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PROCESS -FOR PRODUCING CHLORINE

FIELD OF THE INVEN&ION
The present invention_;elates to a process for
producing chlorine. More particularly, it relates ;o a
process for producing chlorine, comprising oxidation of
hydrogen ch;oride, which makes it possible to produce
chlorine at a lower reaction temperature usihg a smaller-

amount of catalyst having high activity.

BACKGROUND OF THE INVENTION

It is ﬁnown that chlorine is uséfﬁl as a raw material
of vinyl chloride, phosgene,-etci, ana can be produced by
oxidation of hydrogen chloride. In Japanese Patent Kokai
(Laid-Open) No. 62-270405, for example, a process for
. producing chlorine, comprising oxidation of hydrogen
chloride using a chromium qxide catalyst is described.
However, the process which has hitherto been known has a
problem that_ﬁn activity of the cétalyst is insufficient,
aﬂd there has been desired to develop a catalyst having high
activity, which can be used for the oxidation ;eactioﬁ'of

"hydrogen chioride.



When using a supported ruthenium catalyst for a general
oxidation reaction with oxygen, rutheniumlin the high
o#idation state was sometimes volatilized at elevate@
temperature. Therefore, it has hitherto been considered
"that it is Aifficult to use the supported ruthénium catalyst
for the said reaction. The preéent i;veptors have found
first that the ruthenium catalyst shows high activity when
using it for the reaction for producing chlorine-by
oxidation of hydrogen chloride, and have'studied ﬁore

-intensively. Thus the present invention has' been completed.

OBJECTS OF THE INVENTION

That is, a main object of the present invention is to
provide.a process for producing chlorine, comp;ising
.oxidation of hydrogen chloride, which makes it possiblé to
produce chlorine at a lower reaction femperature using
smaller. amount of a catalyst having high.activity.

This object as well as other objects and advantages of
the pfesent invention will becomes apparent .to those skilled

in the art from the following description... :

SUMMARY OF THE INVENTION
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That is, the present invention provides a process for

pioducing chlorine by oxidation of hydrogen chloride with

oxygen which process comprises using a ruthenium catalyst.

DETAILED DESCRIPTION OF THE INVENTION
The ruthenium catalyst used for the present invention

means a catalyst containing at least ruthenium or a

" ruthenium compound, and examples thereof include

commercially available supported ruthenipm catalyst,

" ruthenium'oxide catalyst, catalyst obtained. by supporting a

ruthenium: compound on éucarrier, ruthenium mixed oxide
caﬁalyst, ruthenium black, etc.

Examples of the supported catalyst include supported
metal ruthenium catalyst etc. which are prepared by
supporting on a carrier such as alumina, silica, silicé
aiumina; zeolite, diatomaceous earth, oxide and mixed oxide

of elements (e.g. titanium.oxide, zirconium oxide, vanadium’

- oxide, etc.), metal sulfate, etc. according to a known

v ' .process (see Shokubai Kouza, Shokubai Jikken Handbook, 1986,

page 20, published by Kodan-sha). Commercially available
catalysts can also be used. The carrier used for the
supported catalyst is not specifically limited, and there
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‘can be preferably used titanium oxide, alumina, zirconium

oxide, zeolite, silica, titanium composite oxide, zirconium
composite oxide and aluminum composite oxide, more
preferably titanium oxide, zirconium oxide and alumina.

The r#tio of ruthenium to the carrier is preferably
from 0.1 to 20 % by weight, more pfef;rably from 1 to 5 % by
weight. A third component other than rutheniuﬁ can also be
added, and examples of the third component include palladium

compound, copper compound, chromium compound, vanadium

- compound, alkali:.metal compdund,.rare earth:compound,

'mangénesencompound, alkaline earth compound;: etc. .The

amount of the third component added is usually from 0.1 to
10 % By weight based on the carrier.

A'supported ruthenium catalyst can be used after
reduction of the catalyst or after oxidatioh of it.

Ekamples of the ruthenium.oxide catalyst include
ruthenium oxides such as ruthenium dioxide, ruthenium
hydroxide etc., a ruthenium dioxide catalyst and ruthenium
hfdréxide catalyst etc. according to a known method (see

Gensobetsu Shokubai Binran, 1978, page 544, :published.by

"Chijinkan). Commercially available ruthenium dioxide can

" also be used. The ruthenium oxide compound such as
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halogenated ruthenium oxide, in which ruthenium and other

elements are combined, are also used.

As .the preparétion method of ruthenium dioxide,_for

‘example, there is a method comprising adding an alkali to an

aqueous solution of RuCl,, precipitating ruthenium
hydroxide, washing the precipitate, féllowed by calcining in
the air.

A catalyst obtained by supporting ruthenium oxide on a

carrier is preferably used. Examples of the carrier include

. “oxide and mixed oxide of elements (e.g. titanium.oxide,

alumina, zirconium oxide, silica, titanium mixed oxide,
zirconium mixed oxide, aluminum mixed oxide, silicon mixed

oxide etc.) The weight ratio of (ruthenium oxide)/(the

"carrier) is usually 0.1/99.9 to 70/30. Examples of the

supporting ‘compounds include ruthenium oxide, futheniuﬁ
hydroxide, halogenated ruthenium oxide. As the supporting
method of ruthenium oxide, ‘for example, there is a method
comprising impregnafing the carrier with an aqueous solution
.0f RuCli, adding an alkali, précipitating ruthenium
hydroxide-on the .carrier, washing it with watér, followed by
calcining in the air. As the other example;- there is a

method comprising inpregnating the carrier with an aqueous
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solution of RuCls, drying, followed by oxydative
decbmposition under the calcination in ﬁhe air. The
supported catalyst is usually calcined at 106°C to 5_00°C for
about 30 minutes to 5 hours.

- Bxamples of the catalyst prepared by supporting the

ruthenium compound on the carrier include catalysts prepared

' by supporting compounds such as ruthenium chloride (e.g.

RuCls, RuCls hydrate, etc.), salt of chlororuthenate (e.g.

K:RuCls, [RuCls]®-, K:RuCle¢, etc.), salt of chlororuthenate

' hydrate (e.g. [RuCls(H:0)]?-, [RuClz(H:0)«]*, etc.), ruthenium

oxide (e.g. RuO2,. RuOs, etc.), salt of ruthenic acid (e.gq.

K:RuO:, etc.), ruthenium oxychloride (e.g. Ru20Cl:, Ru:0Cls,

‘Ru20Cls, etc.), salt of ruthenium oxychloride (e.g.

K2Ru20Clio, Cs:RuxCls, etc.), ruthenium hydroxide,

ruthenium-ammine complex (e.g. [Ru(NHs3)s]%*, [Ru(NHs)s]"‘,-

[Ru(NH;)sH20]**, etc.), chloride of ruthenium-ammine complex

'(e.g. [Ru(NH2)sC1l]%**, [Ru(NH:i)¢]Clz, [Ru(NH3)e¢]Cls, etc.),

ruthenium bromide (e.g. RuBr:, RuBr: hydrate, etc.), other

ruthenium-organic amine complex, ruthenium-acetyl acetonate

'compleic, 'ruthenium-carbonyl complex (e.g. Ru(CO)s, Ru3(CO)iz,

etc.), salt of ruthenium organic acid (e.g.-Ruz(RCO0)«Cl (R =

alkyl group), etc.), ruthenium-nitrosyl complex,



ruthenium—bhosphine complex, etc. on carriers such as
alumina, silica, silica alumina, zeolite, diatomaceous
.earth,.oxide and mixed oxide of elements (e.g. titanium
oxide, zirconium oxide, vanadium oxide, etc.), metal
sulfafe, etc. Two or mofé‘sorts of these carriers may be
used in coﬁbination. As the rutheniﬁﬁ compound, ruthenium
chlori&e, ruthenium chloride-ammine complex and
ruthehiumpcarbonyl complex are preferred. As the carrier,
titanium oxide, zirconium oxide, alumina, silica, titanium
" mixed oxide, "zirconium mixed oxide and aluminum mixed oxide
are preferably used. Aﬁong them, titanium oxide, alumina,
zirconium oxide and silica are particulaily preferred.

Aﬁditional examples of the catalyst include catalyst
-obtained by calcining the above catalyst, foilowed by
chemically-mixing with the carrier, catalyst subjected.to a
reducing treatment and catalyst subjected to‘an oxidizing
treatment.

The ratio of the ruthenium compound to the carrier is
usually-from 0.1 'to 20 % by weight, preferably from 1 to 10
3 by weight. A third component other than the ruthenium
compound can also be added, and examples- of -the third

component include palladium compound, copper compound,



chromium compound, vanadium.compound, alkali metal compound,
rare earth compound, manganese compound, alkaline earth
.compound, etc. The amount of the thi;d component added is
usually from 0.1 to 10 % by weight based. on the carrier.
Examples of the supporting process include impregnation
procesé, precipitation supporting proéess, coprecipitation
process, mixing process, etc. Among them, the impregnation
process is preferred.

As the impregnation process, for examplé, there is a
'pfocess comprising suspending a carrier in:a solution, which
is prepared by dissolving a ruthenium compéund in a solvent,
evéporating.the solvent, followed by drying and further |
.calcining. Examples of the solvent include water, mefhanol,
organic soivent, etc.

The supported catalyst is usually calcined at 100 to
500°C for about 30 minﬁtes to-5 hours.

The catalyst according to the method for preparing the
ruthenium mixed oxide is obtained by chemically-mixing at
least one oxide éelected from oxides such:as £itanium oxide,
zirconium oxide, alumina, silica, vanadium oxide, boron
oxide, cﬁromium oxide, niobium oxide, hafnium oxide,

tantalum oxide, tungsten oxide, etc. with ruthenium oxide.
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The compound for chemically-mixing with ruthenium oxide is
hot limited to the above compounds, and various mixed oxides
such as copper chromite, etc. are also used.. As ﬁhg process
for chemically—mixing ruthenium, for example, there is a

process comprising adding a hydrolyzate of the' ruthenium

compound (e.g. ruthenium chloride, etc.) to a hydrolyzate of

chloride, 6xychloride, nitrate, oxynitrate, alkaline salt of
oxy-acid, sulfate, alkoxide, etc. of titanium etc.,

filtering and washing the mixture, followed by calcining in

- air. Examples of the ruthenium compound include compounds

" described .as -examples of the catalyst obtained by .supporting

the ruthenium compound (e.g. ruthenium chloride, etc.) with
the carrier. RuCl: and RuCl; hydrate are preferred.
Preferred examples of the oxide for chemically-mixing with

ruthenium oxide include titanium oxide, zirconium oxide,

~ alumina, silica, titanium mixed oxide, zirconium mixed

oxide, aluminum mixed oxide and silicon mixed oxide. As the
process for supporting the ruthenium mixed oxide with the

carrier, for example, there is a process comprising

- impregnating the carrier with chloride, nitrate, etc. of

titanium and the ruthenium compound such as:ruthenium

chloride, followed by calcining in air. Examples of the
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carrier include titanium oxide, alumina, silica, zirconium
oxide or a mixed oxide thereof. The amount of the ruthenium
oxide contained in the ruthenium mixed oxide is usually froq
0.1 to 80 % by weight, preferably from 1 to. 70 % by weight.
A.third component can also be added, and examples of the
third component include palladium COmbound, copper compound,
chromiuﬂ compound, vanadium compound, alkali metal compound,
rare earth compound, manganese compound, alkaline earth
fcompound, etc. The amount of the third component added is

- usually fram 0.1 to 10 % by weight based on the weight of
the ruthenium mixed oxide.

Examples of the pfocess for preparing the ruﬁhenium
mixed oxide include coprecipitation process, process due to
mixing of precipitate, imbregﬁation process, etc. The
ruthenium mixed oxide is usually prepared by calcining-at
200 to 1000°C for about 1 to 5 houfs.

Examples of the process for suﬁporting the ruthenium
mixed oxide on the carrier include impregnation process,
.brecipitation:ﬁupporting process, etc, The supported
catalyst ié usually calcined at 200°C to '1000°C for about 1
to 5 hours. It is preferably calcined at 300°C to 500°C.

Examples of the calcining atmosphere include nitrogen, air,
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etc..

E#amples of the catalyst other than the above catalysts
include ruéhenium black prepared by a known process (see
"Shokubai Chousei Kagaku", 1980, page 233,.pub1ished by
Kodan-sha), supported catalysﬁ containing ruthenium
(supporting rate: more than 20 % by Qeight), etc.

According to the present invention, chlorine is
produced by oxi&ation of hydrogen chloride with oxygen using
a' ruthenium catalyst. The reaction system in the production
" of chlorine ig not specifically limited, but a flow'system
is preferred and a fixed bed gas phase flowssystem is more
preferred. When the reaction temperature is high, the
ruthenium 6xide in the high oxidatioﬁ state is sometimes
volatilized and, therefore, the reaction is preferably
conducted at lower témperature, more preferably from 160°C
to 500°C, most p‘referai:ly from 200°C to 380°C. Also, the
reaction pressure is not épeCifically_limiteq, but is
preferably from about atmospheric pressure to 50 atm. As
the oxygen raw material, air may be used-as:it is or pure
oxygen may be used. Since other components: are discharged
simultaneously when an inherent nitrogen gas is discharged

from the apparatus, pure oxygen containing no inherent gas
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is preferred. A theoretical molar amount of oxyéen for
hydrogen chloride is 1/4 mol, but oxygen is preferably
supplied in a 0.1-fold to 10-fold amount, more preferably

from 0.2-fold to 5-fold amount, for the theoretical amount.
- When the flow rate of the raw materlal, hydrogen chloride,
to the catalyst is represented by GHSV under atmospheric
pressure in the case of the fixed bed gas phase flow system,
GHSV is preferably from about 10 h-! to 20000 h-!, more
preferably from about 20 h™! to 1000 h-.

It becomes possible to produce chlorine at low.
‘temperature, - which is advantageous in view of'equilibrium,
by using the ruthenium catalyst having high activity. It |
also become possible to inhibit loss of an active component
in the reaction due to volatilization of ruthenium, which
-'has hitheito been considered to be a problem in the
supported futhenium catalyst,.ruthenium oxide catalyst,
catalyst obtained by supporting the ruthenium compound on
the carrier, catalyst obtained by the proéess for preparing
- the ruthenium mixed oxide, and ruthenium black.

The following Examples and Comparative Examples further
illustrate the present invention in detail but are not to be

construed to limit the scope thereof.
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Example 1

A catalyst was prepared by the following process. That
is, water (8.6 g) was charged in an ice-cooled flask, and
commercially available titanium tetrachloride (7.6 g) was
added dropwise with stirring to prepare an aqueous fitanium
tetrachloride solution. Then, a soluéion prepared by
_dissolving commercially available zirconium ox&chloride
~ octahydrate (13.1 g) in water (43.3 g) was added dropwise to
the aqueous titanium tetrachloride solgtion with stirring to
‘prepare a homogeneous solution. - A solution. prepared by_
. adding 36 % hydrocbloric acid (1.1 g) to a solution of
amhonium sulfate (13.4 g) and water (26.8 g) was poured int$
the above homogeneous solutioﬁ, followed by stirring to
prepare an homogeneous solution. Then, the homogeneous
solution was heated to 70°C and an aqueous 25 wt $% ammohia
solution (30.3 g)-was slowly added dropwise with stirring.
‘As the solution was added drbpwise, a white précipitate was
- formed. After adding dropwise, the ﬁixture was stirred at
-the same témperature for one hour. After.stirring, the
precip;tate was filtered, washed with distilled water (300
ml) and then filtered again; After this operation was

repeated three times, the resultant was suspended in water
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(150 ml). Then, a solution prepared by dissolving
commercialiy available ruthenium chloride hydrate (RuCls
nH:0) (9.74 g) in water (60 g) and a solution prepared by
dissolving sodium hydroxide (5.2 g, content: 96 %) in water
(20 g) were mixed and stirréd, after stirring, £he mixed
solution was immediately added dropwi;e to the suspension
with stirring. Water (40 ml) was further added. After
adding, a solution prepared by diluting 61 wt % nitric acid
(2.2 g) with water (30 g) was added dropwise, followed by
=:stirrin§ at- room temperature for one hour.@ﬁAfier stirring,
the black precipitate was filtered. The precipitate was
washed witﬁ distilléd water (30b ml) and then filtered
again._.After this operation waé repeate@ three times, the
resultant was dried at 60°C for 4 hours to obtain 16.3 g of.
a black solid. This solid-was grihded, heated in air from
room temperature to 350°C over 3.5 hours and then célcined
at the same temperature for 3 hours to obtain 13.5 g of a
black catalyst. According to the same manner as that
described above,.55. 4 g of the same catalyst was obtained.
The calculated value of the content of the ruthenium oxide
- was 36 % by weight. The resulting powder was granulated to

obtain a ruthenium oxide-titanium oxide-zirconium oxide
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catalyst of 12 to 18.5 mesh.

The ruthenium oxide-titanium oxide-zirconium oxide
. catalys£ (46.8 g) thus obtained was charged iﬁ a quartz
glass reac;ion tube (inner diameter: 22 mm). A hydrogen
chloride gas (19.0 ml/ﬁin.) and an oxygén gas (9.3 ml/min.)
were respectively supplied under atméspheric pressure
(converted on the basis of 0°C, 1 atm). The quartz glass
reaction tube was heated with an electric furnace to adjust
the inner temperature (hot spot) to 265°C. Six hours after
. -the beginning of the reaction, the gés atythe reaction
- outlet  was sampled by passing it through .ani;aqueous 30 %
potassium iodide solution, and then the amount of chlqrine
_ formed ;nd amount of the non-reacted hydrogen Ehloride were
respective}y determined by iodometric titration and
neutralization titration processs. As a-resulf, the
conversion of hydrogen hydrochloride was 95.9.%.

Example 2 |

The rﬁthenium oxide-titanium oxide-zirconium oxide
catalyst which is the same as that used in Example 1 (2.5 g)
was diluted by mixing sufficiently with a titanium oxide
cétalysi of 12 to 18.5 mesh (5 g), followed by charging in a

quartz glass reaction tube (inner diameter: 12mm). A
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hydrogen chloride gas (200 ml/min.) and an oxygen gas (206
ml/min.) were respectively supplied under atmospheric
pressure (converted on the basis of 0°C, 1 atm). - The quarti
glass reaction tube was heated with an electric furnace to
adjust the inner temperature (hot.spot) to 301°C. 2.9 Hours
.after tﬁe beginning of the reéé£ion, éhe gas a£ the reaction
. outlet was sampled by passing it through an aqueous 30 %
potassium ibdide solution, and then the émount of chlorine
formed. and amount of the non-reacted hydrogen'chloride were
'rgspectivgly determined by iodometric titration and
neutralizaiion titration processs. The catalyst activity of
chlorine formation per unit weigﬁt of the catalyst |
determined by the following equation was 7.35 x 10~* mol/min
g catalyst. The catalyst activity of chlorine formation per
unit weight of catalyst (mol/min g éatalyst) = amount of
outlet éhlorine formed (mol/min)/weight of catélyst (g9)
’ Examp;e 3

A catalyst was prepared by the folldwing process. = That
is, water (27.0 g) was charged in an ice-cooled flask, and
commercially available titanium tetrachloride (14.3 g) was
added dropwise with stirring to prepare an‘agqueous gitanium

tetrachloride solution. Water (1222 g) was added to the
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solution'at room temperature; and then a'solution of urea
(27.6 g) and water (100 g) was poured into the solution,
followed by stirring to prepare an homogeneous solut;on.
Then, the homogeneous solution was stirred with heating to
100°C for 2 hours. A white precipitate was formed
gradually. Then, a solution of urea k3.2 g) and water (26
gi was added at the same teﬁperature and, after stirring
sufficiently, the precipitate was filtered. The precipitate
. was ﬁashed with distilled watert(300 ml) and then filtered
 ~again; After this operétion was répeéted three times, the
'resultant was suspended in water (150 ml). Then, a solution
prepared by dissolving commercially available ruthenium |
chloride hydrate (RuCls nH:0) (7.12 g) in water (54 g) and a
solution prepared by dissolving sodium hyd:oxide (3.8 g,

" content: 96 %) in water (20 g) were mixed and stirred,-after
stirring, the mixed solution was immediately added dropwise
to the suspension with stirring. After adding dropwise, a
solution prepared by diluting 61 wt % nitric acid (1.57 q)
.with water (24 é) was added dropwise, followed.by stirring

" at room temperature for one hour. After stirring, the black
precipitate was filtered. The precipitaée was washed with

distilled water (300 ml) and then filtered again. After
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this operation waé repeated three times, the resﬁltant was
dried a£ 60°C for 4 hours to obtain 9.3 g of a.black solid.
This solid was gfinded, heated ig air- from room temperature
to 350°C over 3.5 hours and then calcined at the samé
temperature for 3 hours to obtain 8.1 g of a black catalyst.
The calculated valﬁe of the content of the ruthenium oxide
was 36 % by weight. . The resulting powder was granulated to
obtain a.ruthenium oxide-titanium oxide catalyst of 12 to
18.5 mesh.

According to the same reaction manner:;as that described
-in Example 2 except for charging the obtained ruthenium
.oxide—titanium oxide catalyst (1.9 g) in a quaftz glass
) re;ction tube and adjusting the inner temperature to 300°C,
the reaction was carried out. The catalyst activity of
chlorine formation per unit weight of the cat#lyst at the
tiﬁe at which 1.9 hours had passed since the beginning of
the reaction was 9.05 x 10~ mol/min g catalyst.

Example 4

A catalyst was prepared by the following process. That
~is, an aqueous 20 wt % (as TiOSO() titaniumisulfate solution
(54. 7 g, manufactured by Wako Junyaku Kogyo. Co., Ltd.) was

diluted'with water (110.3 g). The resulting sélution was
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charged in an ice-cooled flask, and an agqueous 25 wt %
ammonia solution (48.2 é) was added dropwise with stirring.
As a result, a white precipitate was formed gradually.
After stirring at room temperature for 30 minutes, tﬁe
_precipiéate‘was filtered. The precipitate was'washed with
~ distilled yater (300 ml) and then filéered again. After
this operation was repeated three times,'the resultant was
suspended in water (isd ml). Then, a solution prepared by
dissolving commercially available ruthenium chloride hydrate
" (RuCls nH20) (9.86 g) in water (61 g) and aJsolution prepared
by:dissqlving sodium hydroxide (5.2 g, content: 96 i) in
waﬁer (20 g) were mixed and stirred,‘after stirring,-the
mixed solution was immediately added dropwise to the
suspension with stirring. After adding dropwise, a solution
“prepared by diluting 61 wt % nitric acid (2.15 g) with water
(30 g) was added dropwise, followed by stirring at room
.temperature for one hour. After stirriné, the black
precipitate was filtered, washed with distilled water (300
ml) and then filtered again. After this operation was
repeated three times, the resultant was dried at 60°C for 4
hours to obtain 12.0 g of a black solid. This solid was

grinded, heated in air from room temperature to 350°C over
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3.5 hours and then calcined at the same temperature for 3
hours to obtain 9.9 g of a black catalyst. The calculated
value of the content of the ruthenium oxide was 46 % by
weight. The resulting powdgr was granulated to obtéin a
ruthenium oxide-titanium oxide catalyst of 12 to 18.5 mesh.

According to the same manner as éhat described in
Example 2 except-for,charging the obtained ruthenium
'oxide-titanium oxide catalyst (2.5 g) in a reaction tube agd
adjusting the inner temperature to 299°C, the reaction was
conducted. ' The catalyst activity of chlorine formation per
unit weight of the catalyst ﬁt the time at which 2.6 hoursl
ha& passed since the beginning of the reaction was 7.35 x
16* mol/min g catalyst.

Example 5 _

A catalyst was preparéd by the following method. That
is, commercially avilable titanium tetrabutoxide (15.4 g)
was disolved in ethanol (52 ml). Then, a solution prepared -
by diss&lving commercially avilable ruthenium chloride
'- hydrate (RuCls.nH:0) (10.1 g) in water (122 ml) and a
» solution pr;pared by dissolving sodium hydroxide (14.8 g,
conteng 96%) in water (60 ml) were mixed and.stirred, after

stirring, the mixed solution was immediately added dropwise
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_td the éthanol solution of titanium tetrabutoxide with
) sfirriﬁg. .As the solution was added dropwise, a precipitate
was formed. .After adding, the black-suséensipn was stirred
at room temperature sufficiently. Then, a solution prepared
by diluting 61 wt% nitric acid (25.7 g) with water (62 g)
was added dropﬁise, followed by stirring at room temperature
for one hour. After. stirring, the black precipitate was
filtered. Then, the black precipitate was washed with
distilled water (300 ml) and then filtered again. After
"this operation was repeated three times, the:resulﬁant was
dried a£ 60 °C for 4 hours to obtain 10.5 g of a black
 solid. This solid was grinded, heated in the air from room.
temperature to 350 °C ovef 3.5 hours and then calcined at
the same témperature for 3 hours to obtain 8.4 g of a black
catalyst. The calculated value of the content of'the
ruthenium oxide was 57 % by weight. The resulting powder
was granulated to obtain a ruthenium oxide-titanium'oxide
‘catalyst of 12 to 18.5 mesh.

- According to. the same reéction manner as that described
in Example 2 except for charging the obtained ruthenium

oxide-titanium oxide catalyst (2.5 g) in a quaftz glass

~ reaction tube and adjusting the inner temperature to 300 °C,
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the reaction was carried out. The catalyst activity of
chlorine formation per unit weight of the catalyst at the
time at which 1.9 hours had passed since the beginning of
_the reaétioﬁ was 7.7 X 10~ mol/min. g—cétalyst; |

Example 6

Commercially available ruthenium'oxide hydrate (RuO,
manufactured by Aldrich Chemical CO;) was granulated to
obtain-a ruthenium oxide catalyst of 12 to 18.5 mesh.

A&cordiné to the same mannér as that described_in.
" Example 2 except for charging the obtained ruthenium oxide
catalyst (2.5 g) in a reaction tube and adjusting the inner
téﬁperature to 300 °C, the reaction was carried out. The
catalyst activity of chlorine formation per unit weight of
_the catélyst at the time at which 1.5 hours ha& passed since
the beginn;ng of the reaction was 5.35 X 10~ mol/min. g-
catalyst.

Example 7

A 2 wt % spherical ruthenium-titanium oxide catalfst
having a particle'size of 3 mm¢ (manufactured by N.E.
- Chemcat Co.) was grinded to adjust the particle size to 12
to 18.5 mesh. According to the same manner as that

described in Example 2 except for charging this
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ruthenium-titanium oxide catalyst (2.5 g) in a reaction tube
without diluting with a titanium oxide carrier, supplying a
hydrogen chloride gas (190 ml/min.) and adjusting the inner
temperature to 300°C, the rgaction was conducted. Tﬁe
catalyst activity of chlorine formation per unit weight of
the catalyst at the time at which 1.5 hours had passed since
_the beginﬁing of the reaction was 1.38 x 10~ mol/min g
catalyst.

Exampie 8

The 2 wt # ruthenium-titanium oxide catalyst which is
-the same as that used in Example 7 was grinded to adjust the
pafticle size to 12 to 18.5 mesh. According to the same .
manner as that described in Example 2 except for chérging
the &atalyst‘(z.s g) in a reéction tube without diluﬁing
with a titanium oxide carrier, supplying a hydrogen chloride
gas (196 ml/min.) and an oxygen gas (170 ml/min.) and
adjustiﬁg the inner temperature to 380°C, the reaction was
- conducted. the catalyst activity of chlorine formation per
unit weighé of the catalyst at the time at which 2 houré had
passed.since the beginning of the reaction was 11.4 x 10-*
mol/min g catalyst.

Example 9 ‘
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A 2 wt % ruthenium-zirconium oxide catalyst_(l/B inch
pellet, manufactured by N.E. Chemcat Co.j was grinded to
adjust.the particle size to 12 to 18.5 mesh. According to
the same manner as that described in Example 2 excep£ for
charging this ruthenium-zirconium oxide catalyst (2,5 g) in
a reaction tube without dilutiﬁg with a titanium oxide
carrier, supplying a hydrogen chloride gas (196 ml/min.) and
an oxygen gas (170 ml)min.) and adjusting the inner
temperature to 380°C, the reaction was conducted._ The
';catalysé activity of chlorine formation per.unit weight of
. the'cata1y§t at the time at which 3 héurs.had-passed since
the beginhing of the reaction was 7.9 x'iO“ moi/min g
catalyst. The residual hydrogen chloride flow was 4.7 x 10-3
mol/min.

Example 10

A 5 wt % ruthenium-alumina powder catalyst
{manufactured b& N.E. Chemcat Co.) was granulated to obtain .
a catalyst of 12 to 18.5 mesh. According to the same manner
- as that described in Example 2 except for charging this
.granulafed ruthenium-aluminum catalyst (2.5.g).in a reaction
. tube without diluting with a titanium oxide carrier,

supplying.é hydrogen chloride gas (193 mi/min.) and
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adjusting the inner temperature to 380°C, the reaction waé
conducted. The catalyst activity of chlorine formation per
‘unit weight 6f the catalyst at the time at which 10 hours

; had passed .since the béginn%ng of the.reaction was 6.7 x 10~
- mol/min g catalyst. |

Example 11

A catalyst was prepared by the following process. That
is, silica AEROSIL 300 (18.76 g, manufactured by_Nihon
Aerosil Co., Ltd.) was suspended in an agqueous solution of
‘commercially available ruthenium chloride hydrate (RuCls
nnkh 1.02 g) and water (80 g), and then the mixture was
ev#poraggd to dryness at 55 to 60°C using a rotary
-evaporator'ahd heated in a nitrogen flow at 150°C for one
; hour to obtain 18.1 g of a green-black ruthenium chloride
catalyst. The ratio of RuCls; to the'carrier was 5 % by'
-weight; This catalyst was granul;ted to obtain a catalyst
of 12 to 18.5 mesh.

According to the same manner as that described in
Example 2 except for charging the resulting ruthenium
chloride catalyst (5 g) in a reaction tube without diluting
wifh a titanium oxide Carrier, supplying a“hydrogen chloride

gas (194 ml/min.) and adjusting the inner temperature to
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380°C, the reaction was conducted. The catalyst activity of
chlorine formation per unit weight of the catélyst at the
time at which 5 hours had passed since the beginning of the
reaction was 5.9 x 10~ mol/pin g catalyst.

Compargtive Example 1 _

A catalyst was prepared by the féllowipg process. That
is, chromium nitrate enneahydrate (60.3 g) was dissolved in
water (600 ml) and the solution was heated to 45°C. Then,
25 wt % ammonia water (64.9 g) was added dropwise over 1.5
- hours with stirring, followed by stirring at the same
temperature for additional 30 minutes. Water (3.3 1itér)
waé addéd to the formed precipitate and, aftef standing
overnight to cause sedimentation,.the supernatant was
removed by decantagion; Then, water (2.7 liter) was added,
followed by stirring sufficientl;} for 30 minutes. After the
.'precipitate was waéhed by repeéting this operation five
" times, the ‘supernatant was removed by decantation. Then, 20
wt % silica sol (49 g) was addedland, after stirring, the
mixture was evaporafed to dryness at 60°C using a rotary
evaporator. 'The resultant was dried at GO;C for 8 hours and
then dried at 120°C for 6 hours to obtain a green solid.

This solid was dried in a nitrogen flow at 120°C for 6 hours
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and then cooled to room temperature to obtain a green solid.
Then, éhis solid was calcined at 600 °C for 3 hours in the
air and granulated to obtain a Cr.0:-5i0. catalyst of 12 to
18.5 mesh. )

According to the same manner as that described in
Example 2 except for charging thé resﬁlting Cr20:-51i0;
catalyst (2.5 g) in a reaction tube without diluting with a
titaniun oxide carrier, supplying a hydrogen chloride gas
.-(192 ml/min.) and adjusting the inner temperature to 301 °C,
.:the-reactidn was conducted. The catalyst activity 6f
chlorine formation per unit weight of the catalyst at the
tiﬁe a£ which 3.7 hours had passed since the beginﬁing'of
thelreaction.was 0.19 x 10~ mol/min g catalyst.

CQﬁparative Example 2

According to the Same manner as that deséribed in
Example 2 except for charging the Cr:0:-Si0: catalyst (2.5 g)
u;ed in Comparative Example 1 in a reaction tube without
diluting witp a titanium oxide carrier,'supplying a hydrogen
_'chloride gas (192 ml/min.) and adjusting the inner
' temperature to 380°C, the reaction was cdnducted. The
catalyst activity of chlorine formation per unit weight of

the catalyst at the time at which 5.8 hours had passed since
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the beginning of the reaction was 2.1 x 10™* mol/min g
.'catalyst.

COmpafative Example 3

According to the same panner'as that described in
Example 2 except for charging the Cr:0:-5i0: catalyst (5 q)
" used in Comparative Example.l in a-reéction tube without
dilﬁting with a titanium oxide carrier, supplying ﬁ hydrogen
chloride'gas'(96.5 ml/min.) and adjusting the.inner
temperature to 380°C, the reaction was conducted. The
‘catalyst acﬁivity of chlorine formation per unit weight of
the catalyst at the time at which 5 héufs had passed since
"the beginning of the reaction was 2.7 x 10~ mol/min g

' catalyst.
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What is claimed is:

1. A process for producing chlorine by oxidation of
hydrogen chloride with oxygen which process comprises using
a ruthenium.catalyst.

2. The process according to claim 1, wherein the
. ruthenium éatalyst is a supported metél ruthenium catalyst
which is prepared by suppofting ruthenium on a carrier.

3; The process according to claim 1, wherein the
ruthenium catalyst is a ruthenium oxide catalyst.

" 4. The process according to claim 1, wherein the
- ruthenium catalyst is a catalyst prepared by éupporting a
ruthenium compound on a carrier.

5. The process according to claim 1, wherein the
ruthenium cgtalyst is a catalyst obtained by a process for
" ‘preparing a ruthenium mixed oxide.

6. The process according to claim 2, whérein the
carrier is at leasf one carriér selected from the group
consiséing of titanium oxide, alumina, zirconium oxide,
zeolite, silica, titanium mixed oxide, zirconium mixed oxide
and aluminum mixed oxide.

7. The process according to claim 2,fwhérein the

carrier is at least one carrier selected from the group

- ‘THIS SHEET HAS BEEN
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consiséing of titanium oxide, zirconium oxide and alumina.

8. The process according to claim 2, wherein a content
of ruthenium to the carrier is from 0.1 to 20 % by weight.

9. The process according to claim 2, wherein a content
of ruthenium to the carrier is from 1 to 5 % by weight.

io. The process according to cléim.B, wherein the
ruthenium oxide catalyst is a ruthenium oxide and/or
-.futhenium hydroxide.

11. The process according ﬁo claim -3, wherein the
"ruthenium oxide catalyst is a supported ruthenium ox;de
catalyst.

12. The_process according to claim 11,'wherein the
carrier is at least one carrier selected from the group
consisting of titanium oxide, alumina, zirconium oxide,
silica, titanium mixed oxide, zirconium mixed oxide,
éluminum mixed ogide and silicon mixed oxide.

13.. The prochs according to claim 11, wherein
_.a ratio of ruthenium oxide to the carrier is from 0.1/99.9
" to 70/30 by weight.

14. The process according to claim 4, wherein the
ruthenium compound is at least one coﬁpound selected from

the group consisting of ruthenium chloridé, ruthenium

THIS SHEET HAS BEEN
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.chlbride-ammine complex and ruthenium-carbonyl complex.

15. fhe process accotding to claim 4, wherein the
carrier is at least one carrier selected from the group
consisting of titanium oxide, alumina, zirconium oxide,
silica, titanium mixed oxide, zirconium mixed oxide and
aluminum mixed oxide.

16. The process according to claim 4, wherein the
carrier is at least one carrier selected from the group
consisting of titanium oxide, alumina, zirconiuﬁ oxide and
"silica. ' .

i7. The. process according to claim 4, wherein a ratio
of the rutﬂenium compound to the carrier ‘is from 0.1 to 20 é
by welght.

18. The process according to claim 4, wherein a ratio
of the ruthenium compound to the carrier is from 1 to 10 %
by weight.

19. The process according to claim 5, wherein the
catalyst obtained by the process for preparing the ruthenium
mixed oxide is a catalyst ﬁhich cdhsists of at least one
oxide selected from the group consisting of titanium oxide,
.zirconium oxide, alumina, silica, titanium mixed oxide,

zirconium mixed oxide, aluminum mixed oxide and silicon

[Tais s HAS BEEN ]
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mixed oxide, and ruthenium oxide.

20. The process according to claim 5, wherein the
,catalys£ obtained by the process for preparing'the ruthenium
. mixed oxidg is a catalyst sppported on at least one éarrier
selected from the group consisting of titanium oxide,
zirconium oxide, alumina, silica, titénium,mixed oxide,
zirconiﬁm,mixed'oxide, aluminum mixed oxide and silicon
mixed oxide. -

| 21. The process according to claim 5, wherein the
.'catalyst obtained by the process for preparing the ruthenium
mixed oxide is a catalyst containing ruthenium oxide in an
.ambunt of 1 to 70 % by weight.

22; The process according to claim 5, whérein the
_ catalyst o§tained by the process for préparing the ruthenium
mixed oxide is a catalyst prepared by caicining at a
calcining temperature of 300 to 500°C.

23. The process accordiﬁg to claim 1, wherein a
reaction temperature of oxidation of hydrogen chloride with
- oxygen is from 100 to 500°C.

24. The process-according to claim 1, wherein a
reaction temperature of oxidation of hydrogen chloride with

oxygen is from 200 to 380°C.
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25. The process according to claim 1, wherein a
reaction pressure of oxidation of hydrogen chloride with
oxygen is from atmospheric pressure to 50 atm.

. 26. The process accqrging to claim 1, wherein éxygen
is pure oxygen. | |

27. Tﬁe.prqcesé according to cléim 1, wherein a molar
ratio‘of oxygen to hydrogen chloride is fram 0.2 to 5. |

28. The process according to claim 1, wherein a GHSV

which is a ratio of a converted amount of a supplying rate

"of hydrogen chloride to a volume of the catalyst under

atmospheric pressure is from 20 to 1000 h-i.
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