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1 P SS FOR PRODUCI NG CHLORI NE .FIELD OF THE
| NVENTI ON The present invention relates to a process for \ﬁﬁbﬁucing
chlorlne. More particularly, it relates to a process for producing
chl orkneé, -conpri sing oxidation of- hydrdgen chloride, which makes it
possijl e to produce chlorine at a |ower reaction tenperature using a
sgul|'qg anmount of catalyst having high activity.
BACK ND OF THE | NVENTI ON It is known that chlorine is useful as a

raw materi al i 'yg% 'gFﬁBKENEE“C" and can be produced by
oxi dati on of -Pr%rn\ggsg#ocﬁlwﬁﬂ e. qd; apanese Patent Kokai (Laid-Open) No.

62- 270405, for exanple, a process for producing chlorine, conprising
oxi dation of hydrogen <chloride using a chrom um axide catalyst is

described. - However, the processMbin biames HifEkProgen known has a

The present invention relates 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.



probl em that an activity of the catalyst is insufficient, and there has
been desired to develop a catal yst having high activity, which can be used
for the oxidation reaction of hydrogen chloride. .
2° When using a supported ruthei um catal yst for a general .
oxi dation reaction wth oxygen, rutheniumin the high oxi dation state was
sQnetines volatilized at el evated tenperature. Therefore, it has hitherto
been consi dered that it is difficult to use the supported rutheni um
cat al yst for themedl hdighfld Yhppblt eﬁﬁgﬁ AR e £ egbpupd 1
firstthat the ruthenlun1€gﬁglystsghoms e} 5%t|V|ty dﬁgﬂ@ﬂ ué?ng ??n?g?
the reaction _far, pr.oducj chlori, b oxi dat,i.on of hydrogen chl ori de,
and have stu&?@g4%£a§ f%&%ﬁﬁ%ﬂ\ﬂﬁﬁi aﬁﬁﬂ?4%1 YRt éﬁ@?g%lags been

: | NVENTI
compl et ed oxi aJ?gES£%;£gH%as somgégges volatilized at elevated

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



That is, a main object of the present invention is to provide a process
for producing chlorine, conprising oxidation of hydrogen chloride, which
makes.it possible to -produce chlorine at a | ower reaction tenperature
using smal'ler anbunt of a catal yst havidng high activity. Thi s obj ect
as well as other objects and advantages of the present invention wll
becones apparent to those skilled in the art fromthe following

descri ption. SUWARY COF THE | NVENTI ON

=3 - That .is,_ the present .inventiqn provides a pr

praduci ng chl ori neQ39to%FdaFﬁSnpresﬁf‘thﬁ‘&P'gé% °5£I95ﬂvd’§s%ﬁ ﬁ? P%C??gezsrg %olzc':h
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prepared by sB n-a-carrier.

DETAI LED DESCRIPTION OF THE I NVENTION . The rutheni um cat al yst used
for the presenxygenewhich pragess comprisescysifighiangukhenium eatalysteni um
or a rutheni um conpound, and exanpl es thereof include commercially
avai | abl e supported ruthenium catal yst, ruthenium oxide catal yst, .catal yst
obtai ned by 10 supporting a rutheni um conpound on a carrier, ruthenium

m xed oxi de catal yst, rutDRFAILED DESCRKPTEQN OF THE INVENTION

The ruthenium catalyst used for.the present invention
means a catalyst containing at least ruthenium or a

'ruthenium.cﬁmpound, and examples thereof include
commercially available supported rutﬁenipm 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.i, 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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Exanpl es of the supported catal yst include supported netal ruthenium

catal yst etc. whi ch are prepared by supporting on a carrier such as
alumina, silica, silica alum na, zeolite, di at onraceous earth, oxi de and
ni*xed oxi de of elenents (e.g. tltanlun16X|de -Zi rconi um 15 OXIde vanadi um
oxide, etc.), netal sulfate, etc. according to a known process (see
Shokubai Kouza, Shokubai Ji kken Handbook, 1986, page 20, published by
Kodan-sha). Comrerci ally. avai l abl e catal ysts can al so be used. The

carrier used ddi B preafibisd ﬁé&cﬁ'ﬂﬁamﬁuxﬁ%xldeﬁmmml | gitéoniaed, and
t here can be preferably used

titani um oxi f!sgucﬁé Unddissivid | G AR, t:P&%ﬂ'fum Opé@;té'éizf@e t £ AN Itm
corrp05| te oxi , ZI rconl um corrp05| te oxide an al um num corrp05| te oxi de

O or P ST il £0d UYUE QIS EnLGR USRI £ @%U%&ezo%by The

-ratio of rut &nIumt € carrier 1s prefe

wei ght, nore from., to 5 pnent ot her
than t ut hen @%%ﬁ%b%t&et nl%mf%dzmw@ arfad hed, S FRE R onent
i ncl ude palladiun1 conpound r; compound, chrom um conpound, vanadi um
conpound, al kal i : .Th& %’é“%a‘?‘? R IFRARIALT 18 r%ﬁ%%’ély

conpound, al kali ne earth conpound etc. The anount of the third
conponent addxen 9 4ds k120 ¥ &y weight, maxe %lfgf%kght fremdl ko thet by

carrier.
: weight. A third component other than ruthenlum 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,
'mangéneseMCAmpound, alkaline earth compound;: etc. .The
amount of the third component added ié 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
hydréxide 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



A supported ruthenium catal yst can be used after reduction of the

catal yst or after oxidation of it. Exanpl es of the rutheni um oxi de
cat al yst include rut heni um oxi des such as rut heni um di oxi de, rutheni um
hydr oxi de etc., . a ruthenium di oxi de cat 8l yst and rut henium hydroxi de
.catal yst etc. according to a known nethod (see Gensobet su Shokubai
Bi.nran, 1978, page 544, published by Chijinkan). Comrercially avail able
rut heni um di oxi de can al so be used. The rutheni um oxi de conpound such as

5 hal 096“%&8 utah.‘aa' 'ﬁ'ia-.%nq.‘ﬁm 'dau\eiy SR WHIRH YaaHeh Qidednd SbER@Pt S

are conbi ned, al so use He preparation method of ruthenium

di oxi de, forﬁﬁgﬁggg hgr?q1b % ”%&QP%Q&QPWH& ng.addlng an alkali to an

aqueous solu C|p|ta ng ru ‘eni um hydroxi de, washi ng
_the precipitate, Bs"QWEd 2£ar%%%bﬂ w%thod J?aruthenium 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,
algmina, 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 rutheniuﬁ 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



A catal yst obtained by supporting rutheniumoxide on a carrier is
preferably used. Exanples of the carrier include oxide and m xed oxi de of
el enents (e.g. titaniumoxide, alumna, zirconiumoxide, silica, titanium
m*xed oxide, zirconium m xed oxi de, al & num m xed oxide, silicon m xed
oxide etc.) The weight ratio of (rutheniumoxide)/(the carrier) i

usual ly 0.1/99.9 to 70/ 30. Exanples of the supporting conpounds include
rut'heni um oxi de, ruthenium hydroxide, halogenated rut heni um oxi de. As the

igﬁgffg:ﬂg |E%rggﬁa€ang tﬁge'ﬂrr r}%%th an aquegﬁg ggﬁﬁtlon aogeéﬂgﬁ[err],
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| about 30 minutes to 5 hours.
- Bxamples of the catalyst prepared by supporting the
ruthenium cqmpound on the carrier inciude catalysts prepared
'by supporting compounds such as ruthepium chloride (e.q.
RnCl;,_RucIs 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
Oxj.de (e.g. RuO:z,. RuO4, etcf),- salt of ruthenic acid (e.gq.
K:RuO:, etc.), ruthenium oxychloride (e.g. Ru20Cl:, Ru:0Cls,
"Ruz20Cls, etc.), salt of ruthenium.oxychloride‘(e.g.
Kz}!uzocllo, Cs:Ru2Cls, etc.), ruthenium hydroxide,
ruthenium-ammine complex (e.g. [Ru(NHs)¢]?*, [Ru(NHs3)e]*,
[Ru(NH;)sH20]**, etc.), chloride of ruthenium-ammine complex
'(e.g. [Ru(NHi)sCl]?*, [Ru(NH:i)6]Clz, [Ru(NH3)¢]Cls, etc.),
ruthenium bromide (e.g. RuBr:, RuBr: hydrate, etc.), other
ruthenium-organic amine complex, rutheniumpadetyl acetonate
'complek, rutheniumscarbonyl 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,



deconposition under the calcination in the air. The - supported catalyst is
usual ly calcined at 100[err]C to 500[err]C for about 30 mnutes to 5

hour s. Exanpl es of the catal yst prepared by supporting the

rat heni um conpound on the carrier include catalysts prepared by supporting
conmpounds such as rutheniumchloride (e.g. RuC[err], RuC[err] hydrate,

etc.), salt of chlororuthenate (e.g. Klerr]J]RuCJ[err], [RuC[err]][err]-
Klerr]RuCl [err], etc.), salt of chlororuthenatf hydrate (e g.
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[RUNH err])[err]llferr]+, ,[Ru(NdH err])[err]H[err]C] [err]+, etc,
chl ori de of r%¥ ruﬁ%ﬁﬁﬂ?h@mcﬁﬁi ex Vapadiumpgxigdeer EFE wrFeFFFerr]
[RU(NH err])[e ]C[err], [Ru(NH err])[err]]C[err], etc.), ruthenlum
broni de (e.g. S '{-%i r?tcRuBl‘?@r@? noreasertst of) thesmecarriersnmam degani c
am ne conpl ex, rutheniumacetyl acetonate conplex, ruthenium carbonyl
conpl ex (e.g.used CO)[ecombin&ien: ]| (X9) fkerfutheniun, cempound, r rubheniom
organic acid (e.g. -Ru[err](RCOO)[err]C (R = alkyl group), etc.),
rut heni um ni telobytideppreshenium -.chloride-ammine complex and
- ruthenium-carbonyl complex are preferred. As the carrier,
titanium oxide, zirconium oxide, alumina, silica, titanium
' mixed oxide, zirconium mixed oxide and aluminum mixed oxide
are-preferébly used. Aﬁong them, titanium oxide, alumina,
zirconium oxide and silica are particulaily preferred.
Additional examples of the catalyst include catalyst
-obtained by calcining the above catalyst, followed 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,



rut heni um phosphi ne conplex, etc. on carriers such as alumna, silica,
silica alum na, zeolite, diatomaceous earth, oxide and m xed oxi de of
el enents (e.g. titanium oxide, zirconium oxide, vanadi umoxide, etc.),
metal sulfate, etc. Two or nore sorts @ these carriers may be wused in
conmbi nation. As the rutheni um conpound, ruthenium chloride, ruthenium
chl ori de-anmm ne conpl ex and rutheni um carbonyl conplex are preferred. As
the carrier, titaniumoxide, zirconiumoxide, alumna, silica, titanium

m xed oxide, ghieRMD"cBingednai ¢anaBdudl Eompotnd, X adkatiidetdle donpioind) v
used. Anong them titanium oxide, alumna, zirconiumoxide and silica are

particularly pagbcepedn compoufldl ibgahes BBERAL, BT xa3HEY Barip! ude

catal yst obtained by catc |ng_fhe above catalyst, _
cher cal v bl A S48kl obEs byl btk ol .
| 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,
evaporating 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.



treat ment. The ratio of the rutheniumconpound to the carrier is
usual Iy fromO0.1 to 20 % by weight, preferably froml to 10 % by weight. A
third conponent other than the ruthenium conpound can al so be added, and
exanpl es of the third conponent includ® palladi um conpound, copper

- conmpound, chrom um conpound, vanadi um conpound, al kali. neta
cqmpound,. rare earth conpound, manganese conpound, al kaline earth
conpound, etc. The ampunt of the third conponent added is wusually fromO.1
to 10 % by werigdtchassdndnfoheciemically-nkRingewith ihehenpamr bkidepiscess
include inpregnation process, precipitation supporting process, _
coprecipitatighe Pi{RCESE t& thé abbé C8SmpShkds ATRAY (ALTbubhAikER' 8%1dksON

process is preferred. As the inpregnhation process, for exanple, there
1s a processgcOPLL SEOSH SHRGh¥e 2 E6E! 1 fFe! 81805QL84! ONasBhENprocess
for chemically—mixing ruthenium, for example, there is a
process comprising adding a hydrolyzate of the' ruthenium
‘compound (e.g. ruthenium chloride, eté.) to a hydrolyzate of
chloride, 6xychloride, nitrate, oxynitrate, alkaline salt of
oxy-acid, sulfate, alkgxide, 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. futhenium chloride, étc.) with.
the carrier. RuCl: and RuCl; hydrate are preferred.
Preferred examples of the oxide for chemically-mixing with
ruthenium ogide include titanium oxide, zirconium oxidé,
_.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 |
carrief, 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



I's prepared by dissolving a rutheni um conpound ina sol vent, evapor ati ng
the solvent, followed by drying and further calcining. Exanples of the

sol vent include water, nethanol, organic solvent, etc. The supported
catalyst 'is usually calcined at 100 to. 1®00[err]C for about 30 nminutes to 5
hour s. - The catal yst according to the nmethod for preparing the

rytheni um m xed oxide is obtained by chemcally-mxing at |east one oxide
sel ected from oxi des such as titanium oxide, zirconium oxide, alum na,

silica, vanadigfyfed denched@NeiCxhfem 601881 UALANIAS, Qig!@ HM 2%rdSnium

haf ni um oxi de, tantal um oxide, tungsten ox! de, etc. { heni um oxi de.
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of the ruthery Ynio 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

- compound, 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,
brecipitationfﬁupporting 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,



conpound (e.g. rutheniumchloride, etc.) to a hydrdlyzate'of chl ori de,

oxychl ori de,

nitrate, oxynitrate, alkaline salt of oxy-acid, sulfate,

al koxi de, etc. of titaniumetc., filtering and washing the m xture,

followed by calcining in air. Exanples1df the ruthenium conpound include

conpounds described as exanples of the catal yst obtained by supporting

t he rut heni um conmpound (e.g. rutheniumchloride, etc.) with the carrier.

RuCl'[err] and RuCl[err] hydrate are preferred. Preferred exanples of the

. oxide for chegkequylnixjng wi th ruthenium oxide include titani um oxide,
e,

Zi rconi um oxi
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supporting .the rut
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alumna, silica, titanium m xed oxide, zirconiumm xed

ere
nitrate,

carriler,
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fol lowed by calgipipg;i 8nalle; FXATRLSS ,°1080S page 233, published 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 is 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



carrier include titaniumoxide, alumina, silica, zirconium oxide or a

m xed oxi de thereof. The anmount of the ruthenium oxide contained in the
rut heni um m xed oxide is usually from 0.1 to 80 % by weight, preferably
froml to 70 % by weight. A third conpb2ent can al so be added, and
exanples of the third conponent include palladi um conpound, copper
cqQnpound, chrom um conpound, vanadi um conpound, al kali netal conpound,
rare earth conpound, manganese conpound, al kaline earth conpound, etc. The

anmount  of tf“ié*bfékéﬁﬁ&@”eﬂi'@KEE%btfcaPSH@iéf 5&8@%@ éft8x§8eﬂbbar“5'ght
based on the weight of the ruthenium m xed oxid Exanpl es of the

process for Hyditgel téﬁfnfiﬁc—?% U4 %f?t%d&*r%éxjé PQESEéBi ation

process, proc 0~ mXxing of ‘precip gnat On process, etc
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usual |y caIC|ned at 200[err]C to 1000[err]C for about 1 to 5 hours It is
preferably cmfhé'ch%ltfm[@'qﬁ % Foraw mater:.al, 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.



Exanpl es .of the cal ci ning at nosphere include nitrogen, air,

etc.. " Exanpl es of the catal yst other than the above catal ysts

i ncl ude rut’heni um bl ack- prepared by a known process (see "Shokubai Chousei
Kagaku", 1980, page 233, published by *®&dan-sha), supported catal yst
containing ruthenium (supporting rate: nore than 20 % by weight), etc.
According to the present invention, chlorine is produced by oxidation of
hydrogen chloride with oxygen using a rutheniumcatalyst. The reaction

systemin the prqugﬁﬂ i 1of chlorine is not specifically limted, but a
flow system is preferred and a fixed bed gas phase flow systemis nore
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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



to 500[err]C, nost preferably from200[err]Cto 380[err]C. Also, the
reaction pressure’is not specifically limted, but is preferably from
about at nospheric pressure-to 50 atm As the oxygen raw material, air may
be used as it is or pure oxygen nay beldised. Since other conponents are
di scharged sinultaneously when an inherent nitrogen gas is. discharged
fromthe apparatus, pure oxygen containing no inherent gas

12 is preferred. A theoretical nolar anount of oxygen for hydrogen

chloride is 1(fs00hl)butTReéNpea s610ELORT pheparedrbyi @ilss61vifigl-fold to
10-fol d anount, nore preferably from0.2-fold to 5-fold anount, for the

theoreti cal ﬂﬁ&Hﬂérei%?ﬁthGEii$EWErfﬁéhéﬁiﬁﬁecﬁfﬁkﬁﬁéeﬁ&&fatEy@kﬁﬁip

chloride, to the cat |s_represented_by.GHSV under atnospheric
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about 20 h[eréiségi%BSS ggg{&i'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



It becones possible to produce chlorine at Iow tenperature, which is
advant ageous in view of equilibrium by using the ruthenium catal yst
havi ng high activity. It also becone passible to inhibit loss of an active
conponent in the reaction due to volatibization of ruthenium which has
hitherto been considered to be a problemin the supported ruthenium

catal yst, rutheni um oxi de catalyst, catalyst obtained by supporting the
rut heni um conpound on the carrier, catalyst obtained by the process for

preparing thearahlani wp 1i2xed qglgenmﬁ@p rut heni um bl ack. The
fol l owi ng Exanpl es”and Conparative Exanples further illustrate the present

invention in detai byt 35@nigh b&;ﬁ%-t&%raa}éﬂ?%méiiggc&r{ﬁ.@%e

t her eof .
Charoa i anSeERERY Do oot BhsHiBE e Winndelt 4 ¢ s ¢ 0 s
tetrachlorlgeg&ass %Lactlon tube (inner diameter: 22 mm). A hydrogen
chloride gas (19.0 ml/min.) and an oxygen 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



added dropwi se with stirring to prepare an aqueous titanium tetrachloride
solution. Then, a solution prepared by dissolving comercially avail able
zi rconi um oxychl oride octahydrate (13.1 g) in water (43.3 g) was added
dropwi se to the aqueous titaniumtetradBl oride solution with stirring to
prepare a honogeneous solution. A solution prepared by adding 36 %
~hydrochloric acid (1.1 g) to a solution of amoniumsulfate (13.4 g) and
water (26.8 g) was poured into the above honbgeneous sol ution, followed by

stirring to w&pagén%nmﬂaeneags(ﬁobUMminTgeandt BR BRYBERNEANS (200
solution was heated to 70[err] C and an aqueous 25 wt 9% ammDnfia ~“sol ution

(303 9 oo LAY, et OBMaEILD Shupiola spdie! Beaflibess oz
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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
s 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‘aqueous titanium

tetrachloride solution. Water (1222 g) was added to the



14 (150 m). Then, a solution prepared by dissolving commercially
avai |l abl e ruthenium chloride hydrate (RuC[err] nH2O (9.74 g) in water
(60 g) and a solution prepared by dissolving sodi um hydroxi de (5.2 g,
content: 96 %9 in water ' (20 g) were m¥gd and stirred, after stirring, the
m xed solution was i medi ately added dropwi se to the suspension wth
stirring. Water (40 m) was further added. After -adding, a solution
prepared by diluting 61' Wt %nitric acid (2.2 g) with water (30 g) was

added dropw s \ SLLLL r ogQpt r at 0 L.
Ator stirri ngoluPhefi e Plom dombebPeltel Rl EBE & HoTubibn 08 BRER.
washed with distill ed water_ (300 and then filtere ain. After this
operation waskizpéa?gda?%r %£?¥n§£$atﬂg w?%sﬂ??ﬁﬁ% ﬁﬁg°d€ﬂ%dsa%uﬁbepfor 4
hours to obtain 16.3 g?of a bl ack solid. This solid was grinded, _heated in
air from roohPihaped Y SE1EF RGP (PEEBIES A0 shaBAgenepds: ARAUEAPBned
at the sane tenperature for 3 hours to obtain 13.5 g of a_ black catalyst.
Accor di ng t o Thenesakee kemegeneous solyeien veg sbivredseith heatingetoane
catal yst was obtained. The calcul ated value of the content of the
rut heni um oxi H@0°C for 2 hours. A white precipitate was formed -
gradually. Then, a solution of urea (3.2 g) and water (26
gi was added at the same teﬁperature and, after stirring
sufficiently, the precipitate was filtered. The precipitate
. was washed with distilled water'(300 ml) and then filtered
 ~again. After this operation 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 hydroxide (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 g) was added dropwise, followed by stirring
" at room temperature for one hour. After stirring, the black

precipitate was filtered. The precipitate was washed with

distilled water (300 ml) and then filtered again. After



was 36 % by weight. The resulting powder was granulated to obtain a

rut heni um oxi de-titani um oxi de-zi rconi um oxi de :

15 catal yst of 12 to 18.5 nesh. The rut heni um oxi de-titanium

oxi de-zirconium oxide catalyst (46.8 g]8thus obtained was charged in a
quartz glass reaction tube (inner dianeter: 22 mm. A hydrogen chloride
gas (19.0 mM/mn.) and an oxygen gas (9.3 m/nin.) were respectively
suppl i ed under atnospheric pressure (converted on the basis of 0C, 1 atn).

The quartz glerss opeécationiwhe repebtadcehrbéhtdhes| cehei gebilbant Was
adjust the inner tenperature (hot spot) to 265 err]C. Six hours after the

begi nni ng of &hfedeaeté®t £d1e Paodis WY JHaLin ?.d;eogslt ftavﬁfaéﬁr@&ﬁﬁdpy

passing it t'hrough an aqueous 30 % potassiumio olution, and then the
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to 350°C over 3.5 hours and then calcined at the same
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



neutralization titration processs. AS a result, the conversion of hydrogen
hydr ochl ori de was 95.9 % Exanple 2 The rut heni um

oxi de-titani um oxi de-zirconiumoxide catalyst which is the sane as that

~used in Exanple 1 (2.5 g) was diluted B9 m xing sufficiently with a
ti-tani um oxi.de catalyst of 12 to 18.5 nmesh (5 g), followed by charging in

a_  quartz glass reaction tube (inner dianeter: 12nm). A

16 hydrogen chloride gas (200 m/mn.) and an oxygen gas (200 m/mn.)

were respect ighinged iy i@ itwidoslied flesk £ and et Lagueaus) V23 twtl ®n t he
basis of O[err]C, 1 atnm). The quartz glass reaction tube was heated with

an electric fiumirtit o1t (4412 i) tiad CAASEd! dF Spwie vSﬂQUs’é:Drrin?.
301[err]C. 2.9 Hours after the beginning of the reaction, the gas at the
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amount - of thPAtQ:Oenr- rs(';l:aicx:treidnghya:tq(:r om %@xﬁ)ﬂéfjaett\z@é %or 30 minutes, the
_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



e

respectively determ ned.by iodonetric titration and neutralization
titration processs. The catalyst activity of chlorine formation per unit
wei ght of the catalyst determ ned by the follow ng equation was 7.35 x
10[err] mol/mn g catalyst. The catalyst ggtivity of. chlorine formation
- per. unit weight of catalyst (mol/mn g catal yst) = amobunt of outl et
chlorine fornmed (nol/mn)/weight of catalyst (g) Exanple 3 A
catal yst was prepared by the followi ng process. That is, water (27.0 Q)

“was charged in ap %%Lﬁm ygggkgaa%e@%@wea!éahea\e%@%%&é FY g

tetrachl oride (I4. a ropw se wth stirring t0 prepare an

aqueous titaniu tetrachl.ori.de s@l utign. t ) a t
17 sol ution d°9%Hrr? e"?ﬁ) : L?I’% gaﬁ%nfhgﬁlggiﬁ%%ﬁ%ﬁ%df V\%}gag%}.%té)ae
Spgp\gﬁée;n( ﬁg&mg g{rﬁgiﬁt%ng:hgfs%x%t Ir%r'g:hexji%lml %\;\5. ebxlasst I4r .I%n%yt °

weight. The resulting powdgr was granulated to obtain 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-t:i..tan:'.-um 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 hours |
haci passed since the beginning of the reaction was 7.35 x
16“ mol/min g catalyst.
Example 5 _
A catalyst was p:r."eparled by the following method. That
is, commercially avilable titanium tetrabutoxide (15.4 g)
was disolved in ethanol (52 ml). Then, a solution prepared -
by disscilving commercially avilable ruthenium chloride
- hydrate (RuCls.nH:0) (10.1 g) in water (122 ml) and a
» solution pr'epared by dissolving sod_ium hydroxide (14.8 g,
content_ 96%) in water (60 ml) were mixed and.stirred, after

stirring, the mixed solution was immediately added dropwise



Then, the honpbgeneous solution was stirred with heating to 100[err]C for 2 -
hours. A white precipitate was forned gradually. Then, a solution of urea -
(3.2 g) and water (26 g¢) was added at the same tenperature and, after
stirring sufficiently, the precipitate2las filtered. The precipitate was
washed with distilled water (300 m) and then filtered again. After this
operation was repeated three tinmes, the resultant was suspended in water
(150 m). Then, a solution prepared by dissolving conmercially avail able
rutheni um chtortibe éyhanmdr faivion rgf ntieaniwh tetiabatoxidaakith(54 Q)
and a solution prepared by dissolving sodi um hydroxide (3.8 g, content:

96 % in wat est{2Piky. WAS the BbRNLGH I wa$laddéd edropwisé) nél,%ié@iﬁiﬁ%e

solution was i nmedi ately added dropwi se to the suspension with stirring.
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then filtereq a9l lie £ld %1 wts 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 wa;
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-tiianium oxide catalyst (2.5 g) in a quaftz glass

~ reaction tube and adjusting the inner temperature to 300 °C,



18 - this operation was repeated three tines, the resultant was dried at
60[err]C for 4 hours to obtain 9.3 g of a black solid. This solid was
grinded, heated in air fromroomtenperature to 350[err]C over 3.5 hours
arid then calcined at the sane tenperat&fe for 3 hours to obtain 8.1 g of a
bl ack catalyst. The calculated value of the content of the ruthenium oxide
was 36 % by weight. The resulting powder was granulated to obtain a

rut heni um oxi de-titani um oxi de catalyst of 12 to 18.5 nesh.

Accordi ng to the seactiemcvasncarxnied osti haTheesatabypst actiwbbypl ef?
except for charging the obtained ruthenium oxide-titanium oxide catalyst
(1.9 g) in a chkoiingl formatideipen dnde woilgke 051the éd€alygerat the
tenperature to 300[err]C, the reaction was carried out. The catal yst

activity of eih@rapasRDEnet | Prders Wad g\ﬁsﬂéﬁ Qiné@etﬁ?t@%%ﬂnfﬁ toe

time at which 1.9 hours had passed since e beginning o e reattion was

9.05 x 10[err hé‘%%%@ﬂ&l%@?’?f'x%%‘ ﬁﬁm.e g‘l-cétalyé%.cat al yst was

prepared by 't he OW NQg process.
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



I's, an aqueohs 20 t % (as TiOoSOerr]) titaniumsulfate solution (54. 7 g,
manuf act ured by Wako Junyaku Kogyo Co., Ltd.) was "diluted with water

(110.3 g). The resulting solution was . 19
charged in an ice-cooled flask, and an @3ueous 25 w % ammoni a sol ution

(48.2 g) was added dropwise with stirring. As a result, a white |
precipitate was forned gradually. After stirring at roomtenperature for
30 minutes, the precipitate was filtered. The precipitate was washed wth
distilled wat enthéffum-rizaditmcoxfidet eatdlysa (2.5 gyr int @ reaptian dubsas
‘repeated three tinmes, the resultant was suspended in water (150 ml). Then,

a solution pram&nadtbmldtszigl witl eogueanial bxdde cakireeryt Bappl J.ng a
chloride hydrate (RUC[err] nHerr]O (9.86 g) in water (61 g) an

sol ution prepggagoghu éhiéehuéngagoqlwm RY*h@Ki.9€ aha %dgus%a%e%e &ﬁn‘@r in

water (20 g) were mXxed and stifred, after stirring, thé mxéd solution

was | medi al ehynaddgd.dEoRY SG0°C, e FHE0E0HWal! Slndbbtednd: oAt o1

addi ng dropwi se,
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 ‘



prepared by diluting 61 wt %nitric acid (2.15 g) with water (30 g) was
added dropwi se, followed by stirring at room tenperature for one hour.
After stirring, the black precipitate was filtered, washed with distilled
water (300 m) and then filtered again24After this operation was repeated
three tines, the resultant was dried at 60C for 4 hours to'obtain 12.0 g
of. a black solid. This solid was grinded, heated in air fromroom

tenperature.to 350[err] C over . . . . 20 3.5
hours and then cal8i ZeWtat rathenium+gipconiumeokdde3cahalystt ¢14Bt dngh9. 9

g of a black catalyst. The cal cul ated value of the content of the
rut heni um oxi peldes, 4Mafabgcturedhby NLE.r €haitabgCpoydwaswgsigdeduktsted to
obtain a ruthenium oxide-titani um oxide catalyst of 12 to 18.5 nesh.

According to ad§usenehevpacticlet Sikedescipbed 18.55%88R. € Rceueaphgl 86
thargi ng the obtained ruthenium oxide-titaniumoxide catalyst (2.5 g) in a
reaction tubetg@dsame manner as that described in Example 2 except 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/miﬁ.) and
an oxygen gas (170 ml)min.) and adjusting the inner
temperature to 380°C, the reaction was conducted._ The
- catalyst 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



adj usting the inner tenperature to 299[err]C, the reaction was conducted.
The catalyst activity of chlorine formation per unit weight of the
catalyst at the time at which 2.6 hours had passed since the beginning of
the reaction was 7.35 x 10[err] nol/m 85g catal yst. Exanpl e 5

A catal yst was prepared by the followi ng nethod. That 1is, commercially
avilable titaniumtetrabutoxide (15.4 g) was disolved in ethanol (52 m).
Then, a solutien prepared by dissolving conmercially avilable ruthenium
chloride hyddgustig e rinndretenferdithre Qo 3807, cthel ZeattionGas
sol ution prepared by dissolving sodium hydroxide (14.8 g, content 96% in

water (60 M )eomietEaied MHed cultdlydt RtiVity df dMbride #Efﬁ‘éb‘;élﬁ tﬁé{g

was i medi atel y added dropw se
the ethanol splsut han ge U APt AR L iR Wikl o Wi 10 hddiss
-sol uti on ‘was adﬁ%gﬂﬁ'opmnse, a precipitate _ .
" had passed .since the beginn%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 des?ribed,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



was fornmed. After adding, the black suspension was stirred at room
tenperature sufficiently. Then, a solution prepared by diluting 61 w%
nitric acid (25.7 g) with water (62 g) was added dropw se, followed by
stirring at roomtenperature for one h26r. After stirring, the black
precipitate was filtered. Then, the black precipitate was washed with
distilled water (300 mM) and then filtered again. After this operation was
repeated three tinmes, the resultant was dried at 60 C for 4 hours to

obtain 10.5 g3@f°cy, HWe redtlich will coticteds e dasbalin caotivity G 1

fromroom tenperature to 350 [err]C over 3.5 hours and then cal ci ned at

the sanme te féi(-%ﬁetff)érﬁa@;%ﬂsp Ptvﬁigi@iw@eﬁ%ﬁtgof’ftﬂebééﬁgl%gégftzéé\g. The

cal cul ated val ue he content "o rutheni um oxi de was 5 _ !ght:'
oxtdecat al v B 35 LA Yad Dalady fs fndd HC A LRERS BETFRE™
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.reaction t ube and gd' ugéé{'ﬂ;et hEexaiI;lgfé {errperature to 300 [e.rr]C,

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



22 the reaction was carried out. The catal yst activity of chlorine
formation per unit weight. of the catalyst at the tinme at which 1.9 hours
had passed stnce the beginning of the reaction was 7.7 X 10[err] nol/mn.

g-‘cat al yst. Exanpl e 6 Commeldi al | y avai | abl e rut heni um oxi de
hydrate (Rugerr], manufactured by A drich Chem cal Co.) was granulated to
obtain a rutheni um oxi de catalyst of 12 to 18.5 nesh. According to

the sane manner as that described in Exanple 2 except for charging the
obt ai ned rut hand utheni deoledt! tbysbdom 2témperaturer tacbbtaihuaegoednagolisdi ng
the inner tenperature to 300 [err]C, the reaction was carried out. The

catal yst actiwhéy, oéhfalgélﬂe WaE "BA1OTnéd atN600 WG Hr 3 hddies Cad alpest at
the time at which’ 1.5 hours had passed since the beginning of the reaction

was 5.35 X 10{¢x rlnémléﬂ\ﬁhlgted%a& ézihn a Cr:0:X898} cdtalyst 6“.‘.211“1:0/0

spherical rutheniumtiTani um oxi de cat
18.5 mesh.

According to the same manner as that deséribed in
Example 2 except for charging thé resﬁlting Cr20:-51i0;
catalyst (2.5 g) in a reaction tube without diluting wi?h a
titaniun oxide carrier, supplying a hydrogen chloride gas

.-(192 ml/min.) and adjusting the inner temperature to 301 °C,
‘the reaction 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)
used 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



having a particle size of 3 mmjerr] (manufactured by N E ~ Chentat Co.) was
grinded to adjust the particle size to 12 to 18.5 nesh. According to the -
same nmanner as that described in Exanple 2 except for charging this

23 rutheniumtitani umoxide catalyst282.5 g) in a reaction tube wi thout
diluting with a titaniumoxide carrier, supplying a hydrogen chloride gas
(190 M/mn.) and adjusting the inner tenperature to 300[err]C, the
reaction was conducted. The catalyst activity of chlorine formation per
uni t wei ght othetbeginnihgsof athe heeactiont wabi 2b11x5100%umplifadnpgssed
since the beginning of the reaction was 1.38 x 10[err] mol/mn g

cat al yst. cat&kgsple 8 The 2 wt % rut heniumtitani um oxi de
catalyst which is the same as that used in Exanple 7 was grinded to adjust
the particlie si zechfipdRat Ovd FERamBEé. 3According to the same manner as
that described in Exanple 2 except for charging

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.



the catalyst (2.5 a\'in a_reaction tube without diIuting__mLLh_é_L%LEELEﬂl‘
oxi-de carrier, I n a h drogen chloride gas (196 M/ mn

oxygen gas (13\5 m) dj usting the inner tenper eetH&BB S etalel C

t He reaction e catal y89 activity of ch

per unit melght of the catalyst at the time at which 2 h Hed
since the beginning of the reaction was 11.4 x 10[err]. nDI/nln .

Exanpl e 9 24 A2 w %
rut heni um zi et uks ccdalignedhtizsyst (1/8 inch pellet, manufactured by N E
Chenctat Co.) was grinded to adjust the particle size to 12 to 18.5 nesh.

According to the Sana rprotEssEdh dirctnind eshlor e Hy Q::?n.dﬁ@ﬁm opr
charging this rut heni um zi r coni um oxi de catal yst (2.5 g) a reaction

tube wi thout Hidrédei cildt e hidlh \GRyYerd Srh K rpﬁce@r&&wﬂgsés Ryl ggen
~chloride gas (196 mM/mn.) and
a ruthenzum.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, ‘wherein the

carrier is at least one carrier selected from the group

- ‘THIS SHEET HAS BEEN
' : REPLACED




an oxygen gas (170 adjusting the inner —tepperature to 380C

the reaction was cond catal yst activity of ch orlne fornatlon
per unit weight: m“l!“bﬁ\ m‘m‘\iwu‘\at the tine at whi ch
si'nce the begln € reaction wa807.9 x 10[err] ’ alyst
The resi dual hydrogen chloride flow was 4.7 x 10[err]

Exanpl e 10 A5 w %rutheniumal um na powder catal yst (nanufactured
by N.E. Chentat Co.) was granulated to obtain a catalyst of 12 to 18.5
mesh. Accor di ¢gnéistiwg sefret feaniim osiaélatzih@ésxﬁi@edoxﬂdExaﬂal 81¥mexgept
for charging this granulated rutheniumalum numcatalyst (2.5 g) in a

reaction tube w thioutrk glb'ééé@sé!‘” a&araiﬁenwremmez Cagheféin AUEBHY¥LAY 2
hydrogen chl oride gas (19

25 adj ustd NG ifend 18R+ 6%r%f%ﬁ?£01§89#8ﬁrdq £826 °8%b e fGRe .

conduct ed. The catalyst activity orTne tormatTon per.
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 cleim.3, wherein the
ruthenium oxide catelyst is a ruthenium oxide and/or
-.futhenium hydroxide.

11. The process according eo 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,
EIuminum mixed ogide and silicon mixed oxide.

13.. The proceSs 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 chloride, ruthenium

THIS SHEET HAS BEEN
REPLACGED




uni t wei ght of the—cafﬁl—ys—t—a{—{—he—t-lrre at which 1

O—hours—*—had—passed
since the beglnnl 'was 6.7 x 10[er¢%s$wggggﬁ&nR alyst
Exanple 11 mauﬂ"mi" pared by the foll

Is, silica AERCSIL nuf agtiured by Ni }Hlﬂ&"ﬂﬂml : Ltd )
was suspended in an aqueous solution of comerciall heni um
chloride hydrate (RuC [err] nHerr]OQ 1.02 g) and~water- (80 g), and then
the m xture was evaporated to dryness at 55 to 60[err]C using a rotary
evapor at or ansh et el drinened)i ddmpsEek f Aav ﬁtﬂéﬂi&hlé&wﬁypneomﬁpéi to

obtain 18.1. g of a green-black rutheniumchloride catalyst. The ratio of

RuC [err] to the cpyri e%: é"’;ﬁ{o'i:e/éé)yaca%@fﬁg glélgﬁha*?;g}h%?hgrgﬂgl at ed

to obtain a catal yst Accord e same

T o U U Qe TR e A
S R B e oL LSRR o

s;llca, titanium mlxed 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 ]
REPLACED {



eét:

26 380[err]C,f?ﬁE‘Téat%+en\m@§NE$nducted The caLa#ysf*achVTF§~6—
chlorine formati o_n!ml ' | ght of the catalyst at e Hasbgmeﬂice@\:hl ch 5

hours had passed si# g of the react i 9 [err]
mol /min g catal yst. €L i ve Banple 1 . ‘ ‘m
prepared by the follow ng process. That I's, chromu ydrat e

(60.3 g) was dissolved in wat er (600 ml) and the solution was heated to
45C. Then, 25 Wt % ammoni a water (64.9 g) was added dropwi se over 1.5

hour s W|th stnur,{ddwg;xifd&,l QR ithdnium rgkidle t he sane tenperature for
additional 30 mnutes. Water (3.3 liter) was added to the forned

precipitate and, gig.er & Hdtes \Riddrdliin ﬁ]%&%nﬁ@' RAfEEiPehd he
supernatant was renpved by decantati on. wat er (2 7 Ilter) was

e che ms%@%é?%*?%ﬁa R 28 BRSO fghenien
super nat ant - g eTRMel e de AV sk el od QTN
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.




m xture was evaporated to dryness at 60C using a rot a}y evaporator. The
resultant was dried at 60[err]C for 8 hours and —then dried at 120[err]C

trow at 120[err] G ror 6 hours o 3a o THNMEMNIANIN "2

and then cooled to roomtenperature to obt ain a green¢solid" 5 *Then,

this solid was cal cined at 600 C for 3 hours in the air and granul ated
to obtain a Cr[err!CIerr]-SiCIerr] catalyst of 12 to 18.5 nesh.
According to the e Progesshaceedingeto iclaim 1 Hwhetei axcept for
charging the resulting Cr[err](Jerr]-SiJerr] catalyst (2.5 g) in a
reaction tubeeadaticnn phdasure of tdxidlation tof diydiogen dshIeridérwith
supplying a hydrogen chloride gas (192 M/ mn.) and adjusting the

i nner t enper disygen As3Erdm atmospHerie Priddgsurests Bylugtwd. The catal yst
‘activity of - chlorine formation per "unit weight of the catalyst at the

time at which 3. 72@”&‘@%:%%%@ a%d&i‘?i:.tﬂbe L E YN A Olwherein oxygen

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 catalﬁst under

atmospheric pressure is from 20 to 1000 h-i.

-
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the reaction was 0.19 x 10[err] nmol/mn g catalyst. . Conpar ative
Exanpl e 2 According to the sanme manner as that described in
Exaz:%e 2 except for charging the Cr{err]Jerr]-Siderr] catalyst (2.5 g) -
uwsed.fin Conparative Exanple 1 in a reaction tube w thout diluting with
a titani umoxide carrier, supplying a hydrogen chloride gas (192 m/nmin.)
and adj usti-ng the inner tenperature to 380[err]C, the reaction was

conduct ed. f chlorine formati on per unit weight
of t he ca@?TR%cgféfhfﬁ% %Ebéé%‘lb%Mh 5.8 hours had passed since
28 - ‘the b tgﬁi 1 x 10[err] nol/m.n g

PPQ rrpar atl ve :?RQINZE

cat al yst. According to the sanme manner
as that described in Exanple 2 except for charging the
Crlerr](err]-Sierr] catalyst (5 g) used in Conparative Exarrpl'e 1lin a

reaction tube without diluting with a titanjum oxide carrier, gg Z
hydr ogen The present J.nventn.on provides a process for produ J.ng

chlorine by oxidation of hydrogen chloride with oxygen which

process comprises using a ruthenium catalyst. .



chloride gas (96.5 mM/mn.) and adjusting the inner terrperatu("re to

380[err] C, the reaction was conducted. The catalyst activity of chlorine
fornation per unit weight of the catalyst at the tine at which 5 hours had
passed since. the beginning of the reaction wasS@bstituta heeti 23oJume 11 999
catal yst. -29 - What
is clained is: 1. A process for producing chlorine by
oxi-dation of hydrogen chloride with oxygen whi ch process conprises using
~a supported netal rutheniumcatalyst which is prepared 5 by supporting
rutheniumon a cgrrier. ) . 2. ..A process for produci ng chlosine by
oxi dati on of  hy dliERisn HiEReSFRBYaAtioR Providse, oo ferPrpgifing Shibrie by e8idalien ny
a SUPPOT { bRy dHogtr! CRRAIJIMYRA' Ghpked WHILE hrbRsP BRBESA usinda i

rut heni um on a’ cafrrier, erern e rut um catalyst I's r ut'fienr um oxi de

catal yst. Irithenium catdlyst whiéh jv prepared by sugposgiutigeniunh oniarvardier. oxi dati on of
hydr ogen chloride with oxygen whi ch process conprises using a supported

nmet al rut henium catal yst which is prepared by supporting rutheniumon a
carrier, g\/ner ein the rutheniumcatalyst is a catal yst obtained by a
process for preparing a ruthenium m xed oxide. . 4. The process

according to any one of DETAIBED DESCRIPMIONSOF THIE INYBNHON s at 15 | east
one carrier selected fromthe grosggfconsi sting of titanium oxjde, alum na,

zirconium  oxiHRe rusheniym gatalys ysed for the arasenhIAToREEN HHEape2 coRPSrANLHRIRE Ak d
oxi de, al UL P HeXfifh ¥ futheni@l totdpolfi® "t XEHnf BRreof include commercially
available supported ruthenium catalyst, ruthenium oxide catalyst, catalyst obtained by
10 supporting a ruthenium compound on a carrier, ruthenium mixed oxide catalyst, 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, silica alumina, zeolite,
diatomaceous earth, oxide and mixed oxide of elements (e.g. titanium oxide, zirconium
15 oxide, vanadium oxidé, etc.), metal sulfate, etc. according to a known 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 '

REPLACEMENT SHEET
2 4 JUN 199




5. The process according to any one of clains 1 to 3, wherein the
carrier | rrier selected fromthe group consisting of

titani um oxi ' xi de and 20 al um na. . _ 6. The process
. accordi ng ﬂ H”ﬂm“mmglﬂl ms 1 to 3, wherein SuksHut;msheet - 23rJumeliO9N8 t o
©

the carrier«isctroms0. 20% by wei ght . 7. The process
according to any one of clains 1 to 3, wherein a cont rﬁ f rot-Rertsn t 0
the carrier is from1l to 5 %by weigh29-25 8. EFKACQA(E8§S&L5EET
according to claim 2, wherein the ruthenium oxide catpl yst 15 =a

rut heni um oxi de and/ or rutheni um hydr oxi de. 9f 2 & TH&§pswress
accor di ng Whatdk alaiméd isnherein a rati o of rutheniumoxjdg to the cafrfer
is from0.1/99.9 to 70/ 30 by wei ght. 10. The process—accordi ng
to claim3, wherein the catal yst obtained by the prodess 30 for preparihg

the ruthenium rj xed X f&st Jorprodthdhy ThioMiedy 6Riastict 8 ﬁ{fc_hﬂg%ﬂ BAfoTdEWith

oxi de

sel ect ed foxgger whicly processcomprises usigg asupipiortediimetal nuthesinm eatalysswhich prepared
alumna, silica, . titaniumm xed oxide, zirconiumm xed oxide, alum nium
m xed ox3 d¥ WRRORing;ruthenigmQRa CarTiL de, and r ut heni um oxi de. 11.

The process accprdin ok B r et : ' : :
process 5 for(\%repa‘gié{g' t'gblrrrgﬁﬁ‘el%gﬁﬁﬁ%ﬁogﬁgﬁﬁbgﬂgg@g%gwl%%ﬁed
on at | easdxypéiewhieh protesseoinptises dising afstsported et euthenium satalystrvehich ist preparedim
oxi de, zirconiumoxide, alumna, silica, titanium m xe . oxide, zircqnium
- ni xed oxi i, supparHnguRheniuey oB i cgeriern wherein theuthenivm ¢Atalyet is a ruthenium oxi¢e

. The process c%ordi ng to claim 3, wherein the catal yst obtained by the
process ¢ S preparing the ruthenium m xed oxide is a catal yst containing

rut heni ygn oxi de3i n am prBcedsdoin prodicihg teblotfifk By oxidatitt of hydrogen chlorili. with The
process according to claim3, wherein the catal yst obtained by the process
for pr epardxygen which pracessicomprisesaging 2isapported megah ruthspivm patalystvelicly is prapaedi ng

t | ciyni . 1 { f 0 0 .
o ocese. acBoraPREEGRRRYTEh AT sReri nhSiptr e Tulitum ooty i a il quditea
t enper at urgy, Qﬁr&&mi'bﬁé?aﬂﬁg BYahesiem mixe@okie. W th oxygen is from 100 to

500[err] C The process according to any one of clains 1 to-
3, wherein a rehcti odhhe pracessprecerdingctoay ®ue wiclaims dfto By avherpim thergasrieris ahi t h

any one 5rletst Aok garpef geecied FohL e SrowR GeRSISIRE o Staiin Sxite, ahanif, ifconthch

oxide, zeolite, silica, titanium mixed oxide, zirconium mixed oxide, aluminum mixed oxide

and silicon mixed oxide.
| 5. The process according to any one.of claims 1 to 3, wherein the carrier is at
least one carrier selected from the group consisting of titanium oxide, zirconium oxide and
20 alumina.
6. The process according to any one of claims 1 to 3, wherein a content -of
ruthenium to the carrier is from 0.1 to 20% by weight.
7.  The process according to any one of claims 1 to 3, wherein a content of -
ruthenium to the carrier is from 1 to 5% by weight.
25 8. "The process according to claim 2, wherein the ruthenium oxide catalyst is a
ruthenium oxide and/or ruthenium hydroxide. |
9. The process according to claim 2, wherein a ratio of ruthenium oxide to the
carrier is from 0.1/99.9 to 70/30 by weight. | |
10.  The process according to claim 3, wherein the catalyst obtained by the process

30 for preparing the ruthenium mixed oxide is a catalyst which consists of at least one oxide




of oxidation of hydrog chorT g okygen is from at nospheric pressure
to 50%atm 20 17bTﬁE 5 gg‘e&{ﬁgc,ordi ng to any one of clains 1 to
3, mherein oxygen is plurég OXYQen. 18. The process accordi ng
to any one of clains 1|t 8,n wikiid338 aj mpl ar r8ubstife She@i‘(y%JUOehBﬂ:ﬂ%gen
chloride is fromO0.2 tp %. 9 .The process according to any

one of clains 1 to 3, wherein a ratio of ja 25 conver lied
hydr ogen chl ori de per hour under at rm;smulrl c pressurimlmml mumllﬂm f the

catal yst under atnosphéric pressure is from20 to 1000 hfFert]." s

selected from the group consisting of titanium oxide, zirconium oxide, alumina, silica,
‘titanium mixed oxide, zirconium mixed oxide, aluminium mixed oxidt_e and silicon mixed
oxide, and ruthenium oxide. |

11.  The process according to claim 3, wherein the catalyst obtained by the process

5 for preparing the ruthenium mixed oxide is a catalyst supported on at least one carrier selected -
from the group consisting of titanium oxide, znrcomum oxide, alumina, silica, titanium mixed
oxide, zirconium mixed oxide, aluminum mixed oxide and silicon mixed oxide.

12.  The process according to claim 3, wherein the catalyst obtained by the process
for preparing the ruthenium mixed oxide is a catalyst containing ruthenium oxide in an

10 amount of 1 to 70% by weight.

13.  The process according to claim 3, wherein the catalyst obtained by the process
for preparing the ruthenium mixed oxide is a catalyst prepared by calcining at a calcining
temperature of 300 to 500°C.

_ 14.  The process according to any one of claims 1 to 3, wherein a reaction
15 temperature of oxidation of hydrogen chloride with oxygen is from 100 to 500°C.

15.  The process according to any one of claims 1 to 3, wherein a reaction
temperature of oxidation of hydrogen chloride with oxygen is from 200 to 380°C.

16.  The process according to any one of claims 1 to 3, wherein a reaction pressure
of oxidation of hydrogen chloride with oxygen is from atmospheric pressure to 50 atm.

20 17.  The process according to any one of claims 1 to 3, wherein oxygen is pure
OXxygen. |

18.  The process according to any one of claims 1 to 3, wherein a molar ratio of
oxygen to hydrogen chloride is from 0.2 to 5.

19.  The process according to any one of claims 1 to 3, wherein a ratio of a

25 converted volume of supplied hydrogen chloride per hour under atmospheric pressure to a
volume of the catalyst under atmospheric pressure is from 20 to 1000 h™.




