SF-2209_1 DESCRI PTI ON PROCESS FOR PREPARI NG COPPER- BASED CATALYST,
COPPER-BASEY TATALYST, AND PRETREATMENT METHOD OF THE SAME 5 TECHNI CAL

FI ELD [ 0001] The present invention relates to a process for preparing a
copper - based catal yst which is used for nethanol synthesis reaction or its
reverse reaction, nethanol reformng reaction, shift reaction or its
reverse reaction, etc., a copper-based catalyst and 10 a pretreatnent

nmet hod of the copper-ba sed cataP§yStRIFNGME particularly, the invention
relates to a process for preparing a copper-based catal yst which is useful
for symH¥EgISA FoR MBRERARONG COBRERyHA DG FAGATYEE) BORPBR+IBIS KICCRT Al O3, or

m xed gas of CO2 and CO), a copper-based catal yst and a pretreat nent

nmet hod of the copper -AasegdreatarystT MoOTRACKEROUNDsAR [ 0002] Met hanol
synt hesi s process using a synthetic gas (m xed gas of CO and H2) as a main

raw material (containing a small ambunt of CO2) is a basic process that is
extrenely inportant in chem cal

5 TECHNICAL FIELD
i0001] The present invention relates to a process for
preparing a copper-based catalyst which is used formethanol synthesis
reaction or its reverse reaction, methanol referming reaction, shift
reaction or its reverse reaction, etc., a copper-based catalyst and
10 apretreatmentmethodofthecopper-basedcatalyst. Moreparticularly,
the invention relates to a process for preparing a copper-based
catalyst which is useful for synthesizing methanol from hydrogen and
carbon oxide (CO; alone or mixed gas of €O, and CO), a copper-based
catalyst and a pretreatment method of the copper-based catalyst.
15
BACKGROUND ART
[00062] Methanecl synthesis process using a synthetic gas
(mixed gas of CO and H;) as a main raw material (containing a small
amount of CO;) isabasicprocess that isextremely important inchemical
20 industry, and increase of efficiency of the process has been always
desired in the past from the viewpoints of energy saving, economy,
etc. One of the most important techniques in the methanol synthesis
process is toprovide a catalyst of high performance. 24s conventional

catalysts, three-component catalysts, such as Cu/Zn0O/Al,0; catalyst



20 industry, and increase of efficiency of the process has been al ways
desi redsim22he past fromthe viewdoints of energy saving, econony, etc.
One of the nost inportant techniques #n the nethanol synthesis process is
to provide a catal yst of high performance. As conventional catalysts,

t hr ee- conponent catal ysts, such as Cu/ZnQ Al 203 catal yst SF-2209 2
(catalyst for industry at present, e.g., "Shokubai Koza (Lectures of

Cat al yst®talwsgl fo7, iedittety by Laecaeysi s-Soci EbhofbIagmra i(dsabdrdy
Kodansha Ltd. on July 20, 1989, pp. 21-39 (non-patent docunent 1)) and
Cu/ ZnO ¥ Q3teayatyst, ¢IPA-7,988:0892%% (pedBigdocui@nt ol)Japan,al eskadwn.

[ 0003] On the other hand, nethanol synthesis using CO2 and H2 as nmain raw

mat er | %nyts Sﬂagl%néﬁs% ar tarp%qné,lr gopawg@,tt 1t i2903§eﬁ?tg'up§étfe§19nﬁggﬁuen

Vi ewpoi recycling of c on resources and gl obal” environnenta

probl e In_th n is of nmeth raw mat eri al s, having a
hi gh cg]lr?t)eﬁpdofu%ﬂ‘g%éa?aantSthggg‘hﬁié&glhgaz]s%ct@%%@tt &ﬁmﬁggajf)a st
adopted in the synthesis of nmethanol fromthe above synthetic gas has been
desPr edised@gs@-of thernodynamni ¢ equilibriumof the reaction and the
reaction inhibition effect of water fornmed together with nmethanol (Applied
Catal ysis A [Ganenal, 15088:Hd 8Ger ppnd3ldetdBhdlnegnplateind ddeigmeat 2)).
In the synthesis of nmethanol froma raw materi al gas having a high content

of C2,,]PWEri NG Ofy GalahYEEE: ACL INAd Y JUResHPRI- 10106, fhliki Butabl £ 0
water fornmed together with nethanol is very severe as conpared wth that

'n the synthss! $.0h B! RAOLLLEOM 8 SYRLNALLS 950, Pt RALLAEEOY Mg

global environmental problem. In the synthesis of methanol from a

10 rawmaterial gas having a high content of C0,, a catalyst having higher
activity than a catalyst adopted in the synthesis of methanol from

the above synthetic gas has been desired because of thermodynamic
equilibrium of the reaction and the reaction inhibition effect of
water formed together with methanol (Applied Catalysis A: General,

15 38 (1996), pp. 311-318 {(non-patent document 2)). In the synthesis
of methanol from a raw material gas having a high content of COs,
lowering of catalytic activity presumed te be attributable to water
formed together with methanol is very severe as compared with that

in the synthesis of methanol from a synthetic gas. On that account,

- 20 a catalyst having much higher durability than a catalyst adopted in
the synthesis of methanol from a synthetic gas has been desired. The
reason is that the three-component catalysts adopted in the above
methanol synthesis are insufficient in the catalytic performance.

[0004] From such viewpolints, copper~based



20 a catal yst having nmuch higher durability than a catal yst adopted in the
synt hesils-640%et hanol from a synthetic gas has been desired. The reason is
that the three-conponent catal ysts adopted in the above nethanol synthesis
are insufficient in the catalytic performance. [0004] From such vi ewpoi nts,
copper - based SF-2209 3 nulti-conponent catal ysts obtained by further
addi ng conponents, such as copper/zinc oxi de/al um num oxi de/ zi rconi um

oxi de catldliysompndecopperl vsrclbiiideddbyAintneosiddbny Femraiianhs, such

oxi de/ gal I i um oxi de catal yst, have been devel oped (see, e.g.,

JPA- 19%s 39 r(/pahe ndx Hiceduwime atm?2 px 1 IPLe 19 32 bRBdA¢ pad ity sdoaudent 3),
Applied Catalysis A Ceneral, 38 (1996) , pp. 311-318

(non- pat YABNLZ) de /2 IMMiGO¥CEx 1 Be #21 At HSitunPbxRLENGRLT 14 Lok 10t @i ned by
adding 0.3 to 0.9% by weight of colloidal silica or water-dissolved silica

as silic nd,cal cining the resul ti r oduct 4 o) has been
develo6@§B?QF}PALE§@éygﬁbigﬁﬂgﬁgﬁgn?gﬁgtdﬁéhv 7§?8%6§%%%%§§633P§Iy5t5
have high activity, but the activity is not necessarily reproduced

suf Pi cigasmenitn2 soFBATH3®E BB 8 fpe et dpeuprhal e PRI eReCalsmeysis
formulation. It is generally known that stable pHin the precipitation
step and Gardiai, et (Wesdi, nop 1510388 phnect tteantdanmenedssarjotapwamder to
obtain a catal yst of high activity with good reproducibility (e.qg.,

JPA- 19777462885 Rat #dn deedrRenl Muai A BP%e848D (Pabentodneusnio) .
JPA-2007-83197 (patent docunent 7)). A | arge nuniber of inproving nethods

hei r 25 TepBa B 1Yt €853  BRA YT CRercT Apravensnt ot e
desired. [ 0006] The above catal ysts are useful because of high
acti vi thie HEeREFEENY tINOBrdpatatfEntat é%% ¢ Adsudecnt eevekanast e,
preci pitation, aging, washing, filtration, drying, nolding and cal ci ni ng,
antlo be caa-1168§-30 9 ¢he(Hartenst dbalmpniodéictd on, therefore,
fC005] These catalysts have high activity, but the
activity is not necessarily repreoduced sufficiently in some cases
even if they are prepared by the same formulation. It is generally
known that stablie pH in the precipitation step and sufficient washing
15 of a precipitant are necessary in order to obtain a catalyst of high
activity with good reproducibility (e.g., JPA-1977-76288 (pétent
document 3), JPA-1995-8799 (patent document 6), JPA-2007-83197
{patent document 7)}. A large number of improving methods for that
have been carried out, but it cannot be necessarily said that their
20 reprcducibility is good, and further improvement has been desired.
0006} The above catalysts are useful because of high
activity. However, the preparation steps include, for example,

precipitation, aging, washing, filtration, drying, molding and

calcining, andbecome long. Inthe industrial production, therefore,



SF-2209 4 it is preferable to sinplify the preparation steps, however
littl e, S5o24%@reby reduce a burden in the production, and such inprovenment
has been al so desired. [0007]1t is kn®dwn that the main cause of such

|l owering 5 of catalytic activity of the copper-based catal yst is decrease
of surface area due to sintering of copper. It is known that copper is a
netal readily undergoing sintering anong various netal catalysts, and it

i s necessasypréferaltie redusilédvt ehparararatbpn stensal yatevsst bietihe
reaction and the reaction tenperature should not be raised. For 10

exanpl e, ithdrebgesedided bardSA-20e4<208685c1ipat, eahd dactimenpr8yehdrat t he
reduction tenperature of a Cu/ZnO catalyst is in the range of preferably

100 to 300G . horepreferably 150 to 250C, it is described in
JPA-1994- 254414 ?patent docunent 9) that the reduction tenperature of a

Cu/ ZnQ Zr02 catglyst is iLn the range of preferably 100.to 300C, 15 nore
preferably 1 (ﬁBﬁzooc; gﬁdl?ﬁg¥%”H§E%Fi éhm?ﬁnjﬁ%?fo%%fﬁﬁﬁbgofféﬁ%ﬁu
docunent 7) that the reduction tenperature of a Cu/ZnQ Al 203 catal yst is
in Phe dasgdaditprererubity PA0the SRS RRSEpratet el \isl #ecreas8od stil
nore preferably 130 to 240C. The reason is that if the reduction

t enper atunfades afrehsade tiop Sirglerinheofoppesesur faces 2hareahis degreased by
sintering of copper. Accordingly, inprovenent in the pretreatnment nethod

(reductiionyaek Nodh9f %n@@EP@iﬁE@%ﬁgeE% k¥8hy bRl ¢hdoRSL A0 BALSE 5,
si ntering& copperhas geen al'so desired. tation List Patent Literature

SF- 2209a1ld0919§g ne5cessary that the reduction temperature of a catalyst before

the reaction and the reaction temperature should not be raised. For
10 example, it is described in JPA-2004-298685 (patent document 8) that
the reduction temperature of a Cu/ZnC catalyst is in the range of
preferably 100 to 300°C, more preferably 150 to 250°C; it is described
in JPA-1994-254414 (patent document 9) that the reduction temperature
of a Cu/Zn0/Zr0, catalyst is in the range of preferably 100 to 300°C,
15 more preferably 120 to 200°C; and it is described in JPA-2007-83197
(patent document 7) that the reduction temperature of a Cu/7Zn0/Al-CA
catalyst is in the range of preferably 100 to 300°C, more preferably
110 to 280°C, still more preferably 130 to 240°C. The reascn is that
if the reduction temperature is raised too high, the copper surface
20 area is decreased by sintering of copper. Accordingly, improvement
in the pretreatment method (reduction method) of a copper-based
catalyst whichdoesnct cause sinteringof copperhasbeenalscdesired.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0010] The present invention has been made in the light

of such circumstances as mentioned above.

It is an object of the

present invention to provide a process for preparing a copper—based

catalyst which exhibits good catalytic activity, markedly excellent



Pat ent docunent 5: JPA-1977-76288 Patent docunent 6: JPA-1995-8799
Pat ent ocimEnht 7: JPA-2007-83197 Patent docunent 8: JPA-2004-298685 10
: &

durakility and good reproducibility in catalytic reactions, such as
methanol synthesis reaction or its reverse reaction, methancl
reforming reaction, and shift reaction or its reverse reaction, and
a copper-basedcatalyst. It isalsoancbjectof thepresentinvention
5 toprovide aprocess for preparing a copper~based catalyst, comprising
more simplifiedpreparation stepsthanthoseof conventional processes,
and a pretreatment method of a copper—based catalyst, which does not

bring about lowering of catalytic activity.

10 SOLUTION TO PRCBLEM
[0011] In order to solve the above problems, the present
inventors have earnestly studied. As a result, they have found that
the above problems can be solved by carrying out (1) a step of
continuously bringing an acidicmetal salt sclution containing copper
15 and a precipitant solution into contact with each other to obtain
a slurry solution containing a precipitate of a catalyst precursor,
and (2) a step of bringing the slurry solution and a wash liquid into
contact with each other to wash the precipitate, with substantially
keeping the suspended state, and they have accomplished the present
20  invention.
(00127 In particular, the present inventors have found
that (1) by bringing a slurry given in the course of the catalyst
preparation inte contact with water under the specific conditions,

a copper-based catalyst having good catalytic activity, markedly



Pat ent docunent 9: JPA-1994-254414 Non-patent Literature [ 0009]
Non- pat&m<4btument 1: Shokubai Koza (Lectures of Catalysts), vol. 7,
edited by Catalysis Society of Japan,”issued by Kodansha Ltd. 15 on July
20, 1989 Non- pat ent docunment 2: AppliedCatal ysi sA: General, 38
(1996), pp. 311-318 SUMVARY OF | NVENTI ON 20 TECHNI CAL PROBLEM [ 0010] The
present invention has been made in the light of such circunstances as
ment i orfEFedB6VE. dpTakkligy Ghfeapodframidncabani ty niemtitenned, ptavitde a
process for preparing a copper-based
controlling a water content in the drying step cof the catalyst
preparation, a copper—-based catalyst having good catalytic activity
and durabilitycanbe preparedwithhighproductivitywithout carrying
5 out Steps of additicn of water and standing which have been carried
cut inconventional preparationprocesses, and (3) by the pretreatment
method wherein reduction reaction is carried out in the specific
temperature range, a copper-based catalyst having good catalytic
activity and markedly excellent durability is obtained.

10 [0013] Asdescribedintheabove {3), thepresent inventors
have found that in the case of the copper-based catalyst obtained
by the above preparationprocess (particularly, copper-basedcatalyst
composed of metal oxides containing copper oxide, zinc oxide and
aluminumoxideas essential components and containing zirconiumoxide,

15 galliumoxide and silicon oxide as arbitrarily components), sintering
hardiytakesplaceevenifreductioniscarriedout atahightemperature,
or rather, pretreatment wherein reduction is carried out at a high
temperature makes it possible to obtain a copper-based catalyst which
exhibits excellient durability in methancl synthesis reaction using

20 CO; and H; as main raw materials, and other reactions.

[0014] That is to say, the process for preparing a
copper~kased catalyst of the invention is a process for preparing

a catalyst composed of metal oxides containing copper oxide as an

essential component and is characterized by comprising the following



catal yst which exhibits good catalytic activity, markedly excell ent
SF-220FB-2ktabi ity and good reproducibility in catalytic reactions, such
as net hanol synthesis reaction or itsBreverse reaction, nethanol reformng
reaction, and shift reaction or its reverse reaction, and a copper-based
catalyst. It is also an object of the present invention 5 to provide a
process for preparing a copper-based catal yst, conprising nore

si npl i f9tedpr-ephr atdtew st bpsnghag aphosisligimegnventt spdht prrocesses;itghd a
pretreatment method of a copper-based catal yst, which does not bring about
| ower i ngpbppfercahdl ¥t peedigtiitvinty solQt S UHONcEO: PROBLEM [QehlbtReorder to
sol ve the above problens, the present inventors have earnestly studied. As

a resulgbtatilﬁe%l)g@g@r{,g%w%}éihﬁ{ c.to%%a%?%{& problems gan e solyed Ly

carrying out S continuously bri'nging an acidic netal salt

sol ution contai nin pper 15 and a. preci.pitant .solytion into contact with
each ofHEET6OBBEATh A SEGFPYSGPHt 'GP ot 2 MG e i SLFFid 20 oo

catal yst precursor, and (2) a step of bringing the slurry solution and
awa8h 19 daphtld aweAtiade snirEdachtbeaeh ofserdsivasiet iy peppipHiate wi t h
substantially keeping the suspended state, and they have acconplished the

pr esentwiz®: isnbenbhdhal [ PAEHdimgpaktl sukpendddiestprtesent i nventors have
found that (1) by bringing a slurry given in the course of the catalyst

preparation i['@b%ﬁont act Tkt uat ek UndRIsdNer sReGh fd g andbii HNsinp
copper - based catalyst having good catalytic activity, markedly SF-2209
copper oxide as an essential component preferably further contains
at least one oxide selected from zinc oxide, aluminum oxide, zirconium
10  oxide, gallium oxide and silicon oxide.

[0016] The catalyst composed of metal oxides containing
copper oxide as an essential component is preferably a catalyst
composed of metal oxides containing copper oxide, zinc oxide and
aluminumoxideasessential componentsandcontaining zirconiumoxide,

15 gallium oxide and silicon oxide as arbitrary components.

[0017] The wash liquid is preferably water.

[0018] Itispreferablethat theacidicmetal saltsolution
containing copper and the precipitant solution are both agueous
sclutions, and after these aquecus sclutions are mixed in water to

20 formaprecipitate of a catalyst precursor in the step (1), dissclution
equilibrium of an alkali metal of the precipitant component is
sufficiently reached in such a state that the precipitate is highly

dispersedinwater, andthe slurrysolutionandawash liquidcomprising

water are brought into contact with each other towash the precipitate,



7 excellent durability and good reproducibility is obtained, (2) by
control9Fy @ water content in the drying step of the catal yst

preparation, a copper-based catal yst -having good catalytic activity

anddur abi | i t ycanbepr epar edwi t hhi ghproductivityw thout carrying 5 out steps
of addition of water and standi ng which have been carried out in
conventional preparation processes, and (3) by the pretreatnent nmethod
wher ei wirtédgebsbant eatly diedrs ngatheeduspendst tHatepednf Hee thimper@ ur e
range, a copper-based catal yst having good catalytic activity and markedly
excel |l ent durf@bibiity is obtiai pedieddbld ORABkhAsstdescr) hedintde aadryre (3)
t hepresent inventors have found that in the case of the copper-based

cat al ysty QiR JaytEaloKERrERALALIONRY AGES S PR L4 s Al 3t poopRAT - based

cat al yst conpose es contal ni ng copper zinc oxide and
al um num oxi de, as essenti al conponents_and containi ng zirconi um.oxi.de, 15
ol 11 T BETiE O DIE SR ST AL S0 CAPBF FF 59 PO bhsoAERTSS hedt HAt ng
hardl yt akes pl ace even if reduction is carriedout at a high tenperature,

or Pat Wetalppéttleaprrenipikeiieicenpedaeti omnd sheatared2outs aplactegpy
tenperature makes it possible to obtain a copper-based catal yst which

exhi bi t(@)excetépndft du=aliink tiei sl uiethdriejuisynkhesiortdaat bobs st nghe20 002
and H2 as main raw materials, and other reactions. [0014] That is to

say, tRERLACESEnOS JUERY WRGeR CORRRIDASeH-Fal &l Y9 BbntbgidveRfion is
a process for preparing a catal yst conposéed of netal oxides containing

copper i.de as ssential conponent and s characteri.zed by c rising
ey Torlofr Ry SR 05 4 -eeRpertny ek o L BF “BRVHG! 15 85 48 2 et o
salt solution containing copper and a precipitant solution into contact
with edbhadthepreeipbiaihia dleuteyn 981 UCRER, GOkt al bl AFEHFEBRPitdt%e of a
catal yst precursor, and (2) a step of continuously bringing the slurry
sol @it i elryingnahd cadshnlhguitbe pn¢oigddtactinwiiieh feanhrobhsrkd bowashaitrhe
precipitate, with substantially keeping the suspended state. [0015] The
cat al ysfeta@npesgds of netal oxides containing - copper oxide as an
essential conponent preferably further contains at |east one oxide

sent [ al” comonent preferabl y further contains at least one oxide.
oxi de. and <i IPEBA oxi de. 1T OO FBIHE LAP a2t ECRRRoR O et &P s

cont ai ni ng , ) , ,
metidl salt, and the alkali metal 1s removed until the concentration

of the alkali metal contained in the catalyst becomes not more than
15 0.1% by weight in the step (2).

[0021] The temperature of the slurry liguid phase portion
and the temperature of the precipitate in the form of a cake given
after water is drawn out and before the precipitate is dried are each
preferably in the range of 10 to 40°C.

20 [0022] Itispreferablethat inthe step (1), pHIor forming
the precipitate of the catalyst precursor is in the range of 5 to
9, and the concentration of the precipitate of the catalyst precursor
in the slurry soluticon is in the range of 0.5 to 12% by weight in

terms of a metal hydroxide.



copper oxide as an essential conponent is preferably a catal yst conposed
of met &3F¥d¥es cont ai ni ng copper oxide, zinc oxide and al um num oxi de as
essential conponents and containi ng 2Prconi um oxi de, 15 gallium oxi de and
silicon oxide as arbitrary conponents. [0017] The wash liquid is preferably
~water. [0018]It is preferable that the acidicnmetal salt solution
cont ai ni ng copper and the precipitant solution are both agueous sol utions,
and after thd9®23dueous &bl utibrsiardle khati invidierstes 20) f ofte a
precipitate of a catalyst precursor in the step (1) , dissolution

equi | i itdriparatuas aldkehd piretalirefarchermpredilpdt anthaorpenenticd Sontent
sufficiently reached in such a state that the precipitate is highly

di sper sgdih 0 WRLEY st ANE e rShHFdY oS0k HE i@y 19dch washy b4 il e LRI i sing

wat er are brought “into contact wth each other to wash the precipitate,
SF-2209 9, wi th supstant.i al | eepi ng the suspended.state, in the step (2).
[0019] A1 it eﬁ?@?ﬁ?ﬁbﬁgu%ﬁgﬁaﬁﬁggngBC?Eﬁo¥ﬁﬁﬁ6@25186 tep of continuously
carrying out drawing of the slurry liquid phase portion and feeding of the
wash |iquid d8RBAIsi ng wak ers Paeferpike thatairdilie stapted) ofiryhed o

preci pitant conponent, and the step (2) is followed by (3) a step of

dr awi ngHehpretisiiyadd guitthephase qfoatdade ositcsirdéet] etsys taetrempd froutreaddi ng
water to thereby increase the concentration of the catal yst precursor

cont ai ngd sipp thResgheurry solution and to obtain a precipitate in the foi nof
a cake, and (4) a step conprising 10 drying and calcining the precipitate

inthe form ake to_obtain tal .oxi.des..[0020]Jt .0is.p l.e that
t'he precipitghpgﬁi an alﬁgfﬁsFmﬁgggﬁh%gvaiaﬁggtﬁ%t%#¥5ﬁilsnéﬁgﬁéfgﬁﬁennved
until the _concentration of the alkali netal contained in the catalyst
beconesadetnBrEifhan 15 0. 1% by weight in the step (2). [0021] The
tenperature of the slurry |liquid phase portion

10 [0026] It is preferable that in the step (4), calcining

of the catalyst precursor after drying is carried out at a temperature
of 280 to 690°C.
[0027] The copper—-based catalyst of thepresent inventicn
is characterized by being obtained by reducing a catalyst obtained
15 by the above preparation process at a temperature of higher than the
catalytic reaction temperature but lower than the calcining
temperature ina streamof a hydrogen-containing gas, and is preferably
obtained by reducing the catalyst at a temperature of 300 to 550°C.
[0028] The pretreatment method of a copper-based catalyst
20  of the present invention 1s characterized by comprising reducing a
catalyst obtained by the above preparation process at a temperature
of 300 to 550°C in a stream of a hydrogen-containing gas before the
catalytic reaction, and the hydrogen cecncentration of the

hydrogen—-containing gas is preferably in the range of 0.1 to 10% by



and the tenperature of the precipitate in the fouu of a cake given after
wat er | SF o out and before the precipitate is dried are each preferably
in the range of 10 to 40C. 20[ 0022] | tilspreferabl ethat inthe step (1) ,

pHf orfoi m ng the precipitate of the catalyst precursor is in the range of
5to0 9, and the concentration of the precipitate of the catal yst precursor
inthe slurry solution is in the range of 0.5 to 12% by weight in telLl as
of a met&lumsdr oxi de. SF-2209 10 [0023]1t is preferable that in the step
(4), the tenperature and the pressure are controlled so that the water
content of the catal yst precursor after drying nmay becone 8 to 17% by

wei ght, and thereafter, the catalyst precursor is calcined. 5[0024]It is

pref er ablenithakoud therStemr dnvengiyikng of the precipitate in the foi mof
a cake is carried out at a tenperature of 100 to 400C. [0025]It is

preferable t he catal,yst_is nol.ded by tabl et ing. 10 26].1t is
D of or abl o tHAPZPR tho oTbp RHSPIEAGE AERGESF THG i SryEeCRrBets sor
after drying is carried out at a tenperature of 280 to 690C. [0027] The
copper Tdded eht @Sy Pt B TRIESERt DRHO dhtd b ePECeRalictidmy zedd hi%ei ng
obt ai ned by reducing a catal yst obtained
resultingcatalystexhibitshighactivity, maintainsthehighactivity

overalongperiodoftimeandisexcellentindurability. Thecatalytic
activity maintenance effect of the catalyst is remarkable, and
excellent activity and durability which cannot be expected from
10 copper-based multi-component catalysts for methanol synthesis used
or proposed at present are cbtained. The present invention is
extremeiyuseful particularlyindustrially. Accordingtotheprocess
forpreparingacoepper-basedcatalystof thepresent invention, further,
a catalyst having the above characteristics can be prepared through
15 moresimplifiedpreparationstepsthanthoseofconventionalprocesses.
Decrease of the number of steps is extremely useful because it leads

to lowering of the production cost.

BRIEF DESCRIPTION OF DRAWING
20 {0030C] Fig. 1 shows a chart of thermobalance analysis

of a cake 1 and a cake 2 described in Example Bl.

DESCRIPTION O EMBODIMENTS

[C031] Details of a copper-based catalyst prepared by



15 by the above preparation process at a tenperature of higher than the
cat al yt3%-4%Htti on tenperature but |ower than the calcining tenperature in
a stream of a hydrogen-containing gasZ and is preferably obtained by
reduci ng the catalyst at a tenperature of 300 to 550C. [0028] The
pretreatnment method of a copper-based catal yst 20 of the present invention
is characterized by conprising reducing a catal yst obtai ned by the above
pr epar dthicopprppetetsoatpraesitpeifat e elferggont rs 358G dnibgdsbebam ainda

hydr ogen- cont ai ni ng gas before the catalytic reaction, and the hydrogen

concentdradn gptafilsher ydr pgeneeontat mepagasgi 5 quelerabkbydi catdlerstange of
0.1 to 10% by SF-2209 11 vol une. ADVANTAGEOQUS EFFECTS OF | NVENTI ON

[ 0029] They tﬁg@g@%% 'at{@aeart@%eégo%@a LhepF 8l L1 AR R MR 00d; 9ferlhepr esent

i nvention reproduci bility, and the

resul tingcat al yst exhi hi t shi ghacti vi i nt ai nst hehi ghactivity avera

| ongper Ot 11 HEAndi LS EXRRTT A=A PR P P ATty
mai nt enance effect of the catalyst is remarkable, and excellent activity
andSdurrgisideisey ofihFled Harmidtide iexpéee etefeomdl Gocapper - Gy ~based

mul ti-conmponent catal ysts for methanol synthesis used or proposed at

pr esentcaatad yeht' as edl y e giragert-.i nvention is
extrenel yuseful particul arlyindustrially. Accordingtotheprocess

forpreparingagpep er-basg&%g%fuﬁggedpgggg@9§§ent invention, further, a
catal yst having the abo ; TSt n be prepared through 15 nore
sinplifiedpreparation ste t han those of conventional processes. . Ccrease
of the numnbe %Sfcosgfpeeﬁs %Iag géxﬁ’hc IS)F RsEUi© %ng % qq:é%&g ntporcicoev?/e@(rai ng of
t he production cost. BRI EF DESCRI PTI ON OF DRAW NG 20[ 0030] Fig. 1 shows a

chart &&= Fﬁér%‘@}téﬁé‘eian%l%ﬂéﬁaslﬁt composed of metal oxides containing

10 copperoxideasanessential component, éndpreferably furthercontains
at least one oxide selected from zinc oxide, aluminum oxide, zirconium
oxide, galliium oxide and silicon oxide.

FO0331 The copper-based catalyst prepared by the
preparation process of the invention is particularly preferably a

15 catalyst composed of metal oxides containing copper oxide, zinc oxide
and aluminum oxide as essential components and containing zirconium
oxide, gallium oxide and silicon oxide as arbitrary components.

[0034] The copper-based catalyst may further contain
otheroxideswithin limits not detrimental to the spirit of the present

20 invention. As cther components, oxides of noble metals such as
palladium are usuvally used in some cases because of high reactivity,
but the copper-~based catalyst prepared by the preparation process
of the invention tends to be able to exert high catalytic performance

even if the ncble metal oxide 1s not used.



of a cake 1 and a cake 2 described in Exanple Bl. DESCRI PTI ON OF

EVMBODI MERF&20%F- 2209 12 the preparation process of the invention are
descri bed bel ow, and then details of the process for preparing a
copper - based catal yst and the pretreatnent nethod of a copper-based

catal yst of the invention are described. The copper-based catal yst
prepared by the preparation 5 process of the invention is also referred to
as a "copper-BHsed cat al e prsipypltycherai hhé cempoe0B2 pCsppefobased

cat al yst The copper-based catal yst prepared by the preparation
processpdded &g 100¥ &t w@iyHiSo A tBatdlolst conipesed ef priiclt ioxi sesosedd ai ni ng
10 copper oxide as an essential conponent, andpreferably further contains

at | east, qne ;axide el egted, ﬁgﬁbmgz@xéod@@% %ﬁg&g%gﬁr@%rébgg% um

oxi de, gallium oxide and silicon oxide. [0033] - base tal yst

pr epar ed Jhe preparation process of fhe invention is rticul arl

pr ef er abt S%ﬁ ?)'3' @3% a@’stth(,eoﬁgfﬁgﬁ P nét TGk PEESE cont’d %gﬁgr%%%%e‘?yoxi de,
zinc oxide and al um num oxi de as essential conponents and containi ng

zi r @oniWAHONMIYddC §al PPumbmedaehdnd psefeeanl v)d Wdcad 0ar by tvakghtcorpenent s.
[ 0039] The copper-based catal yst may further contain other oxides within

i mts pripddetibnnehtaludiavihhex sge riid iaf thdeapgesehtis2@1lipvenid 003 ¥As ot her
conponent s, oxides of noble nmetals such as palladiumare usually used in

SOMe cageyhecause-pinty ghtheastbyifys glhut dhhesropparidbased, catah #st

prepared by the preparation process of” the invention tends to be able to
exer ¢ hi.gfhcakal YHiiG, RERLQUDANGR.AYSN o Lot fif BYPYE: IR 2brhd8 15 1!

used.

to 20% by weight; the proportion of gallium oxide is in the range
10 of usually 0 to 10% by weight, preferably 0.1 to 5% by weight; and
the proportion cf silicon oxide is in the range of usually 0 to 2%
by weight, preferably 0.0 to 0.9% by weight, more preferably 0.3 to
0.9% by weight. The present invention can be favorably applied to
the preparation of a copper-based catalyst having such proportions
15 of the components. By properly determiﬁing composition according

to proper formulation of the catalyst and the desired reaction,
catalytic performance suitable for the reaction can be obtained.
[C036] In the copper-based catalyst of the inventicn,
silicon oxide may be derived from colloidal silica or water~dissolved
20 silica. The colloidal gilica and the water—-dissolved silica may be
used in combination. In the case where a copper-based catalyst is
preparedbyaddingsodiumsilicate (waterglass) orpotassiumsilicate,

a copper-based catalyst having the prescribed effect cannct be

sometimes obtained though such a compound is also a silicon compound.



SF-2209 13 [0035] The proportions of the conponents are as foll ows. Based
on 100%My 4 ght of the whole catal yst, the proportion of copper oxide is
in the range of usually 20 to 60% bylfei ght, preferably 30 to 50% by

wei ght; the proportion of zinc oxide is in the range of 5 usually 10 to
50% by wei ght, preferably 20 to 40% by wei ght; the proportion of alum num
oxide is in the range of usually 2 to 10% by weight, preferably 4 to 8% by
wei ght; the gP@gaiti on oinzﬁthﬂﬁ&%ﬁMb%FGecpgl¢¥ﬁ% siddrgelavfuaalilly 0 to
40% by wei ght, preferably 10 to 20% by wei ght; the proportion of gallium
oxi de iis ppetéeabBnge U eolusiahl il itca 18% ity awedghin opidéeraldent0. 1 to
5% by wei ght; and the proportion of silicon oxide is in the range of

usual | 0 40 2%8:0% . Y‘@%}?%igﬁﬁ?%ﬁ&%@bﬁ{lgrpy b9t Qo2%-BY N\ 0GRty IR L,

preferably 0.3 to 0.9% by weig The present invention can be favorably

applied to the pr.eparati.on of cqQpper.- based cat al yst_having. su

o bpor ti-6ns S5 B P o Roner s B eper 1Y Beretnn Rt Bk p ot Pron
according to proper fornulation of the catal yst and the desired reaction,
cat al yiredger $5iGrdneédali tabice have thé oddamt Peiflec sAnbenbifaphed: 02
[0036] I n the copper-based catal yst of the invention, silicon oxide may be
deri vedo Doskcblleetgit.silica or water-dissolved 20 silica. The colloida
silica and the water-dissolved silica nay be used in conmbination. In the

case where a|pepper - basefh ¢atalyst wherdnaparedbyssdding: sod U sdd,cat e
(water glass ) or potassiumsilicate , a copper-based catal yst having the

prescr 'n%.‘%ﬁrgifﬁ%shc %QQ%E, %ﬁggﬁé% Me190LaL0ed 1LAQUED; SHGA A CorRaUnd i
al so a’siTicon conmpound. -
like isemployable. Suchwater contains dissolvedsilica inan amount
10 of about 20 ppm to 100 ppm. The dissolved silica is silica whose
testwater ismeasuredbyabsorptiometryusingmolybdenumyellowmethod
or molybdenum blue method (said silica being commonly called

“colorimetric silica”™).

[0039] Process for preparing copper-based catalyst

15 The process for preparing a copper-based catalyst of the
inventicn is important in order to bring out performance of a catalyst
of proper composition to the most. One embodiment of the process
for preparingacopper-based catalyst of the inventionisalso intended
to simplify the molding steps, and optimization of composition of

20  the catalyst according to the desired reaction is important in order
to bring out performance of the catalyst to the most, as described
above.

[0040% The aforesaid catalyst (aforesaid conventional

catalyst for methanol production) is generally prepared by mixing



14 [0037]In the case where colloidal silicais used, it is preferable to
use col$Btalosilica having a sodi um oxi de content of |ess than 0.1% by
wei ght, particularly not nore than 0166% by weight , i.e. , colloidal
silica substantially having no sodiumcontent. Many 5 grades of coll oi dal
silica have a sodi um oxi de content of about 0.2 to 0.6% by weight.
[0038]In the case where water-dissolved silica is used, natural fresh
wat er, & dpqwatiergdevelll amaterdid mdust rdadit waletior (ehg-| ik iigeidnmidyabl e.
Such water contains dissolved silica in an anount 10 of about 20 ppmto

100 pprar Hie adii8809k Vst s 1drt @ohsashl h§an Wrese-teshovet£11d srneasededby
absor pti onet r yusi ngnol ybdenunyel | ownet hod or nol ybdenum bl ue nmet hod (said

silica i I "col arj i C.Sildcat). .. [Q039] R S, for
L R
copper - based catal yst of the invention is jnportant in_ order to hring out
per f or M&tee °3f 24 é%kl%?%ts FUeGper EoRpostRT Gt Gorha’ Abee .2 Eﬁ?@lc

enbodi ment of the process for preparing a copper-based catal yst of the
i nvéent isppstangks ot e fognde e ipitipt ¢ fanatthbepohel agcstabst rudcwptdny zat i on
of conposition of 20 the catal yst according to the desired reaction is
i mpor t gtodar 19T definkp bémM-0uutyiper bat nivasicinpfid hedeat ab ysdmdve the nost,
as descri bed above. [0040] The aforesaid catal yst (aforesaid conventi onal
SF'ZZO%mecipitant, drying the washed precipitate and then carrying out
calcining treatment at 280 to 6%0°C to form a calcined product.
[0041] The present invention is characterized in that
10 in the above washing to remove the precipitant (more particularly
alkali metal of the precipitant compeonent), a siurry solution
containing a precipitate of a catalyst precursor and a wash liquid
are brought into contact with each other to wash the precipitate,
with substantially keeping the suspended state. The expression
15 “substantially keeping the suspended state” means a state where the
slurry sclution keeps fiuidity. The condition of the precipitate,
e.g., fluidity, wvaries depending upon the particle size and the
composition of the precipitate, even if the content of the precipitate
in the sclution is the same. As a measure, therefore, a state where
20 the weight concentration of the precipitate in the slurry solution
is in the range of 0.5 to 12% by weight in terms of a metal hydroxide
is defined as “substantially keeping the suspended state”.

[0042] The acidic metal salt solution is preferably an

agqueous solution containing a water-scluble salt of ametal compeonent,



15 Aliquid made of an acidic nmetal salt solution (e.g., Aliquid nade of
an aquégus&dl ution containing a water-soluble salt of a netal conponent)
withB |iquid made of aprecipitant sol@tion (e.g. , B liquid made of an
aqueous solution of a precipitant containing a basic 5 substance) to form
precipitate that becones a catal yst precursor, properly aging, then
carrying out washing in order to renove the precipitant, drying the washed
preci piarat éhgndreheri toarty piodgtoan je%.lR?—ielfﬁeﬁF@bEﬁfe@.@ rEfitecats 280utpoBIOC to
forma cal cined product. [0041] The present invention is characterized in
that 1Q iprelcheiabovecwashiinigd @ besbyestber et pThaniagtmirkieupdr iscul arly
al kali nmetal of the precipitant conponent), a slurry solution containing a

pr eci pid.at ly QR Hadn 1aghid i Quhde ALELRE QMG 1Nt O
contac%ﬁﬁf%ﬁg%%gﬁ%g%%er%%gﬂaashC?ﬁ%t%geig%itat%,&ajthesubgtantiaIIﬁn

keepi ng t he.suspended. state. The_expression 15 "substantially keepi.ng the
Sushendii S BLEE Mo aHEo b SRR WAEH i FBCoP Ty B0t RO et Tl ty.
The condition of the precipitate, e.qg., fluidity, varies dependi ng upon

t hedparmstéilecententasd PRE B IS éao JFPh @2 ETHRE-RE 0teigRe | Fhdthe
content of the precipitate in the solution is the same. As a neasure,

t her ef AeyPrg n&dad o mhierd 220 yirloe muriegititarclomeent atheatef stthetmtedlpivt ate i n
the slurry solution is in the range of 0.5 to 12% by weight in terns of a

met al hydraxihdggiso dafihnednasa] substapt takdy-deeepi 89 the suspesged state”.
[0042] The acidiT nmetal salt solution is preferably an aqueous sol ution

containing a water-sol uble salt. of tal conponent SF-2209 nd the
bt ¢ PR ST 1B TS OB f a7 ABrY<RA  SGBSUS Bor CEPSR Lar Ao Pt i ant
contai ning a basic substance. The wash liquid is_preferablywater. Water
used a$OERENGBSh $1YHIRC s ARBTRERUBY IR yI_ bt fFAgSAd Pk A net al |
and is desirably water having an alkali 5 netal content of not nore than
1000 ppine pantiocwedr | 3 potfavred tddmdiGeppmis nbespaitadc bedovy nottorte t han 1
ppm Suchwat er substantially containing no alkali netal is also referred

to as ‘gheantWeheintidh tike rRiesent téaventiten embsdinentet al conponent,
copper is an essential conponent, and zinc, alum num zirconium gallium

el ow, but G0 bsent | RVERETORY: Sonat TTTEN] B4 00 TnE Ghbadt hent

[0043] For m xing the Aliquid with the B_Ii%gid to foim .
a precipitate, not only a method wherein the A 1iquid and the B 1iquid

are mixed all together to precipj.tate the components of the A liquid
15 but also a method wherein the A liguid is divided into two or more
portions, then the A liquid made ¢f an aquecus solution containing
cne or more components of the water-soluble salts of the metal
components is mixed with the B liquid made of an aguecus solution
of a precipitant containing a basic substance tc precipitate the
20 componentsoftheAliquid, andtothe liquidcentainingtheprecipitate
isaddedtheAliguidmade of anagqueous solutioncontaining the residual
components to likewise precipitate the components is adopted. For
the mixing, other various methods are available. The mixed liquid

of the A liguid and the B liquid to form a precipitate of a catalyst



a precipitate, not only a nethod wherein the Aliquid and the B liquid are
m xed afT-20¢%t her to precipitate the conponents of the A liquid 15 but

al so a nethod wherein the Aliquid id7divided into two or nore portions,
then the A liquid made of an aqueous sol ution containing one or nore
components of the water-soluble salts of the netal conponents is m xed
with the B liquid nade of an aqueous sol ution of a precipitant containing
a basi eozahstsanc dasoppretipiafstrabtilye 5200 cBnponent s of t heAl i qui d, andt ot he
| i qui dcont ai ni ngt hepreci pitate i s addedt heAl i qui dnade of anaqueous

sol ution cont@oaiangt he rgsi dhalwLohpongnbset sal t ket setpnecbppbdaéecd he
conponents is adopted. For the m xing, other various nethods are

aval | ahliho TRE-H 00 d1qUbl Qlnddier bhguh LiAndpble Bldiubipboed &
precipitate of a catalyst SF-2209 17 precursor has pH of preferably 5 to

9. [0044]As .the water-sol uble salts. of nmetal conponents other t t he

o 1§ cor LaRRnaRE Biiorat e ot ier Rhr AN EonBEHanT et MAtF 4t SOSHRL Rt e
both of which have excellent water solubility 5 are preferably used. As

t heShasine pusfeanbls ussideal s tdtcabasart b sireeess sbkpimrearbomaties,

pot assi um car bonate, sodi um hydroxi de and pot assi um hydr oxi de, are

pr ef er ahlgh "sethdiandcadtoar=did)gpbba e eurBtrBoceSe, aonbnind ydalokanelam ne,

am ne, etc. can be al so used. Wien sodi um hydroxi de or potassi um hydroxi de
I'S Use%qt@s%%zﬁgh%r%fdel,o £as pre rakas1 ysedd n a%%l”%'cﬂéﬂi?r'ﬂ% {P045] I'n the
present invention, it is preferable to allow the precipitate to adsorb
colloidal silica or water-dissglved si N

washi ng G EREPFEes fFREe | A sF P 6 %al 5w het pr &1pre 41 8°

colloidal silicain the formation o _
When sodium hydroxide or potassium hydroxide is used, blowing of COy

i.lica i.n the, format.ion aQ%Q or
to adsorb

10 gas 1s also used in combination.

[0045] In the present invention, it ispreferable tocallow
the precipitate toc adsorb colioidal silica or water—dissclved silica
in the formation, aging or washing of the precipitate. In order to
allow the precipitate to adsorb colloidal silica in the formation

15 of the precipitate, a method of adding colleoidal silica to at least
one of the A liquid and the B liquid, a method of mixing the A liquid
with the B liquid in water containing ccolloidal silica, or the like
is adopted. From the fact that the coclloidal silica is not actually
introduced into the supernatant liquid in the formation or aging of

20 the precipitate and that the silica component dees not actually flow
out evenifwashingiscarriedout afterthecolloidaisilicaisadsorbed,
it can be understood that the colleidal silica is not merely mixed
with the precipitate but is adsorbed on the precipitate. In order

to allow the precipitate o adscrb water-dissolved silica, a method



15 of the frecipitate, a nmet hod of adding colloidal silica to at |east one
of the F144tfd and the B liquid, a nmethod of mixing the Aliquid with the
Bliquid in water containing colloiddf silica, or the like is adopted.
Fromthe fact that the colloidal silica is not actually introduced into
the supernatant liquid in the foliation or aging of 20 the precipitate and
that the silica conponent does not actually flow out even if washing is
carri edduPraPEEI G EcBINYEaAISCILiler F¥ adserBet WatercaplWeleifdéE stood
that the colloidal silicais not nerely mxed with the precipitate but is
adsor bedmethal herpoeenpidrate aghinoos derlutdoaldoowat héngreeca pid atlestanadsor b
wat er - di ssol ved silica, a nmethod SF-2209 18 of preparing an agueous

sol uti gy, eaBt@NLRG A MNBEEHht SOh U @188bIveA 3 17BLAls REIREARH wsh BTy
aqueous sol ution containing a basic substance by the use of water

cont ai ni,.ng._di ssol ve ilica, a nethad of hi ng. t.h ech pi.t by the
Con o WopLasR A B LRG Rt BELIATCL MBS, LISCPIGE RINLE B

[ 0046] After the formation of the precipitate, aging is
5 " the like is adopted.

[0046] After the formation of the precipitate, aging is
properly carried cut, and then washing is carried out in order to
obtain a catalyst precursor of highactivity. Thiswashingiscarried
cut in order to remove the alkali metal of the precipitant component,

10 and it is known that if the washing is insufficiently carried out
and if a large amount of the alkali metal remains, activity of the
catalyst ismarkedly lowered inthemethancl production that iscarried
out later. On that accecunt, washing is usuelly carried cut until
the alkali metal is removed to such an extent that the alkali metal

15 exerts no influence on the methanol synthesis reaction or the like.

[0047] As a usual washing method, the following method
is used. The precipitate in the slurry is subjected to filter
filtration by compression or the like to remove water together with
the dissolved precipitant, and then clean water is added to the

20 precipitate to redisperse the precipitate in the water added. The
resulting slurry wherein the precipitate is dispersed in water is
filtered again. A series of these coperations are repeated until
the concentration of the glkali metal of the precipitant component

in the precipitate becomes the aimed concentration or lower. Or,



properly carried out, and then washing is carried out in order to obtain a
cat al ystE-p2&Cur sor of high activity. This washing is carried out in order
to renove the alkali netal of the pr&Ripitant conponent, 10 and it is
known that if the washing is insufficiently carried out and if a large
amount of the alkali metal remains, activity of the catalyst is markedly

| owered in the nmethanol production that is carried out later. On that
account aftas bhaglivs rysisaf 1 W ermdrired fobt cnpilal etthec raipeakia pretcilpiits teenoved
to such an extent that the alkali nmetal 15 exerts no influence on the

met hanok nsyny keshSor eaetken H1d thenlvwdeh water id 0044]AS facussadr washi ng
net hod, the foll ow ng nethod is used. The precipitate in the slurry is

subj ect %M‘?ﬂf%‘]ﬁe L S'IJ rtfl@ t%%p&ﬁsehenfcﬁg% the ol LKfef 0.d @3BKe wat er

t oget her w solve pre pitant, and t cl ean water is added to
t he 20 re itate to redisperse the |Iat t he ter ad ed. The
resul ti hg® %ii%@aW%éFﬁﬁﬁth ﬂ#&%ﬁﬁ@?&gég 6§F%gafﬁn gVlltered
again. A series of these operations are repeated until the concentratlon
of $he ahkatitutetcl, dhathks preebispiitanior orqsdriast 1§ reanydegy et pi tace
becones the ained concentration or lower. O, SF-2209 19 after the slurry
is filterethd B1R211i hkehlpdBtBet®ryriepane tac@iesiepitt 8¢ @suall herdaendf a
cake, and then wash water is nade to flow over the filter plate (or the

preci pi ate idy ‘b@%apgéné s oﬁﬁlﬂe})ia\rrﬂ%ff)f’ﬁ% Lhe.f 'é&i%ﬁ?l@&%ae'ﬁtselin the

precipitate in the orn1of cake by substitution, that

substi t on_washing is, car out t of the alkali

ot ecl pi L ARt CEOmONaNE0E ER AT o PREAE PR welt a&géias%e%a% s
havi ng high water solubility is used. Therefore, through the above

oper at | BReGiRHeTH! Iesmporenhl 1ofef Helisndd vpr CRAYES dMporidht "RECBf fi ci ent | y
renoved by wash water. 10 [0048] According to the studies by the present

i nventors, hooeyer, it heasdeEmgoanthe seddidabyithet e sspavienveettbod, t he
al kali metal frequently remains in the precipitate in a concentration nmuch

hi gher nbiighet h%tahgel bedBt-ah r¢ PRS NiHAL hﬁ NeHel 5bB%e fiddhoat echd 2SRbt e t hat
t he al kall neta concentratlon inthe filtrate is suff|C|entIy 15 | owner ed.

That is alka netal i S_not. i eIuted Lnt trate.
Aot iRy Pt d F i s pPRE R AN Yo B O LI plbh ! [ 2

| ower ed, |t does not necessarll foll ow t hat the al kali netal is renoved
from t hagBeedingin &be. al[@@ﬂﬂ%%ﬁﬁdﬁﬂﬁ&ﬂ%él?ﬁ% Hér the (dildsabg théPptesent 20

inventors, it has been found that in the above nethod of washing with
cl ean maheﬁj&iaékaibmmawﬂonon¢emﬁEEEMMEinHﬁxi§ih9nﬂssasysmﬁfimibowﬂyhe
slurry solution to stand for at least 2 hours with stirring after addition

of 1 ¢l eapyuater, Thatofder dhat chbealkalhet®Et ak eAncendiBt E0Atéd ihbe
filtrate and the alkali metal concentration in the precipitate
the filtrate. Accordingly, even if the alkali metal concentration
in the filtrate is lowered, it does not necessarily follow that the
alkali metal is removed from the precipitate.
[0049] According to further studies by the'present
20 inventors, it has been found that in the above method of washing with
clean water after formation cf the cake, it is necessary to allow
the slurry solution to stand for at least 2 hours with stirring after

addition of clean water, in order that the alkali metal concentration

in the filtrate and the alkali metal concentration in the precipitate



SF-2209 20 may becone the sane as each other. The cause of this is
presunetEt22de that the alkali netal is ionically bonded to the
precipitate, and the alkali metal is28lowy dissolved in water at
equilibrium or the precipitate is forned into a cake by filtration, so
that even 5 if water is then added in order to disperse the precipitate,
the precipitate is hardly diffused and the alkali netal remaining in the
preci pinayt ddcenigattbysaravedacthetstor e Theheause | oF dtliien igndres et si on
are repeated, at |east a nunber of repetition tinmes are necessary. It is

desi r abl e vkorrgrmre bhradl kaltalnes alordrisill yt ek abi tHO pretapi cord ent i n
the precipitate becomes not nore than 0.1% by weight based on the

preci pilal &y Howeyer , hi;ng s%wﬁgp&iggdl%doanwg& it @l 00 AN,

diffusion into water needs a long 0050] I'n the prior

techni ques, there i.s no descr tlon of a hi met hod particul arl and
with rgﬂéﬁ"éet%r‘?qfé’%t@ﬁfeoﬂﬁﬁq%% 1571 at‘ﬁ%k%z’ty afg][ H VP e ga‘?‘feé{act ory
result is not necessarily obtained particularly in the scal e-up case

g. JPA-1095187995 IPAR 199E@ITER rogmd L9 PAL AT TP86 PFecip s Adhe result
of further studies in the light of the above circunstances, the present

i nvent girsedigde sf-eund hthal vidi 2 skeheand s hiengl ka0 irestie rtainaizaiﬂ@lih ttet al  of
the precipitant conmponent, it is necessary to continuously bringing the

slurry spa%lei 1 +cont ah 0l ag, the RIBCT PiiatsRE | t NReKat Al Wistc PhegHrsor and

t he wash uid into contact wth each other fo wash the precipitate, wth
- subst an 'Izialelgfslkee re gretphe(?ﬁtse%spejed_'lfaeass'tt atg m’meer %%dgépégltezzc}cr{ %&z%ggla}/rer enove

t he al
necessary. It isdesirabletoremove thealkalimetal until thealkali
.10  metal content in the precipitate becomes not more than 0.1% by weight
based on the precipitate. However, washing by repetition of such
fiitration and diffusicn into water neleds a long time.
[0C50] In the prior techniques, there is no description
of a washing method particularly, and with regard to the reproduction
15 of the catalytic activity, satisfactory result is not necessarily
obtained particularly in the scale-up case (e.g., JPA-1995-879%,
JPA-1995-39755, and JPA-1998-272361).
[0051] As a result of further studies in the light of
the above circumstances, the present inventors have found that in
20 '~ the washing to remove the alkali metal of the precipitant component,
it isnecessarytocontinuouslybringingtheslurrysolutioncontaining
the precipitate of the catalyst precursor and the wash liquid into

contact with each other to wash the precipitate, with substantially

keeping the suspended state, inorder to efficiently remove the alkali



SF-2209 21 netal. In particular, the acidic netal salt solution containing
copper @Hndkadte precipitant solution are both agueous solutions, so that in
order to efficiently renove the al kakiL netal, it is preferable that these
aqueous solutions are mxed in water to forma precipitate 5 of a catal yst
precursor, and thereafter dissolution equilibriumof the alkali metal is
sufficiently reached in such a state that the precipitate is highly

di sper settaln wat egragrtamcithe sharagiciol wdted aatt cédelarnt wat epnaeénbropught
into contact with each other with substantially keeping the suspended

state. JdRO520dhe1PREPESE: Oin@lAYS ibhi HEd BEtEl LaReWa eblafdofde sol urry
solution into contact wwth each other is to feed water containing no

alkall [ i e fo e aIkaI
metal S %‘sso %%g% 5%§ﬁgﬁg%klg er%m%%gg%'h%?%%ie%EfFi¥$%€§%éﬁg t he
alkali metal is sufficiently reached means a state 15 where the error in a

change PTetReis PEAPOLDAALETARAEE 357 FHESHIrAF St UE PR DRETHER- "ot nor e

than 5% of the original electrical conductance in one hour after the
pr eBi pidfatecatzaldisspersedrior watner thareationc dassaldororobad4d byr e git .
[ 0053] A I ower content of the alkali netal is preferable, 20 but treatnent

to bringd BexeDNtRNta1aS sCLAFEitOAETP Bmdpedsihl exdieadstexéren®l yhauch
time. In the present invention, therefore, renoval of the al kali netal

unt" ;J}% ggegtenﬂ allgqﬁgt aﬁgpwsé@eup ¢Lpi tate t%%cgﬂsﬁrf%ml% ot han

.1%Db I'S ade I's pre erable to renmove the alkali meta

unt|I the al kal i netal concent atlo in SF-2209 22 the final l.y.obtai ned
cat al y?@%@&Sﬁ%sw?l‘b?rrﬁﬁﬁeqrﬁéﬂﬁaﬁ 196 By SRt | % %4] %H is to

say, it is particularly preferable in the invention that w thout formng

t he reswlbstagtpeely piacatiad #he gusakeddy Ftdberati on but with keeping the
slurry state, clean water 5 is added while the slurry liquid phase portion
i sieont i nuougbysdr awn outhé auhereby fr alses the natikal £l a®t akatofr tinel

preci pitant conponent together with the |iquid phase portion drawn out.

The sl ygLy sieefg@aﬁel% &ﬁ%ce&ﬁ@éﬁ QR +@f eQEﬁ%iﬂ{etratl% of gad@lysler

precursor) t specifically restricted, and l'ong as the precipitate

can containing no alkali metal to thereby substitute the water for water

in which an alkali metal is dissolved, and the state where dissolution
equilibrium of the alkali metal is sufficiently reached means a state
15 where the error in a change of electrical conductance in the slurry
solution becomes not more than 5% of the original electrical
conductance in one hour after the precipitate is dispersed in water
in a concentration of 2% by weight.
[0053] A lower content of the alkali metal is preferable,
20  but treatment to bring the content as close to zero as possible needs
extremely much time. In the present invention, therefore, removal
of the alkali metal until the alkali metal content in the precipitate
becomes not more than 0.1% by weight is adequate, or it is preferable

to remove the alkali metal until the alkali metal concentration in



10 be maintained in a highly dispersed state, the slurry concentration is
not resi¥i22@¥. Taking operating properties into account, the slurry
concentration is practically not nmor&Zhan 12% by weight. If the slurry
concentration is lower than 0. 5% byweight, a |arge apparatus is
necessary, and consequently, econom cal efficiency is sonetinmes 15

| owered. The slurry concentration is a value in terns of a netal

hydr oxitdee fiinaihe dbaiacaethbdl vl scanae 1% sareitd@rott 13 Pysuehdt state
that the precipitate and water are always in contact with each other, so
t hat the cont@ms4]i me i sthebddis andsahe washipwy-ttiicoeachnhersfcketly in
shortened as conpared with the operations of filtration 20 and

redi spengi onyieh ¢ WBh ef matl RE tHENRE LMY 8 Ofhd hesshbify dcquipd tRbasenportion
is preferably 1n the range of 10 to 40%:. [ 0055] General |y, repetition of

operations.consisting,of conpressi t he ecipitat st r,angl

POSSi blaecfages}alﬁéiz%r%gf%c%lﬂ?,w lt%ﬁeﬁg?%w %/%Eajgd“? Ny \ gﬁgﬁ%‘t ecrl%gﬁd%as‘%%%ezi ng
wat er out agai n SF-2209 23 can renpve the al kali nmetal nore efficiently.
Howdveris pAdpHeNddsetlet shamsyali®iid RB2aE IPATCIABLE CPMoHINS Lyat et
precursor conposed of netal oxides containing copper oxide as an essenti al
conponenit (e. gherehpetrahcoxitdes adkal dimbteg odpper poxd del t azitncoopdgentand

al umi num 5 oxi de as essential conponents and containing zirconi um oxi de,
gal l'i umpdideandtsi Jch&%@@&%k%%e&ﬁ@kﬂ@ﬂdﬁaﬁ@%ﬂ%ﬂt Shhe dlturk§ Mmore
effective to substitute wash water ile keeping the slurry state, for the

af oresai d reason. The slurr oncentrat.i ] r ef I i | at the
same cOREERtTAIoR"d ?Clmr%:ge %S%Mlslh‘i%r@%efg?b@éf %ﬁ%%%lﬁsé{%%@{:%&%ﬁﬁry out

operations of sufficiently reaching dissolution equjlibriumof the alkali

metal ofS té preel bty E6rpbhertci MsLeR ot #CetRRATIHEpREEI (it ate i s
hi ghly di spersed in water and always bringing the precipitate into contact
wi A clizamawateindds noalhidhd yodiapeappasaats, Vitiechlisryadecebtoptofn a part
for drawi ng out water fromthe slurry, a part for newy addi ng cl ean water

and a pay tnd‘torregi;ﬂ&geca.hem@mb% @;ﬁ@@@tﬂ@ ropetbidde mluneyoghvenciad t er
water is drawn out and in which these parts are connected so that the

slurry o feﬁ;{u@eegr;&la%ﬁ%n L%ﬁﬁqt{m%g%@mg%%aaﬁaﬂléﬁeﬂ%ﬁ%gg,hltesSI ilter

(dynam'™ equi pped "w racti on nmechanr sm whi n i nhibit
thickening of a filter layer of a filter C during

cake as. h ?S lgé)ssible
rermvalﬂtﬁsmréfcq)%c%&ftéﬁpés%ﬂ\‘-ﬁﬁ?l?%?i@% ¥ BEEINF o3 RRYT PR T EKe- | ess
filter, Shriver type filter thickener, nulti-chanber cylindrical vacuum
filter i{Oniegesstype =id tenjequerhnty, fogarinort pidislianey ifs peeetimes
15 lowered. The slurry concentration is a value in terms of a metal
hydroxide. In the above method, treatment is carried out in such
a state that the precipitate and water are always in contact with
each other, so that the contact time is long, and the washing time
canbemarkedly shortenedas comparedwiththe operations of filtration
20 andredispersioninwater. The temperature of the slurryliquidphase
portion is preferably in the range of 10 to 40°C.
[005L5] Generally, repetition of operations consisting

of compressing the precipitate as strongly as possible to squeeze

water out, then newly adding wash water and squeezing water out again



SF-2209 24 or the like is enployable [0058] The slurry washed as above can
be concemtazi®d as such ( for exanple, by drawing the slurry liquid phase
portion outside the systemw t hout ad@di ng water) and subjected to spray
drying, but 5 generally, the slurry is subjected to pressure filtration to
give a precipitate in the faint of a cake. In this case, vacuumfilter,
filter press, centrifugal dehydration filter or the like is enployable.
The t enper aktnoee dfhd hekpr £oigtiaflahers retfieitot iy of Haweake, pini chetaasdr yi ng
is preferably in the range of 10 to 40C. 10[0059] The resulting precipitate

in the §0ip0faf HakeebocoMESHERE Rl F QX 888 DM a3YREaotddiG sl ESnssddng and
cal cining. The apparatus for the drying and calcining is not specifically

restricted, .and a.general dryer is used. \Wen_the resulting t is
used st fET “liraltEl (ErpE atiare MR B ar A s 15
the method to nold the catal yst, extrusion or tablet making is generally
used. Wfel -tHeekxt grydes CONGIEBIBY FIPENgEide i atRS QLR SR T84 or ,
tabl et maki ng method in which the catalyst is hardly pul verized or broken,
var babidxitdy af cpsestsiarlecdgesndrs: ssamd Eonbaitnirab et corofururs oy, ngshiaipes ar e
obtained is preferable. In the case of the tablet naking, 20 a powder

cat al ysdxiige did b et ddh 8x 18 kakrefi tdargdRlporekt 8P, FRGRIMEse anteacird is
pushed down to perform nol ding. The powder is first subjected to heat

er i's | a
my bo 8 SUCEhFPRES ThT Waeveriirt SBapeld o RaUERY SBR[

nol di ng, the catalyst with higher SF-2209 25 | , ,
aforesaid redason. The slurry concentration ispreferably maintained

at the same concentration during the washing.

10 [GO56] The apparatus Lo carry out operations of
sufficiently reaching dissolution equilibrium of the aikali metal
of the precipitant component in such a state that the precipitate
is highly dispersed in water and always bringing the precipitate into
contact with clean water has only to be an apparatus which is made

15 up of a part for drawing out water from the slurry, a part for newly
adding clean water and a part for mixing the newly added water with
the slurry given after water is drawn out and in which these parts
are connected so that the slurry can be circulated.

[0057] For example, a so-calledcake~less filter (dynamic

20 filter) equippedwith tractionmechanismwhich can inhibit thickening
of a filter layer of a filter cake as much as possible during removal
of water is adoptable. Specifically, rotary cylindrical cake-less
filter, Shriver type filter thickener, multi-chamber cylindrical

vacuum filter (Cliver type filter), centrifugation type slurry filter



strength may not be obtained after nolding. On the other hand, if

cal ci ni¥g 4 O%arried out after nolding, because of the dehydrati on
shrinkage that takes place during t hé cal cining, the catalyst w th higher
strength may be obtai ned. Therefore, before the tablet making, 5 the
powder is usually dried at a tenperature |ower than the tenperature of
actual calcining. That is to say, drying is carried out at a tenperature
of usud® y-PRodckeo I EhemM eI Hithg tenperature, preferably a tenperature

| ower than the calcining tenperature by 100 to 300C. The particle

di aneters of fdt&8jowder Thst sbermpdaaird asnebove han @ thecpowderedan be
filled in the nortar rapidly and honbgeneously. In order to make the

cat al ysis path i ebesxsbI Q) By as&h £entRE sohirt-he:igat abMate bsrussabhiys L ri ed
out after drying, but it is also possible that the precipitate in the form

of a cake | .1 nto d . i | o] ay
granulg?#%ﬁ§8%%éq§ﬂggﬂ%fa@%§&¥%%%gr i%#%gﬁggééﬁé?éfﬂéﬁgﬁft gquhégﬂgf
about several _tens. pm.and sub-mm though it depends upon the size of the
nor Par .I9PTHeHe Yy abletSHakimngS FBPUrREdte mEepsiaR it L&t Prete diitVaor e
easily as the rod of the tablet naking machi ne noves nore snoothly, so
that ad peicdantathatn eheblfesntdie a cdkieo shoahhbycapve vasuch Asligaphite,
is generally added 20 to the catal yst powder. Although the anount of the

| ubri camit] teaibRe NHIeperhiyuganHeRbes: 26 61 tidbgot Bhé DerdDs dadl syate: of the
nol ded product, the lubricant is generally added in an amount of 1 to 10%

powaior 1 SAPGFIAtE RS Rhe PRI A ety L% TRl

nol ded, ,and it is preferable that the strength of ,the
resultFHﬁﬂﬁBdéﬁpPBgﬁ%¥a coedhgs TRTGR %é ﬁg§§1ﬁpecby application of a
smal | conpressive force. In order to increase bondi ng power of the powder
patficles, al@€bPain anoline xfsuddtiog PseSiperrialinythatiugueddaidiks t he
powder. Unless the water is honogenously dispersed in the powder,

var i abigddoyheef mstd gt Hek SoPpabgbttaboutt tAcEOfdigngntl xCidiatAgt anees,
therefore, standing is carried out in order to honogeneously disperse

wat er . ia\s%faﬁta%ﬁg%rgq R &ﬂgﬁ;ﬁgﬁ;&??& fﬁs%@g%eﬁgﬁﬁgg%%ﬂmgé q,0f

wat er examned 10 in romthe relatio en the strength

dth t of . [.O061] A di , | di f.t wd
par | QO oY Py JPRRFAT g RS hodR KoRCLUErat i theehs K8 pr eries ment s,

many steps, such as pulverization with nmaking the particle dianmeters of 15
t he catd@ §BtirdEIdelup tok YRt addi 15 Gerera lLorelclas Panehdifogeneods
m xi ng, and addition of water and honbgeneous m Xi ng.

15 themethod tomoldthe catalyst, extrusionortabletmakingisgenerally

used. When the catalyst isusedby fillingit into a fixedbed reactor,
tablet making method in which the catalyst is hardly pulverized or
broken, variability of pressure loss is small, and tablets of uniform
shapes are obtained is preferable. In the case of the tablet making,
20 a powder catalyst is filled in a mcrtar of a tablet making machine,
and & rod is pushed down to perform molding. The powder is first
subjected to heat treatment to rerﬁove extra water content. In this
heat treatment, calcining may be zlso carried out. However, 1f

calcining is carried out prior to melding, the catalyst with higher



[0062] In the |ight of such conplicated operations, the present inventors
have stamhzz)3and as a result, they have found that it is particularly
preferable to adjust water content of5the catal yst 20 precursor after
drying to 8 to 17% by weight in spite of necessity for tablet making (the
water content in the invention is a value based on the water content in
the catal yst having been cal ci ned at 600C being zero). That is to say, the
pr esentstirrenhonsyhave tal sbthonmd dftatr nblthey amounthefothatrehangnaini ng in
the catalyst is adjusted SF-2209 27

bycont rolildingtRehsatd r.ealiment tanmer abynerl! hacatakyst RIRCHERPEra&NhH he
pressure, the aforesaid addition of water, m xing for honbgeneous

di spersi.on _and standi,ng can,be opm t.ted., and even if e re

si npl | fsu%rct”%g?alfg?gs ke P HE it 4 F{}?t‘f/alacr%duﬁﬁgh‘%]? Eé%g‘gﬁfﬁt@lt?an be
prepared. In this case, when the sane treatnent tenperature is used, a

| ar ge difdereridenathesmmebivrinesti dUAPr b e PRING s VAP i f t he
drying time is somewhat different. The lower |imt of the treatnent

t enper athuer powd=mbs usoakly tindad 200C; eppefarnals owwt thawehe thape 200Ce nor e
preferably not |ower than 250C, 10 though it depends upon the tablet

maki ng gondithonsaldheimppernhi ms ©f g% drgahpent denpeabuteat Sa 550C,
preferably 400C, nore preferably 300C. Although the drying time is not

speci fical |y LesLrd Lﬁﬁjd 1{# L PLELELA Y- 100h 1185 E?@&ﬁé@&ﬂér €
pref er atbq%fe%gﬁzu%ésosfc aalnl .JSd(ﬁoou#. $ﬁere ) neéﬁ 6" det Brm ne tHe upper
limt 15 of the drying time, but taking productivity into acco#[géa t he
upper |3 FPRPPE2RGrPdGEr 1t ENELTY. GUHGIH SETHREA PHEs SHr e d ROt A dryi ng
step is preferably in the range of vacuumto 0.2 MPa, nore preferably
vacuumthe pefrmatlerésmwi@rsThé thyipgydirepuskybbanads rtingdoout saothadnly in
air but also in a streamof an inert gas such as nitrogen. 20[0063]In the
case oftHdeogakal ¥st ¥ fihecinveMtiOmorttde rapidiy and homogeneously.
In order to make the catalyst particles uniform, screening of the
catalyst is usually carried out after drying, but it is also possible
" that the precipitate in the form of a cake is formed intoc a slurry
and the slurry is subjected to spray granulation. The size of the
15 particle is generally in the range of about several tens pm and sub-mm
though it depends upon the size of the mortar. In the tablet making,
molding of the powder is carried out more easily as the rod of the
tablet making machine moves more smoothly, sc that a lubricant that
enables the rod to smoothly move, such as graphite, is generally added
20  to the catalyst powder. Although the amount of the lubricant can
be properly controlled according to the molded state of the molded
product, the lubricant is generally added in an amount of 1 to 10%

by weight based on the catalyst powdex.

[0060] In the tablet making, the powder is solidified



wat er content dependent upon the heat treatnent tenperature is preferably
in the S Df 8 to 17% by weight, and by controlling the drying step in
such a manner, a catal yst of high acfkvity and high durability can be
obt ai ned even if steps of addition of water, SF-2209 28 m xi ng and
standing are not carried out. Moreover, a catalyst having high crushing
strength, which does not suffer occurrence of cracks when it is subjected
t o nol diyng, cpartadseibiar fgrdsakhdtthealdbygno bdard bendbittainga-e f5{ra064 | CHa wat er
content and the heat treatnent tenperature frequently have a given

rel ati onehd -4 +@ash: 1l P@éulﬁmgﬁndﬁie@#ﬁtﬁf&tﬂaé@m&%&%@ 44 pesk e for

exanpl e, theintobal ance neasurenent. The relationship is not specifically
restricted . . o] r o) e like Y ' ryi ng
IS car%ﬂ%&pgél%%ﬁl%£%§£8e%%%gf ca CF%%%S%B%%%%%, gﬁﬁ%?%QQF§§§RF§E§%E of ten
obtained. After the pretreatnent, the catal yst precursor is nolded by, for
exanpl EONCHEPePOFRK gt AP e TapREr HE RS F 61 CE i 4BPERt Rk FAGET & Susual
tabl et maki ng machine is used, and there is no specific l[imtation.

15[ 606 5)jeAktred lvhendrydunggd timeoc dhal pevder eciinsessi shaulitest éd t o cal ci ning
treatnment at a tenperature of usually 280 to 690C, preferably 350 to 680C,

parti cHognphel or @bdpye 4l tian 8R8Gooli@:) Weird aah i pedr psadieich ©8 the
ot her hand, the precipitate on which colloidal silica has been adsorbed is

subj ect C i.ni N : enmer u 48Q to
690C, 6’%%?1 g%b%&%g'o ?83%;%%?5%;5? ?itué%lg%%%/ br éf g&%%ﬁ&%%o%;d %M%%/% fi%t 0 give
a cal cined product. The calcining is carried out in an oxyge at nosphere
(usual IGEEEASS PYE ITWREFERYE? 6r&SHP rfg‘tsﬁerégnﬂ%ﬁﬁ%ﬁt s ggﬁ(ﬁ@a&ﬁ des.
[ 0066] Reduction treatnent (pretreatnent) SF-2209 29 The '
pr et r edtonehe amsngde Divatties adnetht Ponopisliiapaene iocfedabsr dedereimHg eal
copper - based catal yst at a tenperature of higher than the

10 in advance from the relationship between the strength and the amount

of water.

[0061] Accordingly, molding of the powder, particularly
tablet making, has been considered to need, as pretreatments, many
steps, such as pulverization with making the particle diameters of

15 thecatalystprecursoruniform, additionofa lubricant andhomogeneous
mixing, and addition of water and homogenecus mixing.

[0062] In the light of such complicated operaticns, the
present inventors have studied, and as a result, they have found that
it is particularly preferable to adjust water content of the catalyst

20 precursor after drying to 8 to 17% by weilght in spite of necessity
for tablet making (the water content in the invention is a value based
on the water content in the catalyst having been calcined at 600°C
being zero). That is to say, the present inventors have also found

that i1f the amount of water remaining in the catalyst is adjusted



catalytic reaction tenperature but |ower than the cal cining tenperature
(e.g., 3eI%Ature of 300 to 550C) in a streanof a reducing 5 gas prior to
the catalytic reaction. As the coppeP7based catal yst for use in the
pretreatnent, any catalyst properly selected fromhitherto publicly known
catalysts is enployable as long as it is a catal yst conposed of the

af oresaid netal oxides (e.g., catalyst conposed of netal oxides containing
copper moxdde radilnegakiedeaand eb@nahtmenproxidee as thesehtl att poaporrE s and
contai ning zirconi unoxi de, galliumoxide and silicon oxide as arbitrary

CONMPONEIHS knePSrb B8y FOPRA: hasedsaabiabysic fO JiSGakBr| heipigf reat ment, a
copper - based cat al yst obtai nedby the af oresai dpreparati onprocess ofthe

| nvent | 002 nRRLLT GULALIY BT SL81A0l A nd XAPBL] JhE GOPPELa hARed: et yst
obtalneémbg {'he preparation process of Jt e rmvention’'as above 1S
preferably reduced under the specific conditions. The copper-hased

cat al ysttepF £Re fRRhtE Gt -hds CEaeabyti kaedty 6%?9‘;1 §8ti“~ﬁl1f%ias“%?“alg , but it
is preferable to reduce (pretreat) the copper-based catal yst of the

i nvent icairaby 120vacaedwc pngpgasd - e Ig. thas madrcogwhenoriaisainggt peatmandh as H2
gas or H2-N2 m xed gas, prior to use of the copper-based catal yst for

net hanalengyRtbRast Si PhstAE d 1 kLge [RO68)-dhee riedusightgas rssiplal efaly a
hydr ogen- cont ai ni ng gas. The hydrogen concentration of the SF-2209 30
hydr 0961 6801 &L 8Tk S AERLEE AP kiaL e LRRARNOE dl-chelBpl0%

vol une.” I n the case of a hydrogen-coﬁ%alnlng gas having a hydrogen
concentration_of |ower than 0.1% by vol une, reductiaon tak ti ..and an
econom ‘e Tpl-oBF en?¥ riéGusRERIMBRE TIPSR IRE ﬁ?&%ﬁbgﬁwgrcgﬁﬁﬁﬁﬂﬁéﬁﬁon
exceeds 10% by vol une, abrupt reduction takes place, and there is a fear
of doi myedamageynett megoppat 208sedmeat srpserably not logesdhaper! tthe
copper - based catal yst is reduced by a reducing gas, it is preferable in

t heoi nveRtigan ¢ Qepanidy uputh HhketaethichhRing Boadst t @am offha uppeuciing tgas
under the conditions of a 10 tenperature of higher than the reaction

tenper gL g Useda { o418 A %h&@n%9f5§@ﬁﬂaﬂﬁkf%EaBB9 A@@Q:?g&mgomer than

the calcining tenperature of the above calcining step. The lower |imt of
t he reduction te ure_is usual.l 0QC, preferably a te era% re of
more { I LS00LY mal & pr efbFABIGS At TP ARuP TG - B CLRECOher 15
hand, the upper limt is usually 550C, nore preferably 500C. |t is said
t hat wiestaicopperithasagedarabygtnitslepedted Gil KoHrgiarenperERiAte Yof not
| ower than 300C, the surface area of the reduced copper is generally
decr eased byssihaerd.mghaur 1 hehkicrke s 0o thkedehy dkowenirec the ivppe rl intite
present invention, however, it has been found
15 of the drying time, but taking productivity into account, the upper
limit is 10 hours, preferably 5 hours. The pressure in the drying
step is preferably in the range of vacuum to 0.2 MPa, more preferably
vacuum to normal pressure. The drying step may be carried out not
only in air but also in a stream of an inert gas such as nitrogen.
20 [0063] In the case of the catalyst of the invention, the
water content dependent upon the heat treatment temperature is
preferably in the range of 8 to 17% by weight, and by controlling

the drying step in such a manner, a catalyst of high activity and

nigh durability can be obtained even if steps of addition of water,



20 that reduction at a tenperature of not |ower than 300C, preferably a
tenper d@dinre2@$ nore than 300C, rather increases the surface area of

copper, andthis is surprising. Howevég, ifthe tenperature exceeds 550C,
sintering takes place, and there is possibility of decrease of surface
area. SF-2209 31 [0070]That is to say, this indicates that the
copper - based catal yst of the invention is in such a formthat (1) copper

i s har diixirgdecedtanhdand ewetrariperatircoand (R)recgppera tatdiardl yasin er ed
even at a high tenperature, as conpared with usually known copper-based 5
cat al yHisgh khrukBih§oughingthat wsLeh qeepast | a5 Rireceennest@d ctocrat iy enance
of catalytic activity over a long period of time and excellent durability.

Mor eover, . Py CAL IyAd Ol Y ﬁEﬁ?i‘% 3 1E'>far ?E?EP& Q%bﬁ%%th%}%ﬂ%ég&ﬁ%ed in

advance ‘at a high ténperature o erabl'y not” | ower nor e
preferably nore than 300C, shortening 10 of induction period in the
initiaF3§€Hd§3 f reaction and enhancenent of catalytic activity can be
realized. [0071]1In the copper-based catal yst of the invention, the

af obesai d surl®U6giling t entbacyatereqenieny appetns hesgfedirgkltyenhen copper
oxi de which is an essential conmponent (preferably, copper oxide, 15 zinc

oxi de anghrRirufuRe M @gudat Mircheal giess el hal ogeioberhshaitthezi. r Crlisum
oxi de, gallium oxide and pal | adi um oxi de which are arbitrary conponents)

et er - G CEqI VB aP| Teh Ry G Boch adbor bod WRCR RecSary T resent as
or ef or AFIGEBST5 0. 8% B et GRLPrit B BFELART LY °Hb o BYA BY Wl gh
When the calcining treatnment is carried out in a specific high tenperature
range othagg0ofotB9OmPaadnst efdehe ylbevomas Avee hfgrde@dng[ 08723\ tSough
the reason why the effect of the invention
10 outbyageneralcalciningmachine, simiilarresultsareoftenobtained.
Lfter the pretreatment, the catalyst precursor is molded by, for
example, tablet making. As the apparatus for this tablet making,
a usual tablet making machine is used, and there is no specific
limitation.
i5 [0065] After the drying, the catalyst precursor is
subjected to calcining treatment at a temperature of usually 28Q to
650°C, preferably 350 to 680°C, particularly preferably 480 to 670°C,
to give a calcined product. On the other hand, the precipitate on
which colloidal silica has been adsorbed is subjected to calcining
20 treatment at a temperature of usually 480 to 690°C, preferably 520
to 680°C, particularly preferably 560 to 670°C, to give a calcined
product. Thecalciningiscarriedout inanoxygenatmosphere (usually

in air), whereby the aforesaid metal components become oxides.

10066] Reduction treatment (pretreatment)




SF-2209 32 tends to be exhibited when a silicon conpound is contained is
unknownSEt3&0% ol | owi ng hypot hesi s can be thought. It is thought that since
the silicon conponent exerts a functiZdn of inhibiting transfer of anetal
conponent in the catalyst, the catalyst exhibits high activity, 5

mai ntains the high activity over a long period of time and has high
durability, and this effect is exhibited also in the reduction treatnent,
that is, sindée heetreamsiert sfthhd sletthe tonpdnent 1 schdrdeaiesé zeaiithi t ed,
sintering can be inhibited. It is considered that the effect becones

gr eat erraafudihe i enpeeat bheed reatthe ypr el eaddipiiratQrofoft hegeat ahystths
rai sed, and as a result, the catalyst exhibits higher activity by virtue

of the ﬂlryec%nﬁegcem'éé@&a%r%hsuwy&m]; 17 @9@%%11&%{ Al yst

obt ai ned as “above Is used Is or after granu at ed y an appropriate
met hod or tabl et nak ing, and 15 is r,_ex he foIJomnng
oaet s O RRShar e 6 o SR HRECEPE SR SOHS CaTlsET oF 3 i eediof § Se i e
arbitrarily selected according to the reaction systen1and t he shape of the
r eabt orgay POI8FReadiicoratThet topgipacibased feathbystrrsr tdaeednyehid vit and
the reduced 20(pretreated) copper-based catal yst are useful for catalytic

reacti ofts; chnashaephanaeiatsyntneahs teaglyan peopel3yreyBiSed Eaetn on,
met hanol refol mng reaction, and shift reaction or its reverse reaction,

and t hey; @y ?ctBafaﬁlbfﬂjsﬂF IhHS CEME 2 BSGALB! Msh Bodan d he I@f?tfta‘so'ﬂttft?s a
synt hesi ze met hanol from hydrogen and carbon oxide or its reverse SF-2209

33 catalyst composed of the aforesaid metal oxides (e.g., catalyst

composed of metal oxides containing copper oxide, zinc oxide and

10 aluminumoxideasessential componentsandcontainingzirconiumoxide,
gallium oxide and silicon oxide as arbitrary components). As the
copper-based catalyst for use in the pretreatment, a copper-based
catalystobtainedbytheaforesaidpreparationprocessof the invention
is particularly preferable.

15 [0067] The copper-based catalyst obtained by the
preparation process of the invention as above is preferably reduced
under the specific conditions] The copper=-based catalyst of the
inventionhas catalyticacticnalsointhis stage, but it ispreferable
to reduce (pretreat) the copper-based catalyst of the invention by

20 a reducing gas, e.g., a hydrogen-containing gas such as H; gas or
Hy,—N, mixed gas, prior touse of the copper-based catalyst for methanol
synthesis or the like.

[0068] 7 The reducing gas is preferably a

hydrogen—-containing gas. The hydrogen concentration of the



reaction. [0075] When the catalyst is used for the reaction, the cat al yst
can be I5€®% it is, as described above, but it is preferable to reduce
the catal yst by a reducing gas such & H2 gas or H2-N2 mi xed 5 gas prior
to use. [0076] 1 n the case of nmethanol synthesis, hydrogen and a raw

mat eri al gas conposed of carbon oxide are allowed to react with each ot her
on the catalyst to synthesize nethanol. This reaction is carried out

t ypi caliydratgem-reactining epel atpred cofib150i 1 ah80068:d odnd. B toedtt ikon
pressure of 1 to 10 MPa. In the case of its reverse reaction, nethanol can

be decaospesed i nt arHaydsoges am@y&@{d@ﬁc@&g@nﬂ%gw Baeid PR hpgLydd ed. out

typically at a reaction tenperature of 200 to 400C and a Teaction pressure
of atnospheric_ptressu to 1 . ~These reactions_can.be carried out in
any of ca&%aegtﬁﬁgégﬁa%%%ﬁﬂeg It?{gﬁi %'{p%i} e.V%isu}ﬂ?heres%ufc\r}elr?tns%ﬁgéeéciet 16 t he
reaction is carried out in_a Ii%ui d phase, hydrocarbon-based sol vents and
wat er - iH¥bREH LECREMIER L rREIG G Lyedurble euturent sthridekyrsgdsre.

[0077] Action Wth regard to the copper-based catal yst of the invention,
copper 2thagxitdetwhn cfrdesdan 188 sentvicdlme o rdongrit répuef smalbibyes qogyer, oxi de,
zi nc oxide and al um num oxi de which are essential conponents and zirconium

oxi de, gl khemeoxsde, repal baFdbym@xdGf@Neosthé ciprd-gasuli sdrarat.
arbitrary conponents) forns skeletons, and an al kali nmetal which inhibits
activity is sihighgi entlyyremoved..Hetetotsy O SUNEGE Pduced by a
reducing gas, it is preferable in the invention to carry out the
reduction in a stream of a reducing gas under the conditions of a
10 temperature of higher than the reaction temperature used in the
production of methanol or the like but lower than the calcining
temperature of the above calcining step. The lower limit of the
reduction temperature is usually 300°C, preferably a temperature of
more than 300°C, more preferably a temperature of 350°C. On the other
15 hand, the upper limit is usually 550°C, more preferably 500°C. It
is said that when a ccopper-based catalyst is treated at a high
temperature of not lower than 300°C, the surface area of the reduced
copper is generally decreased by sintering or the like to thereby
lower activity. In the present invention, however, it has been found
20 that reduction at a temperature of not lower than 300°C, preferably
a temperature of more than 300°C, rather increases the surface area
of copper, andthisis surprising. However, ifthetemperatureexceeds

550°C, sintering takes place, and there is possibility of decrease

of surface area.



SF-2209 34 the catalyst to calcining treatnent in the tenperature range
of, forSéxanpPe, 480 to 690C after drying step that is carried out when
necessary, the catalyst exhibits higPlactivity, maintains the high
activity over a long period of time and has excellent durability. 5
[0078] According to the studies by the present inventors, it has been
found that presence of an alkali netal in a catal yst accel erates

crystal lizatild®7fl a net dhaoxisde sonpdrienindigathe ttatdhgsorpertheseby
decrease a specific surface area of the active conponent. For exanple, it

has beemtrmdestCbeathdbyntdier Yol a¥ th khepd Fepmaasur enerbppOr dfs Bz eal al yst
that even if only 0.4%by weight of an alkali metal is present in a

catal yste£NLALDI 19 OPRRFG XL aaanf%gé%gggralyMa{fg%ﬁeex@ede@éa coni um

oxi de as mal n conponents,” crystals of uced sta , 2l nc oxi de,
aIun1nun1OX|de and zirconi um oxi de consid rably grOM/ t he other hand,

it has deén hERe TR WRSr MRSTPEITELArY p’clﬁn%htcgpﬁsrc%

oxi de, zinc oxide, alum num oxide and zirconi um oxi de as mai n conponents
and 5f r omwhivstisan B ki ithestalilt it emeviebnopegiiabkare eeinsctesntent of
0.1% by weight is subjected to the same cal cining and then subjected to
X-ray didiffiagiznes BEasHtE&IRRic itystiahsoodér Qu (dredypeedodt af e}ine znmic

oxi de, al um num oxi de and 20 zirconium oxide hardly grow. That is to say,

by virtug of %deﬁb%ﬂ&tgeﬁwﬁeonfera gaéa!a&%lglmg%h% re%@éé%ﬁénﬂ%ﬂé\fé‘upf each

conponent o e catalyst is inhibite sper5|b|I|ty can
mai nt ai hed oV l.on eriod of ti qﬁggL er - based_.cat
or epar 60" DG T hEY S ISES 236858 TThodReTSner e & ChbaTyet- wHose Bé??%ﬁ%bfﬁal can
be stably reproduced and which can be applied also to an industrial
pr epar @dtodopeaceban Fi tthemorenerefderh e moref thae b éesshperepikbari ng
a copper-based catal yst of the invention can prepare the above
copper -dasaducai @ yetribdtii ahghirsitepd stagmal| sracuimbesnd kahat besetof
conventional processes, so that the invention is particularly useful as an
i ndustrial- RLERAE AL LOPi PIOFESSH be realized.
[0071] In the copper-based catalyst of the invention,

the aforesaid surprising tendency frequently appears especially when

copperoxidewhichisanessential component (preferably, copperoxide,

15 zinc oxide and aluminum oxide which are essential components and
zirconiumoxide, galliumoxide andpalladiumoxide whichare arbitrary
components) forms skeletons and among the skeletons colloidal silica
or water—-dissclved silica having been adsorbed when necessary is
present as silicon oxide in a specific amount of usually of 0 to 2%

20 by weight, preferably 0.0 to 0.9% by weight, more preferably 0.3 to
0.9% by weight. When the calcining treatment is carried out in a
specific high temperature range of 480 to 690°C, such tendency becomes

more marked.

[C072] Although the reason why the effect of the invention



[ 0080] The present invention is further described with reference to

t he folSFowizd§ exanpl es, but it should be construed that 10 the invention
isinnoway limted to those exanpl 8. EXAMPLES [0081] The fol | owi ng
processes are all carried out at nonal pressure. 15[0082] Exanple Al

In distilled water, 5.6 kg of copper nitrate trihydrate, 4.1 kg of zinc
nitrate hexahydrate, 1.4 kg ofalum numitrate nonahydrate, 2.0 kg of

zi r conitentinitta b¢ extihydedweeamds Dl dckycofrpeold bf dahtsihedd s(urdmewnex ST- 0"
avai l abl e from Ni ssan Chemical Industries, Ltd., 20 silicic anhydride

(Si 02) t@entenlowidly h9pdtnde by weirghk) tnenightl s$ol vedhdughpr elpat &i38el iters
of an aqueous solution as Aliquid. Separately fromthis, 15.7 kg of

sodi u r i A Qs LL
B A < Pk Eaoa A

litersofdistilledwatervigorouslystirred, the A liqui.d and.the B.lLiquid
her o ORGSRt PR e e A R g (i s

met hod being referred to as "coprecipitationnethod"). The resultingm xture
was® al mewetiatns dthenbisgh fart iwiwhobeeday land pegind af 30w arAdraafien, by
the use of a rotary cylindrical cake-less filter having a filtration area
of 1 nBurdb410Byofardi stiilsl edfuat ef s adx28G twas atsat imudusineduediand t he
slurry liquid phase portion was drawn out at the same rate, to obtain a
preci pitabenedhe RIACHR, 8kG wasLuashed rANd st BED hdien S| dbbnkhaui 8
likewise inhibited, sintering can be inhibited. It is considered
that the effect becomes greater as the temperature in the pretreatment
10 of the catalyst is raised, and as a result, the catalyst exhibits
higher activity by virtue of the pretreatment conditions of the
invention.
[0073] The catalyst obtained as above is used as it is
or after granulated by an appropriate method or tablet making, and
15 is used for, for example, the following reactions. The particle
diameter and the shape of the catalyst can be arbitrarily selected
according to the reaction system and the shape of the reactor.
[0074] Reaction
The copper-based catalyst of the invention and the reduced
20 (pretreated)} copper-based catalyst areuseful forcatalyticreactions,
such as methanol synthesis reaction or its reverse reaction, methanol
reforming reaction, and shift reaction or its reverse reaction, and

they are particulariy useful as catalysts for the reaction to

synthesize methanol from hydrogen and carbon oxide or its reverse



10 phase portion was drawn outside the systenby a pressure filter wthout
addi ng "Wat2209f ol | onedbyrecovering a cake. The wei ght concentration of the
precipitate in the slurry was 1.5% by3weight in terns of a neta

hydr oxi de, the whole treatnment tine of the precipitate was 9 hours, and
the filtrate electrical conductance was 60 nS/m Apart 15 of the cake was
w t hdrawn and redi spersed in water so as to give a slurry of 2% by wei ght,
and t herdadttircat.e el ectri cal conductance was nmeasured. At the start, the
filtrate electrical conductance was 30 nS5/m and after the slurry was

al | oned to stmpdsfor 1 hgHen ﬁ@@<£kb§?@tel§hﬁ§ifE@@Jt&@ﬁﬁﬁﬁkaaﬁ?1Qﬁ§aﬁE 31
nS/ m 20[ 0084] The cake was dried at 110C and then calcined in alr at 600C

for 2 hé?aLHa -Ehc?ar( £3 %Ts.tea%% E?E%J y£L dQQQ;ﬁE%&Qiag?% CBHE%.%tJfé)F)rgf%;?d@]pé/

wei ght, e Specific surfacé area o e 1 yst “af Cci ning was
85 n/g. SF 2209 37 !0085]C0nparat|ve Exanpl e Al reC|pu%ate
obt ai netP FRAPRR e bysa r‘fr?dE%éHﬁI@&ﬂSAFuV\%s""sf 1 FaF &y Hsl Np 11X

press having a filtration area of 1.2 n2, and in this state, 2.5 nB8 of
di sbi | |eh watier &b 25%€ was passed through 5 the filtration chanber to wash
the precipitate, followed by recovering a cake. The whole treatnent tine

of the precipigatte was 7IROWS caardofhgefiddolakenehestd, egkiregadugiance
was 14 nS/m A part of the cake was w thdrawn and redispersed in water so

as to ¥§w%asée%aXS§Jrse§%&%séﬁ?ic{;ﬂ&u@mokbgﬁe'ﬂﬁ RS E61d:6R s tn

conductance was nea e start trate electrica
ur,. the fj Itr Lectrical

conduct an s 20 nb/m but after e
condUGtSAIde BaEEne" RES 1LY B CEqRTTHEN i MBS AR oABRECESTOOHR) The
cake was dried at 110C and then calcined in air at 600C for 2 hours. The
resul t iy cearakgseuthadracsddy udh conrentias Wnperawbg okeilght toabtl tthe
specific surface area of the catalyst after calcining was 32 n/g.
[ 0087] Gonpar aédvei dx pipkeuA2 oA Ipreci piMrat.e Dbttdienedsé nod Hessaswemmnner as
in Exanple Al was 20 filtered by a filter press having a filtration area
of 1.2 fgza’ct@%ﬂ, methanol can be decomposed into hydrogen and carbon oxide.
This reaction is carried out typically at a reaction temperature of
200 to 400°C and a reaction pressure of atmospheric pressure to 1
MPa. These reactions can be carrie_d out in any of a gas phase and
15 a liguid phase. As the solvents used when the reaction is carried
out in a liguidphase, hydrocarbon-based solvents and water—-insoluble
to water-slightly soluble solvents are employable.
[CO77] Action
Withregardtothecopper-basedcatalystof theinvention, copper
20 oxidewhich is an essential component (preferably, copper oxide, zinc
oxide and aluminum oxide which are essential components and zirconium
oxide, gallium oxide, palladium oxide and silicon oxide which are

arbitrary components) forms skeletons, and an alkali metal which

inhibits activity is sufficiently removed. Therefore, by subjecting



the resulting cake was redispersed in 200 liters of distilled water at 25C
over a Perzod®of 30m nutes (wei ght concentration of precipitate in slurry:
2.5% by weight in terns of netal hydrdxide) and filtered i nmmediately by a
filter press again. These operations were repeated SF-2209 38 3 tines.
The whole treatnent tinme of the precipitate was 10 hours, and the filtrate
el ectrical conductance was 30 n5/m A part of the cake was w thdrawn and

r edi sperlsedainlvat do solaning greetmest diryhotemebyt s gaege afd fove
filtrate electrical conductance was neasured. 5 At the start, the filtrate

el ect ri gaimgendugbane ec Y@asC 2ty Mryhul ateéercdathayr catheedli it aften
el ectrical conductance becane 240 n5/m and equilibriumwas not reached.

[0088] T ri 1 : t by in: i for 2
R T S R IS AR o e 15 o sl e ghe

hour s. e resdl'ting catalyst
and the specific surface area_.of the catal after calcinin s, 40 n2/g.
[0080] Gnar st G Bt K5 LLRIPCH Tt Al BARar el Tt AU SRAG: hner 95
in Exanple Al was 15 filtered by a filter press having a filtration area
of $.2 n2, and%’d resul fragrédake tedd o shisiserizethe preeent LpEesters,
distilled water at 25 C over a period of 30m nutes (weight concentration

of precitpit=at @een Sbumd yth Fodnenvel glit ahnatlenti meoblmbhah dwidrlgwitde) and
continuously stirred for 2 hours, followed by filtration by a filter press

agai n. Z0.cHhese -QRenathons Yelsn beRaaled SiiddBsnpoHe Wiphee Lheai pant tine

of the precipitate was 15 hours, and the filtrate electrical conductance
was 11 _rrS/H‘n rA!Fp trof St he cgke Wassuv]\:,igt hgr awn afdE red(i:s%ger sed | neI\lAéi.t er so
as to divE"ETE %?%rﬁs? 5FSSH BYSHET R ARG HES Pt (%5t 86t S FPTRAY
conduct ance was neasured. At the start, the
Forexample, it hasbeenmade clearbytheX-raydiffractionmeasurement
10  of a catalyst that even if only 0.4% by weight of an alkali metal
is present in a catalyst containing copper oxide, zinc oxide, aluminum
oxide and zirconium oxide as main components, crystals of Cu {(reduced
state), zinc oxide, aluminum oxide and zirconium oxide considerably
grow. On the other hand, it has kbeen made clear that when a catalyst
15 which contains copper oxide, zinc oxide, aluminum oxide and zirconium
oxide as main components and from which an alkali metal is removed
to an alkali metal content of 0.1% by weight is subjected to the same
calcining and then subjected to X-ray diffraction measurement,
crystals of Cu (reduced state), zinc oxide, aluminum oxide and
20 zirconium oxide hardly grow. That is to say, by virtue of sufficient
removal of an alkali metal, crystal growth of each component of the
catalyst is inhibited, and high dispersibility can be maintained over

a long period of time.

[0079] The copper-based catalyst prepared by the



SF-2209 39 filtrate electrical conductance was 9 nS5/m but after 1 hour,
the fil3F-ad@&%l ectrical conductance becanme 95 nS/m and equilibrium was
not reached. [0090] The cake was dried>at 110C and then calcined in 5 air
at 600C for 2 hours. The resulting catal yst had a sodium content of 0.54%
by wei ght, and the specific surface area of the catalyst after cal cining
was 51 n2/g. [0091] Activity evaluation 10A reaction tube was filled with
2 ml ofirtdeeitdatalyst cebraiaediabeyperindnanceduci hy Yablyonspsedurpdf 10%
by volume of H2 and 90% by volume of N2 and having a tenperature of 300C

was passRiwhirpugh: bbeafEiacid ansd uhe aat i SO0 fien gréieir=gile peskess t he
catal yst. Thereafter, a m xed gas of 25% by volunme of CO2 and 75% by

T g e B e L T BT Gty T he Shadi 17 enS B o BFEtau

| / hr, e'reaction wa ons of a pressure of
5 MPa and a te ratyre of ,250C. The reaction generatiqn ga s, .anal yzed
by & &S CHISTHC OGP &R VEB- 4ER EFRBREEE Tat it PRALH PAPBEE WL Fo B4t I on
time and the amount of nethanol produced. The amount 20 of nethanol
( g- MeOHhr-oCety Hirdppe bduséden nsmheurid aarf teese A copvenbivBnl BECEPESTBact i on
is set forth in Table 1. [0092] SF-2209 40 Treatnent tinme

so that the invention is particularly useful as an industrial

preparation process.
[0080] The present invention is further described with
reference to the following examples, but it should be construed that

10 the invention is in no way limited to those examples.

EXAMPLES
10081] The following processes are all carried out at
normal pressure,
15 [ooBz] Example Al
In distilled water, 5.6 kg of copper nitrate trihydrate, 4.1
kgof zincnitratehexahydrate, 1.4 kgof aluminumnitrate nonahydrate,
2.0 kg of zirconium nitrite dihydrate and 0.1 kg of colloidal silica
(“Snowtex ST-0” available from Nissan Chemical Industries, Ltd.,
20 silicic anhydride {Si0;) content: 20 to 21 % by weight) were dissolved,
to prepare 38 liters of an aqueocus solution as A liquid. Separately
from this, 15.7 kg of sodium carbonate decahydragte was dissolved
in distilled water to prepare 38 liters of an aqueocus sclution as

B liguid.



(hr) Na(w% Anmount of nethanol produced (g- MeOH L-catihr) Ex. Al 9 0.03
550 CongpE~EX09Al 7 1.4 320 Conp. Ex. A2 10 1.3
36

[0083] Tol251itersofdistilledwatervigorouslystirred,
the & liquid and the B ligquid were dropwise added at the same time
with adjusting pH to 7.0 to 7.4 (this method being referred to as
“coprecipitationmethod”). Theresultingmixturewasallowedtostand

5 for a whole day and night at 30°C. Thereafter, by the use cof a rotary
cylindrical cake-less filter having a filtration area of 1 m, 2.4
m> of distilled water at 25°C was continuously fed and the slurry
liguid phase portion was drawn out at the same rate, tc cbtain a
precipitate. The precipitate was washed, and then the slurry liguid

10 phaseportionwas drawn outside the systemby a pressure filter without
addingwater, followed by recoveringacake. Theweight concentration
of the precipitate in the siurry was 1.5% by weight in terms of a
metal hydroxide, the whole treatment time of the precipitate was 9
hours, and the filtrate electrical conductance was 60 mS/m. A part

15 of the cake was withdrawn and redispersed in water so as to give a
slurry of 2% by weight, and the filtrate electrical conductance was
measured. AL the start, the filtrate electrical éonductance was 30
mS/m, and after the slurrywas allowed to stand for 1 hour, the filtrate
electrical conductance became 31 mS/m.

20 [0084] The cake was dried at 110°C and then calcined in
air at 600°C for 2 hours. The resulting catalyst had a sodium content
of 0.03% by weight, and the specific surface area of the catalyst

after calcining was 85 m®/g.



350 Conp. Ex. A3 15 0.54 500 [0093] Exanple Bl Cake 1: To 125
liters oF-428®%illed water vigorously stirred, the Aliquid and the B
liquid prepared in Exanple Al were dBdpwi se 5 added at the sane tine at
each rate of 200 m/mn (this nmethod being referred to as "coprecipitation
met hod") . The resulting m xture was allowed to stand for a whol e day
andni ght, and thereafter, the resulting precipitate was washed wth 2.4 n8
of distilled WS i n t hEosparahavmdizaap lienAExanpl e Al, fol |l oned by
recovering a cake by a pressure 10 filter. [0094] Cake 2: A precipitate
obtained in thersampiteimebtasnédah fioe sbhe takerlavas washek wWitdesl0 nB
of distilled water in the sanme manner as in Exanple A, foll owed by
recoveri Ve @ . i o EE keesl, recov was
i ed ot 0T oy B R TR e e nt o Thie Rars e moaiut ed

based op, Lhe calalyst, Bayi 0g 9eer HEPLEL 2 a0% e 209 23:34" B30 dgn t e

5 the filtrationchamber towash the precipitate, followedby recovering

a cake. The whole treatment time of the precipitate was 7 hours,
and the fiitrate electrical conductance was 14 mS/m. 2 part of the
cake was withdrawn and redispersed in water sco as to give a slurry
of 2% by weight, and the filtrate electrical conductance wasmeasured.
16 At the start, the filtrate electrical conductance was 20 mS/m, but
after 1 hour, the filtrate electrical conductance became 280 mS/m,

and equilibrium was not reached.
[0086] The cake was dried at 110°C and then calcined in
air at 600°C for 2 hours. The resulting catalyst had a sodium content
15 of 1.4% by weight, and the specific surface area of the catalyst after

calcining was 32 m?/g.

[0087] Comparative Example A2

A precipitate obtained in the same manner as in Example Al was

20 filtered by a filter press having a filtration area of 1.2 m?, and
the resulting cake was redispersed in 200 liters of distilled water

at 25°Coveraperiodof 30minutes (weight concentrationof precipitate

in slurry: 2.5% by weight in terms of metal hydroxide} and filtered

immediately by a filter press again. These operations were repeated



SF-2209 41 1% by weight. Then, to the cake was added water with

i ncreasingzime anount of water added by 2% by weight at a tinme until the
anount of water added becanme 16% by we&i ght from 2% by weight. It was
confiimed that the amount of water added which nade the strength highest
was 5 13% by wei ght. Separately, the cake 1 and the cake 2 recovered were
anal yzed by a thenobal ance (the results of the thernobal ance neasurenent
are shoiwtiimeski grthd wholétt nesscmeont Eimedf tom phecitidemobed addehanmas ysi s
that with regard to both of the cake 1 and the cake 2, the water content

of 13%41s Welght 1 eRidespended-d 0 @ndrl-eandl wontents given dyr-theatthe
treatnment at 280C. [0096] After the resulting cake 1 was dried at 280C for

2 hours a(]é’(a!aR«%r G E'Itlgfgwn %é;%e?lléé]%royéac{ rtlhclnrgﬁgf %%@r o V@.rv% gagfu | form

to glveapartlce5|zeo I"'ubri cant was added, and
the mxture was nmplded into tablets of 3 LIM After t he nol di ng 15: t he

t abl et OWéF évyc%ﬁla%dar&% tBobe 62 bbeAPR A cat &PPSTCHRIE Proltet Y e

[ 0097] Ref erence Exanple Bl After the cake 1 obtained in Exanple Bl
was 5dr i7ed thie 5080k f amhe2 Thotratg wateert rdonf enendudiancet Wes Far riSéhe litamet er s
were made uniform 20 to give a particle size of 50 to 100-nesh, and a

| ubri camttasayg neded.theUEt hefatdaileicrwasaddaetiudt sakeab@ttiie Qi 012%4hy

wei ght based on the catal yst, followed by standing for one day. The

resul ting; %‘1 |lCI 33 %Sdgfg%ﬂc%% ablets of 3 nm After the nolding, the

tabl ets were ca to obtain a catalyst as a product. SF-2209
42 [0098] The cr ing strength of the cataly and Ref erence
Exanpl e Bl n[otoﬁé Si deTgﬁr‘Tag‘Leegaﬁn‘gl}sr’fi iﬁ]ﬁt@ o BIEL 1RG4

air at 600°C for 2 hours. The resulting catalyst hada scdium content

10 of 1.3% by weight, and the specific surface area of the catalyst after

calcining was 40 m?/g.

[0089] Comparative Example A3

A precipitate obtained in the same manner as in Example Al was
15 filtered by a filter press having a filtration area of 1.2 m®, and
the resulting cake was redispersed in 200 liters of distilled water
at 25°Coveraperiodof 30 miﬁutes (weight concentrationof precipitate
inslurry: 2.5% by weight in terms of metal hydroxide) and continuously
stirred for 2 hours, followed by filtration by a filter press again.
20 These operations were repeated 3 times. The whole treatment time
of the precipitate was 15 hours, and the filtrate electrical
conductance was 11 mS/m. A part of the cake was withdrawn and
redispersed in water so as to give a slurry of 2% by weight, and the

filtrate electrical conductance was mecasured. At the start, the



of met hanol

synthesis reaction are set forth in Table 2. The net hanol

synt hes‘i.FS“?r?éb&:tionV\/as carried out in the sanemanner as above (activity 5
eval uation) [0099]1t has been confir@&d fronExanpl e El and Reference
Exanpl e Bl that according to the preparation process of the invention,

catal yst of equal

st r engtth.ltrasuri et rhea harvoidupkadoe e § ff MSOH, LoektdHor Exhom, 401

Ref .

10

15

20

Ex. E

filtrate electrical conductance became 95 mS/m, and equilibrium was
not reached.

r0090] The cake was dried at 110°C and then calcined in
air at 600°C for 2 hours. The resulting catalyst had a sodium content
of 0.54% by weight, and the specific surface area of the catalyst

after calcining was 51 m°/g.

[G0%1] ~Activity evaluation

A reaction tube was filled with 2 ml of the catalyst obtained
above,.and_a reducing gas consisting of 10% by volume of Hy and 90%
by volume of N, and having a temperature of 300°C was passed through
the reaction tube at 300°C for 2 hours to reduce the catalyst.
Thereafter, a mixed gas of 25% by volume of CO; and 75% by volume
of H, was passed through the catalyst layer at .a rate of 20 1/hr,
and the reaction was performed under the conditions of a pressure
of 5 MPa and a temperature of 250°C. The reaction generation gas
was analyzedby a gas chromatographtodetermine a relationshipbetween
the reaction time and the amount of methanol produced. The amount
of methanol (g-MeOH/L-Cat/hr) producedin 5hours after theinitiation
of the reaction is set forth in Table 1.

[0092]

Table 1

performance can be obtained even if addition of water
and one day standing are not carried out. 10[0100] Table 2 Crushing

570

a



39N 570 [0101] Exanple A Preparation of catalyst 15In distilled water,
54.3 g sf-zopper nitrate trihydrate, 39.1 g of zinc nitrate hexahydrate,
6.6 g of alum numitratenonahydrate, 405.4 g of zirconiumnitrite dihydrate

and 1.26 g of colloidal silica ("Snowtex ST-0" avail able fronmN ssan
Chem cal Industries, Ltd.) were dissolved, to prepare 500 mMl of an aqueous
sol ut i pr—as—A—t+-gu-g—Fhe—S—2209-—43—-Snowt-ex—SH0"—used--heretrn—s
transparent sem -opaque col loidal lijquid having a SifdngGing ehhyciaee ( Si 02)
content of 20 to 21} % byaweightsin Slodi um oxi de (Ng20) content of not nore
than 0.04% by weight, pH of 2 to 4, ja paftigle,di anet er_lflﬁocﬂ&;etcp 20 p.m a
viscoslity of not 5 pore th )3 cps/ 25C, a specific|gravity of 1.12 tp
1.14/25C and a freeging poirit” of 0C.| [ 0102] Separ at €l %gjm{?%? ébe aﬂglv)e,
139.0 lg of sodi um clarbonate decahydrlate was di ssol velf TR 47 STTTTEH wat er
to prepare 500 ™ of “an agueous sSol u]tl on as B Iiquiid. I0[0I03]To 400 m of
distililed Bt &, the A liquiPd and the B | i4#H3d werd dropw §éCadded at the
sane ti-re—{(this—rethod-being-referretd—to—as—copregipirtati-on—rrethod"
The r gswddiph N1 XfIUr € was al7l oned to standifor a whol e day3and ni ght
Theredfter, the resulting precipitate was washed wilth distilled water in
the sgne,mnngs as 10 , 1.3 350
Comp. Ex. A3 15 .54 500
[0083] Example Bl
Cake 1: To 125 liters of distilled water vigorously stirred,
the A liguid and the B liquid prepared in Example Al were dropwise
5 added at the same time at each rate of 200 ml/min (this method being
referred to as “coprecipitation method”). The resultingmixture was
allowedtostand forawholedayandnight, andthereafter, theresuiting
precipitate was washed with 2.4 m® of distilled water in the same
manner as in Example Al, followed by recovering a cake by a pressure
10  filter.
[0094] Cake 2: A precipitate obtained in the same manner
as that for the cake 1 was washed with 10 m’® of distilled water in
the same manner as in Example Al, followed by recovering a cake by
a pressure filter.
15 [COS5] The cake 1 recovered was dried at 500°C for 2 hours.

The water content of this cake was measured based on the catalyst

having been treated at 600°C, and as a result, the water content was



15 in Exanple A, then dried at 110C for 2 hours at normal pressure and
cal ci nedF'742@%r at 600C for 2 hours, whereby a solid (1) corresponding to
t he desired copper-based catal yst (I)}iwas obtai ned. [ 0104] The
resulting solid (1) had conposition of CuO of 45.2% by wei ght, ZnO of
27.1% by wei ght, Al 203 of 4.5% by weight, 20 Zr02 of 22.6% by wei ght and
Si 02 of 0.6% by weight. [0105]1nfluence of reduction tenperature A
react i ok bybeevelst f | Thed, Wit hhe.cakg wis @geiedovatee WEthbinmeeédiaBoEe and a
reduci ng gas consisting of 5% by volume of H2 and 95% SF-2209 44 by

vol unme ffcAt waswpesseddelrioyght bhewsaat bhanatiube ahtedctheobmbhet of
tenperatures shown in Table 3 for 2 hours to reduce the solid. Thereafter,

a gas consl,StiRgy ?)fecgmé%élyby(?n!éi%tofrdﬂgg% w20 DY+ UL LIPBN P rridRy Was

passed t hrough the reaction tube at 40C, and a surface 5 area of copper

- Tanl @5 PR HPE ata AT, Sitr e A HarLE A0 2 WPheareand

3500/ S30b was cal culated at 1.4. [0106] Table 3 Reduction tenperature (O
Cu Sur flatfebiresi qhie/ gSeranatxgly, the cake 1 and the cake 2 recovered were :

analyzed by a thermobalance {the results of the thermobalance

measurement are shown in Fig. 1). It was confirmed from the

thermobalance analysis that with regard to both of the cake 1 and
the cake 2, the water content of 13% by weight corresponded to a water .

10 content given by heat treatment at 280°C.
[0096] After the resulting cake 1 was dried at 280°C for

2 hours (water content: 13%), the particle diameters were made uniform . .

to give a particle size of 50 to 100-mesh, then a lubricant was added,

and the mixture was molded into tablets of 3 mm. After the molding,

15 the tablets were calcined at 600°C to obtain a catalyst as a product.

[00087] Reference Example Bl

After the cake 1 obtained in Example Bl was dried at 500°C for
2 hours (water content: 1%), the particle diameters were made uniform -
20 to give a particle size of 50 to 100-mesh, and a lubricant was-added. .
Further, water was added in an amount of 12% by weight based on the -
catalyst, followed by standing for one day. The resulting powder
was molded inte tablets of 3 mm. After the molding, the tablets were

calcined at 600°C to obtain a catalyst as a product.
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(0098} The crushing strength of the catalysts of Example
1 and Reference Fxample Bl on their side surfaces and the results
of methanol synthesis reaction are set forth in Table 2. Themethanol
synthesis reactionwas carriedout inthe samemanner as above (activity
evaluation).

[0098] It has been confirmed fromExample Bl and Reference
Example Bl that according to the preparation process of the invention,
a catalyst of equal performance can be obtained even if addition of

water and one day standing are not carried out.

[0100]
Table 2
Amount cof methanol
Crushing strength - produced
(g—-MeCH/L—-cat/hr)
Ex. Bl 40N 570
Ref. Ex. Bl 39N 570
[0101} Example Cl

Preparation of catalyst

In distilled water, 54.3 g of copper nitrate trihydrate, 39.1
g of zinc nitrate hexahydrate, 6.6 g of aluminum nitrate nonahydrate,
15.4 g of zirconium nitrite dihydrate and 1.26 g of colloidal silica
(“SnowtexST—O”availabiefrmnNissanChemicalIndustries,Ltd.)were

dissolved, to prepare 500 ml of an aqueous solution as A liquid. The




10[ 0107] Activity test of catalyst in nmethanol synthesis A reaction tube
was fil3k®3ad%h 2 m of the catal yst obtained above, and a reducing gas
consi sting of 5% by vol une of H2 and495% by vol une of N2 was passed

t hrough the reaction tube at a reduction tenperature of 400C for 2 hours
to reduce the catalyst. According 15 to the results in Table 3, the

catal yst having been subjected to SF-2209 45 reduction treatnment had a Cu
sur f ace Saceesf 51900 ymgheaeinAls e Wheespadaet | mitoPackentol 0ifaded gas
of 25% by vol une of CO2 and 75% by vol ume of H2 was passed through the

cat al ysiti quayiehag@ting 4 atigt iefi2@nhilrjdantsihe ceacdntoiwad peribiadd, under
the conditions of a 5 pressure of 5 MPa and a tenperature of 250C. The

reacti QR igenerathbaiHasiNesand ¥aadehy & GasnShs eRRL @ghanh e dafer m ne a

rel ati onship between the reaction tinme and the amount of nethano
pr oduced. [ 0108] The_anpunt of ;ﬁ nol . produced. was ,600
G- NEOFELL 8517 i 110° FOTOSTREr S EHEE ERAnp] 4 oGS BN S VisHhe iEinat 240 vi ty
test as in Exanple G was carried out, except that a catalﬁst obt ai ned by
tredt i mprenhshaat al §R/ O CexanpPecd Latgrmvidduet i bnld dper at (e ©RAT50C was
used.

a freezing point of 0°C.

[0102] Separately from the above, 139.0 g of sodium
carbonate decahydrate was dissolved in distilled water to prepare
500 ml of an agueous solution as B liquid.

10 [0103] To 400 ml of distilled water, the A liquid and
the B liquid were dropwise added at the same time (this method being
referred to as “coprecipitation method”). The resulting mixture was
allowed to stand for a whole day andnight. Thereafter, the resulting
precipitate was washed with distilled water in the same manner as

15 in Example Al, then dried at 110°C for 2 hours at normal pfessure
and calcined in air at 6C0°C for 2 hours, whereby a solid (I)
corresponding to the desired copper-based catalyst (I) was obtained.

[0104] The resulting solid (I} had composition of CuO
of 45.2% by weight, Zn0 of 27.1% by weight, Al,;03; of 4.5% by weight,

20  Zr0O, of 22.6% by weight and Si0O; of 0.6% by weight.

[0105] Influence of reducticn temperature

A reaction tube was filled with 0.2 g of the solid (I) obtained

above, and a reducing gas consisting of 5% by volume of H; and 95%



15[ 0110] The anount of met hanol produced was 430 g- MeOH L-Cat/hr in the
initialSBtage? and the activity slowy rose, but stable perfornance was
not reached even after 2 nonths. [012X] Reference Exanple 02 20The sane
activity test as in Exanple 01 was carried out, except that a catal yst
obtained by treating the catalyst of Exanple C at a reduction tenperature
of 600C was used. [0112] The anobunt of nethanol produced was 510

g- MeOH by Gatlihe, of 3 20 P aB-<Cl AhBugh the rgachipn dedssat oraqy epartieng a
copper - based catal yst, which is a process for preparing a catalyst
conposegeife rRiAksOX¥hERS in THUAINifRG 2opPefs 6 dedagcaphessenitd.al
conponent and conprises the 5 foll ow ng steps: (1) a step of

bri NI ng, &% Ak, Co NELAl a3 alULE o5 BOBLALGI fig CAPRES ANK 03 B agy pi tant

sol ution into contact with each er to obtain a slurry solution

containing a precipitate of a catalyst precursor go 2) st ep. of

cont i nu‘é‘b]gF%& AGWAG RIS UrrPr &bt FS%CEJCP%ﬁ\%b%agg hEI'i %SF%%Cecont act

wi th each other to wash the precipitate, with substantially keeping the

suspendetks gt eopper was calculated from the amount of Nz0 adsorbed. The
results are set forth in Table 3. Inthiscatalyst, Sspwas calculated

at 15.4 m®/g-cat, and Sspo/Sspe was calculated at 1.4.

[0106]
Table 3
Reduction temperature (°C) Cu surface area (n@/g—cat)
200 12.4
250 13.7
300 15.4
.350 17.4
400 1.9
450 21.5
500 21.6
550 21.7
10 [o1c7] - Activity test of catalyst in methanol synthesis

A reaction tube was filled with 2 ml of the catalyst obtained
above, and a reducing gas consisting of 5% by volume of Hy; and 95%
by volume of N, was passed through the reaction tube at a reduction
temperature of 400°C for 2 hours to reduce the catalyst. According

15 to the results in Table 3, the catalyst having been subjected to



2. The process for preparing a copper-based catalyst as clained in claim
1, wherefnZZh@ catal yst conposed of netal oxides 15 containi ng copper

oxi de as an essential conponent furtHeér contains at |east one oxide

sel ected from zinc oxide, alum num oxide, zirconium oxide, gallium oxide
and silicon oxide. 3. The process for preparing a copper-based
catalyst as 20 claimed in claim1, wherein the catalyst conposed of netal
oxi des romEiifinngreappert didde &9 anreswenrical o€ enfoisata cAfedyst
conposed of netal oxides containing copper oxide, zinc oxide and

al um nunexirdelasesse it aenponeniisasdganta nbAgat Febuha rEXCde angal b% um
oxide and silicon oxide as arbitrary conponents. SF-2209 47 4. The process
for preparifigri 6ePReLmRasedscatidlnrignasne! @imddni1glal md ., wheLehn the
wash liquid is water. 55.The process for preparing a topper-based catal yst
as cl ai bn claim.l, wherein the acidic tal. salt solut.ion_containing
copper SnctiThe’ BRHCHS RE SR oD S ‘o ke Sariri:ahes “Bhep

after these aqueous solutions are mxed in water to forma precipitate of
a cat al JEIs Prrecwk 0174 and R ampreyatere ofi 45016t | Bhe TeacfLPn UBREGRT B an

al kali metal of the precipitant conponent is sufficiently reached in such
a st at egddatast iveapy=eel pivtatoasi shhimgddogdipgpes sketarmiater redndidhehigb urry
sol uti on andawash liquid conprising water are brought into contact with
each other,ded Wash -Lhe: pieci fid ak@y tWel BrnsuRstantiahlnokegpbdg-dhe
suspended state, in the step (2). 15 6. The process for preparing a

copper - based ﬁﬂk%HySt aSThe amount of methancl produced was 600

g-MeOH/L~Cat/hr.
10

[0109] Reference Exampie C1

The same activity test as in Example Cl was carried out, -except
that a catalyst obtained by treating the catalyst of Example Cl at
a reduction temperaturé of 250°C was used.
15 [0110] The amount of methancl produced was 430
g-MeCH/L-Cat/hr in the initial stage, and the activity slowly rose,

but stable performance was not reached even after 2 months.

[0111] Reference Example C2

20 The same activity test as in Example Cl was carried out, except
that a catalyst obtained by treating the catalyst of Example Cl at
a reduction temperature of 600°C was used.
[0112] The amount of methanol produced was 510

g-MeOH/L-Cat/hr.



clainmed in clainms, wherein the step (2) includes a step of continuously
carryi ngFotd0%rawi ng of the slurry liquid phase portion and feeding of the
wash |iquid conprising water to reno#é the alkali nmetal of 20 the

preci pitant conponent, and the step (2) is followed by: (3) a step
of drawing the slurry liquid phase portion outside the system w t hout
adding water to thereby increase the concentration of the catalyst
precursor contained in the slurry $8Adton and to obtain a precipitate in

the faint of a cake, and SF-2209 48 (4) a step conprising drying
and cal ci ni ng .t he pregb@idatreriprdhe-ifroy m @fppercakect a-0R03ish , M iadh
oxi des. 7. The process for preparing a copper-based catalyst as 5

cl ai ”egla% % x%'c@s@ féé“f'%ﬂg%fﬁ"g Rr ech-Ri Laptcd o%@dab%aﬂné%a@t@é igal t, and

t he al Isre until the ¢ ncent atlon of e alkall nmet a

contained in the cat al gecones not tha % the step
SRt RS TR e G I e

claimed in claim6, wherein the tenperature of the slurry liquid phase

por bi orfad¢wing ﬁéﬁpérature of the precipitate in the formof a cake given
after water is drawn out and before the precipitate is dried 15 are each
in the range @f) 48tkp AMIinging an acidic metal salt solution containing

copper and a precipitant solution into contact with each other to

obtain a slurry soliution containing a precipitate of a catalyst

precursor; and (2) a step of continuously bringing the slurry SolutJ;_on
10 andawashliquidinto contact with each other towash the precipitate,

with substantially keeping the suspended state.

2. The process for preparing a copper-based catalyst as

claimed in claim i1, wherein the catalyst compecsed of metal oxides

15 containing copper oxide as an essential component further contains
at least one oxide selected from zinc oxide, aluminum oxide, zirconium -

oxide, gallium cxide and silicon oxide.

3. The process for preparing a copper-based catalyst as

20 claimed in claim 1, wherein the catalyst composed of metal oxides
containing copper oxiae as an essential component is a catalyst

composed of metal oxides containing copper oxide, zinc oxide and

aluminumoxide asessential components andcontaining zirconiumoexide,

gallium oxide and silicon oxide as arbitrary components.



9. The process for preparing a copper-based catalyst as clained in claim
5, whereimwth%the step (1), pH for forning the precipitate of the catal yst
precursor is in the range of 5to 9, “nd 20 the concentration of the
precipitate of the catalyst precursor in the slurry solution is in the
range of 0.5 to 12% by weight inte ills of a nmetal hydroxide. SF -2209
49 claimed in claim®6, wherein in the step (4), the tenperature and the
pressure are controlled so that the water content of the catalyst
precursor after drying may becone 8 to 17% by wei ght, and thereafter, the
cat al yst precursor The pabckngdfod drieplre ngr acesspéorbaieepantalyst as
copper - based catal yst as clainmed in claim 10, wherein in the step (4),

dryi ng ofaidie) RheehRihal & imethe foematbnal cakey 1S Gakkked out at a
tenperature of 100 to 400C. 1012. The process for preparing a copper-based
catalyst as clainmed in claim210, wherein the catalyst is nolded by tabl et
maki ng. 13. The process for preparing a copper-based catal yst as
claimed in claim110, wherein in the step (4) , calcining of the catalyst

15 precursor ft er JEyPRECEES cERF iRKPRAGELVG 2aCPRRRIETRSEFe C8EaDBOL 135 690C.
14. A copper-based catal yst obtained by reducing a catal yst obtained by
t he prepariatedon plecteds weferain dhe agfidilcanatmllsar &81atien tenpaiminug e of
hi gher than the catalytic reaction tenperature but
copper and the precipitant solution are both agueous solutions, and
after these aqueous soluticns are mixed in water to form a
precipitate of a catalyst precursor in the step (1), dissolution
10 equilibrium of an aikali metal of the precipitant component is
sufficiently reached in such a state that the precipitate is highly
dispersedinwater, andthe slurrysoluticnandawash liquidcomprising
water are brought into contact with each other to wash the precipitate,
with substantially keeping the suspended state, in the step (2).
15
6. The process for preparing a copper-based catalyst as
claimed inclaim5, wherein the step (2) inciudes a step of continuously
carrying out drawing of the slurry liquid phase portion and feeding
of the wash liquid comprising water to remove the alkali metal of
20 the precipitant component, and the step (2) is followed by:
(3) a step of drawing the slurry liquid phase portion outside
thesystamwithoutaddingwatertx)therebyincreasethecnncentration

of the catalyst precursor contained in the slurry solution and to

obtain a precipitate in the form of a cake, and



20 | ower _tcgﬁ%the calcining tenperature in a streamof a

hydroge%E I ning gas. 15. The copper-based catal yst as clained in claim
14, which SF-2209 50 16. A pﬂ@treatnent met hod of a copper-based
catal yst, conprising reducing a catal yst obtained by the preparation
process of any one of clainms 1 to 13 at a tenperature of 300 to 550C

in a5 stream of a hydrogen-containing gas before the catalytic reaction.
17. The pr et r'éat FetHPnet Rt DR dEBpperishsedc tatny it e EPataAed i claim
16, wherein the hydrogen concentration of the hydrogen-containing gas is

i n the Yrenderof 0. 4 take 0% mphadhumetal oxides.

7. The process for preparing a copper-based catalyst as
5 claimed in claim 6, wherein the precipitant is an alkali metal salt,
and
thealkalimetal isremoveduntil the concentrationof thealkali
metal contained in the catalyst becomes not more than 0.1% by weight
in the step (2).
10
8. The process for preparing a copper-based catalyst as
claimed in claim 6, wherein the temperature of the slurry liquid phase
portion and the temperature of the precipitate in the form of a cake
given after water is drawn out and befecre the precipitate is dried

15 are each in the range of 10 to 40°C.

9. The process for preparing a copper-based catalyst as
claimed in claim 5, whereiﬁ in the step (1), pH for forming the
precipitate of the catalyst precursor is in the range of 5 to 9, and

20  the concentration of the precipitate of the catalyst precurscr in
the slurry sclution is in the range of 0.5 to 12% by weight in terms

of a metal hydroxide.

10. The process for preparing a copper-based catalyst as



10

i5

20
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cilaimed in claim 6, wherein in the step (4), the temperature and the
pressure are controlled so that the water content of the catalyst
precursor after drying may become 8 to 17% by weight, and thereafter,

the catalyst precursor is calcined.

1. The process for preparing a copper-based catalyst as
claimed in claim 10, wherein in the step (4}, drying of the precipitate

in the form of a cake is carried out at a temperature of 100 to 400°C.

12. The process for preparing a copper-based catalyst as

claimed in claim 10, wherein the catalyst is molded by tablet making.

13. The process for preparing a copper-based catalyst as
claimed in ¢laim 10, wherein in the step (4), calcining of the catalyst

precursor after drying is carried out at a temperature of 280 to 6%0°C.

14. A copper~based catalyst obtained by reducing a catalyst
obtained by the preparation process of any one of claims 1 to 13 at
a temperature of higher than the catalytic reaction temperature but
lower than the calcining temperature in a stream of a

hydrogen-containing gas.

15. The copper-based catalyst as claimed in claim 14, which

is obtained by reducing the catalyst at a temperature of 300 to 550°C.
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le. A pretreatment method of a copper-based catalyst,
comprising reducing a catalyst obtained by the preparation process
of any one of claims 1 to 13 at a temperature of 300 to 530°C in a

stream of a hydrogen-containing gas before the catalytic reaction.

17. The preireatment method of a copper-based catalyst as
claimed in claim 16, wherein the hydrogen concentration of the

hydreogen~containing gas is in the range of 0.1 to 10% by volume.



