SF-2209 DESCRIPTION PROCESS FOR PREPARING COPPER-BASED CATALYST,
COPPER-BASED CATALYST, AND PRETREATMENT METHOD OF THE SAME TECHNICAL FIELD
[0001]The present invention relates to a process far preparing a copper-based catalyst which is used
for methanol synthesis reaction or its reverse reaction, methanol reforming 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 %BF@I‘%ynthesizing methanol from hydrogen and
carbon oxide (CO2 alone or mixed gas of CO2 and CO), a copper-based catalyst and a pretreatment
method of f&copperBaSearéat ECl%Pﬁﬁﬁ%éWNﬁLﬂﬁ#f [6665Fiatiatiol Syrthesiprocess

using a synthetic gas (mixed gas of CO and HZILHas a main raw material (containing a small amount of

CO2) is abasicprocess that i$"€Xtrenieyiipyrant -EREmMiCA THE SAME

5 TECHNICAL FIELD
[CCO1] The present invention relates to a process for
preparing a copper-based catalyst which isused formethanol synthesis
reaction or its reverse reaction, methanol reforming reaction, shift
reaction or its reverse reaction, etc., a copper-based catalyst and
10  apretreatmentmethodof thecopper-basedcatalyst. Moreparticularly,
the invention relates to a process for preparing a copper—-based
catalyst which is useful for synthesizing methancl from hydrogen and
carbon oxide (CO; alone or mixed gas of COp, and CO), a copper-based
catalyst and a pretreatment method of the copper-based catalyst.
15
BACKGROUND ART
[0002] Methanol synthesis precess using a synthetic gas
{mixed gas of CO and Hp} as a main raw material (containing a small
amount 0£ COz) isabasicprocess that is extremelyimportant 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 Lmportant techniques in the methanol synthesis
process is toprovide a catalyst of high performance. 24s conventional

catalysts, thr994component catalysts, such as Cu/Zn0C/Al.03 catalyst



20 industry, and increase of efficiency of the process has been always desired in the past from the
viewpoints energy saving, economy, etc. Oneofthemostimportant techniques in the methanol
synthesis process is to provide a catalyst of high pgrformance. As conventional catalysts,
three-component catalysts, such as Cu/ZnO/Al203catalyst SF-2209 2 (catalyst for industry at
present, e.g., 'Shokubai Koza (Lectures of Catalysts)", vol. 7, edited by Catalysis Society of Japan,
issued by Kodansha Ltd. on July 20, 1989, pp. 21-39 (non-patent document 1)) and Cu/ZnO/Si02
catalyst (JRA21888-8928¥r (patdwt thoe Lrmre prE ebarecknown ™ [00031G1n thezathétdaind; snethanol
synthesis using 002 and H2 as main raw materials has been particularly paid attention recently from
the viewpoidt<ef edgyeting of eatbon resduredsiandgiebaldvioniental prodpem, Ihahessynthesis of
methanol from a 10 raw material gas having a high content of CO2, a catalyst having higher activity

than a catdlysttaedeptahinthb synthasly of thetha®d) frgm thé -abdbvensyntbetiergasihasisesn desired
because of thermodynamic equilibrium of the reaction and the reaction inhibition effect of water formed

together with matilafol éaep it Catitpdis o GERBrdl288-39287 (patent document 1)),
5 are known.

(00037 On the other hand, methanol synthesis using CO;
and Hz as main raw materials has been particularly paid attention
recently from the viewpoints of recycling of carbon resources and
global environmental problem. In the synthesis of methancl from a

10 rawmaterial gas having a high content of CO;, 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
equilibriuvm of the reaction and the reaction inhibition effect of
water formed together with methanol (Applied Catalysis A: General,

i5 38 {1886}, pp. 311-318 (non-patent document 2)). In the synthesis
of methanol from a raw material gas having a high content of CO,
lowering of catalytic activity presuned to be attributable Lo 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
methancl synthesis are insufficient in the catalytic performance.

[0004] From such viewpoints, copper~based



15 38 (1996), pp. 311-318 (non-patent document 2)). In the synthesis of methanol from a raw material
gas having;a. high gontent of 002, lowering of catalytic activity presumed to be attributable to water
foLmed 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

perfo Lan@& 0004 PRESMESiickRRipdt oGP pachustdr S 209 MdInwarapeneat catalysts
obtainedby further adding components, such as copper/zinc oxide/aluminum oxide/zirconium oxide
catalyst aritb c6ppEfZifE.oxideraltnal bR/ Ao i oxieiyalliom oxidesatalyst, Ad¥e been
developed (see, e.g., JPA-1995-39755 (patent 5 document 2), JPA-1994-312138 ;patent document 3),
Applied CaemEss A= iGenerdld8831 906y Wp. BEU3, BiFRmpate frdstuiaeht 2 . Mérover, a catalyst
of high activity obtained by adding 0.3 to 0.9% by weight of colloidal silica or water-dissolved silica as
silica and Ealeiing the e saItiREProtRItE HABD t05650Cthak bedRrddvidiapad TR I 1998-309466
(patent document 4)). [0005]These catalysts have high activity, but the activity is not necessarily
reproducedtiiEiehtl) in $BATE 8ades evbASf tRaeré FrpERUtbY thePSRMECH frAGRHBAL I is
generally known that stable pH in the precipitation step and sufficient washing 15 of a precipitant are
necessary’in oFd&rfb-obtain & tatalyst-of high AEtIRGAVRR GO RpBanEiBiity (eMprorre1977-76288
(patent document 5), JPA-1995-8799 (patent document 6), JPA-2007-83197 (patent document 7)). A
large numBeFdFimpTévitg hethaas o thathil beentyanisd bait’ bat cdnfot e ¥ietesarily said
that their 20 reproducibility is good, and further improvement has been desired. [0006]The above
catalysts are ggéﬁm%gg‘éﬁ%%water—dissolved silica as silica and calcining

the resulting product at 480 to 69%0°C has been developed
10 {JPA~1988-30%466 (pétent docﬁment 4y .

[0005] These catalysts have high activity, but the
activity is not necessarily reproduced sufficiently in some cases
even if they are preparsed by the same formulaticn. It 1s generally
known that stable pH in the precipitation step and sufficient washing

15 of a precipitant are necessary in order to obtain a catalyst of hicgh
activity with good reproducibility (e.g., JPA-1877-76288 (patent
document 5), JPA-1885-B729 (patent document 6), JPA-2007-83187
(patent decument 7)}. A large number of improving methods for that
have been carrised out, but it cannct be necessarily said that their

20 reproducibility 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

calecining, endbecome fong. Inthe industrial production, therefore,



activity. However, the preparation steps include, for example, precipitation, aging, washing, filtration,
drying, moiding and calcining, andbecome long. In the industrial production, therefore, SF-2209 4 it is
preferable to simplify the preparation steps, however little, to thereby reduce a burden in the
production, and such improvement has been also desired. [0007]It is known that the main cause of
such lowering 5 of catalytic activity of the copper-based catalyst is decrease of surface area due to
sintering of copper. It is known that copper is a metal readily undergoing sintering among various
metal catalysta=aRest FABdEsEary &@réﬁ%%ﬁ?@ﬁ@ﬁ&%@?ﬁfcﬁ][‘aﬂ%‘f%"ef%ﬁé?lf@ reaction and
the reaction temperature should not be raised. For 10 example it is described in JPA-2004-298685
(patent doEGnierR B tHat #7& rEdBcHBREM peratiife BF CEHIZAD c &l S8 in tRB TaRge < preferably
100 to 300C, more preferably 150 to 250C; it is described in JPA-1994-254414 (patent document 9)
that the reBEEtiGIF BMPeFRUrEDFERU/Zn0O/Zr02 catalyst is in the range of preferably 100 to 300C, 15
more preferably 120 to 200C; and it is described in JPA-2007-83197 (patent document 7) that the
reduction temperatfe%dla cu/zn&ralsosnamy it e Tang e ot freRtaBlFRo8E366€, more
preferably 110 to 280C, still more greferabl 130 to 240C. The reason is that if the reduction
tempetatuft iCiiédd 196 Mgl Hfe-do ﬁﬁeF%rf&@@%ré@?@d@é%b&%i%‘?f“@aﬁ?c%per.
Accordingly, improvement in the pretreatment method (reduction method) of a copper-based catalyst

which doeSHot 2afisBSAteify b cBpPErhaEheth SRFESsiredt Citatloi Pt BiéntPREfture

SF-2209 5 [0008] ) . ) . .
isametal readilyundergeoing sintering ameong variousmetal catalysts,

and it is necessarythat 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/Zn0 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 2) 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 1s described in JPA-2007-83197
{patent document 7) that the reduction temperature of & Cu/Zn0/A1,0
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 reason is that
if the reduction temperature is raised toc high, the copper surface
20 area is decreased by sintering of copper. Accordingly, improvement
in the pretreatment method {reduction method} of a copper-based
catalystwhichdoesnot cause sinteringof copperhasbeenalsodesired.

Citation List

Patent Literature




Patent document 1: JPA-1988-39287 Patent document 2: JPA-1995-39755 Patent document 3:
JPA-1994-3123 38 pPatent document 4: JPA-1998-309466 Patent document 5: JPA-1977-76288
Patent document 6: JPA-1995-8799 Patent document 7: JPA-2007-83197 Patent document 8:
JPA-2004-298685 10Patent document 9: JPA-1994-254414 Non-patent Literature [0009]
Non-patent document 1: Shokubai Koza (Lectures of Catalysts), vol. 7, edited by Catalysis Society of
Japan, issued by Kodansha Ltd. 15 on July 20, 1989 Non-patent document 2: AppliedCatalysisA:
General, 38 (1996),081%$8311-318 SUMMARY OF INVENTION 20 TECHNICAL PROBLEM [0010]The
present invention has been made in the light of such circumstances as mentioned above. It is an
object of the presetttiséntiortogrdvitle dPprodesSforg@paring a copper-based catalyst which

exhibits good catalytic activity, markedly excellent
Patent document 2: JPA-189985-38755

Patent document 3: JPA-1994-312138
5 Patent document 4: JPA~13998-309466
Patent document 5: JPA~1877-76288
Patent document 6: JPA-1%55-8730
Patent document 7: JPA~-2007-831097
Patent decument 8: JPA-2004-238685
10 Patent document 9: JPA-1894-254414

Non~patent Literature

[00085]
Non-patent document 1: Shokubail Koza (Lectures of Catalysts),
vol. 7, edited by Catalysis Society of Japan, issued by Kodansha Ltd.
15 on July 20, 1989 |
Non-patent decument 2: Applied CatalysisA: General, 38 (18%¢€),

pp. 3131-318

SUMMARY OF INVENTION
20 TECHNICAL PROBLEM
[0CL0] 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



SF-2209 6 durability and good reproducibility in catalytic reactions, such as methanol synthesis
reaction ords reyesse reaction, methanol reforming reaction, and shift reaction or its reverse reaction,
and a copper-based catalyst. It is also an object ofsthe present invention 5 to provide a process for
preparing a copper-based catalyst, comprising more simplified preparation stepsthanthose
ofconventionalprocesses, and a pretreatment method of a copper-based catalyst, which does not bring
about lowering of catalytic activity. 10 SOLUTION TO PROBLEM [00111In order to solve the above
problems, te prédertinvettorsfarreanvestis dtiidiedn Aszrisdis shesamve fTounduhatdle above
problems can be solved by carrying out (1) a step of continuously bringing an acidic metal salt solution
containingrespperdlls and thpraaipitantsolemiontinid-gontact with saghtother tewbamea slurry solution
containing a precipitate of a catalyst precursor, and (2) a step of bringing the slurry solution and awash
liquid into cedtachiwith sashtother terwashithe precipiare, With substaptiatyeespihgtheddspended
state, and they have accomplished the present 20 invention. [0012]In particular, the present inventors
have foune thapey bidsirdiraalslatry givea srefeccousdel ot thelchalystigsrepaiatiin fiteTcontact with

water under the specific conditions, a copper-based catalyst having good catalytic activity, markedly
5 toprovide aprocess for preparinga copper-based catalyst, comprising

more simplifiedpreparation stepsthanthose of conventionalprocesses,
and a pretrsatment method of & copper-kased catalyst, which does not

bring about lowering of catalytic activity.

10 SOLUTION TO PROBLEM
(00111 In order to solve the above problems, the pz:esént
inventeors have earnestly studied. As a result, they have found that
the above problems can be solved by carrying out (1) a step of
continuocuslybringing anacidicmetal salt solution containing copper
15  and a precipitant sclution 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.
[0012] In particular, the present inventors have found
that (1) by bringing a slurry given in the course of the catalyst
preparation into contact with water under the specific conditions,

a copper-based catalyst having good catalytic activity, markedly



SF-2209 7 excellent durability and good reproducibility is obtained, (2) by controlling a water content in
the drying steppobthe catalyst preparation, a copper-based catalyst having good catalytic activity and
durability can be prepared with high productivity without carrying 5 out steps of addition of water and
standing which have been carried out in conventional preparation processes, 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] As ﬁéga:}rl%@&i’mCfﬁé%t)%@@)?ﬁﬂﬁﬁ%e?ﬁ?ﬁ?@%@%@ﬁoﬂﬁ&%Jrﬁ'i‘fﬁe cese B¥ the
copper-based catalyst obtained by the above preparation process (particularly, copper-based catalyst
composedGFhEtA dxided cEhtShiNGCopPEr bide ZiREbKide BhrtPalamialm 6Ride 48 essential
components and containing zirconium oxide, 15 gallium oxide and silicon oxide as arbitrarily
componertSFPERtErRG h&r AYRERES PIfts SRR YEQUIBHIE 2R EdtR BY BlRigir témberature, or
rather, pretreatment wherein reduction is carried out at a high temperature makes it possible to obtain
a copper-FasbaEREN St WHicH SsiRPexesisht d bRy issthahby &iithesisseaetdndUsing 20
CO2 and 112 as main raw materials, and other reactions. [0014]That is to say, the process for
preparing $tofERhatFeaty Tothe vEhtitiis seproees sidt preparmd e Caedydt &mposed of
metal oxides containing copper oxide as an essential component and is characterized by comprising
the followiRYt SE-2200P8 stepe { Pr8RieH of MRRGRIT aRidE thctalRak R 664 ERihg copper
and a precipitant solution into contact with each other to obtain a slurry solution containing a
precipitatd 6 Aat4NRE BrecrRBREPTR Fa3teH Ot contimtbtsREbARGING tHe 8IuFRESSERBN 5 and a
wash liquid into contact with each other to wash the precipitate, with substantially keeping the
suspended SERET IGOLS] TIE:85tal st SRRBESRE B et DXIEEs ReFiaRimpod catalytic

activity and markedly excellent durability is obtained.

10 [0013] Asdescribedintheabove (3}, thepresentinventors
have found that in the case of the copperwbased_datalyst obtained
by theabove preparationprocess (particularly, copper-basedcatalyst
conposad of metal oxides containing copper oxide, zinc coxide and

aluminumoxide as essential componentsand containing zirconiumoxide,

Jord
wl

galliumoxide and silicon oxide as arbitrarily components), sintering
hardiytakesplaceevenifreductioniscarriedout at ahightemperature,
or rather, pretreatment wherein reduction is carried out at a high
temperature makes it possible to obtain a copper~based catalyst which
exhibits excellent durability in methanol synthesis reaction using
20  C0; and Hz as rﬁain raw materials, and other reactions.
[0014] That 1s to say, the process for preparing a

coppéer-based 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



copper oxide as an essential component preferably further contains at least one oxide selected from
zinc oxide,gguAYRYM oxide, zirconium 10 oxide, gallium oxide and silicon oxide. [0016]The catalyst
composed of metal oxides containing copper oxidg as an essential component is preferably a catalyst
composed of metal oxides containing copper oxide, zinc oxide and aluminum oxide as essential
components and containing zirconium oxide, 15 gallium oxide and silicon oxide as arbitrary
components. [0017]The wash liquid is preferably water. [0018]lt is preferable that the acidicmetal salt
solution coft&irig!dopp&t-ardthe praeipnant sohito T arelsdtls abusodssbhtions tantiafter these
agueous solutions are mixed in water to 20 form a precipitate of a catalyst precursor in the step (1) ,
dissolutior~EFEifBriens ok anrakak Hiefl o the Pregipidi® comnpentnrissufiidnthfegcied in such a
state that the precipitate is highly dispersed in water , and the slurry solution and a wash liquid
comprising’Watéfafe BIOUGHT iRtc ebARILt ST ebehrsthar B ovaish. e prédipiat t 828209 9 with
substantially keeping the suspended state, in the step (2) . [0019] It is preferable that the step (2)
includes aRteF'&f TONtIRTOUSH) CafiyITYCTUEBRaWING Bf SR IIgLTd plrdse poiohandTeeding of
the wash liquid comprising water to remove the alkali 5 metal of the precipitant component, and the
step (D) is FSHbHEALBY (B alstep bP Gieniing the SluRyIaid phasevoridhe pehie e alstem without
adding water to thereby increase the concentration of the catalyst precursor contained in the slurry
solution artth & oIt PFEcipitateREPERD (1ot astakensisd (&ralstep comprising
[0015] The catalyst composed of metal oxides containing
copper oxide as an essential component preferably further contains
at least one oxide selected fromzinc oxide, aluminum oxide, zirconium
10  oxide, gallium oxide and silicon oxide.
[00Ls} The catalyst composed of metal oxides containing

copper oxide as an essential component i1s preferably a catalyst

composed of metal oxldess contzining copper oxide, zinc oxide and
aluminumoxide as essential componentsandcontaining zirconiumoxide;
15 gallium oxide and silicon oxide as arbitrary components.

[0017] The wash liguid is preferably water.

(G018} Itispreferablethat theacidicmetal saltsolution
containing copper and the precipitant solution azrse both agueous
solutions, and after these agueous solutions are mixed in water to

20 formaprecipitateocf acataiystprecursor inthe step (1), dissclution
eguilibrium of an alkal-i metal of the precipitant component is
sufficiently reached in such a st.a’;:é that the precipitate is highly
dispersedinwater, and the slurrysolutionandawash liguidcomprising

water are brought into contact with each other Lo wash the precipitate,



10 drying and calcining the precipitate in the form of a cake to obtain metal oxides. [0020]It is
preferable dhatthegrecipitant is an alkali metal salt, and the alkali metal is removed until the
concentration of the alkali metal contained in the gatalyst becomes not more than 15 0.1% by weight in
the step (2) . [0021]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 before the precipitate is dried are
each preferably in the range of 10 to 40C. 20[0022]It is preferable that in the step (1) , pH for forming
the precipitdteiofstiestatalist brEcHatindn the raigesisd gtahd théredrteritistion(éf the
precipitate of the catalyst precursor in the slurry solution is in the range of 0.5 to 12% by weight in
terms of a metal hydfédde. SF-2209-3 @GdEIpbisDefeEabletBAEh thé Pl pPetFeteffperature and
the pressure are controlled so that the water content of the catalyst precursor after drying may become
8 to 17% IBF\Weiht nandIRETeaREy e Catalysrpretaisbh iecalered i S[ooRA} 3§ praféidble that in the
step (4) , drying of the precipitate in the fona of a cake is carried out at a temperature of 100 to 400C.
[0025]It is @?é&é?%ﬁé%@ﬁ’]é@tﬁ%ﬁ igj,ﬁ@]id:bgcgyprising water to remove the alkali

5 metal of the precipitant compeonent, and the step (2} is followed by
{2} a step of drawing the slurry liguid phase poriion outside the
system without adding water to thereby increase the concentration
of the catalyst precursor contained in the slurry solution and to
obtain a precipitate in the formof a cake, and (4) a step comprising

10  drying and calcining the precipitate in the form of a cake to obtain
metal oxides.

[0020} It ispreferable that the precipitant is analkalil
metal salt, and the alkali metal is removed until the concentration
of the alkali metal contained in the catalyst becomes not more than

15  0.1% by weight in the step (Z2).

[C021] The temperature of the slurry liquid phase portion
and the temperrééﬁre' 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] Tt ispreferablethat inthe step (1), pHfor forming
the precipitate of the catalyst precursor is in the range of 5 to
2, and the concentration cf the precipitate of the catalyst precursor
in the slurry solution is in the range of 0.5 to 12% by weight in

terms of a metal hydroxide.



tablet making. 10[0026]It is preferable that in the step (4) , calcining of the catalyst precursor after
drying is cayriesl-uf at a temperature of 280 to 690C. [0027]The copper-based catalyst of the present
invention is characterized by being obtained by reggicing 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 in a stream of a hydrogen-containing gas, and is preferably obtained by
reducing the catalyst at a temperature of 300 to 550C. [0026]The pretreatment method of a
copper-based catal§§t220 of the pF&séiit iBVEAGERNS-ehbfadtetizedisy sbmmprishig rétiacing a catalyst
obtained by the above preparation process at a temperature of 300 to 550C in a stream of a
hydrogen-E6itaffinggasdsafdrect e eatalyecreacion; and- g dyydregentconesatratior-efithe
hydrogen-containing gas is preferably in the range of 0.1 to 10% by SF-2209 11 volume.
ADVANTAGEGSS EFFEET :GFUNSENTTON (002 Fhagr dprramorbprockss ardeeptetreatment

and thereafter, the catalyst precursor is calcined.

5 {00%’4} It is preferable that 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.

L0025] It is preferable that the catalyst is molded by
tablet making.

10 [0G26] It is preferable that in the step (4), calcining
of the rcatalyst precursor after drying is carried out at a temperature
of 280 to 690°C.

10027] The copper-based catalyst of the present invention
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, andispreferably
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 inventiocn is 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 reactiocn, and the hydrogen concentration of the

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



5 method of the present invention have high reproducibility, and the
resultingcatalystexdibitshighactivity, maintainsthehighactivity over a longperiodof t ime andis excellent
indurability. The catalytic activity maintenance effett 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 obtained. The present invention is
extremelyusefulparticularlyindustrially. Accordingtotheprocess for preparing a copper-based catalyst
oftheprese‘FﬁJrhW?ntion, further, a catalyst having the above characteristics can be prepared through 15
more simplifiedpreparation steps thanthose of conventional processes . Decrease of the number of
steps is extremely useful because it leads to lowering of the production cost. BRIEF DESCRIPTION
OF DRAWING 20 OO?E%]Fi . 1 shows a chart of thermobalance analysis of a cake 1 and a cake 2
described fHEXSRSEEE %E@éﬁ‘ﬁpﬂbrﬁlﬁﬁl‘ﬁr&%bmmmm SF-2209 12 the preparation process
of the invention are described below, and then details of the process for preparing a copper-based
catalyst and the pretfeatiment metit BF 8RGEPer Paded catily et tHeSimERtbh & déscribed. The

copper-based catalyst prepared by the preparation 5 process of the invention is also referred to as a

"copper-b e Ay st G R eitaNE 16632 EShpRt PassP Eatiys 1 1ty, and the

resultingcatalystexhibitshighactivity, maintains thehighactivity
overalongperiodoftimeandisexcellentindurabllity. 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 methancl synthesis used
or proposed at present are cobtained. The present invention is
extremelyuseful particularlyindustrially. Accordingtotheprocess
forpreparingacopper—-basedcatalyvstofthepresent invention, further,
a catalyst having the above characteristics can be prepared through
15 mor@simplifiedprepaxationstepsthanthoseojconventionalpzocesses.
Decrease of the number of steps is sxiremely useful becsuse it leads

to lowering of the production cost.

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

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

DESCRIPTION OF EMBODIMENTS

00317 Detaills of a copper-based catalyst prepared by



The copper-based catalyst prepared by the preparation process of the invention is a catalyst
composeds(%r_r%% oxides containing 10 copperoxideas an essential component, andpreferably further
contains at least one oxide selected from zinc oxigle, aluminum oxide, zirconium oxide, gallium oxide
and silicon oxide. [0033]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 silicontdriderasatsitriey dormpenentzt the [0039]THeTopperdstad batalystiviay farther contain
other oxides within limits not detrimental to the spirit of the present 20 invention. As other components,
oxides of rdisie etas buchias paldhwasrelvsualiensadig sormeraasesisecslise b hitfit reactivity,
but the copper-based catalyst prepared by the preparation process of the invention tends to be able to
exert high @adiytcpertoraanea eveniiche halslennetaoddd @ hat usedf SF2PDeR810035]The
proportions of the components are as follows. Based on 100% by weight of the whole catalyst, the
proportion@fecepper ok is T theazprie bRESTIF 20 15 6 0% By vesi §iht, ihrerarabirab ¥er50% by
weight; the proportion of zinc oxide is in the range of

5 process of the invention is also referred to as a “copper-based

catalyst” simply herelinafter.

[0032] Copper-based catalvst

The ccopper-based catalyst prepared by the preparation process
of the invention is a catalyst composed of metal oxides containing
10 copperoxideasanessential component, éndpreferably furthercontains
at least one oxide selected from zinc oxide, aluminum oxide, zirconiam
oxide, gallium oxide and silicon oxide.
f0033]1 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 compcnents.
100341 The copper-based catalyst may further contain
other oxideswithin limits not detrimental to the spirit of the present
20 dnvention. As cther components, oxides of noble metals such as
palladium are usually 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 1f the noble metal oxide is not used.



5 usually 10 to 50% by weight, preferably 20 to 40% by weight; the proportion of aluminum oxide is in
the range @fpuspally 2 to 10% by weight, preferably 4 to 8% byweight; the proportion of zirconium oxide
is in the range of usually 0 to 40% by weight, preferably 10 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 of 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 cofi¥erthased catdigseHaming-3ocls mrofoeionsnerehthe abmpdients ORY-properly
determining composition according to proper formulation of the catalyst and the desired reaction,
catalytic p&dsemancl8Gitapkefaihefebltioheas bé gbtafledthe PIOG3BTIA theodoppiepdsased
catalyst of the invention, silicon oxide may be derived from colloidal silica or water-dissolved 20 silica.
The colloidatsifcd antntieovaerdhssélvesisiida may tse 68 din vehibihatibre fieedtdaséddwhere a
copper-based catalyst is preparedbyaddingsodiumsilicate(waterglass)orpotassiumsilicate, a
copper-ba$éd Tatalyst Havify thé bre Seineg effest eanAdnbestimetiffes bbtdifedahetghiisuch a
compound is also a silicon compound. SF-2209 19 [0037]In the case where colloidal silica is used, it
is preferabiete tisé ddlidigaPsificRhaveigAlsodnimeutielcontént of 46$s aveimhtty Weight,

particularly not more than 0.06% by weight , i.e., colloidal silica substantially having no sodium
content. MRFED GEAG8s of collsidalsilienivivela sotithe ossagecrient vihbowt 62 &7°8.6% by weight.
[0038]In the case where water-dissolved silica is used, natural fresh water, tap water, well water,
industrial Wate¥ 15t theneeisedrhpl Sy abled Sdth Waisrdontelits BSSuhéd SHiceireal eandumnt
oxide is in the range of usually 0 te 40% by weight, preferably 10
to 20% by welght; the proportion of gallium oxide is in the ranges
10 of vsually 0 to 10% by weight, preferably 0.1 to 5% by weight; and
the proportion of silicon cxide 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 determining compozition according
to proper formulation of the catalyst and the desired reaction,
catalytic performance suitable for the reaction can be obtained.
[0036] In the copper-based catalyst of the invention,
silicon oxide may be derived from cclloidal silica or water—-dissolved
20  silica. The colloidal silica 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 sffect cannot be

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



10 of about 20 ppm to 100 ppm. The dissolved silica is silica whose test water
ismeasureghyabseyptiometryusingmolybdenumyellowmethod or molybdenum blue method (said silica
being commonly called "calorimetric silica") . [0039]Process for preparing copper-based catalyst
15The process for preparing a copper-based catalyst of the invention is important in order to bring out
perfoimance of a catalyst of proper composition to the most. One embodiment of the process for
preparing a copper-based catalyst of the invention is also intended to simplify the molding steps, and

- optimization of cortiffdsition of 20 he E2alfRt actbrlifig 36 Hhe Hestratl rdactiorFis pRgortaiit in order to
bring out performance of the catalyst to the most, as described above. [0040]The aforesaid catalyst
(aforesaidido BTt 1S -2 20921594 ligifd nade Bramatidie metardam soiifendeng emtliquid made
of an aqueous solution containing a water-soluble salt of a metal component) withB licfuidmadeof
aprecipitafsetgiorand - 1B fguie raade B BhdaiesUsy SotTToft A prdtipitanttohidhihg a basic
substance) to forma precipitate that becomes a catalyst precursor, properly aging, then carrying out
washing it efder §9tefbvelitd bree st anying the Washed Preeqsiiate apat®eh-catisig out
calcining treatment at 280 to 690C to form a calcined product. [0041]The present invention is
charatterig&adm thaf 109h he%Hové ashi® fefRVE RO BicEpRant fore’paRfdtiiatly alkali metal
of the precipitant component), a slurry solution containing a precipitate of a catalyst precursor and a
wash liquiticare -Brougiit d%ontact 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 sbfiitithl keeps flGIiBReTFRSEoRBRIER O BiFE PrésipRare esd L Heqdity, ¥afiés depending
upon the particle size and the composition of the precipitate, even if the content of the precipitate in
the solutigiisthidlsdmesAdatifbasii®, théfiordSd stifbkheré PO S #digh eh@ntFafon of the

precipitate in the slurry solution is in the range of 0.5 to 12% by weight interns of a metal hydroxide is
defined as-Slibsta R RESPRg tHShepEiRieasthfins dissolved silica inan amount

10  of about 20 ppm to 100 ppm. The dissclved silica is silica whose
test water ismeasuredbyabsorptiometryusingmolybdenumn yello{v method
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
invention is important in order to bring out performance of a catalyst
of proper composition to the most. One embodiment of the process
forpreparing a copper~basedcatalyst of the inventionisalse 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.

(0G40} The aforesaid catalyst (aforesald conventional

catalyst for methanol producticn) is generally prepared by mixing



[0042]The acidic metal salt solution is preferably an aqueous solution containing awater-soluble salt of
ametal corpponep SF-2209 16 and the precipitant solution is preferably an agueous solution of a
precipitant containing a basic substance. The wash liquid is preferably water. Water used as the wash
lig-uid is water substantially containing no alkali metal, and is desirably water having an alkali 5 metal
content of not more than 100 ppm, particularly not more than 10 ppm, moreparticularlynotmore than 1
ppm. Suchwater substantially containing no alkali metal is also referred to as "clean water" in the
present inveatigniAstheamefaboonspchienticoppercistasebsbatial ¢ontponént, iand dinedguminum,
zirconium, gallium and silicon can 10 be mentioned. A preferred embodiment is described below, but
the presemfingentigrdéonet imitetd torthecantoadingit. 18043]Foringthe AkduidWith tetBliquid to foim
a precipitate, not only a methodwherein the A liquid and the B liquid are mixed all together to
precipitatecthiecssrepbheritsiol thecadiguirle® bt mitss aomesdswhekeinntte Aliguid- isdidbed into two
or more portions, then the A liquid made of an aqueous solution containing one or more components
of the watergelubfe salts@fthe el eohiporénts BrAixELWRhtheBligbidimade bRahcaqueous
solution.of a precipitant containing a basic substance to precipitate the 20

compbnergsdftiealiguid; antitathaliquidcontdinitg theprebpitare $s adwdd tveAligofdragerof an
aqueous solution containingthe residual components to likewise precipitate the components is
adopted. Foraherhixiag Lother Wgiousaneiiods avé aaiabiyg Tie aiked litpidonerne A-iguid and the

B liquid to foim a precipitate of a catalyst SF-2209
, precipitant, 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 p;ecipitant component); a slurry sclution
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 scolution keeps fluidity. The condition of the precipitate,
e.qg., fluidity, varies depending upon the particle size and the
composition of the precipitate, even if the content of the precipitate
in the solution is the same. As & measure, therefore, a state where
20  the welght 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 sclution is preferably an

aqueous solution containing awater—-soluble salt of ametal component,



17 precursor has pH of preferably 5 to 9. [00441As the water-soluble salts of metal components other
than the siligon sggponent among the above metal components, nitrate and nitrite both of which have
excellent water solubility are preferably used. As the basic substances, alkali metal salts, such as
sodium carbonate, potassium carbonate, sodium hydroxide and potassium hydroxide, are preferably
used, and according to circumstances, ammonia, alkanolamine, amine, etc. can be also used. When
sodium hydroxide or potassium hydroxide is used, blowing of CO2 10 gas is also used in combination.
[0045]In tHeBrédentingentdnzitis prafetable o aleRaheareripitaeTecsadsorirdalioiaal Sifica or
water-dissolved silica in the formation, aging or washing of the precipitate. In order to allow the
precipitatetcPE@sdibiéaividarsities i tiee Foraaiicn 18 6f-fecreciPhaté’3F mdthed st ddding colloidal
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 confafifigealibiosl Siica, drthrnikesd adoptete Hidmanedastiratthebsiiciaarsifiéa is not
actually introduced into the supernatant liquid in the formation or aging of 20 the precipitate and that
the silica @ﬁﬁ@ﬁgﬁpg(@g ﬁéﬁc&é@g}@,tﬁdw and is desirably water having an alkali

5 metal content of not more than 100 ppm, particularly not more than
i0ppm, moreparticularlynotmorethanlppm. Suchwater substantially
containing nc alkali metal is also referred to as “clean water” in
the present inventicn. Asthemetal component, copper is anessential
component, and zinc, aluminum, zirconium, gallium and silicon can

10 be mentioned. A preferred embodiment is described below, but the
prasent invention i1s not limited to the embodiment.
[0043] For mixing the A liguid with the B liquid to form
a precipitate, not only a method wherein the A liquid and the B liguid
are mixed all together to precipitate the components of the A liquid
1%  but also a method wherein the A liguid is divided into two or more
portions, then the A liquid made of an aguecus solution containing
cne or more components of the water-soluble salts of the metal
components is mixed with the B liquid made of an aguesous solution
of a precipitant containing a basic substance to precipitate the
20  componentsoftheAliguid, andtotheliquidcontainingtheprecipitate
isaddedtheAliquidmade of anaquecus selutioncontaining the residual
components to likewise precipitate the components is adopted. For
the mixing, other varicus methods are available. The mixed liquid

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



out even if washing is carriedout after the colloidal silica is adsorbed, it can be understood that the
colloidal silica is;net merely mixed with the precipitate but is adsorbed on the precipitate. In order to
allow the precipitate to adsorb water-dissolved silica, a method SF-2209 18 of preparing an aqueous
solution containing a water-soluble salt of a metal component or an aqueous solution containing a
basic substance by the use of water containing dissolved silica, a method of washing the precipitate by
the use of water containing dissolved silica, or 5 the like is adopted. [0046]After the formation of the
precipitateragifg Boprdpplarie dbaet ardtierbwiaghihg is carried out in order to obtain a catalyst
precursor of high activity. This washing is carried outS in order to remove the alkali metal of the
precipitant compor@AE 40 and it Bkngven dedEt tire ldskingdd ins udficientig cartedansrdisd if a large
amount of the alkali metal remains, activity of the catalyst is markedly lowered in the methanol
productioncthize s EhateliisutihidCOn dearascalinEnpashihbdsalsueslyrediie ¢ oupeirsn e alkali metal
is removed to such an extent that the alkali metal 15 exerts no influence on the methanol synthesis
reaction oitHerike and [0047jRsalustal SFastingimetved stestbllewing ahethsbishiséd tThe
precipitate in the slurry is subjected to filter filtration by compression or the like to remove water
together withethergissspled predipitantsafiiehbaicaphaierisadlded e metal salts,

such as sodium carbonate, potassium carbonate, sodium hydroxide and
potassium hydroxide, are preferably used, and according to
circumstances, ammonia, alkanolamine, amine, etc. can bs alzo used.
When sodium hydroxide or potassium hydroxide is used, blowing of COy
10 gas 1s also used in c:ombiﬁ;‘;‘ttion.
roo4as] | Inthe present invention, it ispreferable toallow
the precipitate to adsorb colloidal silica or water—dissolved 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 1liquid, a method of mixing the A liquid
with tha B liguid in water containing colloidal silica, or the like
is adopted. From the fact that the colloidal silica is not actually
introduced into the supernatant liguid in the formation or aging of
20  the precipitate and that the silica component does not actually flow
out evenifwashingiscarriedoutafterthecolloidalsilicaisadsorbed,
it can be understood that the colleoidal silica is not merely mixed
with the precipitate but is adsorbed on the precipitate. In order

to allow the precipitate to adsorb water-dissclved silica, a methed



20 precipitate to redisperse the precipitate in the water added. The resulting slurry wherein the
precipitate ds-dispegsed in water is filtered again. A series of these operations are repeated until the

- concentration of the alkali metal of the precipitant cgmponent in the precipitate becomes the aimed
concentration or lower. Or, SF-2209 19 after the slurry is filtered in a filter plate to prepare a
precipitate in the foiju of a cake, and then wash water is made to flow over the filter plate (or the
precipitate in the form of a cake) to expel the filtrate present in the precipitate in the form of a cake by
5 substitutioh FRaPR: SibSTuAISERAShING - éartico Bt MY 6f HretgikatiThetdiofthe précipitant
component is usually present in water because a compound having high water solubility is used.
Therefore aftovgh GRFRaPBTROPERTIGHE thE akalithetl 6PtHEBREdIgiAREEsR FoReHBR Efficiently
removed by wash water. 10 [0048] According to the studies by the present inventors, however, it has
been confiddithatm tHeaicve tRetoH, the slkahmard fiddusitly aemaiedrothepreéipitate in a
concentration much higher than the alkali metal concentration in the filtrate in spite that the alkali metal
concentrafiéi® iR T56 Hrt&e R Bifffdientya > fowafed. TRAT s iblsay e alatichietalisnobreadily
eluted into the filtrate. Accordingly, even if the alkali metal concentration in the filtrate is lowered, it
does fAot nek@ssafify ollodrfRitdAe 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 foRPafibn of theaker itfienéeeBsdi o afoh th@sriFHPEbRitN 46 5tanETor at least 2 -
hours with stirring after addition of clean water, in order that the alkali metal concentration in the filtrate
and the alRIPRTSAY CEAEEABELIBH N tREPrEBRatesBErgpdg carried out in order to

cbtainacatalyst 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 1f a large amount of the alkali metal remains, activity of the
catalyst ismarkedly lowered in themethancl production that iscarriad
out later. On that account, washing is usually carried cut until
the ailkali metal is removed to such an extent that the alkall metal
15 exerts no influence on the methanol synthesis reaction or the like.
[0047] As a usual washing method, the following method

is usedd. The precipitate in the slurry is subjected to filter
filtration by compression or the like teo 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 operations are repeated until
the concentration of the alkali metal of the precipitant component

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



20 may become the same as each other. The cause of this is presumed to be that the alkali metal is
ionically bggggcél_ %the precipitate, and the alkali metal is slowly dissolved in water at equilibrium, or
the precipitate is formed into a cake by filtration, sg,that even 5 if water is then added in order to
disperse the precipitate, the precipitate is hardly diffused and the alkali metal remaining in the
precipitate is hardly removed. Therefore, when filtration and dispersion are repeated, at least a number
of repetition times are necessary. It is desirable to remove the alkali metal until the alkali 10 metal
content in thétpretipitatechecoines Adtmate thad 0l 1% pl wisight basedonative prépipiate. However,
washing by repetition of such filtration and diffusion into water needs a long time. [0050]In the
prior techniues;¢hérets nd desekiptiornof aivwashimghmethed particuarlyo ahicbwithveegareeto the
reproduction 15 of the catalytic activity, satisfactory result is not necessarily obtained particularly in the
scale-up caSel {eag. RIRAL 985-8799, JRA-1905238755, ahd JRax1 398-27036d). [005KAs a result of
further studies in the light of the above circumstances, the present inventors have found that in 20 the
washing toreendve thexbikalinmetaltofithetre gipitarigcdrapenént tinés fiecesodnpateake by
continuouslybringingtheslurrysolutioncontaining the precipitate of the catalyst precursor and the wash
liquidinto cotactiwith each bilwer teowashictbielracipitates Witmgubstantiaihekeeping thesuspended
state, in order to efficiently remove the alkali
of the alkali metal of the precipitant component is usually present
in water because a compeund having high water solubility is used.
Therefore, through the above operations, the alkali metal of the
precipitant component is efficiently removed by wash water.
10 roc4s] According to the studies by the present inventors,
however, it has been confirmed that in the above method, the alkall
metal frequently remains in the precipitate in a concentration much
higher than the alkalil metal concentra't'@?iom in the filtrate in spite
that the alkali metal concentration in the filtrate is sufficiently
15 lowered. That is to say, the alkali metal is not readily eluted into
the filtrate. Accordingly, even if the alkali metal concentration
in the filtrate is lowered, it does not necessarily follow that the
alkali metal 1s removed from the precipitate.
[0049] According te further studies by the present
20 inventors, it has been found that in the above method of washing with
clean water after formation of the cake, it 1s necessary to allow
the slurry solution to stand for at ileast 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 21 metal. In particular, the acidic metal salt solution containing copper and the precipitant
solution arg _o}%@gueous solutions, so that in order to efficiently remove the alkali metal, it is
preferable that these aqueous solutions are mixed iy water to ioith a precipitate 5 of a catalyst
precursor, and thereafter dissolution equilibrium of the alkali metal is sufficiently reached in such a
state that the precipitate is highly dispersed in water, and the slurry solution and clean water are
brought into contact with each other with substantially keening the suspended state. 10[0052]The
purpose ofralwayssregingecleanavaterand: tiid Biuirry SBigtionuste contblet dithseaels vteLs to feed
water containing no alkali metal to thereby substitute the water for water in which an alkali metal is di
ssolved, ahd the stats vihere Hissolutiehaiuitibtioni of e dikatiatketzd is bufficieptyireathed means a
state 15 where the error in a change of electrical conductance in the slurry solution becomes not more
than 5% okt bhiginal kidctrisaredndacelelin one solvertdmheaprecipitatedisidispeisad in water in
a concentration of 2% by weight. [0053]A lower content of the alkali metal is preferable, 20 but
treatment trbing theeconter e thhdeomedrordspassiie ngcdsldxmdiely machievathe present
invention, therefore, removal of the alkali metal until the alkali metal content in the precipitate becomes
not mére thinWri¥rby svdigetisddeduate, Ordes prefeidie 169eicvetrealkdtiahetalist the alkali
metal concentration in SF-2209 22 the finally obtained catalyst becomes not more than 0-1% by
weight.  preosafritdasite Baydhispifcardippreidasiélali metal remaining in the

precipitate is hardly removed. Therefore, when filtration and
dispersion are repeated, at least a number of repetition times are
necessary.  Itisdesirabletoremovethealkalimetaluntil thealkali
.10  metal content in the precipitate becomes not more than 6.1% by weighﬁ
based on the precipitate. However, washing by repetition of such
fi;tration and diffusion into water ne.eds a long time.
T 10050] 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
cbtained particularly in the scale-up case {(e.g., JPA-1985-8788,
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 isnecessarvtocontinuouslybringingthesiurrysoiutioncontaining
the precipitate of the catalyst precursor and the wash ligquid into
contact with each other to wash the precipitate, with substantially

keeping the suspended state, in order to efficiently remove the alkali



the invention that without forming the resulting precipitate into a cake by filtration but with keeping the
slurry stat%,Eg:_I%rélgvater is added while the slurry liquid phase portion is continuously drawn out to
thereby remove the alkali metal of the precipitant ggmponent together with the liquid phase portion
drawn out. The slurry concentration (concentration of precipitate of catalyst precursor) is not
specifically restricted, and as long as the precipitate can 10 be maintained in a highly dispersed state,
the slurry concentration is not restricted. Taking operating properties into account, the slurry
concentratiartésl practicalhrhotmiore thahel 2061l wergtie If thelslusnl odncentratidm is fower than 0.
5%byweight, a large apparatus is necessary, and consequently, economical efficiency is sometimes
15 lowered.chpeslarst dorcenteation is:avalué wi termsmaf danétaldyarogide: Untthershove method,
treatment is carried out in such a state that the precipitate and water are always in contact with each
other, so thatthércomtéet time ¥ fonig; randy themwwashing: timéadainbehsdrkedlyi shortsRetiase
comparedwith the operations of filtration 20 and redispersion in water. The temperature of the slurry
liguidphasetpartidreszpreferably fvihe tamgezofel 0teADCn [@O55]Gentralty arepetition of operations
consisting of compressing the precipitate as strongly as possible to squeeze water out, then newly
adding wash watert-ahg s usszing svaterzoul ddaineSH-2209123 chetramoverthéidkalitmefal more
efficiently. However, in the case of removal of the alkali metal from the catalyst precursor composed of
metal oxideseaithiningreeipperioxide E5ian esséntiakeohmpbrient(ecd., anetal loxidés tohtaining copper
oxide, zinc oxide and aluminum 5 oxide as essential components and containing zirconium oxide,
gallium oxigeeandisikdon bside.as Bybiliaycomponentdtdaris muteteffestive ry sabstitterwash water
while keeping the slurry state, for the aforesaid reason. The slurry concentration is preferably
maintainedad thd samezbateatrativnaigivy the washing ctO[@0s6 | Thehappdratugiidbarry out
operations of sufficiently reaching dissolution equilibrium of the alkali metal of the precipitant
componertipstehta state thaetheprédipitatesisarighly dispeesed in water and always bringing the

precipitate into contact with clean water has only to be an apparatus which is made
10 [0052] The purpcese of always bringing clean water and

the slurry solution into contact with each other is to feed water
containing no alkali metal to thereby substitute the water for water
inwhichanjﬂkaliﬁ@taliscﬁﬁsolved,andthestatewheredissolutim&
equilibrium of the alkali metal is sufficiently reached means a state
15 where the error in a change of electrical conductance in the siurry
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.
i0053)] 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 mere than 0.1% by weight is adeguate, or it is preferable

to remove the alkall metal until the alkali metal concentration in



15 up of a part for drawing out water from the slurry, a part for newly adding clean water and a part for
mixing theiewly agded water with the slurry given after water is drawn out and in which these parts
are connected so that the slurry can be circulatedz[057]For example, a so-called cake-less filter
(dynamic 20 filter) equipped with traction mechanism which 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 (Oliver type filter) ,
centrifugatiéys typashiry fiter ISFDR 20924/ 6F the fikegs ermplayalle o581 e BUH§Washed as above
can be concentrated as such (for example, by drawing the slur y liquid phase portion outside the
system without addfitptvhter) andiéuBjettedtossprayidryifgo Bt By asialpaREsSIafydsisubjected to
pressure filtration to give a precipitate in the faith of a cake. In this case, vacuum filter, fi Ilter press,
centrifugaltdéhydragbhifiterdrthetikd riembtoyable. The wengheidtnte preké preeipiate e the form of
a cake prior to drying is preferably in the range of 10 to 40C. 10[0059]The resulting precipitate in the
form of a cakeBecBihés Hierl oxid &3 byvsislebangirt®d BRfnylanatatmifg. THee@pparats for the
drying and calcining is not specifically restricted, and a general dryer is used. When the resulting
cataly3t is iBexFasamiHdasiled catalkay, i gbherafs trotdéd Pridste el M5 e iféfod to mold
the catalyst, extrusion or tablet making is generally used. When the catalyst is used by filling it into a
fixedbed réa&orOtabiet FRakFgPethsa snaKichitfeetatalgét I RPERFIBIEFREFEIMBRAIEEH: variability
of pressure loss is small, and tablets of uniform shapes are obtained is preferable. In the case of the
tablet makhyZGapodsr catalystasfleBa FenRpit o BI5EE nealing AidtHiR€IaNd a rod is
pushed down to perform molding. The powder is first subjected to heat treatment to remove extra
water conteRRARThihé i treedRetit teaE iRy thay e B safried GatHoweeFsFursor)

is not specifically restricted, and as long as the precipitate can

10  Dbe maintained in a highly dispersed state, the slurry concentration

is not restricted. Taking operating properties into'account, the

slurry concentration is practically not more than 12% by weight. If

the slurryconcentrationis lower than0.5%byweight, alarge apparatus

ig necessary, and consequently, economical efficiency i1s sometimes

15 lowered. The slurry concentration is a2 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 comparedwith the operationsof filtration

20 and redispersioninwater. The temperaturecf the slurryliquidphase
portion is preferably in the range of 10 to 40°C.

[0055] Generally, repetition of operations consisting

of compressing the precipitate as strongly as possible to sgueeze

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



calcining is carried out prior to molding, the catalyst with higher SF-2209 25 strength may not be
obtained after ﬂ( ing. On the other hand, if calcining is carried out after molding, because of the
dehydratioh shifhkage that takes place during the.calcining, the catalyst with higher strengthmaybe
obtained. Therefore, before the tabletmaking, 5 the powder is usually dried at a temperature lower
than the temperature of actual calcining. That is to say, drying is carried out at a temperature of usually
100C to the calcining temperature, preferably a temperature lower than the calcining temperature by
100 to 300tznThenpartictereliatieddns nétid povwder Aflist enniade unifornesp thatti:thepowder can
be filled in the mortar rapidly and homogeneously. In order to make the catalyst particles uniform,
screening of thesgataly st fsuseallyartiedettaitefdoying, dutdt:islaglso pessiblesthatthespregipitate in the
form of a cake is foitted into a slurry and the slurry is subjected to spray granulation. The size of the 15
particle is géneealblimthelrangeof aboit geveraldenspmén dsulbimatsthenighsit depemciseppon the size
of the mortar. In the tablet making, molding of the powder is carried out more easily as the rod of the
tablet makirrg snachieahovasiawre shwiothlyy sethatadubrieant that enaldestfie toch torgmoothly
move, such as graphite, is generally added 20 to the catalyst powder. Although the amount of the
lubricant caribie propedycoitibtedaccerdingtal thenmmicteic: stater of thermatdee pozductithe lubricant
is generally added in an amount of 1 to 10% by weight based on the catalyst powder. [0060]In the
tablet making,dhepdwildt issalidifiedz SEx220: 9:26 byareomptessivia: forcecardetfiesely vaolded, and it
is preferable that the strength of the resulting molded product becomes as hi gh as possible by
applicatiort.of axsyeal wompressivedforee. Wholderktesptreasenbonting powisrtof théqpowder particles, a
certain amount of water is 5 generally introduced into the powder. Unless the water is homogenously
dispersed &1 the: powitlesammabilifrefstrengtie s broughtiabout. sAocot dirgpioy chacimmstaneds, therefore,
standing is carried out in order to homogeneously disperse water. With regard to the amount of water
added, anaptirhensamoutrofavdter is exathimedg the washing.

10 0056] The apparatus to carry out operations of
sufficiently reaching dissclution equiiibrium of the alkali 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.

1G057] 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 pessible 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



10 in advance from the relationship between the strength and the amount of water. [0061]Accordingly,
molding ofdle powger, particularly tablet making, has been considered to need, as pretreatments,
many steps, such as pulverization with making the particle diameters of 15 the catalyst precursor
uniform, addition of a lubricant and homogeneous mixing, and addition of water and homogeneous
mixing. [0062]In the light of such complicated operations, 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 ffet-aR/ikgt6 8-fo $TVEBYaRERht 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 600C being
zero) . That is to saf“fid present 1RFertbrs Favesa8§foaridRar s tﬁé%%@uﬁ%?@\?ﬁiéﬁ@ﬁ%aining in

the catalyst is adjusted SF-2209
as such (forexample, bydrawving the slurry iiquid phaseportionoutside

the system without adding water) and subjected teo spray drying, but

5 generally, the slurry is subjected to pressure filtration fo give
a precipitate in the form of a cake. In this case, vacuum filter,
filterpress, centrifugaldehydrationfiltercorthelikeisemployable.
The temperature of the precipitate in the form of a cake pricr to
drying is preferably in the range of 10 to 40°C.

10 {00551 The resulting precipitate in the form of a cake
becomes metal oxides by sﬁbj ecting it to drying and calcining. T‘ne_
apparatus for thedryvingandcalcining isnet specifically restricted,
and a general dryer is used. When the resulting catalyst is used
as an industrial catalyst, it is generally molded prior to use. As

15 themethodtomcldthecatalyst, extrusionortabletmakingisgenerally
used. When the catalyst isusedby £illingit intoa fixedbed reactor,
tablet making method in which the catalyst is hardly pulverized or
broken, variability of pressure loss is small, an;i taplets of uniform
shapes are obtained is preferable. In the case of the tablet making,

20 & powder catalyst is filled in a mortar of a tablet making machine,
and a rod is pushed down to perform molding. The powder is first
subjected to heat treatment to ren-zove extra water content. In this
heat treatment, calcining may be also carried out. However, if

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



27 bycontrollingtheheattreatmenttemperatureofthecatalystprecursor and the pressure, the aforesaid
addition ofg%atﬁ,ogixing for homogeneous dispersion and standing can be omitted, and even if the
ifie

steps are Simp , a catalyst having high activit)%gnd high 5 durability can be prepared. In this case,

when the same treatment temperature is used, a large difference in content of residual water is not
observed even if the drying time is somewhat different. The lower limit of the treatment temperature is
not lower than 100C, preferably not lower than 200C, more preferably not lower than 250C, 10 though
it dependsazipemthée: tabletrmaking cbhndittons. dheuppel timitof the tieatnuehiterhparhtuié is 550C,
preferably 400C, more preferably 300C. Although the drying time is not specifically restricted, it is
preferably et dess tlian ©.thout evhareprefemblysitiless thaai5dhaf. dhrerisytirmesoto determine
the upper limit 15 of the drying time, but taking productivity into account, the upper limit is 10 hours,
preferably shhdunis giheipaessaie in tiedeyigritep istprefefably im¢he thagembvbigetum t:0.2 MPa,
more preferably vacuum to normal pressure. The drying step may be carried out not only in air but also

in a strearh bfleerisertagas-bucy as nitrogene 20 (0063jmfthescdsefof thelcatalyseofthkinyention, the
water content dependent upon the heat treatment temperature is preferably in the range of 8to 17%

by welght, @rddowdenticllirg:#id diymgStep intsugleaahannéroeccatalystidfehigivaetisityzmd high
durability can be obtained even if steps of addition of water, SF-2209 28 mixing and standing are not
carried outzMersowver, aatatyistdavifigatigh erishingstrehgthnghich doesingt suffeetceurrence of
cracks when it is subjected to molding, particularly tablet making, can be obtained. 5[0064]The water
content anickthestreattreatfentad iy é Cilfetfretue nth hanéray divsnaetdtiorshiprtef eashlother This
relationship can be deteimined by, for example, thermobalance measurement. The relationship is not
specificallyrestisted hy:thd shapetbkthe hppaaatisonthed ke cantevepif dBfingds3édtied 10 out by a
general calcining machine , similar results are often obtained. After the pretreatment, the catalyst
precursor Bhmaglded by} foderamipie stabie timakingdis the sip g atusiforathis tatres enakiag, a usual
tablet making machine is used, and there is no specific limitation. 15[0065]After the drying, the catalyst
preclisor ishe powder can be filled in the mortar rapidly and homogenecusly.
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 into a slurry
and the slurry is subjected to spray granulatien. 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 esasily 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 powder.

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



subjected to calcining treatment at a temperature of usually 280 to 690C, preferably 350 to 680C,
particularl [‘eff ly 480 to 670C, to give a calcined product. On the other hand, the precipitate on
which colloidal'silica has been adsorbed is subjecfed to calcining 20 treatment at a temperature of
usually 480 to 690C, preferably 520 to 680C, particularly preferably 560 to 670C, to give a calcined
product. The calcining is carried out in an oxygen atmosphere (usually in air) , whereby the aforesaid
metal components become oxides. [0066]Reduction treatment (pretreatment) SF-2209 29 The
pretreatmént methaoleitheviaviention is:dhiaracteviz etb bylaedd usingia copperbaset Gatalyst at a
temperature of higher than the catalytic reaction temperature but ower than the calcining temperature
(e.g., temperatiresi3004b B5OG)Hn & streambfe dauusing Slgaspre ke thelcatghytic igdetion. As the
copper-based catalyst for use in the pretreatment, any catalyst properly selected from hitherto publicly
known catalysisis mployable as longlds itds@rcatalyst dompesediof thedaforesaidanets oxides (e.g.,
catalyst composed of metal oxides containing copper oxide, zinc oxide and 10 aluminumoxide as
essential camponentsead cdntdinimgriteonivamoxitle; galkuns okidier amdositicon o xigiesas Fbitrary
components). As the copper-based catalyst for use in the pretreatment, a copper-based catalyst
obtaifredby¢he afdresaidirepivatidnprose ssiaftpetantiois pastidularly preferable. 15[0067]The
copper-based catalyst obtained by the preparation process of the invention as above is preferably
reduced uhdeptespetificiomgitionst The topperiised catalydtidfithe infertiorhasicatalytic action
also in this stage, but it is preferable to reduce (pretreat) the copper-based catalyst of the invention by
20 a redudingiyss; exgod: hydiogencbontaimingigassathreeHy gasor K22 shixedigas;iprior to use
of the copper-based catalyst for methanol synthesis or the like. [0066]The reducing gas is preferably a
hydrogen-centzinmgyasif ertipdrdgehrcopgenaatishiofdtheperse water. With regard

70 the amount of water added, an optimum amount of water is examined
10  in advance from the relationship between the strength and the amount
of water.

[00el] Accordingly, melding 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, additicnofalubricant andhomogenseous
mixing, and addition of water and homogenecus mixing.

{0062] In the light of such complicated operations, 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 B to 17% by weicght 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 if the amount of water remaining in the catalyst is adjusted



SF-2209 30 hydrogen-containing gas is preferably in the range of 0.1 to 10% by volume. In the case of
a hydrogeg-Eco i%iging gas having a hydrogen concentration of lower than 0.1% by volume, reduction

takes time; and an"economical problem frequently, eccurs. If the hydrogen 5 concentration exceeds
10% by volume, abrupt reduction takes place, and there is a fear of doing damage to the
copper-based catalyst. [0069] When the copper-based catalyst is reduced by a reducing gas, itis
preferable in the invention to carry out the reduction in a stream of a reducing gas under the conditions
of a 10 terhperatimecdfi highehtiers theneaictionttémpueratlirenssed indlte prdgactioresfrigtianol or the
like but lower than the calcining temperature of the above calcining step. The lower limit of the
reduction temdpetaturerissssually 800C; prefevably ademperatré ofahere thas BOOCGanore preferably a
temperature of 350C. On the other 15 hand, the upper limit is usually 550C, more preferably 500C. It is
said that e g«<oppes-bases catalystisitrezied aia dighenperatert of mdtdawerithams800C, the
surface area of the reduced copper is generally decreased by sintering or the like to thereby lower
activity. Intheypresent mimeplibh] ddweveraithiassiieba fomad 'R0jihatreduttivn 2nd teraperature of not
lower than 300C, preferably a temperature of more than 300C, rather increases the surface area of
copper, andithiskis surprising Hdopmet rifthe tempeiatirecexceetis 850G sinteririg salkasplace, and
there is possibility of decrease of surface area. -2209 31
[0070] Thatistgsayahisiedicatestiattaccoppecbied cutalyst cbhédmienfioresifdwuchalofrm that (1)
copper is hardly reduced at a low temperature and (2) copper is hardly sintered even
is not observed even 1f the drying time is somewhat different. The
lower limit of the treatment femperature is not lower than 100°C,
preferably not lower than 200°C, more preferably not lower than 250°C,
10  though it depends upon the tablet making conditions. The upper limit
of the treatment temperature is 550°C, preferably 400°C, more
preferably 300°C. Although the drying time is not specifically
restricted, it is preferably not less than 0.1 hour, more preferably
not less than 0.5 hour. There is ne need to determine the upper limit
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 2lso 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

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



at a high temperature, as compared with usually known copper-based 5 catalysts. It is thought that
such prop ;igE 3 connected to maintenance of catalytic activity over a long period of time and
excellent durability. Moreover, bycarrying out pretggatmentwherein the catalyst is reduced in advance
at a high temperature of preferably not lower than 300C, more preferably more than 300C, shortening
10 of induction period in the initial stage of reaction and enhancement of catalytic activity can be
realized. [0071]In the copper-based catalyst of the invention, the aforesaid surprising tendency
frequently mppeatssashetiztig \nberreoppe wxiddwhi chis -an ssepivial eontporent(prefarally,
copperoxide, 15 zinc oxide and aluminum oxide which are essential components and zirconiumoxide,
galliumoxidte a@mdpalsidivruoxidengtich arelarbitiansconpendits) forms skelstorsiandaaodng the
skeletons colloidal silica or water-dissolved silica having been adsorbed when necessary is present as
silicon oxid&:#maidpesificuimmetitd s ialyidho 1% 20 bipweiy aipreferadil 620 ta2019% by weight,
more preferably 0.3 to 0.9% by weight. When the calcining treatment is carried out in a specific high
temperaturrarigeedt 480 to 690 CC, such tendency becomes more marked. [0072]Although the
reason why the effect of the invention SF-2209 32 tends to be exhibited when a silicon compound is
contained is unkndWaSthe followidgaypetsesiswxreds thodghhet kethbughestaesince the silicon
component exerts a function of inhibiting transfer of ametal component inthe catalyst,
thecatalystesthiisics higheattivitye B i siheinst e righradivit covdria long pdriodisitimeland has high
durability, and this effect is exhibited also in the reduction treatment, that is, since the transfer of the
metal compehehi Ekerisesnhitsitete tearelirercay befinhilsiimit & considerdd Haacthe effect
becomes greater as the temperature in the pretreatment 10 of the catalyst is raised, and as a result,

the catalyseesdiviesaigther 38Bvits byinenorthie prerearre At conditicies b ivd a/BHtiore [0073]The

catalyst obtained as bove is used as it is _
shape of the apparatus or the like, and even if drying is carried

10 outbyageneralcalciningmachine, similarresultsareoftencbtained.
After the pretreatment, the catalyst precursor is melded 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 Lo calcining treatment at a temperature of usually 28Q to
630°C, preférably 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 beeﬁ adsorbed is subjected to calcining

20 treatment at a temperature of usually 480 to 630°C, preferably 520
te 680°C, particularly preferably 560 to 670°C, to give a calcined
product. Thecalciningiscarriedout inanoxygenatmosphere (usually
in air), whereby the aforssaid metal components hecome cxides.

[0066] Reduction treatment (preireatment)




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 are useful for catalytic
reactions, such as methanol synthesis reaction or its reverse reaction, methanol reforming reaction,
and shift reaction or its reverse reaction, and they are particularly useful as catalysts for the reaction to
synthesize methafdlfromehydrogem Andetabdredxide oritsaeiverse L SER2209-33 réaetiohy[0075]When
the catalyst is used for the reaction, the catalyst can be used as it is, as described above, but it is
preferable tedediics the cpralysbby ac cdiicihy Yas sucheampe32 gascor HRIMRani%ed™s gas prior to
use. [0076]In the case of methanol synthesis, hydrogen and a raw material gas composed of carbon
oxide are séweédtdveneewithon temperature but lower than the calcining

temperature {e.qg., temperatureof 300to550°C) inastreamof a reducing
5 gas prior to the catalytic reaction. As the copper-based catalyst
for use in the pretreatment, any catalysi properliy selected from
hitherto publicly known catalysts is employable as long as it is a
catalyst composed of the aforesaid metal oxides (e.g., catalyst
composed of metal oxides containing copper oxide, zinc oxide and

10 aluminumoxideasessential componentsandcontaining zirceniumoxide,
gallium oxide and =zilicon oxide as arbitrary componentsi. As the
copper-based catalyst for use in the pretreatmsnt, a copper—based
catalystobtainedbytheaforesaidpreparaticnprocessof the inventicn
is particularly preferable.

15 [C067] The copper-based catalyst obtained by the
preparation process of the invention as above is preferably reduced
under the specific conditiansw The copper-based catalyst of the
inventionhas catalyticactionalso inthis stage, but it ispreferablie
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
Ho-N; mixed gas, prior touse of the copper-based catalyst for methanol
synthesis oxr the like.

[GG68) 7 The reducing gas is preferably a

hydrogen—containing gas. The hydrogen concentration of the



each other on the catalyst to synthesize methanol. This reaction is carried out typically at a reaction
temperatugegc_)_%% to 300C 10 and a reaction pressure of 1 to 10 MPa. In the case of its reverse
reaction, methanol can be decomposed into hydrggen and carbon oxide. This reaction is carried out
typically at a reaction temperature of 200 to 400C and a reaction pressure of atmospheric pressure to
1 MPa. These reactions can be carried out in any of a gas phase and 15 a liquid phase. As the
solvents used when the reaction is carried out in a liquidphase, hydrocarbon-based solvents and

water-insolutlecganaterssilghtlyrsplgble Solyerttcarsdmployabie 0077 ATt to 10% by
Withregardtothecopper-basedcatalystofthe invention, copper 20 oxidewhich is an essential component
(preferablycopper oxide;I@ncaxéde anrd gidmigen-oxideaihictyage £ Ssential cohmpdnerts and
zirconium oxide, gallium oxide, palladium oxide and silicon oxide which are arbitrary components)
forms skeletorssrantancalkali Metat whichinbibits activitylissufficehtlyramovede ¥ hetefore, by
subjecting SF-2209 34 the catalyst to calcining treatment in the temperature range of, for example,
480 to 69CQ@fter dryirigestepathap i baried pagwiren. mecessary, thefcdtaly stekigitsihigh activity,
maintains the high activity over a long period of time and has excellent durability.

5 concentration exceeds 10% by volume, abrupt reduction takes place,

and there is a fear of doing damage to the copper-based catalyst.

[C069] When the copper-based catalyst is reduced 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
iz sald that when a ccpper-based catalyst is treated at a high
temperature of not lower than 300°C, the surface area of the reduced
copper 1s generally decreased by sintering or the like to thereby
lower activity. Inthe 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, ifthetemperature exceeds

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

of surface area.



5 [0078] According to the studies by the present inventors, it has been found that presence of an alkali
metal in a gatalyst gccelerates crystallization of a metal oxide component in the catalyst to thereby
decrease a specific surface area of the active component. For example, it has been made
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![ @t the other HErRIL ithaR Beontnbgiencléanting Wivdrtacasilyst1Bagkieh contains
copper oxide, zinc oxide, aluminum oxide and zirconium oxide as main components and from which an
alkali metat#s pemidverf tém ikanReea é6ntentetid 4 %cBynvwdight 1S bulsjeersd 16 thersaime calcining -
and then subjected to X-ray diffraction measurement, crystals of Cu (reduced state) , zinc oxide,
aluminum BRRKCERZZ0 ZirethibAMBRIBRERARIF G0l TRePIS K Sayh aydjifuri bt suféieliefemoval of
an alkali metal, crystal growth of each component of the catalyst is inhibited, and high dispersibility can
be maintaifiedoVéBl [BATHSEROGBE NS [DUTDITHE 8pperbaséd tampyst sieparsdinsgié SF-2209
35 invention is a catalyst whose performance can be stably reproduced and which can be applied also
to an dustAaRprEidratior piccedoralithdriaheiRb dehinent bi fife precess i Freddithg a
copper-based catalyst of the invention can prepare the above copper-based catalyst 5 through steps
of smaller RafibéPRFrEthRSeCoTtcoretticHal Yo cess8s SR thattielfvéntor fs pafGcd@fy useful as
an industrial preparation process. [0080]The present invention is further described with  reference to
the followi&exhhipled Bati shbvild HEEGStRTe dihat LY AVERTCH- ISHG e AREY to those

examples. EXAMPLES [0081]The following processes are all carried out at
the catalyst is reduced in advance at a high temperature of preferably

not lower than 300°C, more preferably more than 300°C, shortening
i0 of induction period in the initial stage of reaction and enhancement
of catalytic activity can be r@al-ized.

[6071] In the copper-based catalyst of the invention,
the aforesaid surprising tendency fregquentliy appears especially when
copperoxidewhichisanessential component (preferably, copperoxide,

15  zinc oxide and aluminum oxide which are essential components and
zirconiumoxide, galliumoxids andpalladiumoxide which are arbitrary
components) forms skeletons and among the skeleteons colloidal silica
or water—dissolved silica having been adsorbed when necessary 1s
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 6%0°C, such tendency becomes
more marked.

[GC72] Although the reasonwhy the effect of the invention



normal pressure. 15[0082]Example Al In distilled water, 5.6 kg of copper nitrate trihydrate, 4.1 kg
of zinc nitrate hexahydrate, 1.4 kg of aluminum nitrate nonahydrate, 2.0 kg of zirconium rite dihydrate
and 0.1 kg of colloidal silica ("Snowtex ST-0" avaijable from Nissan Chemical Industries, Ltd., 20 silicic
anhydride 5102) content: 20 to 21 % byweight) were dissolved, to prepare 38 liters of an aqueous
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 aqueous solution as B liquid. SF-2209 36 [0083]To 125 liters
of distilledwaiter vigare @iy istikied! tHeen fotid brrenthe® Hgoid \Weretspiiskisddelinatithe same time
with adjusting pH to 7.0 to 7.4 (this method being referred to as "coprecipitationmethod”) . The
resultingniik&réwasaiiowddierdtand for eawhete daguahd night at 30C.oPhéfedftat biitheeuse of a
rotary cylindrical cake-less filter having a filtration area of 1 m2, 2.4 m3 of distilled water at 25C was
continuou$iEfediand We FHIFYTIR}UID phastDErtibAwasdrawn subHpiid sanfe 8@t 26 obitain a
precipitate. The precipitate was washed, and then the slurry liquid 10 phase portion was drawn outside
the systerd BytRpregspra fite i witheutsathvg Watde folfowed borbebuddny alcakei TheYweight
concentration of the precipitate in the slurry was 1.5% by weight in terms of a metal hydroxide, the
whol@ tre&@pigriiairie shmdprEcipfbiaies ITRURB, tbtheTipateéldctficapREntRetEAGE 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, arfipfiftidts elaefficar tonthértifceiwas thébstnsd sAethel starh ehagitiatelerectrical
conductance was 30 ms/m, and after the slurry was allowed to stand for 1 hour, the filtrate electrical
conductariceBéBse 3THMS/HS 2070084 THeecARE Heedried hELOE R SrfPeaRTed i air at 600C
for 2 hours. The resulting catalyst had a sodium content of 0.03% by weight, and the specific surface
area of thé Papalyseaitel Haidinfhvg WAB'ES MpJgCasFpgghibited. 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 ?irtue of the pretreatment conditions of the
invention.
f0073] 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 reacticns. 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 forcatalytic reactions,
such as methanol synthesis reaction or its reverse reaction, methanol
reforming reaction, and shift reaction or its reverse reaction, and
they are particularly useful as catalysts for the reaction to

gynthesize methanol from hydreogen and carbon oxide or its reverse



37 [0085]Comparative Example Al A precipitate obtained in the same manner as in Example Al
was filtered by-a filter press having a filtration area of 1.2 m2, and in this state, 2.5 m3 of distilled water
at 25C was passed through 5 the filtration chamberto wash the precipitate, followed by recovering a
cake. The whole treatment time of the precipitate was 7 hours, and the filtrate electrical conductance
was 14 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 measured. 10 At the start, the filtrate electrical
conductanteagad 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 110C and then calcined in air at 600C for 2
hours. The resultind €afdlyst had @sgditheceatentvis of 4. 2% By Weighcandabbispocifibsurface area
of the catalyst after calcining was 32 m2/g. [0087]Comparative Example A2 A precipitate obtained in
the same waipaby s PVERarpIA VS 20 fikérdddsiralitrprass Havingtalftpavdreapdaof 1.2 m2,
and the resulting cake was redispersed in 200 liters of distilled water at 25C over a period of
30minutest@veifiteondentration ot pretipitarstiic sRerygas. 590hyafeight &5 termb dfnietafHydroxide)
and filtered immediately by a filter press again. These operations were repeated
5 gas prior to use.
{007¢] In the case of methancl synthesis, hydreogen and
& raw material gas composed cf carbon oxide are allowed to react with
each other on the catalyst to synthesize methanol. This reaction
is carried out typically at a reaction temperature of 150 to 360°C
10 and a reaction pressure of 1 to 10 MPa, In the case of iis reverse
reacticn, methanol can be decomposed into hydrogen and carbon oxide.
This reaction is carried cut typically at a reaction temperature of
200 to 400°C and a reaction pressure of atmospheric pressure to 1
MPa. These reactions can be carried out in any of a gas phase and
15 a liguid phase. Asg the solvents used when the reaction is carried
out in a iiguidphase, hydrocarbon-based socivents and water-insoluble
to water-slightly soluble scivents are employable.
[0077] Action
With regardtothecopper-basedcatalystof theinvention, copper
20 oxide which 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. Thexrefore, by subjecting



SF-2209 38 3 times. The whole treatment time of the precipitate was 0 hours, and the filtrate electrical
conductangg Was,30 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 cgrnductance was measured. 5 At the start, the filtrate
electrical conductance was 25 mS/m, but after 1 hour, the filtrate electrical conductance became 240
mS/m, and equilibrium was not reached. [0088]The cake was dried at 110C and then calcined in air
at 600C for 2 hours. The resulting catalyst had a sodium content 10 of 1.3% by weight, and the
specific suFf# & aFed vF theCcaralyitaisr BERTHRE adUbin S frosd eomprRratve Exdffple A3 A
precipitate obtained in the same manner as in Example Al was 15 filtered by a filter press having a
filtration afeEREPL2rm3B AnePtHfesulfirid e ake wad e disparédd in 2B09rEIs 6FdRtedRFater at 25C
over aperiodof 30minutes (weight concentration ofprecipitate in slurry: 2 . 5% by weight in teimsof
metal hydRSFRSTEIY cortih iy tifr RFTOrZL hSuls FoIRFed biMitrafion 15y 8 TiltdiSre<Eagain. 20
These operations were repeated 3 times. The whole treatment time of the precipitate was 15 hours,
and the filf&fe dEEHI I TORIVQBACEWAS T 1FhSHHTA Ptk BRhE TSRS VRS vt S v -&nd
redispersed in water so as to give a slurry of 2% by weight, and the filtrate electrical conductance was
meastired. At the Sttt the SF-22058utfEtbeidtt il toti¥anEL VAR MSE it Eiter 1 hour,
the filtrate electrical conductance became 95 mS/m, and equilibrium was not reached. [0090]The cake
was dried 5t 1488 BR6héREciRdgbinPresence of an alkall metal in a catalyst

accelerates crystallizationof ametal oxide component in the catalyst
o thereby decrease a specific surface area of the active component.
For example, it hasbeenmade clearbytheX-raydiffractionmeasurement

16  of a caetalyst that even if only 0.4% by weight of an alkali metal
is present in a catalyst containing copperoxide, 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 been 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 alkalil 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 ¢f the
catalyst is inhibited, and high dispersibility canbemaintained over
a long period of time.

[0075] The copper-based catalyst prepared by the



5 air at 600C for 2 hours. The resulting catalyst had a sodium content of 0.54% by weight, and the
specific swface-ayga of the catalyst after calcining was 51 m2/g. [0091]Activity evaluation 10A
reaction tube was filled with 2 ml of the catalyst ohtained above, and a reducing gas consisting of 10%
by volume of H2 and 90% by volume of N2 and having a temperature of 300C was passed through the
reaction tube at 300C for 2 hours to reduce the catalyst. Thereafter, a mixed gas of 25% by volume of
CO2 and 75% by volume 15 of H2 was passed through the catalyst layer at .a rate of 20 1/hr, and the
reaction wasVseHalaadigndefaia EoriditioRs O REFTERETIRE 6F MR & Arfd-alteih peREGFREI6£250C. The
reaction generation gas was analyzed by a gas chromatograph to determine a relationship between
the reacticiméinierafl eahoanbef Afethbol rodlicE THe afoBRERO BT hBth&isICess -
(g-MeOH/L-Cat/hr) produced in 5 hours after the initiation of the reaction is set forth in Table 1. [0092]
SF-2209 £ TTreatmerREmBIPRLNERY) RhsobResEfRethaRdireparing a copper—based

catalyst of the invention can prepare the above copper-based catalyst
5 through steps of smaller number than those of conventional procasses,
so That the invention is particularly useful as an indﬁstrial
preparation process.
I00BG] 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
[0081] The following processes are all carried out at
normal pressure.
15 [0082] Exazmple Al
In distilled water, 5.6 kg of copper nitrate trihydrate, 4.1
kgof zinc nitréte hexahvdrate, 1.4 kgof aluminumnitrate nonahydrate,
2.0 kg of zirconiumnitrite dihydrate and 0.1 kg of colloidal silica
{(“Snowtex ST-0” available from Nissan Chemical Industries, Ltd.,
20 silicic anhydride (Si0p) content: 20 to 21 % by weight) were disgsolved,
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 agueous solutiocn as

B liquid.



produced (g-MeOH/L-cat/hr) Ex. Al 9 0.03 550 Comp. Ex. Al 7 1.4 320 Comp. Ex. A2 10 1.3 350

Comp. EX835509
36

100837 To125litexsofdistilledwatervigorousiystirred,
the B liguid and the B liguid were dropwise added at the same tinme
with adjusting pH to 7.0 to 7.4 (this method being referred to as
“copreciplitationmethod”). Theresultingmixturewasallowedtostand

% for a whole day and night at 30°C. Thereafter, by the use of a rotary
cylindrical cake-less filter having a filtration area of 1 m*, 2.4
m® of distilled water at 25°C was continuocusly fed and the slurry
ligquid phase portion was drawn out at the same rate, to obtain a
precipitate. The precipitate was washed, and then the slurry liquid

10 phaseportionwas drawn cutside the systemby apressure filterwithout
addingwater, followed by recoveringacake. Theweight concentration
of the precipitate in the slurry 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. At the start, the filtrate electrical,éonductance was 30
mS8/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 hada sodium content
of 0.03% by weight, and the specific surface area of the catalyst

after calcining was 85 m®/g.



15 0.54 500 [0093]Example B1 Cake 1: To 125 liters of distilled water vigorously stirred, the A
liquid and the Bigtid prepared in Example Al were droowise 5 added at the same time at each rate of
200 ml/min (this method being referred to as "copgecipitation method") . The resulting mixture was
allowed to stand for awhole day andnight, and thereafter, the resulting precipitate was washed with 2.4
ma3 of distilled water in the same manner as n Example Al, followed by recovering a cake by a
pressure 10 filter. [0094]Cake 2: ApreC|p|tate obtalned in the same manner as that for the cake 1 was
washed with 10 m8Wtedistilled weterpEiFR EAnEE 2slin Example Al, followed by recovering a
cake by a pressure filter. 15[0095]The cake 1 _recoveredwas dried at 500C for 2 hours. The water
content of this cakk REECHedstrePBASEH R i Eaaf@thadngBeeh tHadisd @606 “ad as a result,

the water content was SF-2209
filtered by a filter press having a filtration area of 1.2 m?, and

in this state, 2.5 m® of distilled water at 25°C was passed through
5 thefiltrationchamber towash the precipitate, followedby recovering
a cake. The whole treatment Time of the precipitate was 7 hours,
and the filtrate electrical conductance was 14 mS/m. A part of the
cake was withdrawn and redispersed in water so as fo give a sluroy
of 2% by weight, and the filtrate electrical conductance was measured.
10 At the start, the filtrate electrical conductance was 20 mS/m, but
after 1 hour, the filtrate electrical conductance hecame 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°Cover aperiodof 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



41 1% by weight. Then, to the cake was added water with increasing the amount of water added by
2% by Weiglgt_g%@ gime until the amount of water added became 16% by weight from 2% by weight. It
was confiimed that the amount of water added whigh made the strength highest was 5 13% by weight.
Separately, the cake 1 and the cake 2 recovered were analyzed by a theunbalance (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
correspondetiifocs watdre10hcom et s by Réametreatinen tratcZ80C L I0BoB AT te L thevasulting cake 1
was dried at 280C for 2 hours (water content : 13%) , the particle diameters were made uniform to give
a particle $izé 650 16 Mo hre s shienigddbrhicasuwha e sadd the/mixtdreonis abldbd into tablets
of 3 MEI - After the molding, 15 the tablets were calcined at 600C to obtain a catalyst as a product.
[0097]ReferdfeeBRamiflbdTewn anfier¢hé sakeSEabiaineatinERansisietE| WekedAedar300C for 2
hours (water content: 1%) , the particle diameters were made uniform 20 to give a particle size of 50 to
100-mesh@art @lBfitaht wasadoed Fuirtedre Rhtsrtiasad deadnarranfoims 820 BY weight
based on the catalyst, followed by standing for one day. The resulting powder was molded into tablets
of 3 n¥m. Afteictife ftclding the thblésalere takindeat 6DUCHE bitan HaadlyfE S a preduct.

SF-2209
after 1 hour, the filtrate electrical conductance became 240 mS/m,

and eguilibrium was not reached.
[0G88] The cake was dried at 110°C and then calcined in
alr at 600°C for 2 hours. The resulting catalyst had a sodium content
10 of 1.3% by weight, and the specific surface area of the catalyst after

calcining was 40 n’/g.

[0086G] 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°Cover aperiodof 30 miﬁutes (weilght concentrationof pr@cipitate
inslurry: 2.5% byweight interms of metal hydroxide} and continuously
stirred for 2 hours, followed by filtration by a fiiter 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 measured. At the start, the



42 [0098]The crushing strengh of the catalysts of Example 1 and Reference Example B1 on their side
surfaces ang theggsults of methanol synthesis reaction are set forth in Table 2. The methanol
synthesis reaction was carried out in the same mamner as above (activity 5 evaluation) . [0099]It has
been confirmed from Example Bland Reference Example B1 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. 10[0100] Table 2 Crushin% strength , Amount of methanol ;%roduced
(g4WeOHMﬁé§ﬁﬁﬂte electrical conductance was m&/m, but after 1 hour, the

filtrate electrical conductance became 951nS/m,euuiequilibriungas-
net reached.

[0080] The cake was dried at 110°C and then calcined in

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

of 0.54% by weight, and the specific surface area of the catalyst

after calcining was 51 m*/g.

[00&81] CActivity evaluation

10 A reaction tube was filled with 2 ml of the catalyst cbtained
above,‘and_a reducing gas conéisting'of 10% by volume of H; and 20%
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 CC; and 75% by volume

15 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 chromatograph todetermine a relationshipbetween
the reaction time and the amount of methanol produced, The amount

20  ofmethanol (g~MeOE/L-Cat/hr) produced inbhoursaftertheinitiation
of the reaction is set forth in Table 1.

[00921

Table 1



Ex. B1 40N 570 Ref.Ex.ElI 39N 570 [0101]Example CI Preparation of catalyst 15In distilled water,
54.3 g of cgppgéggrate trinydrate, 39.1 g of zinc nitrate hexahydrate, 6.6 g of aluminum nitrate
nonahydrate, 15.49 of zirconium nitrite dihydrate gpd 1.26 g of colloidal silica ("Snowtex ST-0"
available from Nissan Chemical Industries, Ltd. ) were dissolved, to prepare 500 ml of an aqueous
solution as A liquid. The SF-2209 43 "Snowtex ST-0" used herein is a transparent semi-opaque

colloidal
Amount of methanol
Treatment time
Na {wt%) produced
{hrj
{g-MeQH/L-cat/hr)
x. Al 9 .03 _ 550
Comp. Ex. Al 7 1.4 320
Comp. Ex. AZ 15 ~ 1.3 350
Comp. Ex. A3 i5 G.54 500
[0083] Example Bl

Cake 1: To 125 liters of distilled water vigorously stirred,

the A licuid 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, theresulting
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 [0085] The cake 1 recoversd was driedat 500°C for 2 hours.
The water content of this cake was measured based on the catalyst

having been treated at €00°C, and as a resuli, the water content was



_quid having a silicic anhydride (Si02) content of 20 to 21 % by weight, a sodium oxide (Na20) content
of not morgthan §; 04% by weight, pH of 2 to 4, a particle diameter of 10 to 20 pin, a viscosity of not 5
more than 3 cps/25C, a specific gravity of 1.12 to 4314/25C and a freezing point of OC.
[0102]Separately from the above, 139.0 g of sodium carbonate decahydrate was dissolved in distilled
water to prepare 500 ml of an aqueous 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
"coprecipitatidiyitéthedty . TieFestfirid misiiie Was aRcwed e stard Fér awhsRSday &RE night .
Thereafter, the resulting precipitate was washed with distilled water in the same manner as 15 in
Example ARSEH dfiEd'at 2 T0TRFD Wours dhdmaPprédsdrd-aia catined-ifafm660€5for 2 hours,
whereby a solid (I) corresponding to the desired copper-based catalyst (I) was obtained.

[0104] The'te&a/iRG'SBAET Fag ié% Gdsﬁ%&?ﬁf@%?ﬁ@i% PyPReight ZHOS0F 27 196§ weight,
Al202 of 4.5% by weight, 20 Zr02 of 22.6% by weight and SiO2 of 0.6% by weight. [0105]Influence of
reduction {etApefattire™ounta Péatss fuBEFas it BWIA R 215 o f Thé Soliet IV oBREREd“dSove, and a

reducing gas consisting of 5% by volume of H2 and 95% SF-2209 44
5 13% by weight. Separately, the cake 1 and the cake 2 racovered were

analyzed by a thermebalance {the results of the thermobalance

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

thermﬁbalance 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.
r0096] After the resulting cake 1 was dried at 280°C for

2 hours (water content: 13%), the particle diameters weremade unifom .. .

togive a p;azticle 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.

[0CB71 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 unifcrm
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 into tablets of 3 mm. After the meolding, the tablets were

calcined at 600°C to obtain a catalyst as a product.



by volume of Ar was passed through the reaction tube at each of the temperatures shown in Table 3
for 2 hourgta.teduse the solid. Thereafter, .a gas consisting of 2.5% by volume of N20 and 97.5% by
volume of He was passed through the reaction tube at 40C, and a surface 5 area of copper was
calculated from the amount of N20 adsorbed. The results are set forth in Table 3. In this catalyst, S300
was calculated at 15.4 m2/g-cat, and S500/S300 was calculated at 1.4. [0106] Table 3 Reduction

temperature (C) Cu surface area(1[n2/g-cat 200 12.4 250 13.7 300 15.4 350 17.4 400
[0098] he crushing strength of the catalysts of Example

1 and Reference Example Bl on their side surfaces and the results
of methanol synthesis reaction are set forth in Table 2. The methancl
synthesisréactionwascarriedoutinthesamemannerasabove{activity

5 @valuatidn).
[0088] It has been confirmed £from Example Bl and Reference
Example Bl that according to the preparation process of the invention,
a catalyst of equal performance can be cbtained even if addition of

water and one day standing are not carried ocut.

10 [0100]
Table 2
Amount of methanol
Crushing strength - produced
{g-MeOH/L-cat/hr)
Ex. Bl 40N 570
Ref. Ex. Bl 39N 570
[0101] Example (1
Preparation of catalyst
15 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
("Snowtex ST-0" available fromNissan Chemical Industries, Ltd.) were

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



19.9 450 21.5 500 21.6 550 21.7 10[0107] Activity test of catalystmethanol synthesis A reaction tube
was filled with 2,4 of the catalyst obtained above, and a reducing gas consisting of 5% by volume of
H2 and 95% a3

“Snowtex ST-0” used herein is a transparent semi-opague colleoidal
liguid having a silicic anhydride (3i0.} content of 2C to 21 % by
weight, a sodium oxide (Nap0) content of not more than 0.04% by weight,

pH of 2 to 4, a particle diameter of 10 to 20 pm, a viscesity of not

more than 3 cps/25°C, a specific gravity of 1.12 to 1.14/25°C and

[®a]

a freezing point of 0°C.

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

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

15 in Example Al, then dried at 110°C for 2 hours at normal p:c;essm:e
and calcined in air at 600°C for 2 houré, 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, Alz03; of 4.5% by weight,

20 ZrC, of 22.6% by weight and 8i0; of 0.6% by weight.

[G105] Influence of reduction temperature

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

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



by volume of N2 was passed through the reaction tube at a reduction temperature of 400C for 2 hours
to reduce the_catalyst. According 15 to the results in Table 3, the catalyst having been subjected to
SF-2209 45 reduction treatment had a Cu surfacejarea of 19.9 m2/g-cat. After the reduction
treatment., a mixed gas of 25% by volume of CO2 and 75% by volume of H2 was passed through the
catalyst layer at a rate of 20 1/hr, and the reaction was perfoi aed under the conditions of a 5 pressure
of 5 MPa and a temperature of 250C. The reaction generation gas was analyzed by a gas
chromatogesphatastetiniie Has|atiotidih Beinesh the réaefon e wiRl e 2aRBURE of ifethanol
produced. [0108]The amount of methanol produced was 600 g-MeOH/L-Cat/hr. 10
[0109]|Reféreheemkampte govn Ihdshkfe dcifily tedtAL m ERaxFIETS WhE cafrdd out, except that
a catalyst obtained by treating the catalyst of Example Cl at a reduction temperature of 250C was
used. 15[0T1OTERE ErAouAt BF EPRROE ptoduedd vas 430 FMBOR/PICEM RN intfaltage, and

the activity slowly rose, but stable performance was not reached even after 2 months.
volume of He was passed through the reaction tube at 40°C, and a surface

5 area of copper was calculated from the amount of N0 adsorbed. The
results are set forth in Table 3. Inthis catalyst, Sspwas calculated

at 15.4 n’/g-cat, and Ssg/Sie was calculated at 1.4.

[0106]
Table 3
Reduction temperature (°C) Cu surface area {n@/gwcat)
200 12.4
250 13.7
300 ’ 15.4
l350 17.4
400 19.9
450 21.5
500 21.6
550 21.7
10 [010?]. : 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 Hz and 95%
by volume of N; was passed throuch the reaction tube at a reduction
temperature of 400°C for 2 hours to reduce the catalyst. According

1% to the results in Table 3, the catalyst having been subjected to



[0111]Reference Example C2 20The same activity test as in Example Cl was carried out, except that
a catalyst optainegly treating the catalyst of Example Cl at a reduction temperature of 600C was
used. [0112]The amount of methanol produced was;510 g-MeOH/L-Cat/hr. SF-2209 46 CLAIMS-

1. A process for preparing a copper-based catalyst, which is a process for preparing a catalyst
composed of metal oxides containing copper oxide as an essential component and comprises the 5
following steps: (1) a step of bringing an acidic metal salt solution contalnlng copper and a
precipitant SeR5T iftotemRERRRRN EaCR dthes o besinaa sturpy sbiutfortantairiing A frecipitate of a
catalyst precursor, and (2) a step of continuously bringing the slurry solution 10 and a wash liquid into
contact withhea &l Sasér pnwasteiiecpriecipitaleawiticsubstatiialykeepintpthé Sispendetbétate 2.

The process for preparing a copper-based catalyst as
by volume of H; was passed through the catalyst layer at a rate of

20 1/hr, and the reaction was performed under the conditicns of a
5 pressurecf 5MPa and a temperature of 250°C. The reaction generation
gas was analyzed by a gas chromatograph to determine a relationship
between the reaction time and the amount of methancl produced.
101087 The amount of methanol produced was 600
g-MeOH/L~-Cat/hr.
i0

F0L09] Refersnce Example C1

The same activity test as in Example C1 was carried out, 7e:xc:ept
that a catalyst obtained by treating the catalyst of Example Cl at
a reduction temperaturé of 250°C was used.
15 [031103 The amount of methanol produced was 439
g-MeOH/L~Cat/hr in the initial étage, 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

q-MeOH/L-Cat/hr.



claimed in claim 1, wherein the catalyst composed of metal oxides 15 containing copper oxide as an
essential cgmponent further contains at least one oxide selected from zinc oxide, aluminum oxide,
zirconium oxide, gallium oxide and silicon oxide. 4& 3. The process for preparing a copper-based
catalyst as 20 claimed in claim 1, wherein the catalyst composed of metal oxides containing copper
~ oxide as an essential component is a catalyst composed of metal oxides containing copper oxide, zinc
oxide and aluminumoxideasessentialcomponentsandcontainingzirconiumoxide, gallium oxide and
silicon oxide as arbitrary components. SF-2208%7-¥=The process for preparing a copper-based
catalyst as claimed in claim 1, wherein the wash liquid is water. 55.The process for preparing a
copper-based catalyst as 2IBHFEE#F cFaimE: SHfereny theeaBlaRE i ap saftdaiditisit cofthfting copper
and the precipitant solution are both aqueous solutions, and after these aqueous solutions are
mixed in wate At AT A rERTiRABRT A Bty St tUfSorSrripes§id po@ ) MaissblRioie8 equilibrium of
an alkali metal of the precipitant component is sufficiently reached in such a state that the precipitate is
highly disp%‘?@éé‘%%ﬁ?eEW%@W%W&ﬁH&%&WﬁW&%@WQ@% BFSught into
contact with each other to wash the precipitate, with substantially keeping the suspended state, in the
step (Q) 15ollowing steps:
{1} a step of bringing an acidic metal salt selution containing
copper 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 continuously bringing the slurry sclution
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 1, wherein the catalyst composed 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 oxide and silicon oxide.

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

20 claimed in claim 1, wherein the catalyst composed of metal oxides
containing copper oxicl:ie 2s an essential component is a catalyst

composed of metal oxides containing copper oxide, zinc oxide and

aluminmmoxide asessential componentsandcontaining zirconiumoxide,

galliium oxide and silicon oxide as arbitrary components.



6.The process for preparing a copper-based catalyst as claimed in claim5, wherein the step (2)
includes asstep pfigontinuously carrying out drawing of the slurry liquid phase portion and feeding of
the wash liquid comprising water to remove the akali metal of 20 the precipitant component, and the
step (2) is followed by: (3) a step of drawing the slurry liquid phase portion outside the system
without adding water to thereby increase the concentration of the catalyst precursor contained in the
slurry solution and to obtain a precipitate in the form of a cake, and SF-2209 48 (4) a step
comprising drying and calcining the precipitate in the form of a cake to obtain metal oxides. 7.The
process for preparing a C(%ﬁ‘[é)eer-based catal¥st as 5 claimed in claim 6, wherein the}j&em%ltant is an

alkali metal salt, afid AR REEI T8 TeRToRRHTIRE theCBRSERTRARSIT of TE hficati fietal
contained in the catalyst becomes not more than 0.1% by weight in the step (2) . 10 The
process foF eP&fing™ SofpBr-bas8iTetalystag c‘f&l?ﬁleé ?a‘?n%é W\E‘?ép h the temperature of the

slurry liquid phase portion and the temperature of the precipitate in the fo mof a cake given after water
is drawn out and before the precipitate is dried

5 5. The process for preparing a copper-based catalyst as
claimed in claim 1, wherein the acidic metal salt solutlon containing
copper and the precipitant sclution are both aguecus seiutions, and

after these agueous sclutions are mixed in water to form a
precipitate of a catalyst precursor in the step {1), dissclution
10 equilibrium of an alkali metal of the precipitant component is
sufficiently reached in éuch a state that the precipitate is highly
dispersedinwater, and the slurrysolutionandawash liquidcomprising
waterarebroughtintocmntactwitheachothertowashthepxecipitate,
with substantially keeping the suspended state, in the step (Z).
i5
6. The process for preparing a copper-based catalyst as
claimed inclaim5, wherein the step (2) includes 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 liguid phase portion outside
thesystanwithoutaddingwatertoEh@rabyincreaseth@concentratimz
of the catalyst precursor contained in the slurry solution and to

obtain a precipitate in the form of a cake, and



15 are each in the range of 10 to 40C. 9.The process for preparing a copper-based catalyst as claimed
in claim 5,3Fhe®i®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 pfdtipitate of the catalyst precursor in the slurry
solution is in the range of 0.5 to 12% by weight in terms of a metal hydroxide. 49 claimed in claim 6,
wherein in the step (4) , the temperature and the pressure are controlled so that the water content of
the catalyst precursgr after drying may become 8 to 17% by, weight, and thereafter, the catalyst
Drecursol 1 calinell & T1FhG HIELEE TSt Braphima S cORLer HHLa Sa kSt o5 (e in claim 10,
wherein irége ste (43 . déyicnaq{gf tcrge gg@%@i%atggg a:[Ee Jo:rirgeof a cake is carried out at a temperature of
100 to 400C 1012 he process for preparing a copper-i%asea ‘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 claim 10, wherein in the step (4) , calcining of the catalyst 15 precursor after drying is

carried out atatem.perat%geog%%%é%g%ggf preparing a copper-based catalyst as

5 claimed in claim &, wherein the precipitant is an alkali metal salt,
and
the alkalimetal is removeduntil the concentrationof thealkall
metal contained in the catalyst becomes not more than 0.1% by welight
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 ligquidphase
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

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, whereiln in the step (1), pH for forming the
precipitate of the catalyst precursor 1s in the range of 5 to 8, and

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

of a metal hydroxide.

10. The process for preparing =z copper—based catalyst as
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14. A pretreatment method of a coppersbased catalyst, comprising reducing a catalyst
obtained by the preparation process of any one of claims 1 to 13 at a temperature of 300 to 55000 in a
stream of a hydrogen-containing gas before the catalytic reaction.

a copper-based catalyst as claimed in claim 14, wherein the hydrogen concentration of the
hydrogen-containing gas is in the range of 0.1 to 10% by volume.

10

15

20

claimed 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.

11. The process for preparing a copper-based catalyst as
claimed inclaim 10, wherein in the step (4), drying of the precipitate

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

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

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

13. The process for preparing a copper-kased catalyst as
claimedinclaim 10, wherein in the step (4), caleining of the catalyst

precursor after drying is carriedout at a temperature of 280 to 650°C.

15. The pretreatment method of
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14. 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 550°C in a

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

15. The pretreatment method of a copper-based catalyst as
claimed in claim 14, wherein the hydrogen concentration of the

hydrogen-containing gas is in the range of 0.1 to 10% by volume.



