y-type zeolite 1s H-Y-type zeolite.

13. The method according to any one of claims 7 to 12,
wherein the gaseous sulfur compounds to be removed comprise

dimethyl sulfide (DMS) and t-butyl mercaptan (TBM).

-7 -



CA 02332818 2001-01-31

| NANT0D @3MIVd Vv 40 13714Nn0 3IHL 1V
wdd}'0 S3IHOV3Y WAL/SWA 40 3NTVA V 340439 NOILIHOSAY NV : NOILJNOSaV d4N47NS

-U00G8: AS *,SWIGE: AT . YT0HE : 3LVE MO ‘VEL SVO ALID: SY9 1S3L

(WWH9 : IHIIH G340V ‘PLwge :NIWNT100 a3MOVd 40 M3 L3IWVId
43INNI WO Ot : INNOWY G3MOVd )31117103Z 3dAL X-DN:LN3IGHOSAY

Jo/ SVO 40 LNIOd M3Q

Ol- 0O¢- O¢- Oob- 0G- 09- 0OL- 08-
O

GO
v

-~ G}

H_N
oF

Yo LM /7 SUNNOJINOD
dN4 1INS 40 NOILJHOSAY

1YV HOI4d
b O 4

e L L L il . A

- u—a—n—.—.T_._..—___,..,.,,.,...,..

LN T e - e ), - AL e Pl ol 3 LANR N AR Y Y P A T ¥ Y. () bt ] Nt "
T e B g I N e T M ] I o M s SN N A N Do, R e o

8 s Sl
MR AN T A AR R TS

LRl o]



CA 02332818 2001-01-31

FI1G 2

CITY GAS, LPG OR THE LIKE |

FI1G 3
EXCHANGING SOLUTION

AGITATION METHOD] [IMPREGNATION METHOD [FLOW METHOD)]

A SOLUTION CONTAINING A ZEOLITE AND A SOLUTION A SOLUTION IS PASSED

A ZEOLITE IS AGITATED ARE PLACED IN AN EGGPLANT THROUGH A COLUMN
PACKED BY MEANS OF TYPE FLASK AND ROTATED PACKED WITH A ZEOLITE
BLADES ( FOR 2 HOURS). (FOR 2 HOURS), FOLLOWED BY MEANS OF A PUMP.

BY EVAPORATION FOR
CONCENTRATION OF THE
WASHING WITH
~ WATER | (FIVE TIMES WITH DIW )

SOLUTION N VACUUM.

URYING | (100°C x 1DAY IN AIR )

(400°C x 2 HOURS WHILE PASSING
| ALC]NATIG 0.5 LITER /MINUTE OF DRY N2)
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